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ABSTRACT: Epidermal Growth Factor Receptor (EGFR) and Vascular Endothelial Growth Factor
Receptor (VEGFR) as appropriate targets for cancer therapy have recently made a noteworthy field
since the introduction of vandetanib as a dual inhibitor of VEGFR and EGFR tyrosine kinases (TKIS).
In this study, twelve quinazoline derivatives were designed, synthesized, and evaluated for their
cytotoxicity on A431 (human carcinoma cell) as well as HUO2 (Foreskin fibroblast) cell lines by MTT
assay. The binding mode of the most potent compound (8a) with EGFR and VEGFR2 was studied using
molecular docking. Most of the compounds showed significant inhibition of the growth of A431 cells
at a concentration lower than 100 uM. The compound 8a bearing diethylamine along with 4-bromo-2-
fluoroaniline exhibited the best cytotoxic activity (ICs0=2.62 uM) compared to erlotinib and vandetanib
as positive controls. Synthesized compounds did not indicate significant cytotoxicity against HUO2 cell
line. The compound 8a indicated binding energies of -6.39 and -8.24 kcal/mol as well as inhibition
constants of 20.67uM and 0.9uM with EGFR and VEGFR-2, respectively, which showed the effective
binding with VEGFR-2. The higher potency of 8a may be put down to the flexibility of diethylamine and
its higher lipophilicity as well as lower steric hindrance of this substituent.
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INTRODUCTION

Cancer is one of the most frequent causes of death all
over the world. New anticancer drugs are always needed
because of issues with existing compounds such as toxicity,
drug resistance, and lack of appropriate potency [1-7].
The epidermal growth factor receptor (EGFR; ErbB-1;
HERL1 in humans), ErbB2 (HER-2/neu), ErbB3 (HER3),

and ErbB4 (HER4) are members of the ErbB receptor
family. EGFR is a Receptor Tyrosine Kinase (RTK)
which plays a critical role in cell-related processes such
as cell survival, proliferation, migration, adhesion, and
differentiation [8,9]. It is overexpressed in different solid
tumors. So, it can be considered a key target for cancer
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treatment. Lapatinib (Tykerb™), gefitinib (Iressa™),
and erlotinib (Tarceva™) were EGFR tyrosine kinase
inhibitors (TKIs), which can lead to a dramatic decrease
in the volume of the tumor. Lapatinib is a potent dual
inhibitor of ErbB-1 and ErbB-2 and was approved by
the United States Food and Drug Administration (FDA)
for the treatment of breast cancer in 2007. In addition,
Gefitinib and erlotinib received FDA approval for the
treatment of non-small-cell lung cancer (NSCLC) in 2005.
Various 4-anilinoquinazoline derivatives are still under
investigation in clinical trials for treating cancer [10-12].
Besides, the tumor requires angiogenesis to continue its
growth and invasion. The signal transmission for angiogenesis
is done using the Vascular Endothelial Growth Factor
Receptor (VEGFR) as a receptor tyrosine kinase. Inhibition
of VEGFR stops angiogenesis of the tumor which can be
an additional mechanism for cancer treatment with beneficial
therapeutic effects. Vandetanib (ZD6474), an anticancer drug
that is in phase Il clinical trial, was introduced to inhibit
both EGFR and VEGFR [13,14]. So far, various
molecular scaffolds with EGFR and VEGFR inhibitory
activities have been synthesized, and among them,
quinazoline derivatives have drawn a lot of interest due to
their different biological effects, especially as potent kinase
inhibitors. Among all FDA-approved EGFR TKIs or ones
under clinical trials, the 4-anilinogquinazoline-based
derivatives have attracted the attention of scientists because
of their potent inhibitory effect, and most of them were
approved for the treatment of various kinds of malignancies
[13,15]. As is presented in Figure 1, competitive inhibitors of
EGFR and VEGFR-2 with 4-anilinoquinazoline scaffold
can inhibit the tyrosine kinase activity of these receptors
via interaction with the adenosine triphosphate (ATP)
binding site of the tyrosine kinase domains [16-18].
Structure-Activity Relationship (SAR) investigation of 4-
anilinoguinazoline showed that substitution of the aniline
ring using large lipophilic and electron-withdrawing
groups such as chlorine or bromine were preferred at the
C-3" and C-4' positions while at the ortho position, small
substituents such as fluorine and hydrogen are more
preferable. Investigation of the quinazoline C-6 and C-7
positions showed that a wide range of substituents such as
neutral, basic, and heteroaromatic side chains at C-7
position resulted in potent compounds, whereas any
changes at the C-6 is more restricted and methoxy at this
position is preferred [19,20]. 4-anilinoquinazoline
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scaffolds with the basic side chains at C-7 position show
high inhibitory activity on both EGFR and VEGFR
tyrosine kinases in both in vitro and in vivo studies which
may inhibit the process of angiogenesis [18,21].

Since the development of a new pharmaceutical is
very costly and time-consuming, Computer-Aided Drug
Discovery (CADD) methods such as Quantitative
Structure-Activity Relationship (QSAR) and molecular
docking have been extensively used in drug development
for the prediction of potential molecular targets, which
may reduce this process significantly. Among different
molecular modeling methods, docking can predict the
binding orientation of drug candidates to various macromolecules
for the formation of a stable complex. Understanding of
this orientation may be employed for the prediction of the
strength of target-ligand interaction by scoring functions
in order to synthesize more potent compounds [22,23].

In this study, some novel and previously synthesized
4-anilinoquinazoline compounds were designed and
synthesized, with various substituted aniline rings and basic
side chains at C-4 and C-7 positions of the quinazoline core,
respectively, on the basis of the structures of erlotinib and
vandetanib as lead compounds (Fig. 2). The synthesized
compounds were evaluated for their cytotoxicity against
A431 human skin cancer (Epidermoid carcinoma) cell
line as an EGFR overexpressed cancer cell line and HU02
(human foreskin fibroblast) as a healthy cell line by MTT
assay. Moreover, in this work, docking studies were done
by AutoDock software on the crystal structure of EGFR
and VEGFR tyrosine kinase domains to investigate
the binding mode of compounds and design more
efficient anticancer agents.

