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Abstract
In the present study, a novel series of quinazoline derivatives is developed for cancer therapy. All the synthesised analogues
were evaluated against a panel of 60 human cancer cell lines for the antiproliferative activity. Significant and selective
growth inhibition of several solid tumour cell lines such as NCI-H322M, NCI-H522 (non-small cell lung cancer), IGROV1,
SK-OV-3 (ovarian cancer), TK-10 (renal cancer) and MDA-MB-468 (breast cancer) was observed. Further, all the new
amide analogues strongly inhibited EGFR in low nanomolar range with morpholino quinazoline 10 producing activity
(IC50= 6.12 nM) comparable to standard drugs erlotinib and gefitinib. In addition, western blot analysis depicted inhibition
of phosphorylation of EGFR by compounds 10 and 11 in MDA-MB-468 cells at 10 µM. Molecular docking studies showed
the strong binding interactions with the active site of the EGFR protein. The current investigation could be extremely helpful
for the development of newer therapeutically useful quinazoline based molecules for cancer therapy.
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Introduction

The epidermal growth factor receptor (EGFR) belongs to
receptor tyrosine kinase group, which regulates several
functions of cellular proliferation, adhesion, migration,
survival and differentiation through various signal

transduction pathways [1, 2]. Overexpression of EGFR
results not only in progression of wide variety of solid
tumours including non-small cell lung, breast, colorectal,
renal, head, neck, bladder, ovarian cancers but also
decreases sensitivity of cells to conventional chemother-
apeutic agents [3, 4]. Inhibition of EGFR has emerged as an
eye-catching target for anticancer therapy over the years
[5, 6]. Though over the past decade, many advances in
EGFR related carcinoma therapeutics have taken place,
there is still ample scope for improvement. Development of
resistance and several side effects associated with the
available drugs acting through this mechanism give rise to
an exigent necessity to develop therapeutically useful potent
small molecule EGFR inhibitors for cancer therapy [7, 8].

Gefitinib (Iressa®) is the first-generation reversible EGFR
inhibitor, which has been approved by US Food and Drug
Administration (FDA) for the first line treatment of non-
small cell lung cancer [9, 10]. However, limited usage of
reversible EGFR inhibitors due to emergence of resistance
resulted in development of second-generation irreversible
inhibitors, e.g. afatinib (Gilotrif®), which binds with the
tyrosine kinase enzyme through a covalent bond [11]. Due
to irreversible binding, ATP are not able to displace these
inhibitors, which leads to prevalence of nonspecific reac-
tions with other targeted biomolecules resulting in several
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serious toxic effects of second-generation inhibitors
[12, 13]. Therefore, it is highly desired to discover safer,
potent and reversible inhibitors of EGFR.

Chemically, both gefitinib and afatinib are 4-
anilinoquinazoline analogues. 4-Anilinoquinazoline deri-
vatives serve as lead compounds for EGFR kinase inhibi-
tion. Literature indicates that the important structural
parameters required for tyrosine kinase inhibitory activity
include (i) free -NH linker at 4-position of quinazoline (ii)
hydrogen bonding interaction of N1 of quinazoline moiety
(iii) electron-donating group at the 6- and/or 7-positions of
quinazolines and (iv) small substituents preferentially
halogens on the aniline moiety [14–16]. In order to reduce
the incidence of developing mutation related resistance
against gefitinib like molecules, the morpholinopropoxy
group at 6- position of quinazoline ring has been replaced
by a Michael acceptor functionality in the new generation
EGFR inhibitors such as afatinib [17]. The α,β-unsaturated
carbonyl moiety of these second-generation inhibitors forms
a Michael adduct through covalent bonding with Cys797
amino acid of EGFR. But serious side effects associated
with these irreversible inhibitors limits their usefulness.

Keeping these observations in mind, it was planned to
design and synthesise some new gefitinib based quinazoline
derivatives by incorporating structural features of both 1st
generation and 2nd generation inhibitors to obtain potent
EGFR inhibitory analogues having enhanced selectivity
against solid tumour cell lines overexpressing EGFR
(Fig. 1). The lead molecule gefitinib possesses three carbon
atoms in the side chain at 6- position of quinazoline ring
while afatinib is substituted with four carbon atom moiety.
In the proposed molecules, a two carbon spacer has been
introduced between quinazoline nucleus and the terminal
nitrogen to study the SAR of quinazoline based anticancer
agents. The synthesised analogues have been examined for
their antiproliferative effects on cancer cell lines and

inhibitory activity against EGFR tyrosine kinase. In addi-
tion, western blot analysis to gain mechanistic insights and
molecular docking to study the receptor-ligand interactions
were also performed.

Materials and methods

Chemistry

The melting points (uncorrected) were taken on Veego
melting point apparatus (Veego, Mumbai, India). IR spectra
were recorded using KBr pellet method on Spectrum Two
model spectrophotometer (Perkin Elmer, USA). Bruker
Avance II spectrophotometer (Bruker AG, Switzerland) was
used to study 1H NMR (400MHz) and 13C NMR
(100MHz) spectra. Deuterated chloroform (CDCl3) or
deuterated dimethyl sulfoxide (DMSO-d6) were used as
solvents for NMR studies with tetramethyl silane (TMS) as
internal standard (chemical shifts were recorded in δ ppm).
The spin multiplicities are mentioned as symbols s (singlet),
d (doublet), t (triplet), q (quartet), dd (doublet of doublet), m
(multiplet) and br (broad). Mass spectra were determined
using electrospray ionisation technique on Waters Micro-
mass Q-Tof spectrometer and Agilent 1100 LC coupled
with Bruker made mass spectrometer model Esquire 3000.
Elemental analysis was carried out on Thermo Scientific
(Flash 2000) CHN elemental analyser. A slurry of silica gel
G in ethyl acetate was used for preparing thin layer chro-
matography (TLC) plates as per Stahl method. The plates
were activated at 110 °C for 30 min and iodine chamber was
used for visualising the spots. All the solvents used for the
synthesis of the compounds were distilled prior to use as per
standard procedure. Anhydrous sodium sulphate was used
as drying agent. In vitro cancer cell line assay of all the
synthesised compounds was carried out at NCI, USA.

Synthesis of methyl 2-(4-(3-chloro-4-
fluorophenylamino)-7-methoxyquinazolin-6-yloxy)
acetate (9)

Methyl chloroacetate (0.1 mL, 0.94 mmol) was added to a
stirred and heated suspension of 4-(3-chloro-4-fluor-
ophenylamino)-7-methoxyquinazolin-6-ol (8, 0.15 g,
0.47 mmol) and K2CO3 (0.15 g) in DMF (3 mL). The
reaction mixture was further heated at 80 °C for 5 h with
continuous stirring, the reaction being monitored by TLC.
On completion, reaction mixture was filtered and cold water
was added to the filtrate. The precipitated material was fil-
tered and recrystallised from methanol to obtain 9. Yield
(0.093 g, 50.54%), m.p. 224–226 °C. FT-IR νmax (KBr):
3411.03 (N–H), 2954.29 (asymmetric aliphatic C–H),
2847.00 (symmetric aliphatic C–H), 1735.38 (ester C=O),

Fig. 1 Structures of clinically available quinazolines gefitinib and
afatinib and proposed molecules
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1627.29, 1580.94 (C=N), 1503.94, 1433.90, 1285.87,
1213.05 (asymmetric C–O–C), 1121.02 (C–F), 1073.03
(C–Cl), 1039.80 (symmetric C–O–C), 852.71 cm−1. 1H
NMR (DMSO-d6): δ 3.81 (s, 3H, -COOCH3), 4.00 (s, 3H,
-OCH3), 4.93 (s, 2H, -OCH2-), 7.21 (s, 1H, ArH, quinazo-
line), 7.25 (t, 1H, Jo= 8.92 Hz, ArH, ortho to fluoro),
7.74–7.78 (m, 1H, ArH, ortho to chloro), 7.82 (s, 1H, ArH,
quinazoline), 8.03 (dd, 1H, Jo= 6.76 Hz, Jm= 2.60 Hz,
ArH, meta to fluoro), 8.50 (s, 1H, -N=CH-N) and 9.37 ppm
(s, 1H, -NH-). 13C NMR (DMSO-d6): δ 51.73 (COOCH3),
55.67 (OCH3), 65.37 (OCH2), 103.45 (ArCH), 107.35
(ArCH), 108.62 (ArC), 115.88 (ArCH, 2JC-F= 21 Hz),
119.21 (ArC, 2JC(Cl)-F= 18 Hz), 121.92 (ArCH, 3JC-F=
6 Hz), 123.63 (ArCH), 136.19 (ArC, 4JC-F= 4 Hz), 147.31
(ArC), 147.83 (ArC), 152.88 (N=CH-N), 153.40 (ArC,
1JC-F= 242 Hz), 154.15 (ArC), 156.15 (ArC) and 168.18
ppm (C=O). Anal. calcd for C18H15ClFN3O4: C, 55.18; H,
3.86; N, 10.73%. Found: C, 54.95; H, 4.06; N, 10.94%.

General procedure for the synthesis of amide
analogues 10–17

A mixture of ester 9 (0.2 g, 0.51 mmol) and required amine
(0.5 mL, in excess) was fused (3–6 h) at 90 °C with con-
tinuous stirring. The reaction was monitored by TLC. Ice
cold water was added to the reaction mixture on completion
of the reaction. The precipitate obtained was filtered,
washed several times with distilled water and dried. Crys-
tallised from methanol gave the corresponding desired
analogue 10–17.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-
(morpholin-4-yl)-2-oxo]ethoxyquinazoline (10) Yield
(0.11 g, 48.25%), m.p. 224–226 °C. FT-IR νmax (KBr):
3360.52 (N–H), 2980.41 (asymmetric aliphatic C–H),
2861.21 (symmetric aliphatic C–H), 1648.82 (amide C=O),
1628.50, 1582.31 (C=N), 1504.22, 1431.72, 1273.64,
1234.05 (asymmetric C–O–C), 1121.02 (C–F), 1064.69
(C–Cl), 1030.40 (symmetric C-O-C), 851.13 cm−1. 1H
NMR (DMSO-d6): δ 3.56 (br s, 4H, -N(CH2)2-, morpho-
line), 3.63 (br s, 2H, -OCH2-, morpholine), 3.69 (br s, 2H,
-OCH2-, morpholine), 3.97 (s, 3H, -OCH3), 4.96 (s, 2H,
-OCH2-), 7.21 (s, 1H, ArH, quinazoline), 7.36 (t, 1H, Jo=
9.02 Hz, ArH, ortho to fluoro), 7.76–7.79 (m, 1H, ArH,
ortho to chloro), 7.80 (s, 1H, ArH, quinazoline), 8.13 (dd,
1H, Jo= 6.82 Hz, Jm= 2.58 Hz, ArH, meta to fluoro), 8.50
(s, 1H, -N=CH-N) and 9.45 ppm (s, 1H, -NH-). 13C NMR
(DMSO-d6): δ 41.78 (NCH2, morpholine), 45.26 (NCH2,
morpholine), 55.81 (OCH3), 66.10 (2 × OCH2, morpho-
line), 67.22 (OCH2), 103.67 (ArCH), 107.36 (ArCH),
108.61 (ArC), 116.27 (ArCH, 2JC-F= 21 Hz), 118.94 (ArC,
2JC(Cl)-F= 18 Hz), 121.90 (ArCH, 3JC-F= 7 Hz), 123.23
(ArCH), 136.59 (ArC, 4JC-F= 3 Hz), 147.22 (ArC), 147.29
(ArC), 152.78 (N=CH-N), 153.20 (ArC, 1JC-F= 249 Hz),