EXPERIMENTAL SECTION
Chemistry

All reagents and solvents were purchased from Merck
and Sigma Aldrich. An Electrothermal-9100 melting
point apparatus was used for the measurement of the
melting point and are uncorrected. The InfraRed (IR) spectra
were recorded on FT-IR Perkin-Elmer Spectrum Two
spectrophotometer which is equipped with the Universal
Attenuated Total Reflectance (UATR) with a ZnSe—
Diamond composite crystal. *HNMR and CNMR
spectra were recorded on Bruker unity 500 and 400 MHz
spectrometers and chemical shifts (3) are reported
in parts per million (ppm) using tetramethylsilane (TMS)
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Fig. 1: Structures of EGFR tyrosine kinase inhibitors.
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Fig. 2: The design strategy of novel compounds.

as an internal standard. Perkin Elmer 2400 with an automatic
elemental analyzer was used for elemental analysis and
the results were within 0.5 of the calculated values. The
mass spectra were run on an Agilent 5973 mass
spectrometer at 70 eV. Analytical TLC has performed
on Merck silica gel 60 F254 plates. Silica gel 60 (Merck,
particle size 0.06-0.20 mm) was used for column
chromatography.
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Methyl 4-hydroxy-3-methoxybenzoate (1)

Thionyl chloride (1.09 mL, 15 mmol) was added
to a solution of vanillic acid (1.68 g, 10 mmol) in dry
methanol (15 mL) dropwise at 0°C over 10 minutes.
The mixture was stirred at room temperature overnight.
The MeOH was evaporated under reduced pressure. H,O
(10 mL) was added to the residual, and the mixture was
extracted by EtOAc (3x10 mL). The EtOAc layer
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was dried over Na,SO, and concentrated to give a white
precipitate [10,24].

Yield: 69%; mp=125-127°C; IR (KBr, cm™) vmax:
3537(0OH), 1698(C=0), 3025(C-H benzene). HNMR
(DMSO0-d6, 500 MHz): éppm 7.45 (d, J=8.5 Hz, 1H, H-
Ces phenyl), 7.42(d, J=2 Hz, 1H, H-C; phenyl), 6.8 (d, J=8
Hz, 1H, H-Cs phenyl), 3.80(s, 3H, OCHj3), 3.78 (s, 3H,
COOCHj3). 3CNMR (DMSO-d6, 125 MHz) dppm 166.5,
152.1, 147.8, 123.8, 120.7, 115.6, 112.8, 56.0, 52.13. MS
(ESI): m/z 182.2 [M+H]".

Methyl 4-(2-chloroethoxy)-3-methoxybenzoate (2)

The mixture of 1 (1.52 g, 10 mmol), potassium
carbonate (2.76 g, 20 mmol), and a catalytic amount of
tetrabutylammonium bromide (TBAB) was refluxed in 20
ml of methanol for 20 min. Then, 1-bromo-2-
chloroethane (2.86 g, 20 mmol) was added to the mixture.
The mixture was refluxed for 4 hours. It was cooled at
room temperature and the precipitate was filtered and
washed with acetonitrile (2x5 mL). The filtered solution
was evaporated under reduced pressure and dried to give
the expected product [10,24-27].

Yield: 82%; mp=115-117.3°C; IR (KBr, cm) vmax:
1705(C=0), 1512(CH30). HNMR (DMSO-d6, 500
MHz): éppm 7.56 (d, J=8.5 Hz, 1H, H-Cs phenyl), 7.46
(s, 1H, H-C; phenyl), 7.09 (d, J=8.5, 1H, H-Cs phenyl),
4.38 (t, J=5.5 Hz, 2H, CICH,), 4.31 (t, J=5 Hz, 2H,
OCHy), 3.97 (t, J=5 Hz, 2H, CICH,), 3.82(s, 3H, OCHy3),
3.81 (s, 3H, COOCHj3). *CNMR (DMSO-d6, 125 MHz)
dppm 166.3, 152.0, 148.9, 123.4, 122.8, 112.9, 1125,
69.1, 56.0, 52.3, 43.2. MS (ESI): m/z 244.2 [M+H]".

Methyl 4-(2-chloroethoxy)-5-methoxy-2-nitrobenzoate (3)
To a solution of 2 (0.61 g, 25 mmol) in dry
acetonitrile (5 mL) was added a mixture of HNOs3 (5 mL,
65%) and H.SO. (5 mL, 98%) dropwise at 0-5 °C. This
mixture was stirred below 10 °C for about 6 h, and then
slowly poured into ice water (5 mL). The acetonitrile
layer was washed with saturated sodium bicarbonate (2 x
5 mL) and brine (2 x 5 mL) and dried over Na,SOa.
The solvent was concentrated under reduced pressure and
the residue was dried to give a yellow solid [10,24,26,28].
Yield: 86%; mp=119-120°C; IR (KBr, cm™) vmax:
1715 (C=0), 1520(NO;). 'H NMR (DMSO-d6, 500
MHz): dppm 7.67 (s, 1H, H-Cs phenyl), 7.34 (s, 1H, H-Cs
phenyl), 4.42 (t, J=5 Hz, 2H, OCHy), 3.98 (t, J=5 Hz, 2H,
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CICH,), 3.93 (s, 3H, OCHs), 3.82(s, 3H, COOCH).
BCNMR (DMSO-d6, 125 MHz) dppm 165.8, 152.8,
149.2, 141.0, 121.4, 111.9, 109.2, 69.8, 57.0, 53.5, 43.
MS (ESI): m/z 289.1 [M+H]".

Methyl 4-(2-chloroethoxy)-2-amino-5-methoxybenzoate (4)

A mixture of 3 (0.19 g, 0.667 mmol), powdered iron
(0.13 g, 2.33 mmol), and NH4CI (0.177 g, 3.34 mmol)
in MeOH/H.O (5 mL/2.5 mL) was refluxed for 4.5 h.
The reaction mixture was cooled to room temperature and
the precipitate was filtered. The filter cake was washed
with chloroform. The filtrate was extracted with
chloroform (3 x 15 mL) and dried over Na,SO4. The solvent
was evaporated and the residue was purified by column
chromatography with ethyl acetate/hexanes as eluent
(30:70, v:v) to give the vyellowish-brown product
[10,24,26,28].

Yield: 68%; mp=108-107°C; IR (KBr, cm?) vmax:
3473, 3360 (NH), 1514(CH.0), 1203 (CHs0). *HNMR
(DMSO-d6, 500 MHz): dppm 7.15(s, 1H, H-C6 phenyl),
6.37 (s, 1H, H-C3 phenyl), 4.19 (t, J=5 Hz, 2H, OCHy),
3.96 (t, J=5 Hz, 2H, CICHy), 3.74 (s, 3H, OCHg), 3.66 (s,
3H, COOCHj3). *CNMR (DMSO-d6, 125 MHz) Sppm
165.8, 152.8, 149.0, 121.4, 111.9, 109.1, 69.8, 57.0, 53.5,
43.0. MS (ESI): m/z 259.1 [M+H]".

7-(2-chloroethoxy)-6-methoxyquinazolin-4(3H)-one (5)

A solution of 4 (0.1 g, 0.33 mmol) and formamidine
acetate (57 mg, 0.55 mmol) in 10 mL absolute ethanol
was refluxed for 6 h. The mixture was cooled to 0°C and
the precipitate was filtered, washed with cold ethanol,
and dried to give the white product [10,24,26].