154.37 (ArC), 156.03 (ArC) and 165.24 ppm (C=O). ESI-
MS m/z: 447.35 [M+H]+, 449.36 [MH+ 2]+, 469.37 [M
+Na]+. Anal. calcd for C21H20ClFN4O4: C, 56.44; H, 4.51;
N, 12.54%. Found: C, 56.04; H, 4.82; N, 12.90%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-
(piperidin-1-yl)-2-oxo]ethoxyquinazoline (11) Yield
(0.12 g, 52.86%), m.p. 218–220 °C. FT-IR νmax (KBr):
3337.61 (N–H), 2938.22 (asymmetric aliphatic C–H),
2860.24 (symmetric aliphatic C–H), 1631.38 (amide C=O),
1575.81 (C=N), 1504.13, 1428.51, 1232.73 (asymmetric
C–O–C), 1136.06 (C–F), 1064.95 (C–Cl), 1008.09 (sym-
metric C–O–C), 845.93 cm−1. 1H NMR (CDCl3): δ 1.49 (br
s, 2H, -CH2-, piperidine), 1.64 (br s, 4H, 2 × -CH2-, piper-
idine), 3.53 (br s, 4H, -N(CH2)2-, piperidine), 3.86 (s, 3H,
-OCH3), 4.95 (s, 2H, -OCH2-), 7.00 (s, 1H, ArH, quinazo-
line), 7.04 (t, 1H, Jo= 8.82 Hz, ArH, ortho to fluoro),
7.51–7.55 (m, 1H, ArH, ortho to chloro), 7.65 (s, 1H, ArH,
quinazoline), 7.70 (dd, 1H, Jo= 6.64 Hz, Jm= 2.60 Hz,
ArH, meta to fluoro), 8.54 (s, 1H, -N= CH-N) and
8.56 ppm (br s, 1H, -NH). 13C NMR (CDCl3): δ 24.25
(CH2, piperidine), 25.52 (CH2, piperidine) 26.34 (CH2,
piperidine), 43.47 (NCH2, piperidine), 46.58 (NCH2,
piperidine), 55.98 (OCH3), 67.92 (OCH2), 104.07 (ArCH),
107.55 (ArCH), 108.88 (ArC), 116.10 (ArCH, 2JC-F=
22 Hz), 120.29 (ArC, 2JC(Cl)-F= 18 Hz), 121.78 (ArCH,
3JC-F= 6 Hz), 123.85 (ArCH), 135.68 (ArC), 147.05 (ArC),
147.46 (ArC), 153.58 (N=CH-N), 154.35 (ArC, 1JC-F=
244 Hz), 154.59 (ArC), 156.51 (ArC) and 166.55 ppm
(C=O). ESI-MS m/z: 445.38 [M+H]+, 447.38 [MH+ 2]+,
467.38 [M+Na]+. Anal. calcd for C22H22ClFN4O3: C,
59.39; H, 4.98; N, 12.59%. Found: C, 59.24; H, 4.72; N,
12.88%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-(N-
methylpiperazin-1-yl)-2-oxo]ethoxy-quinazoline (12) Yield
(0.132 g, 56.41%), m.p. 231–232 °C. FT-IR νmax (KBr):
3351.35 (N–H), 3074.25 (aromatic C–H), 2940.01 (asym-
metric aliphatic C–H), 2851.06 (symmetric aliphatic C–H),
1642.86 (amide C=O), 1581.16 (C=N), 1505.56, 1433.54,
1296.45, 1243.03 (asymmetric C–O–C), 1144.39 (C–F),
1078.49 (C-Cl), 1049.30 (symmetric C–O–C), 847.71 cm−1.
1H NMR (DMSO-d6): δ 2.29 (s, 3H, -NCH3, piperazine),
2.39 (br s, 2H, -NCH2-, piperazine), 2.47 (br s, 2H, -NCH2-,
piperazine), 3.62 (t, 4H, J= 4.84 Hz, -N(CH2)2-, piper-
azine), 3.99 (s, 3H, -OCH3), 4.94 (s, 2H, -OCH2-), 7.19 (s,
1H, ArH, quinazoline), 7.21 (t, 1H, Jo= 8.88 Hz, ArH,
ortho to fluoro), 7.75–7.79 (m, 1H, ArH, ortho to chloro),
7.82 (s, 1H, ArH, quinazoline), 8.06 (dd, 1H, Jo= 6.72 Hz,
Jm= 2.52 Hz, ArH, meta to fluoro), 8.51 (s, 1H, -N=CH-
N) and 9.41 ppm (s, 1H, -NH-). 13C NMR (DMSO-d6): δ
41.33 (NCH3, piperazine), 44.55 (NCH2, piperazine),
45.51, (NCH2, piperazine), 54.07 (NCH2, piperazine),
54.53 (NCH2, piperazine) 55.61 (OCH3), 67.38 (OCH2),
103.58 (ArCH), 107.36 (ArCH), 108.70 (ArC), 115.80
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(ArCH, 2JC-F= 22 Hz), 119.29 (ArC, 2JC(Cl)-F= 18 Hz),
121.67 (ArCH, 3JC-F= 6 Hz), 123.41 (ArCH), 136.18
(ArC, 4JC-F= 3 Hz), 147.01 (ArC), 147.16 (ArC), 152.78
(ArC), 153.38 (ArC, 1JC-F= 243 Hz), 154.32 (N=CH-N),
156.16 (ArC) and 165.10 ppm (C=O). ESI-MS m/z: 460.40
[M+H]+, 462.41 [MH+ 2]+, 482.41 [M+Na]+. Anal.
calcd for C22H23ClFN5O3: C, 57.46; H, 5.04; N, 15.23%.
Found: C, 57.74; H, 5.22; N, 15.41%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-{4-
(4-fluorophenyl)piperazin-1-yl}-2-oxo]-ethoxyquinazoline
(13): Yield (0.11 g, 53.40%), m.p. 198–200 °C. FT-IR νmax

(KBr): 3357.77 (N–H), 2932.45 (asymmetric aliphatic
C–H), 2832.48 (symmetric aliphatic C–H), 1645.08 (amide
C=O), 1580.29 (C=N), 1505.93, 1430.81, 1282.60,
1220.57 (asymmetric C–O–C), 1145.62 (C–F), 1062.01 (C-
Cl), 1024.38 (symmetric C–O–C), 817.83 cm−1. 1H NMR
(DMSO-d6): δ 3.11 (br s, 2H, -NCH2-, piperazine), 3.20 (br
s, 2H, -NCH2-, piperazine), 3.74 (br s, 4H, -N(CH2)2-,
piperazine), 3.97 (s, 3H, -OCH3), 4.99 (s, 2H, -OCH2-),
6.93-7.02 (m, 4H, ArH, 4-fluorophenyl), 7.19 (s, 1H, ArH,
quinazoline), 7.25 (t, 1H, Jo= 8.96 Hz, ArH, ortho to
fluoro), 7.76–7.80 (m, 1H, ArH, ortho to chloro), 7.83 (s,
1H, ArH, quinazoline), 8.10 (dd, 1H, Jo= 6.78 Hz, Jm=
2.58 Hz, ArH, meta to fluoro), 8.50 (s, 1H, -N=CH-N) and
9.42 ppm (s, 1H, -NH-). 13C NMR (DMSO-d6): δ 41.36
(NCH2, piperazine), 44.60 (NCH2, piperazine), 49.35
(NCH2, piperazine), 49.70 (NCH2, piperazine), 55.86
(OCH3), 67.35 (OCH2), 103.75 (ArCH), 107.38 (ArCH),
108.69 (ArC), 115.26 (2 × ArCH, 2JC-F= 22 Hz), 116.27
(ArCH, 2JC-F= 21 Hz), 117.84 (2 × ArCH, 3JC-F= 7 Hz),
119.03 (ArC, 2JC(Cl)-F= 18 Hz), 121.87 (ArCH, 3JC-F=
7 Hz), 123.24 (ArCH), 136.62 (ArC), 147.29 (ArC), 147.56
(ArC), 147.58 (ArC), 152.82 (N=CH-N), 153.25 (ArC,
1JC-F= 249 Hz), 155.27 (ArC), 156.09 (ArC), 157.63 (ArC)
and 165.13 ppm (C=O). ESI-MS m/z: 538.60 [M-H]+,
540.26 [M+H]+. Anal. calcd for C27H24ClF2N5O3: C,
60.06; H, 4.48; N, 12.97 %. Found: C, 59.74; H, 4.22; N,
13.19%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-(pyr-
rolidin-1-yl)-2-oxo]ethoxyquinazoline (14) (0.11 g,
50.23%), m.p. 238–239 °C. FT-IR νmax (KBr): 3340.15
(N–H), 2976.09 (asymmetric aliphatic C–H), 2887.27
(symmetric aliphatic C–H), 1637.95 (amide C=O), 1582.27
(C=N), 1504.66, 1432.38, 1286.74, 1224.26 (asymmetric
C–O–C), 1148.59 (C–F), 1083.69 (C-Cl), 1057.80 (sym-
metric C–O–C), 845.90 cm−1. 1H NMR (DMSO-d6): δ 1.80
(p, 2H, J= 6.71 Hz, -CH2-, pyrrolidine), 1.93 (p, 2H, J=
6.70 Hz, -CH2-, pyrrolidine), 3.37 (t, 2H, J= 6.80 Hz,
-NCH2- pyrrolidine), 3.55 (t, 2H, J= 6.70 Hz, -NCH2-
pyrrolidine), 3.95 (s, 3H, -OCH3), 4.88 (s, 2H, -OCH2-),
7.22 (s, 1H, ArH, quinazoline), 7.45 (t, 1H, Jo= 9.10 Hz,
ArH, ortho to fluoro), 7.73–7.76 (m, 1H, ArH, ortho to
chloro), 7.77 (s, 1H, ArH, quinazoline), 8.11 (dd, 1H, Jo=