Yield: 81%; mp=252-254°C; IR (KBr, cm?) vmax:
1675 (C=0), 1491(CH,0), 1262 (CH30). HNMR
(DMSO-d6, 400 MHz): dppm) 8.00 (s, 1H, H-C,
Quinazoline), 7.48 (s, 1H, H-Cg Quinazoline), 7.17 (s,
1H, H-Cs Quinazoline ), 4.48 ('t, J=5.2 Hz, 2H, CICH)),
4.42 (t, J=4.8 Hz, 2H, OCHy), 4.02 (t, J=4.8 Hz, YH,
CICHy), 3.90 (s, 3H, OCHj3). *CNMR (DMSO-d6, 100
MHz) éppm 160.5, 153.5, 148.9, 145.1, 144.4, 116.4,
109.5, 105.7, 69.3, 56.2 43.2. MS (ESI): m/z 254.1
[M+H]".

7-(2-chloroethoxy)-4-chloro-6-methoxyquinazoline (6)

Oxalyl chloride (0.33g, 2.63 mmol) and a catalytic
amount of dimethylformamide (DMF) were added dropwise
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to a solution of 5 (0.136 g, 0.527 mmol) in
dichloromethane (2 mL) and stirred at room temperature
for 2 days. Chloroform (10 mL) was added to the reaction
mixture and neutralized with saturated sodium
bicarbonate. The organic phase was separated and dried
over Na;SQ4. The solvent was evaporated to give product
6 as a yellow solid [26,29].

Yield: 88%; mp=142-144°C; IR (KBr, cm?) vmax:
1675 (C=0), 1491(CH,0), 1262 (CH50). 'HNMR (DMSO-d6,
400 MHz): dppm 8.88 (s, 1H, H-C; Quinazoline), 7.48 (s,
1H, H-Cg Quinazoline) 7.38 (s, 1H, H-Cs Quinazoline),
4.54(t, J=4.8 Hz, 2H, OCHy), 4.08 (t, J=4.8 Hz, 2H,
CICHy), 4.02 (s, 3H, OCH3). ®CNMR (DMSO-d6, 100
MHz) dppm 158.4, 155.7, 152.6, 151.6, 148.8, 119.2,
108.2, 102.9, 69.8, 56.6, 43.0. MS (ESI): 273 [M+H]*.

General procedure for the synthesis of 7a-7d

A solution of 6 (0.1 g, 0.36 mmol) and proper aniline
(0.73 mmol) including 4-bromo-2-flouroaniline, 3-
ethynylaniline, 3-flouroaniline, and 3-methylaniline in
isopropanol (5 mL) was refluxed for 3 h. The reaction
mixture was cooled to 0°C and the precipitate was
filtered, washed with cold isopropanol (5 mL), and dried
to obtain 7a-7d products [10,30]:

7-(2-chloroethoxy) -N- (4-bromo-2-fluorophenyl) -6-
methoxyquinazolin-4-amine (7a)

Yield: 92%; mp=242.1-244.3°C; IR (KBr, cmw)
vmax: 3267 (NH-aniline), 1498(CH,0), 1228(CH30),
778(C-Cl). 'HNMR (DMSO0-d6, 500 MHz): éppm 12.00
(s,1H, H-N aniline), 8.84 (s, 1H, H-C; quinazoline), 8.51
(s, 1H, H-Cs quinazoline), 7.78 (d, J= 8 Hz, 1H, H-Cs
quinazoline), 7.75 (s,1H, H-C5 aniline), 7.56(s, 1H, H-Cs
aniline ), 7.48 (s, 1H, H-Cs aniline), 4.50 (brs, 2H,
OCH), 4.11(brs, 2H, CICH,), 4.05(s, 3H, OCHs3).
BCNMR (DMSO-d6, 125 MHz) Sppm 159.4, 158.5,
156.0, 155.6, 150.7, 149.2, 135.8, 130.4, 128.4, 124.5,
120.7, 107.7, 105.0, 100.9, 69.9, 57.6, 42.8. MS (ESI):
m/z 427 [M+H]".

7-(2-chloroethoxy) -N- (3-ethynylphenyl) -6-
methoxyquinazolin-4-amine (7b)

Yield: 93%; mp=250-252°C; IR (KBr, cm™) vmax:
3364 (NH-anilin), 1425 (CH:0), 1228 (CH30), 1157 (C-
C), 775 (C-Cl). 'HNMR (DMSO-d6, 400 MHz): dppm
11.34 (s, 1H, H-N aniline), 9.04(s, 1H, H-C,
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quinazoline), A.43 (s, 1H, H-Csquinazoline), 8.07 (s, 1H,
H-C; aniline ), 7.97 (d, J=10 Hz, 1H, H-Cs aniline ),
7.71(t, J=7.5Hz, 1H, H-Cs aniline), 7.60(d, J=7.5 Hz, 1H,
H-C4 aniline), 7.52 (s, 1H, H-Cs quinazoline), 4.68 (s,
2H, OCHy), 4.48 (s, 1H, CH ethynyl), 4.28 (s, 2H,
CICHzy), 4.23 (s, 3H, OCHs). *CNMR (DMSO-d6, 100
MHz) éppm 158.2, 155.2, 153.4, 149.6, 142.7, 132.1,
128.4, 127.6, 125.8, 122.9, 111.0, 109.4, 98.9, 94.9, 88.8,
69.9, 57.4,47.8, 42.6. MS (ESI): 353.1 [M+H]*.

7-(2-chloroethoxy)-N-(3-fluorophenyl)-6-methoxyquinazolin-
4-amine (7c)

Yield: 94%; mp=253.6-255.3°C; IR (KBr, cm)
vmax: 3219 (NH-anilin), 1447 (CH.0), 1275 (CH30),
755 (C-Cl). 'HNMR (DMSO-d6, 400 MHz): &ppm
11.78 (s, 1H, H-N aniline), 8.89 (s, 1H, H-C;
quinazoline), 8.53 (s, 1H, H-Cs quinazoline), 7.79 (d,
J=13.5 Hz, 1H, H-Cs aniline), 7.67 (d, J=10 Hz, 1H, H-
C; aniline), 7.52 (dd, J=10 Hz, 1H, H-Cs aniline), 7.43
(s, 1H, H-Cs quinazoline), 7.16 (t, J=9 Hz, 1H, H-C,4
aniline), 4.47 (brs, 2H, OCHy), 4.09 (t, J=5 Hz, 2H,
CICH?y), 4.06 (s, 3H, OCH3). *CNMR (DMSO-d6, 100
MHz) dppm 161.0, 158.6, 155.4, 150.6, 149.2, 139.1,
135.9,130.7, 121.0, 113.3, 112.1, 108.2, 105.0, 101.1,
69.86, 57.7, 42.8. MS (ESI): 346.1 [M+H]".