6.84 Hz, Jm= 2.60 Hz, ArH, meta to fluoro), 8.50 (s, 1H,
-N= CH-N) and 9.51 ppm (s, 1H, -NH-). 13C NMR
(DMSO-d6): δ 23.98 (CH2, pyrrolidine), 26.17 (CH2, pyr-
rolidine), 45.58 (NCH2, pyrrolidine), 46.17 (NCH2, pyrro-
lidine), 56.41 (OCH3), 67.83 (OCH2), 103.77 (ArCH),
107.91 (ArCH), 109.04 (ArC), 117.04 (ArCH, 2JC-F=
22 Hz), 119.29 (ArC, 2JC(Cl)-F= 18 Hz), 122.93 (ArCH, 3

JC-F= 7 Hz), 124.04 (ArCH), 137.16 (ArC, 4JC-F= 3 Hz),
147.67 (ArC), 148.08 (ArC), 153.30 (N=CH-N), 153.76
(ArC, 1JC-F= 256 Hz), 154.89 (ArC), 156.56 (ArC) and
165.51 ppm (C=O). ESI-MS m/z: 429.40 [M-H]+, 431.10
[M+H]+, 453.20 [M+Na]+. Anal. calcd for
C21H20ClFN4O3: C, 58.54; H, 4.68; N, 13.00%. Found: C,
58.80; H, 4.32; N, 12.82%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-(4-
phenylpiperazin-1-yl)-2-oxo]ethoxy-quinazoline (15): Yield
(0.13 g, 65.32%), m.p. 225–227 °C. FT-IR νmax (KBr):
3348.45 (N–H), 2927.12 (asymmetric aliphatic C–H),
2818.80 (symmetric aliphatic C–H), 1644.60 (amide C=O),
1579.02 (C=N), 1502.24, 1428.01, 1282.39, 1222.22
(asymmetric C–O–C), 1141.85 (C–F), 1057.88 (C-Cl),
1020.71 (symmetric C–O–C), 848.07 cm−1. 1H NMR
(CDCl3): δ 3.00 (t, 2H, J= 5.04 Hz, -NCH2-, piperazine),
3.12 (t, 2H, J= 4.86 Hz, -NCH2-, piperazine), 3.67 (t, 2H, J
= 5.04 Hz, -NCH2-, piperazine), 3.72 (t, 2H, J= 4.90 Hz,
-NCH2-, piperazine), 3.81 (s, 3H, -OCH3), 4.91 (s, 2H,
-OCH2-), 6.79–6.86 (m, 3H, ArH, phenylpiperazine), 6.99
(t, 1H, Jo= 8.80 Hz, ortho to fluoro), 7.01 (s, 1H, ArH,
quinazoline), 7.19 (t, 2H, Jo= 7.48 Hz, ArH, phenylpiper-
azine), 7.46–7.50 (m, 1H, ArH, ortho to chloro), 7.55 (s,
1H, ArH, quinazoline), 7.67 (dd, 1H, Jo= 6.60 Hz, Jm=
2.60 Hz, ArH, meta to fluoro), 8.35 (s, 1H, -NH-, D2O
exchangeable) and 8.49 ppm (s, 1H, -N= CH-N). 13C NMR
(CDCl3): δ 45.49 (NCH2, piperazine), 49.22 (NCH2,
piperazine), 49.87 (NCH2, piperazine), 50.61 (NCH2,
piperazine), 56.06 (OCH3), 68.13 (OCH2), 103.92 (ArCH),
108.04 (ArCH), 108.93 (ArC), 116.23 (ArCH, 2JC-F=
22 Hz), 116.74 (2 × ArCH), 120.46 (ArC, 2JC(Cl)-F=
18 Hz), 120.92 (ArCH), 121.83 (ArCH, 3JC-F= 7 Hz),
123.94 (ArCH), 129.33 (2 × ArCH), 135.70 (ArC, 4JC-F=
3 Hz), 146.92 (ArC), 147.93 (ArC), 150.58 (ArC), 153.90
(N=CH-N), 154.46 (ArC, 1JC-F= 245 Hz), 154.63 (ArC),
156.56 (ArC) and 166.89 ppm (C=O). ESI-MS m/z: 520.50
[M-H]+, 522.10 [M+H]+. Anal. calcd for C27H25ClFN5O3:
C, 62.13; H, 4.83; N, 13.42%. Found: C, 62.41; H, 4.52; N,
13.76%.