7-(2-chloroethoxy) -6- methoxy -N- m-tolylquinazolin -
4-amine (7d)

Yield: 92%; mp=250-252°C; IR (KBr, cm?) vmax:
3219(NH-aniline), 1443 (CH0), 1249 (CH30), 773 (C-
Cl). 'THNMR (DMSO-d6, 400 MHz): 5ppm 11.38 (s, 1H,
H-N aniline), 8.93 (s, 1H, H-C; quinazoline), 8.41 (s, 1H,
H-Csquinazoline), 7.60 (s, 1H , H-Cs quinazoline),
7.61(s, 1H, H-Cs aniline), 7.50 (s, 1H, H-Cs aniline), 7.48
(s, 1H, H-C; aniline), 7.26 (s, 1H, H-C4 aniline), 4.60
(brs, 2H, OCH,), 4.21 (s, 2H, CICHy), 4.15 (s, 3H,
OCHj3), 2.49 (s, 3H, CHjs aniline). *CNMR (DMSO-d6,
100 MHz) éppm 155.4, 153.4, 149.6, 142.7, 138.7,
137.4,135.5, 129.2, 127.6, 125.8, 1225, 111.5, 108.3,
104.8, 69.9, 57.5, 43.7, 21.6. MS (ESI): 343 [M+H]".

General procedure for the synthesis of 8a-8I

A mixture of 7 (0.26 mmol), potassium iodide (10
mg), DMF (1 mL), and a secondary amine (Diethylamine,
morpholine, and N-methylpiperazine) was refluxed
for 2 h. The reaction mixture was cooled to room
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temperature and crushed ice were added to the mixture.
Then the mixture was extracted by chloroform (3x5),
washed with saturated sodium bicarbonate and brine, and
dried over Na;SO4. The organic layer was evaporated
under reduced pressure. The final products were purified
using silica gel column chromatography (elution with
ethyl acetate/hexanes (4 : 6; v : v)) [24,31-33].

7-(2-(diethylamino)ethoxy)-N-(4-bromo-2-fluorophenyl)
-6-methoxyquinazolin-4-amine (8a)

Yield: 36%; mp=230-231°C; IR (KBr, cm™) vmax:
3413 (NH aniline), 1501 (CH20), 1300 (CH30). *HNMR
(DMSO-d6, 500 MHz): dppm 9.65 (s, 1H, H-N aniline),
8.34 (s, 1H, H-C; quinazoline), 7.82 (s, 1H, H-Cs
quinazoline), 7.65 (d, J=9 Hz, 1H, H-Csaniline), 7.52
(brs, 1H, H-Cs quinazoline), 7.46(d, J=7.5 Hz, 1H, H-Cs
aniline), 7.20 (d, J=9.5 Hz, 1H, H-Cs aniline), 4.18 (brs,
2H, OCHy), 3.93 (s, 3H, OCHzs), 2.86 (brs, 2H, NCH>),
2.59 (d, J=6.5 Hz, 4H, H-CH, dietheylamine), 2.17 (s,
3H, CHs aniline), 1.00 (t, J=7 Hz, 6H, CHs
dietheylamine). *CNMR (DMSO-d6, 125 MHz) dppm
156.8, 155.6, 153.6, 152.8, 149.0, 146.9, 129.4, 127.4,
127.42, 119.3, 119.1, 107.68, 107.64, 102.12, 102.1,
102.0, 67.28, 56.1, 50.9, 47.0, 11.86. MS (ESI): m/z 462
[M+H]*. Anal. Calcd for C21H24BrFN4O2: C, 54.44; H,
5.22; N, 12.09. Found: C, 54.66; H, 5.23; N, 12.03.

7-(2-(diethylamino)ethoxy) -N- (3-ethynylphenyl) -6-
methoxyquinazolin-4-amine (8b)

Yield: 35%; mp=224-226°C; IR (KBr, cm™) vmax:
3480(NH aniline), 1450 (CH20), 1284 (CHs30), 2150
(ethynyl). *HNMR (DMSO0-d6, 500 MHz): éppm 9.51
(s, 1H, H-N aniline), 8.49 (s, 1H, H-C, quinazoline),
8.24 (s, 1H, H-Cs quinazoline), 7.99 (s, 1H, H-C;
aniline), 7.90 (d, J=9.5 Hz, 1H, H-Cs aniline), 7. 83(t,
J=7 Hz, 1H, H-Cs aniline), 7.41(t, J=8 Hz, 1H, H-C4
aniline), 7.21 (s, 1H, H-Cs quinazoline), 4.18 (brs, 2H,
OCHy), 3.96 (s, 3H, OCH3 ), 2.86 (brs, 2H, NCH>),
2.58 (d, J=6.5 Hz, 4H, CH, dietheylamine), 2.35 (s,
1H, CH ethynyl), 0.99 (t, J=6 Hz, 6H, CHs;
dietheylamine). *CNMR (DMSO-d6, 125 MHz) dppm
158.7, 156.1, 149.9, 145.9, 140.9, 134.5, 132.3, 129.7,
122.2, 113.9, 108.3, 96.4, 88.4, 80.9, 67.0, 62.4, 53.4,
48.1, 10.8. MS (ESI): m/z 390.4 [M+H]*. Anal. Calcd
for Co3H26N402: C, 70.75; H, 6.71; N, 14.35. Found: C,
70.43; H, 6.73; N, 14.39.
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7-(2-(diethylamino)ethoxy)-
methoxyquinazolin-4-amine (8c)

Yield: 32%; mp=219-220°C; IR (KBr, cm™) vmax:
3493 (NH aniline), 1497 (CH20), 1210 (CH30). *HNMR
(DMSO-d6, 500 MHz): éppm 9.56 (s, 1H, H-N aniline),
8.52 (s, 1H, H-C, quinazoline), 8.15 (s, 1H, H-Cs
quinazoline), 7.89 (d, J=13 Hz, 1H, H-Cs aniline), 7.86
(s, 1H, H-C; aniline), 7.62(d, J=5.5 Hz, 1H, H-Cs
aniline), 7.42 (d, J=7.5 Hz, 1H, H-C4 aniline), 7.23 (s,
1H, H-Cs quinazoline), 4.24 (brs, 2H, OCHy), 3.97 (s,
3H, OCHa), 2.97 (brs, 2H, NCHy), 2.68 (d, J=7 Hz, 4H,
CH dietheylamine), 1.02 (d, J=6.5 Hz, 6H, CHj;
dietheylamine). *CNMR (DMSO-d6, 125 MHz) Sppm
156.6, 153.2, 149.9, 147.7, 136.8, 130.9, 130.4, 120.1,
118.0, 110.1,109.2, 109.0, 108.6, 102.7, 67.4, 57.0, 51.4,
47.7, 12.0. MS (ESI): m/z 384.4 [M+H]*. Anal. Calcd for
CxHasFN4O2: C, 65.61; H, 6.55; N, 14.57. Found: C,
65.80; H, 6.56; N, 14.52.

N-(3-fluorophenyl)-6-

7-(2-(diethylamino)ethoxy)-6-methoxy-N-m-tolylquinazolin-
4-amine (8d)

Yield: 34%; mp=222-223.9 °C; IR (KBr, cm?!) vmax:
3278 (NH aniline), 1417 (CH,0), 1305 (CHz0). *HNMR
(DMSO-d6, 500 MHz): dppm 9.46 (s, 1H, H-N aniline),
8.43 (s, 1H, H-C; quinazoline), 8.22 (s, 1H, H-Cs
quinazoline), 7.88 (s, 1H, H-C; aniline), 7.64 (d, J=9.5
Hz, 1H, H-Cs aniline), 7.59 (s, 1H, H-Cs quinazoline),
7.26 (t, J=10 Hz, 1H, H-Cs aniline), 7.18 (s, 1H, H-C4
aniline), 4.21 (s, 2H, OCH>), 3.95 (s, 3H, OCHj3), 2.92 (s,
2H, NCHy), 2.64 (d, J=7 Hz, 4H, CH; dietheylamine),
2.33 (s, 3H, CHjs aniline), 1.01 (t, J=6.5 Hz, 6H, CHs
dietheylamine). *CNMR (DMSO-d6, 125 MHz) Sppm
157.0, 153.5, 147.5, 140.1, 138.1, 128.8, 124.6, 123.4,
120.1, 109.5, 108.4, 107.0, 102.9, 73.1, 67.6, 57.0, 51.4,
47.6,21.7,12.2. MS (ESI): m/z 380 [M+H]*. Anal. Calcd
for CxoH2sN4O2: C, 69.45; H, 7.42; N, 14.73. Found: C,
69.18; H, 7.43; N, 14.76.

7-(2-morpholinoethoxy)-N-(4-bromo-2-fluorophenyl)-6-
methoxyquinazolin-4-amine (8e)

Yield: 39%; mp=196-197°C; IR (KBr, cm?) vmax:
3410 (NH aniline), 1475 (CH,0), 1290 (CH30). HNMR
(DMSO0-d6, 500 MHz): dppm 9.57 (s, 1H, H-N aniline),
8.32 (s, 1H, H-C; quinazoline), 7.79 (s, 1H- H-Cs
quinazoline), 7.63 (d, J=10 Hz, 1H, H-Cs aniline), 7.50
(t, J=8 Hz, 1H, H-Cs aniline), 7.44 (d, J=8 Hz, 1H,
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H-Cs aniline), 7.19(s, 1H, H-Cg quinazoline), 4.23 (brs,
2H, OCHy), 3.91 (s, 3H, OCHs), 3.56 (brs, 4H, H-Css
morpholine), 2.74 (brs, 2H, NCH,) 2.47 (brs, 4H, H-C2s
morpholine). *CNMR (DMSO-d6, 125 MHz) Sppm
157.5, 154.2, 153.5, 147.5, 130.1, 128.0, 128.1, 120.0,
119.8, 109.3, 108.5, 108.4, 102.7, 102.8, 67.0, 66.8, 57.3,
56.8, 54.2. MS (ESI): m/z 476.2 [M+H]*. Anal. Calcd for
CaH2BrFN4O2: C, 52.84; H, 4.65; N, 11.74. Found: C,
53.08; H, 4.66; N, 11.69.

7-(2-morpholinoethoxy)  -N-
methoxyquinazolin -4-amine (8f)

Yield: 37%; mp=163-165°C; IR (KBr, cm™) vmax:
3410 (NH aniline), 1435 (CH20), 1237 (CHs30), 2135
(ethynyl). *HNMR (DMSO-d6, 500 MHz): dppm 9.66 (s,
1H, H-N aniline), 8.48(s, 1H, H-C; quinazoline), 8.02 (s,
1H, H-Cs quinazoline), 7.94(s, 1H, H-C4 aniline), 7.92 (s,
1H, H-C; aniline), 7.38(t, J=10 Hz, 1H, H-Cs aniline),
7.22 (d, J=8.5 Hz, 1H, H-Cs aniline), 7.18(s, 1H, H-Csg
quinazoline), 4.25 (t, J=5.5 Hz, 2H, OCHy), 4.19 (s, 1H,
CH ethynyl), 3.96 (s, 3H, OCHs3), 3.58 (brs, 4H, H-C35s
morpholine), 2.76 (t, J=4.5 Hz, 2H, NCHy), 2.72 (brs, 1H,
CH ethenyl), 2.50 (brs, 4H, H-C2,6 morpholine). 3CNMR
(DMSO-d6, 125 MHz) éppm 156.7, 155.4, 153.2, 143.4,
140.5, 129.4, 126.8, 125.3, 123.2, 122.2, 109.6, 108.6,
102.8, 84.1,81.0, 66.9, 66.7, 57.3, 57.0, 54.2. MS (ESI):
m/z 404.3 [M+H]*. Anal. Calcd for Ca3H24N4O3: C, 68.30;
H, 5.98; N, 13.85. Found: C, 68.47; H, 5.99; N, 13.78.

(3-ethynylphenyl)  -6-

7-(2-morpholinoethoxy)  -N-
methoxyquinazolin-4-amine (8g)

Yield: 37%; mp=210.1-213°C; IR (KBr, cm) vmax:
3459 (NH aniline), 1442 (CH20), 1228 (CH30). *HNMR
(DMSO-d6, 500 MHz): éppm 9.66 (s, 1H, H-N aniline),
8.52 (s, 1H, H-C, quinazoline), 7.92 (s, 1H, H- H-Cs
quinazoline), 8.89 (s, 1H, H-C; aniline), 7.64 (d, J=7.5
Hz, 1H, H-C, aniline), 7.41 (brs, 1H, H-Cs aniline), 7.24
(d, J=8.5Hz, 1H, H-Cs aniline), 6.91 (s, 1H, H-Cs
quinazoline), 4.26 (brs, 2H, OCHy), 3.97 (s, 3H, OCHj3),
3.59 (brs, 4H, H-C35 morpholine), 2.78 (brs, 2H, NCH,),
2.50 (brs, 4H, H-C;6 morpholine). 3CNMR (DMSO-d6,
125 MHz) 8ppm 157.0, 156.7, 154.2, 154.1, 153.2, 140.9,
130.5, 130.4, 118.0, 109.2, 109.0, 108.7, 102.7, 102.8,
67.0, 66.8, 57.3, 57.0, 54.2. MS (ESI): m/z 398.3
[M+H]*. Anal. Calcd for C,1H23sFN4O3: C, 63.30; H, 5.82;
N, 14.06. Found: C, 63.14; H, 5.84; N, 14.12.

(3-fluorophenyl)  -6-
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7-(2-morpholinoethoxy)-6-methoxy-N-m-tolylquinazolin
-4-amine (8h)

Yield: 37%; mp=143.2-144.7°C; IR (KBr, cm?)
vmax: 3327 (NH aniline), 1493 (CH;0), 1275 (CH30).
'HNMR (DMSO-d6, 500 MHz): éppm 9.83 (s, 1H, H-N
aniline), 8.52(s, 1H, H-C; quinazoline), 8.31 (s, 1H, H-Cs
quinazoline), 8.28 (t, J=8 Hz, 1H, H-C; aniline), 7.93 (s,
1H, H-C; aniline), 7.62 (t, J=8 Hz, 1H, H-Cs aniline),
7.44 (d, J=7.6 Hz, 1H, H-Cs aniline), 7.25 (s, 1H, H-Cs
quinazoline), 4.27 (t, J=5.5 Hz, 2H, OCHy), 3.98 (s, 3H,
OCHs), 3.59 (brs, 4H, H-Cs5 morpholine), 2.78 (t, J=4.5
Hz ,2H, NCH,), 2.50 (brs, 4H, H-Cys morpholine),
2.33(s, 3H, CHsaniline). ®*CNMR (DMSO-d6, 125 MHz)
dppm 156.7, 154.2, 153.1, 147.8, 142.5, 141.1, 130.1,
125.9, 119.8, 118.6, 118.4, 108.6, 102.8, 102.7, 67.0,
66.8, 57.3, 57.0, 54.2. MS (ESI): m/z 448.4 [M+H]".
Anal. Calcd for CxH26N4O3: C, 66.99; H, 6.64; N, 14.20.
Found: C, 67.13; H, 6.66; N, 14.16.