4-(3-Chloro-4-fluorophenylamino)-7-methoxy-6-[2-{4-
(4-nitrophenyl)piperazin-1-yl}-2-oxo] ethoxyquinazoline
(16): Yield (0.105 g, 41.82%), m.p. 240–242 °C. FT-IR νmax

(KBr): 3362.71 (N–H), 2922.86 (asymmetric aliphatic
C–H), 2848.27 (symmetric aliphatic C–H), 1638.52 (amide
C=O), 1595.22 (C=N), 1502.27, 1430.92, 1321.95,
1229.41 (asymmetric C–O–C), 1110.65 (C–F), 1069.40
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(C-Cl), 1021.10 (symmetric C–O–C), 826.15 cm−1. 1H
NMR (CDCl3): δ 3.56 (br s, 2H, -NCH2-, piperazine), 3.64
(br s, 2H, -OCH2-, piperazine), 3.75 (br s, 2H, -NCH2-,
piperazine), 3.79 (br s, 2H, -NCH2-, piperazine), 3.99 (s,
3H, -OCH3), 5.01 (s, 2H, -OCH2-), 6.99 (d, 2H, Jo=
9.40 Hz, ArH, meta to nitro), 7.22 (s, 1H, ArH, quinazo-
line), 7.28 (t, 1H, Jo= 8.96 Hz, ArH, ortho to fluoro),
7.77–7.81 (m, 1H, ArH, ortho to chloro), 7.86 (s, 1H, ArH,
quinazoline), 8.08 (d, 2H, Jo= 9.40 Hz, ArH, ortho to
nitro), 8.11 (dd, 1H, Jo= 6.82 Hz, Jm= 2.56 Hz, ArH, meta
to fluoro), 8.51 (s, 1H, -N=CH-N) and 9.45 ppm (s, 1H,
-NH-). 13C NMR (DMSO-d6): δ 40.83 (NCH2, piperazine),
43.71 (NCH2, piperazine), 45.79 (NCH2, piperazine), 46.13
(NCH2, piperazine), 55.98 (OCH3), 67.15 (OCH2), 103.69
(ArCH), 107.48 (ArCH), 108.57 (ArC), 112.59 (2 ×
ArCH), 116.56 (ArCH, 2JC-F= 21 Hz), 118.80 (ArC, 2JC
(Cl)-F= 18 Hz), 122.20 (ArCH, 3JC-F= 6 Hz), 123.32
(ArCH), 125.71 (2 × ArCH), 136.72 (ArC), 137.02 (ArC),
147.28 (ArC), 147.36 (ArC), 151.91 (ArC), 152.89 (N=
CH-N), 154.34 (ArC), 154.55 (ArC), 156.08 (ArC) and
165.47 ppm (C=O). ESI-MS m/z: 565.50 [M-H]+, 567.10
[M+H]+. Anal. Calcd for C27H24ClFN6O5: C, 57.20; H,
4.27; N, 14.82%. Found: C, 56.98; H, 4.58; N, 14.68%.

4-(3-Chloro-4-fluorophenylamino)-6-[2-{2-(3,4-dime-
thoxyphenyl)ethylamino-2-oxo}ethoxy]-7-methoxyquinazo-
line (17): Yield (0.17 g, 61.60%), m.p. 188–190 °C. FT-IR
νmax (KBr): 3344.11 (N–H stretch), 3081.75, 2934.26
(asymmetric aliphatic C–H), 2847.30 (symmetric aliphatic
C–H), 1665.94 (amide C=O), 1631.29, 1580.78 (C=N),
1506.40, 1430.25, 1257.00, 1227.66 (asymmetric C–O–C),
1147.34 (C–F), 1068.50 (C-Cl), 1026.46 (symmetric
C–O–C), 846.14 cm−1. 1H NMR (DMSO-d6): δ 2.76 (t, 2H,
J= 7.14 Hz, -NHCH2CH2-), 3.49 (q, 2H, J= 6.72 Hz,
-NHCH2-), 3.74 (s, 3H, -OCH3), 3.75 (s, 3H, -OCH3), 3.96
(s, 3H, -OCH3), 4.67 (s, 2H, -OCH2-), 6.71 (dd, 1H, Jo=
8.14 Hz, Jm= 1.86 Hz, ArH, homoveratrylamine), 6.78 (d,
1H, Jo= 8.28 Hz, ArH, homoveratrylamine), 6.79 (d, 1H,
Jm= 1.48 Hz, ArH, homoveratrylamine), 7.21 (s, 1H, ArH,
quinazoline), 7.30 (t, 1H, Jo= 8.98 Hz, ArH, ortho to
fluoro), 7.59 (t, 1H, J= 5.70 Hz, -CH2NH-), 7.77–7.81 (m,
1H, ArH, ortho to chloro), 7.88 (s, 1H, ArH, quinazoline),
8.09 (dd, 1H, Jo= 6.80 Hz, Jm= 2.60 Hz, ArH, meta to
fluoro), 8.50 (s, 1H, -N=CH-N) and 9.45 ppm (s, 1H,
-NH-). 13C NMR (DMSO-d6): δ 34.52 (NHCH2CH2), 55.17
(OCH3), 55.31 (OCH3), 55.62 (OCH3), 68.07 (OCH2),
103.88 (ArCH), 107.30 (ArCH), 108.58 (ArC), 111.47
(ArCH), 112.12 (ArCH), 115.94 (ArCH, 2JC-F= 22 Hz),
119.02 (ArC), 120.29 (ArCH), 121.68 (ArCH, 3JC-F=
6 Hz), 123.22 (ArCH), 131.25 (ArC), 136.37 (ArC), 146.76
(ArC), 147.08 (ArC), 147.32 (ArC), 148.46 (ArC), 152.80
(N=CH-N), 153.16 (ArC, 1JC-F= 246 Hz), 154.09 (ArC),
156.04 (ArC) and 166.79 ppm (C=O). ESI-MS m/z: 541.17
[M+H]+, 543.18 [MH+ 2]+, 563.14 [M+Na]+. Anal.

calcd for C27H26ClFN4O5: C, 59.95; H, 4.84; N, 10.36%.
Found: C, 59.78; H, 4.99; N, 10.14%.

Biological activity

In vitro antiproliferative activity

The antiproliferative activity of the quinazoline analogues was
carried out using NCI-60 screening protocol under Develop-
ment Therapeutic Program of NCI as mentioned [18].

In vitro EGFR tyrosine kinase assay

The EGFR kinase assay kit (#40321) and Kinase-Glo® Max
Luminescent kinase assay kit (#V6071) were obtained from
BPS Bioscience (San Diego, CA) and Promega (Madison,
WI), respectively. The positive control, erlotinib hydro-
chloride (#SML2156), and dimethyl sulfoxide (DMSO)
were procured from Sigma-Aldrich (St Louis, MO).

To determine the inhibitory effects of the compounds 10-
17 on wild type (WT) EGFR activity, the cell-free EGFR
kinase Assay was carried out using the kit from BPS
Bioscience (San Diego, CA). Erlotinib was used as the
positive control. Erlotinib and test compounds were dissolved
in DMSO to make a stock solution of 2.5 mM and 10mM,
respectively. They were subsequently diluted in distilled H2O
for the assay. WT EGFR, in a mixture with Kinase Buffer 1,
ATP, and PTK substrate from the kit, was treated with test
compounds of concentrations ranging from 1 nM to 10 µM in
10× dilutions; and 0.5, 1, 5, and 10 nM of erlotinib. The
mixture was incubated at 30 °C for 40 min before the Kinase-
Glo® Max reagent was added, and further incubation at room
temperature was conducted for 3 h. Luminescence was then
analysed with an integration time of 1000ms using the Tecan
(Switzerland) Spark 10M plate reader.

Western blot study [19, 20]

MDA-MB-468 cells were grown in 6-well plates in media
containing 10% (v/v) FBS till 90% confluence, after which
they were exposed to 10 µM of each compound (10 and 11) for
1 h and afterwards treated with 100 ng/mL EGF (mpbio) for
15min at 37 °C. Cells were then washed with cold PBS and
then resuspended in 200 µL RIPA lysis buffer (SRL) contain-
ing protease and phosphatase inhibitor cocktail. After keeping
the lysates on ice for 30min they were centrifuged at 12,000 ×
g for 25min at 4 °C. The supernatants were collected and
Bradford assay was done to determine the protein concentration
in the supernatant. SDS-PAGE loading buffer was used for the
sample preparation and the sample solutions were then boiled
for 10min at 95 °C. Equal amounts of protein (10 µg) were
loaded on SDS polyacrylamide gel (12%) electrophoresis and
then transferred to a polyvinylidene difluoride membrane.
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Blocking buffer containing skimmed milk (5%) in TBS buffer
was used to minimise nonspecific binding. Membranes were
probed overnight with Phospho-EGF Receptor (1∶2000,
G-Biosciences) and β-actin (1∶1000, CST) antibodies followed
by incubation with horseradish peroxidase-conjugated (HRP)
goat anti-rabbit IgG (1∶3000, CST) for 1 h. Membranes were
analysed using Amersham imager after incubation with
enhanced chemiluminescence reagents (Bio-Rad).

Molecular docking

Schrödinger glide module was used to predict the binding
interactions of the compound with the EGFR target protein.
EGFR co-crystallised with lapatinib (PDB ID: 1XKK) with
resolution 2.4 Å was downloaded from Protein Data Bank
(www.rscb.org). Protein preparation wizard was used to
process, optimise and minimise the protein with force field
of OPLS 2005 and RMSD of 0.30 Å. Ligands were then
drawn and imported in LigPrep wizard in which geome-
trically refined (cleaned) and the energy was minimised
with force field OPLS-2005 and RMSD 1.0 Å. Prior to
docking, receptor grid was generated by removing the co-
crystallised ligand and position as well as size of the active
site was determined. Glide XP docking program was used
for the docking method. Per-residue interaction scores of
each ligand were estimated in extra precision mode (Glide
XP) using best 10 docking poses.

Results and discussion

Chemistry

The synthesis of key intermediate 4-(3-chloro-4-fluor-
oanilino)-6-hydroxy-7-methoxyquinazoline (8) was per-
formed using the commercially available isovanillic acid as

a starting compound as illustrated in Scheme 1. Isovanillic
acid was esterified to methyl isovanillate (1) which upon
treatment with benzyl chloride in the presence of potassium
carbonate using ethyl methyl ketone as solvent yielded the
benzyl protected methyl isovanillate 2, nitration of which
using glacial acetic acid and nitric acid afforded the nitro
derivative 3. Reduction of nitro group by iron and ammo-
nium chloride in methanol yielded an amine 4, which on
further cyclization using formamide gave quinazoline 5.
Subsequent chlorination formed chloroquinazoline deriva-
tive 6. Further reaction with 3-chloro-4-fluoroaniline
afforded substituted 4-anilinoquinazoline 7. Deprotection
of compound 7 using trifluoroacetic acid yielded the desired
intermediate 6-hydroxyquinazoline derivative 8 [21–24].

The target amide derivatives 10-17 were synthesised by
esterification of compound 8 with methyl chloroacetate to
yield quinazoline carboxylate 9 and its subsequent thermal
fusion with various amines as depicted in Scheme 2. The
structures of these analogues were determined by FT-IR, 1H
NMR, 13C NMR and mass spectral analyses. The purity of all
the quinazoline analogues was established by elemental ana-
lysis, which was within limits i.e., ±0.4 of calculated values.

Biological activity

In vitro antiproliferative assay

All the new quinazolines analogues 10-17 were selected by
National Cancer Institute, Bethesda, USA for in vitro antic-
ancer evaluation. The screening was done against a panel of 60
cell lines belonging to human leukaemia, non-small cell lung,
colon, central nervous system, melanoma, ovarian, renal, breast
and prostate cancer. Sulforhodamine B (SRB) assay was used
for the screening of cellular proliferation. Growth percent of
cells treated with quinazoline analogues 10-17 at 10 µM is
shown in Table 1. All the compounds were found to display

Scheme 1 Synthetic route for
the preparation of 4-(3-chloro-4-
fluoroanilino)-6-hydroxy-7-
methoxyquinazoline (8).
Reagents and conditions (i)
MeOH, H2SO4, reflux; (ii)
C6H4CH2Cl, K2CO3, EMK,
reflux; (iii) HNO3, AcOH,
30 °C; (iv) Fe, NH4Cl, MeOH
and H2O, reflux; (v) HCONH2,
AcOH, reflux; (vi) POCl3, DMF
(cat), reflux; (vii) 3-Cl,4-F-
C6H4NH2, i-PrOH, reflux; (viii)
CF3COOH, reflux, 1 h
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potent and selective antiproliferative activity against several
EGFR overexpressing solid tumour cell lines corresponding to
non-small cell lung cancer, ovarian cancer, renal and breast
cancer. In particular, the quinazoline derivatives 10-17 dis-
played prominent and selective inhibitory effects against NCI-
H322M and NCI-H522 (~65%, non-small cell lung cancer),
IGROV1 and SK-OV-3 (~50–80%, ovarian cancer), TK-10
(~50–80%, renal cancer) and MDA-MB-468 (~100%, breast
cancer) tumour cell lines. The morpholine (10), piperidine (11)
and N-methyl piperazine (12) derived analogues were found to
be the most effective. They displayed inhibition of the order of
82.55%, 78.67% and 86.25%, respectively, against ovarian
cancer SK-OV-3 cell lines and ~80% against renal cancer TK-
10 cell line. The antiproliferative effects are comparable to
standard drug gefitinib (NSC 759856) which produced 57.2%,
83% and 73% growth inhibition of IGROV1, SK-OV-3 and
TK-10 cell lines, respectively, at 10 µM. The potency against
the cell lines decreased on increasing the length of amine
substituted side chain. The six membered heterocyclic amine
remains the most favourable structural feature to be substituted
on the side chain at 6- position of quinazoline ring for anti-
proliferative activity. The 4-aminoquinazoline derivatives 10-
17 produced maximum activity against EGFR overexpressed
MDA-MB-468 breast cancer cell line. The negative growth
percentages (−41 to −7%) of this cell line after treatment with
these compounds indicated not only decreased growth but also
death of cancer cells. Piperidine substituted gefitinib analogue
11 produced maximum cytotoxicity (42%) against this cell line
as compared to gefitinib (32%).