7-(2-(4-methylpiperazin-1-yl)ethoxy) -N-(4-bromo-2-
fluorophenyl)-6-methoxyquinazolin-4-amine (8i)

Yield: 38%; mp=227.8-230°C; IR (KBr, cm?) vmax:
3410 (NH aniline), 1424 (CH,0), 1282 (CH30). HNMR
(DMSO-d6, 500 MHz): dppm 9.54 (s, 1H, H-N aniline),
8.35 (s, 1H, H-C; quinazoline), 8.20 (s, 1H, H-Cs
quinazoline), 7.79 (s, 1H, H-C; aniline), 7.66 (d, J= 7.5
Hz, 1H, H-Cs aniline), 7.47 (brs, 1H, H-Cs aniline), 7.22
(s, 1H, H-Cs quinazoline), 4.24 (s, 2H, OCH,), 3.93 (s,
3H, OCHs3), 2.76 (brs, 2H, NCHy), 2.54 (brs, 4H, H-C35
piperazine), 2.35(brs, 4H, H-C,¢ piperazine), 2.16 (s, 3H,
NCHj3). ®CNMR (DMSO-d6, 125 MHz) Sppm 157.4,
157.2, 153.5, 150.3, 150.1, 145.3, 143.5, 138.4, 135.3,
130.6, 130.0, 128.0, 123.6, 108.5, 97.6, 56.9, 56.7, 55.3,
53.6, 46.2, 42.4. MS (ESI): m/z 491 [M+H]*. Anal. Calcd
for C22H2sBrFNsO2: C, 53.89; H, 5.14; N, 14.28. Found:
C, 54.13; H, 5.13; N, 14.30.

7-(2-(4-methylpiperazin-1-yl)ethoxy)-N-(3-ethynylphenyl) -
6-methoxyquinazolin-4-amine (8j)

Yield: 35%; mp=217.3-220°C; IR (KBr, cm) vmax:
3398 (NH aniline), 1453 (CH:0), 1237 (CHs0), 2160
(ethynyl). *HNMR (DMSO-d6, 500 MHz): dppm 9.57 (s,
1H, H-N aniline), 8.50 (s, 1H, H-C, quinazoline), 8.01 (s,
1H, H-Cs quinazoline), 7.91 (d, J=9 Hz, 1H, H-Cs
aniline), 7.88 (s, 1H, H-C; aniline), 7.40 (t, J=7 Hz, 1H,
H-Cs aniline), 7.22 (s, 1H, H-Cg quinazoline), 7.20 (brs,
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1H, H-C, aniline), 4.24 (brs, 2H, OCHy), 4.20 (s, 1H, CH
ethynyl), 3.97 (s, 3H, OCHs), 2.76 (brs, 2H, NCH>), 2.54
(brs, 4H, H-Css piperazine), 2.34 (brs, 4H, H-Cys
piperazine), 2.15 (s, 3H, NCH3). ®*CNMR (DMSO-d6,
125 MHz) dppm 154.4, 153.3, 147.5, 140.6, 129.4, 126.8,
125.3, 123.1, 122.1, 121.7, 109.6, 108.7, 102.7, 81.0,
67.2, 59.9, 56.9, 55.3, 53.6, 46.3. MS (ESI): m/z 417.0
[M+H]*. Anal. Calcd for C24H27NsO2: C, 69.04; H, 6.52;
N, 16.77. Found: C, 69.35; H, 6.53; N, 16.70.

7-(2-(4-methylpiperazin-1-yl)ethoxy)-N-(3-
fluorophenyl)-6-methoxyquinazolin-4-amine (8k)

Yield: 41%; mp=215-216.3°C; IR (KBr, cm?) vmax:
3437 (NH aniline), 1480 (CH20), 1310 (CH30). HNMR
(DMSO-d6, 500 MHz): éppm 9.65 (s, 1H, H-N aniline),
8.51 (s, 1H, H-C; quinazoline), 8.22 (s, 1H, H-Cs
quinazoline), 7.91 (s, 1H, H-C; aniline), 7.88 (brs, 1H, H-
C4 aniline), 7.63 (d ,J=7 Hz, 1H, H-Cs aniline), 7.40 (d,
J=7 Hz, 1H, H-Cs aniline), 7.23(s, 1H, H-Cg quinazoline),
4.24(brs, 2H, OCHy), 3.97 (s, 3H, OCHgs), 2.77 (brs, 2H,
NCH,), 2.54 (brs, 4H, H-Cs5 piperazine), 2.40 (brs, 4H,
H-C,6 piperazine), 2.19 (s, 3H, NCHs). *CNMR
(DMSO-d6, 125 MHz) éppm 159.6, 153.2, 149.7, 147.6,
147.5, 130.4, 130.3, 118.0, 110.0, 109.9, 109.2, 109.0,
108.7, 102.7, 67.2, 57.0, 56.8, 55.1, 53.3,46.0. MS (ESI): m/z
411.3 [M+H]*. Anal. Calcd for CyH26FN5O2: C, 64.22;
H, 6.37; N, 17.02. Found: C, 64.05; H, 6.39; N, 17.04.

7-(2-(4-methylpiperazin-1-yl)ethoxy) -6-methoxy -N-m-
tolylquinazolin-4-amine (8l)

Yield: 35%; mp=237.3-240°C; IR (KBr, cm™) vmax:
3315 (NH aniline), 1470 (CH,0), 1297 (CH30). 'HNMR
(DMSO-d6, 500 MHz): dppm 9.57 (s, 1H, H-N aniline),
851 (s, 1H, H-C; quinazoline), 8.03 (s, 1H, H-Cs
quinazoline), 7.83 (s, 1H, H-C; aniline), 7.80 (d, J=8 Hz,
1H, H-Cg aniline) ,7.41 (t, J=8.5 Hz, 1H, H-Cs aniline),
7.22 (s, 1H, H-Cg quinazoline), 7.15 (d, J=9 Hz, 1H, H-C4
aniline), 4.24 (brs, 2H, OCHy), 3.96 (s, 3H, OCHj3), 2.79
(s, 2H, NCHy), 2.54 (brs, 4H, H-Css piperazine), 2.37
(brs, 4H, H-C.6 piperazine), 3.33 (s, 3H, H-CHs; Cs
aniline), 2.17 (s, 3H, NCHs). *CNMR (DMSO-d6, 125
MHz) Sppm 158.8, 155.6, 151.7, 148.2, 144.0, 130.6,
126.6, 115.7,109.8, 107.2,102.4, 95.7, 88.5, 79.6,
57.6,56.4, 54.8, 50.9, 46.8, 22.1. MS (ESI): m/z 407
[M+H]*. Anal. Calcd for C23H2NsOs: C, 67.79; H, 7.17;
N, 17.19. Found: C, 67.93; H, 7.18; N, 17.26.
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MTT Cell Viability Assay