In vitro EGFR kinase inhibition assay

As the current series of quinazoline derivatives exhibited
remarkable cytotoxicity against several solid tumour cell
lines with high expression of wild type EGFR, therefore, the
inhibitory effects of the compounds against EGFR tyrosine
kinase were also determined. Initially evaluation of EGFR

kinase inhibitory activity of new compounds was carried
out at 10 µM using ELISA kits. All the synthesised analo-
gues displayed more than 90% inhibition of EGFR at 10 µM
except pyrrolidine substituted quinazoline 14 (75% inhibi-
tion) as shown in Table 2. The compounds 10, 13, 15–17
depicting maximum inhibition were further evaluated using
a five-dose concentration panel to obtain the IC50 values
(see supplementary information, Fig. S1). The morpholine
substituted quinazoline 10 was found to be the highly potent
inhibitor of EGFR (IC50= 6.12 nM) amongst all with
activity comparable to reference drug erlotinib (IC50=
1.37 nM) and gefitinib (IC50= 3.22 nM) [25]. Homo-
veratrylamine substituted quinazoline 17 also exhibited high
EGFR inhibition with IC50= 8.78 nM. These observations
indicate that the antitumor effects of the compounds are
very likely through inhibition of EGFR signalling pathway.

Inhibition of EGFR phosphorylation

Many of the research findings show that EGFR signal
transduction is crucial for various vital cellular processes.
To comprehend the mechanism of this series of compounds
for antineoplastic activity, their role in the activation of
EGFR in MDA-MB-468 cells was studied using western
blot analysis. As morpholine substituted quinazoline ana-
logue 10 was the most potent in vitro EGFR kinase inhibitor
and piperidine derived compound 11 displayed maximum
cytotoxicity against EGFR overexpressing MDA-MB-468
breast cancer cell line, these two compounds were selected
for the analysis. It was observed that both the representative
quinazoline analogues at 10 µM produced significant inhi-
bition of phosphorylation of EGFR resulting in inactivation
of the receptor and its downstream signalling proteins
(Fig. 2, see supplementary information, Fig. S2 for full
image). Quantitative analysis of western bolt revealed
around 42% and 58% inhibition of phosphorylated EGFR in
EGF induced MDA-MB-468 cells by the compounds 10

 10 11 12 13 

R 
 

   

 14 15 16 17 

R   
  

Scheme 2 Synthetic route for
the preparation of gefitinib
analogues 10-17. Reagents and
reaction conditions: (i) methyl
chloroacetate, DMF, anhydrous
K2CO3; (ii) requisite
amine, fusion
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Table 1 Growth percent of cells treated with quinazoline analogues 10-17 at 10 µM

Cancer cell line 10 11 12 13 14 15 16 17

Leukaemia

CCRF-CEM 91.58 94.17 87.03 112.55 93.23 102.99 96.40 100.06

K-562 88.40 73.60 82.77 83.63 99.79 85.19 96.64 111.53

MOLT-4 91.55 73.84 81.16 85.84 105.01 90.27 94.12 93.42

RPMI-8226 90.99 81.92 90.55 98.75 96.84 83.65 94.05 90.13

SR 89.31 74.56 74.45 79.01 78.71 84.36 90.06 82.32

Non-small cell lung cancer

A-549/ATCC 74.78 67.82 76.92 79.69 86.76 82.88 94.16 84.82

EKVX 63.31 63.55 61.77 78.31 89.18 77.64 85.05 78.19

HOP-62 98.09 102.75 96.94 95.23 103.96 102.78 98.91 95.65

HOP-92 92.05 81.65 75.14 87.89 88.27 86.83 88.75 87.90

NCI-H226 101.76 86.82 102.06 96.33 104.68 92.47 98.84 98.52

NCI-H23 90.69 90.96 98.11 97.00 88.31 88.00 96.02 92.54

NCI-H322M 24.67 28.95 26.64 36.46 39.44 33.99 54.23 27.30

NCI-H460 99.49 95.47 103.92 101.17 92.74 95.65 99.40 95.68

NCI-H522 33.05 33.09 39.18 72.17 86.58 79.95 76.12 70.23

Colon cancer

COLO-205 105.69 96.03 104.21 101.23 115.82 111.79 101.64 101.72

HCC-2998 94.33 92.67 101.95 98.11 95.62 97.82 90.63 100.74

HCT-116 83.95 79.59 91.34 88.66 81.76 67.72 83.40 106.51

HCT-15 96.59 86.15 93.38 92.70 97.90 90.66 92.64 91.19

HT29 91.81 77.07 90.57 86.66 102.94 90.44 99.05 95.46

KM12 94.42 95.44 96.36 100.50 98.92 101.78 96.10 96.64

SW-620 102.13 104.00 104.86 100.91 94.59 101.23 98.02 100.50

CNS cancer

SF-268 75.26 80.02 73.61 79.52 92.56 82.64 87.18 85.72

SF-295 90.63 92.07 92.79 94.13 92.64 93.35 103.89 98.05

SF-539 97.67 103.56 98.24 100.35 91.28 104.11 94.55 103.47

SNB-19 85.99 91.76 79.60 83.55 93.99 85.94 87.66 84.17

SNB-75 101.60 87.70 92.15 91.21 94.62 83.69 93.34 94.64

U251 101.86 96.85 101.45 107.07 97.19 98.87 106.07 102.52

Melanoma

LOX IMVI 97.85 87.38 91.50 93.27 91.62 93.69 95.85 90.09

MALME-3M 98.22 99.09 96.51 92.20 92.23 96.34 88.74 86.93

M-14 90.41 85.51 97.45 81.26 93.85 99.40 96.53 101.27

MDA-MB-435 101.71 95.34 102.18 96.51 101.42 95.65 100.00 97.21

SK-MEL-2 87.12 88.13 94.43 97.54 103.85 101.54 107.26 86.95

SK-MEL-28 105.67 99.20 101.72 98.37 105.26 113.41 99.62 98.38

SK-MEL-5 98.40 90.36 97.52 98.20 104.86 95.04 100.63 92.49

UACC-257 106.14 101.41 104.42 113.87 108.47 106.92 102.31 110.28

UACC-62 86.63 91.68 98.10 87.90 93.05 92.80 91.27 95.74

Ovarian cancer

IGROV1 45.57 42.76 48.24 46.88 53.86 48.94 55.95 46.34

OVCAR-3 79.69 73.16 78.15 83.44 89.07 87.77 88.41 82.84

OVCAR-4 82.66 71.65 79.47 81.98 95.04 85.65 95.96 92.36

OVCAR-5 74.05 67.01 78.39 60.49 78.84 75.04 84.80 65.39

OVCAR-8 87.20 89.19 89.96 106.77 97.45 93.50 96.90 102.79
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and 11, respectively (see supplementary information, Fig.
S3). The results imply that these compounds exert their
antiproliferative effects through the downregulation of
EGF/EGFR signalling pathway.

Molecular docking

The binding interactions of the representative compound 10
were studied using Maestro 10.5 module, Schrodinger

software by docking into the active ATP-binding site of
EGFR. The crystal structure of EGFR/lapatinib complex
(PDB ID: 1XKK) was used for the molecular docking
analysis. N1 of quinazoline scaffold of co-crystallised ligand
lapatinib exhibited hydrogen bonding interactions with
Met793 in the hinge region surrounded by Leu844, Gly796,
Leu718 and Leu792 amino acid residues. The 2D and 3D
diagrams depicting binding interactions of compound 10
have been presented in Fig. 3. The quinazoline core of
compound 10 fitted well into the active ATP-binding site
and display hydrogen bonding interaction with key amino

Table 1 (continued)

Cancer cell line 10 11 12 13 14 15 16 17

NCI/ADR-RES 81.94 62.06 86.73 82.67 87.63 80.51 91.25 85.58

SK-OV-3 17.45 21.33 13.75 88.14 108.18 96.03 114.52 89.76

Renal cancer

786-0 78.53 78.16 70.87 78.98 86.98 85.64 82.14 89.41

A-498 66.16 43.55 69.93 72.45 69.40 61.23 70.96 55.60

ACHN 31.89 32.17 37.78 45.93 54.77 50.57 55.93 49.00

CAKI-1 48.41 44.52 44.08 44.77 61.49 50.56 75.23 46.55

RXF-393 106.77 84.78 88.77 102.64 116.54 81.15 112.45 95.97

SN-12C 80.31 76.37 76.93 88.20 96.90 80.40 89.68 85.21

TK-10 20.80 23.85 23.41 38.19 51.45 42.43 52.06 37.36

UO-31 52.40 43.52 55.93 44.45 54.72 46.50 49.93 46.80

Prostate cancer

PC-3 94.28 84.57 85.96 94.62 100.04 90.58 98.49 92.07

DU-145 57.28 53.83 62.60 60.50 78.26 62.86 79.29 57.96

Breast cancer

MCF7 83.89 82.61 80.40 83.75 99.68 90.01 91.06 91.92

MDA-MB-231 107.97 105.36 94.70 79.28 94.06 90.48 89.73 94.39

HS 578 T 96.71 94.44 93.43 89.31 90.89 93.90 105.37 92.37

BT-549 98.53 94.42 89.61 100.68 96.76 106.18 92.65 99.45

T-47D 53.46 43.60 69.96 75.24 93.16 77.14 101.98 69.99

MDA-MB-468 −15.88 −41.90 −32.42 −7.58 10.59 −17.47 33.93 −10.12

Bold values represent high potency (growth inhibition/cytotoxicity) against specific cancer cell lines

Table 2 In vitro EGFR kinase inhibition after treatment with various
compounds

Compound no. % EGFR inhibition at
10 µM

IC50 (nM)

10 96.51 6.122

11 92.02 N.D

12 88.32 N.D

13 98.50 29.19

14 75.41 N.D

15 93.68 170

16 93.43 37.07

17 93.55 8.78

Erlotinib (positive control) 100 1.37

N.D not determined

Fig. 2 Western blot analysis presenting the effects of quinazolines 10
and 11 on the phosphorylation of EGFR in MDA-MB-468 cells
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acid Met793 in a similar pattern as lapatinib and gefitinib
[25, 26]. The extension of fluoro substituent towards the
side chains of Met766 and interaction of chloro group with
the highly conserved Asp855 residue account for the
improved binding affinity.

Literature reports that substantial toxicity of second-
generation irreversible inhibitors is due to covalent inter-
action of Michael group with Cys797 amino acid residue.
As any such interaction with Cys797 was not observed in
case of quinazoline 10 (Fig. 3), the analogue could be
considered as a safe and reversible EGFR inhibitor. The
positive interactions between EGFR and the new quinazo-
line analogue 10 further support the in vitro EGFR inhibi-
tory activity data of this series of compounds.

Conclusion

Several 4,6,7-trisubstituted quinazoline derivatives have
been prepared as potent EGFR inhibitors with improved
and selective antiproliferative activity against several solid
tumour cell lines. The analogue 10 substituted with a
morpholine ring in the side chain at 6- position of quina-
zoline nucleus represents the most potent compound of the
series with strong EGFR inhibition (IC50= 6.122 nM) and
~80% growth inhibition against several solid tumour cell
lines and lethality against MDA-MB-468 cells. Inhibition
of phosphorylated EGFR in Western blot study using
MDA-MB-468 cells further supported EGFR inhibition as
a possible mechanism for antiproliferative activity of the

quinazoline analogues. Quinazoline 10 when docked to the
recognised binding sites of the EGFR fitted nicely and
exhibited favourable interactions with key amino acid
residue Met793, which account for its excellent inhibition
of EGFR. It is illustrated that presence of a six membered
heterocyclic amine on the side chain at 6- position of
quinazoline ring remains the most favourable structural
feature for antiproliferative activity as well as for the
inhibition of EGFR. Increase in the length of amine sub-
stituted side chain at 6- position of the core nucleus results
in comparatively low activity. The findings of this research
work have led to the development of a lead molecule 10,
which could be further investigated to develop potent
quinazoline based agents for the treatment of EGFR
positive cancers.
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Fig. 3 Binding interactions of quinazoline 10 in the active site of crystal structure of EGFR (PDB ID 1XKK): (a) 2-D ligand binding interaction (b)
3-D ligand binding interaction; hydrogen bonding with the amino acid residues Met793 (red); polar interaction with Asp855 (purple dotted)
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