The viability of A431 human skin cancer (Epidermoid
carcinoma) and HUOQO2 (human foreskin fibroblast) cell
lines were determined by MTT assay as described previously
[2,34-40]. Basically, cells were seeded in 96-well plates at a
density
of 5x10% per well and incubated at 37°C in a humidified
atmosphere with 5% CO- for 24h. The cells were treated
with erlotinib, vandetanib, and synthesized compounds (8a-8l)
at various concentrations (1, 2, 5, 10, 20, 50, 100, and 200
M) which were prepared by dissolving them in 0.1%
DMSO and diluted with the medium. The solvent was used
as a negative control. MTT solution (Sigma; 5mg/mL of
PBS) was added to each well 72 hours after treatment, and
the cells were incubated for 3 hours at 37°C. Then,
the supernatant was discarded; 150 uL DMSO was added
to each well, and absorbance was measured using a Biotek
Epoch™ microplate reader at 570 nm.

Statistical Analysis:

All experiments were done in triplicate and 1Cso values
were calculated by nonlinear regression with normalized dose-
response fit using GraphPad Prism® version 5 and
expressed as mean * Standard Deviation (S.D.) in uM
(GraphPad Software., Inc. San Diego, CA) [41].

Molecular Docking

Compounds 8a and vandetanib were chosen for
molecular docking with EGFR and VEGFR2. Docking
study was done using AutoDock 4.2 and AutoDock Tools
154 (ADT) [18,24,35,42-45]. The X-ray crystal structure of EGFR
tyrosine kinase domain with 4-anilinoquinazoline inhibitor
erlotinib (PDB ID: 1M17) and crystal structure of the VEGFR2
kinase domain in complex with a 2,3-dihydro-1,4-
benzoxazine inhibitor (PDB ID: 2RL5) was downloaded
from the protein data bank (http://mww.rcsb.org). Ligand and
water molecules were removed from crystal structures of
receptors followed by adding hydrogens and Kollman
charges and merging non-polar hydrogens. Structures of
previously mentioned compounds were drawn and the
molecular geometries were optimized by molecular mechanics
MM+ and then semi-empirical AM1 methods using HyperChem
8.0 software. During docking studies, ligand bonds were
set free, while EGFR and VEGFR were kept rigid. Grid
box dimensions were set to x=90, y=90, z=90 along with
grid spacing of 0.375 A. The Lamarckian genetic search

Research Article



Iran. J. Chem. Chem. Eng.

Design, Synthesis, Biological Evaluation and Docking Study ...

Vol. 41, No. 2, 2022

-

MEOQ/COOH a MeO co
HO HO: :
1
/O]ij:COOMe
3

o)
oL
Cha o N/)

5

Rl
Soe

7a-7d

8a
8b
8c
8d
8e

7a: R'=4-bromo-2-flouroaniline
7b: R'=3-ethynylaniline

7c: R1=3-fluoroaniline

7d: R'=3-methylaniline

8g

8f:

~

OMeb

_0O COOMe
0 20T

2

/OC[COOME

Cho~o NH,
4
Cl

o) SN
Cl J
~"0 N

6

Rl
e

R\/\O N/

8a-8l
: R'=4-bromo-2-flouroaniline, R?=diethylamine
: R1=3-ethynylaniline, R>=diethylamine
: R=3-fluoroaniline, R?=diethylamine
: R'=3-methylaniline, R>=diethylamine
: R=4-bromo-2-flouroaniline, R?=Morpholine

R1=3-ethynylaniline, R?=Morpholine
: R'=3-fluoroaniline, R>=Morpholine

8h: R'=3-methylaniline, R?=Morpholine

8i: R'=4-bromo-2-flouroaniline, R>=4-Methylpiperazine
8j: R!=3-ethynylaniline, R?=4-Methylpiperazine

8k: R'=3-fluoroaniline, R?=4-Methylpiperazine

81: R'=3-methylaniline, R?=4-Methylpiperazine

\_

J

Scheme 1: Synthetic route for the synthesis of the target comp

1-Bromo-2-chloroethane, TBAB, K:COgzReflux; (c) H2SOs, HNOs, 0-5 °C;

formamidineacetate, Ethanol, Reflux; (f) Oxalyl chloride, DM
Kl, DMF, Secondary amine, Reflux.

the algorithm was utilized with 100 GA runs. Validation
of the docking procedure was done using co-crystallized
ligands based on the method mentioned earlier.

RESULTS AND DISCUSSION

A novel series of 4-anilinogquinazoline derivatives
bearing various secondary amine derivatives including
methylpiperazine, morpholine, and diethylamine at C-7
position along with various substituted aniline rings at C-
4 position of quinazoline core was synthesized,
characterized by IR, NMR, mass spectroscopy and
elemental analysis methods. The synthetic pathway is
shown in scheme 1. Intermediate 1 was synthesized by
the esterification of vanillic acid with thionyl chloride in

Research Article

ounds 8a-8l. Reagents and conditions: (a) SOCIl2,MeOH, Reflux;(b)
(d) Fe, NH4CIl, MeOH/Hz20, Reflux; (e)
F, Dichloromethane, rt; (g) Aniline Derivatives, i-PrOH, Reflux; (h)

methanol. The reaction of 1-bromo-2-chloroethane in the
presence of potassium carbonate and TBAB with 1
afforded intermediate 2. The nitration process of 2 was
done using sulfuric acid and nitric acid to obtain 3. Then,
compound 3 was reduced to 4 by ammonium chloride and
powdered iron followed by the closure of the quinazoline
ring in the presence of formamidine acetate in ethanol to
achieve 5 [10,24-28]. Chlorination of 5 by oxalyl chloride
yielded the intermediate 6 [26,28,29]. The coupling of 6
with the proper anilines yielded compounds 7a-7d
[10,30]. Finally, the reaction of 7a-7d with different
secondary amine derivatives in the presence of anhydrous
potassium iodide gave the target compounds 8a-8l
[24,31-33].
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The synthesized compounds were tested for in-vitro
cytotoxicity against A431 and HUO2 cell lines using
the MTT assay [2,34-38]. Erlotinib is an EGFR tyrosine
kinase inhibitor and vandetanib as a dual inhibitor of
EGFR and VEGFR-2 were used as positive controls in
this assay. The biological results were represented as the
ICso values (the concentration needed for 50% inhibition
of cell survival) in Table 1.

Most compounds indicated significant cytotoxic
activity with 1Csp values lower than 100 pM with the
exception of 8e, 8h, and 8i. Surprisingly, 8a bearing
diethylamine at C-7 position along with 4-bromo-2-
fluoroaniline at C-7 position of quinazoline ring showed
the best cytotoxicity against A431 cell line (1Cs50=2.62
UM) which was better than positive controls (Erlotinibe:
IC5=8.31uM  and  Vandetanib: 1C50=10.62uM).
Replacement of the 4-bromo-2-fluoroaniline in 8a with
other aniline derivatives including 3-ethynylaniline (8b),
3-fluoroaniline (8c), and 3-methylaniline (8d) with 1Csg
values of 50.97 uM, 50.98uM, and 21.65 uM,
respectively, led to a dramatic drop of cytotoxic activity.
The compound 8k (ICs0=19.23uM) was classified as
another potent agent bearing N-methylpiperazine at 7-
position and 3-fluoroaniline at 4-position of quinazoline
moiety. As is presented, on replacing 3-fluoroaniline of
8k with 3-methylaniline (8l), 3-ethnylaniline (8j), and 4-
bromo-2-flouroaniline (8i) the cytotoxicity was significantly
decreased. The ICs values of derivatives with morpholine
substituent at 7-position of quinazoline nucleus indicated
that 8f bearing 3-ethynylaniline (1Cs,=42.96uM) and 8g
with 3-fluoroaniline (ICs=37.25uM) were the best
compounds within this group. Compounds 8e and 8h did
not show acceptable cytotoxic activities against A431 in
comparison with erlotinib and vandetanib (ICs,>100). By
investigating the structural modifications and the 1Csq values
of synthesized compounds, it can be concluded that the
conformational flexibility, as well as decreasing steric
hindrance of diethylamine moiety, might enhance the
inhibitory activity. Also, higher lipophilicity of diethylamine
compared to morpholine and N-methylpiperazine may
improve cell penetration, which leads to higher cytotoxicity.
Interestingly, tested compounds did not show significant
cytotoxicity against HUO2 cells.

Moreover, a docking study was done to investigate
the interactions of the most potent final derivatives
including 8a and vandetanib with the active site of the
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EGFR-TK and VEGFR2 receptors and validated using
the active conformation of the co-crystal ligands. PDB
ID: 1M17 and 2RL5 were chosen as the target protein
with co-crystal ligands (Table 2) [18,24,35,42-44].

For the EGFR-TK receptor, the aniline groups of 8a
and vandetanib formed predominantly hydrophobic
interactions with residues in the hydrophobic pocket,
including Leu694, Val702, and Ala719. In addition, the
critical interaction between these structures and the
EGFR was a hydrogen bond that was formed between the
residue Met769 and the quinazoline N1 of both
compounds (8a: 1.713 A , vandetanib: 1.945 A) (Figure
3). These interactions are essential for anchoring
quinazoline derivatives in the ATP-binding cleft of the
EGFR. Both compounds were found to be best fitted in
the ATP binding site of EGFR that showed fairly
appropriate binding energies of -6.39 and -7.72 kcal/mol
as well as inhibition constants of 20.67uM and 2.21uM
for compound 8a and vandetanib, respectively.

The binding study of 8a and vandetanib with VEGFR
depicted that one critical H-bond formed between the
backbone amino acid residue Cyc919 of VEGFR-2 and
quinazoline N1 atom with the distances of 2.809A and 2.12 A,
respectively. Also, 8a has bifurcated hydrogen bonds
created via interaction of quinazoline N3 atom with
Phe918 and Thr916. The compound 8a and vandetanib
depicted binding energies of -8.24 and -8.97 kcal/mol
as well as inhibition constants of 0.9uM and 0.26uM,
respectively, which indicated the effective binding with
VEGFR-2. The higher potency of 8a may be attributed
to shorter hydrogen bond distance along with forming
additional hydrogen bonds (Fig. 4).

CONCLUSIONS

Several quinazoline derivatives bearing secondary
amines containing dimethylamine, morpholine, and
N-methylpiperazine C-7 position, as well as different
substituted aniline rings at and C-4 position of quinazoline
scaffold, were designed, synthesized, and characterized
by different methods including IR, *HNMR, *CNMR,
Mass spectroscopy, and elemental analysis. Synthesized
derivatives were investigated as anticancer agents against
A431 and HUO02 cell lines by MTT assay. Most
compounds had significant cytotoxic activities on A431
cells with overexpressed EGFR. Among them, 8a, 8d,
and 8k indicated significant inhibitory activity in comparison
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Table 1: In vitro antiproliferative activity of compounds 8a-8l in A431 and HUO2 cell lines.

4 R! I
HN
Ny
: )
R N0 N
ICs0 (HM)2pM
Compounds R? R?
A431 HU02
Br
8a ‘121@/ —%—N 2.62+0.54 >100
F
8b %EL —%—N 50.9746.43 >100
5 % \
8c Q\ —%—N 50.98+7.71 >100
2 F \
8d ‘5{@\ —%—N 21.65+3.33 >100
Br
8e }1 -%—N (@] >100 >100
_/
F
8f L%L -3—N @] 42.96+6.27 >100
S % \ /
89 /@\ -%—N (@] 37.25+4.87 >100
* F /
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Br
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2 __/
Erlotinibe hydrochloride 8.31£1.96
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Table 2: The binding energies, inhibition constants, and number of hydrogen bond interactions of 8a for the binding site of

EGFR and VEGFR.

macromolecule Ligand Binding energy (kcal/ mol) Ki (uM) Number of hydrogen bond interactionh

8a -6.39 20.67 1

EGFR
Vandetanib -7.72 221 1
8a -8.24 0.90 2
VEGFR-2

Vandetanib -8.97 0.26 1 j

4 )
9
8a Vandetanib
- /
Fig. 3: Docking interaction of compound 8a and vandetanib with EGFR.
4 )
N
= —
LY3020, d\’!*‘
~ ./ - | 4&@’“‘
”; 0 - 1
{ ’f: —“,& L S
n—jmh /";‘\_
8a Vandetanib
- /
Fig. 4: Docking interaction of compound 8a and vandetanib with VEGFR2.
with erlotinib and vandetanib as positive controls. Cytotoxic higher lipophilicity, and flexibility along with the lower
activity of 8a with diethylamine and 4-bromo-2-flouroaniline hindrance of diethylamine. The compound 8a was placed
was better than standards while 8d and 8k showed lower in the active site of EGFR and VEGFR properly via the
potency than positive controls. The bettercytotoxic formation of hydrogen bonding of quinazoline N1 and
activity of diethylamine derivatives may be attributed to hydrophobic interaction of the aniline ring. Cytotoxicity
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results against A431 were in line with the results of
docking studies on both EGFR and VEGFR2. All tested
compounds did not exhibit measurable cytotoxic activity
on HUO2. These results proved that mentioned
compounds could be useful for further investigation and
optimization to synthesize more potent derivatives.
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