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ABSTRACT
In this paper, a series of novel 3-methyl-quinazolinone derivatives was designed, synthesised and evaluated
for antitumor activity in vitro on wild type epidermal growth factor receptor tyrosine kinase (EGFRwt-TK)
and three human cancer cell lines including A549, PC-3, and SMMC-7721. The results displayed that some
of the compounds had good activities, especially 2-f4-[(3-Fluoro-phenylimino)-methyl]-phenoxymethylg-3-
methyl-3H-quinazolin-4-one (5g), 2-f4-[(3,4-Difluoro-phenylimino)-methyl]-phenoxymethylg-3-methyl-3H-
quinazolin-4-one (5k) and 2-f4-[(3,5-Difluoro-phenylimino)-methyl]-phenoxymethylg-3-methyl-3H-quinazolin-
4-one (5 l) showed high antitumor activities against three cancer cell lines. Moreover, compound 5k could
induce late apoptosis of A549 cells at high concentrations and arrest cell cycle of A549 cells in the G2/M
phase at tested concentrations. Also, compound 5k could inhibit the EGFRwt-TK with IC50 value of 10nM.
Molecular docking data indicates that the compound 5k may exert inhibitory activity by forming stable
hydrogen bonds with the R817, T830 amino acid residues and cation-P interaction with the K72 residue of
EGFRwt-TK.
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1. Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase (TK) plays
an indispensable role in cancer cell proliferation, survival, adhe-
sion, migration and differentiation. Overexpression and mutation
of EGFR have been associated with a variety of cancers1,2.
Development of EGFR inhibitors has become a main focus in anti-
tumor drug campaigns. At present, several drugs such as Gefitinib,
Erlotinib, Afatinib, and Lapatinib, have been approved by the
Food and Drug Administration (FDA) for clinical use as EGFR inhib-
itors (Figure 1)3,4. However, the emergence of acquired point
mutations has weakened their therapeutic efficacy, leading to
drug resistance and toxicity burden5. Consequently, it is an urgent
goal to discover new structural EGFR inhibitors for can-
cer therapy6.

Quinazolinone is a heterocyclic scaffold exhibiting a broad
range of biological activities7, such as antitumor, antimicrobial,
anti-inflammatory, anticonvulsant, antiviral, antidiabetic and
insecticidal activities8,9. The derivatives of quinazolinone can exert
anti-tumour activity by inhibiting EGFR-TK, cyclin dependent kin-
ase 4 (CDK4)10, tubulin polymerization11, HER212, VEGFR13 and c-
Met14. There are many reports of 3-position substituted quinazo-
line derivatives as EGFR inhibitors, such as compound I15 and II16

in Figure 2. However, the works as EGFR inhibitors of quinazoline
in 2-position were few reported in literature17.

Based on the bioactivities of quinazolinone, our laboratory is
interested in the development of the novel EGFR inhibitors.
Initially, we designed a new series of 2-substituted quinazolinone
derivatives for EGFR-TK inhibitors, compound III in Figure 2.
However, in the previous studies, we found that the 2-arylquina-
zolinones had poor solubility. Therefore, we used the ethyl ether
group as the linker for increasing the soluble activity, and then
we designed a novel 3-methylquinazolinones compound IV as
shown in Figure 2. In this paper, we synthesised the new com-
pounds and tested the activities against EGFRwt-TK with ELISA
assay. Meanwhile, in vitro cytotoxicity of compound IV against
human prostate cancer cells (PC-3), human lung cancer cells
(A549), human liver cancer cells (SMMC-7721), and normal rat kid-
ney cell (NRK-52E) were evaluated by MTT method.

2. Experimental section

NMR spectroscopic data were recorded with Bruker 400MHz NMR
spectrometer (400MHz for 1H and 100MHz for 13C) in DMSO-d6 or
CDCl3 solution, with TMS serving as the internal standard. Mass spec-
tra were recorded with TSQ 8000 high-resolution mass spectrometer
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(HRMS, Thermo Fisher Scientific Co., Ltd.). Melting points were deter-
mined with X-4X digital display micro melting point analyser (uncor-
rected, Shanghai Microelectronics Technology Co., Ltd.).

2.1. Synthesis

The synthetic route of the target compounds is shown in Scheme
1. The synthetic methods of intermediates 2–5 followed the previ-
ous procedures, and the detail process is described as follows.

2.1.1. Synthesis of 2-amino-N-methylbenzamide (2)
The solution of isatoic anhydride (1.00 g, 6.13mmol), 30% MeNH2

aqueous solution (0.96ml, 9.20mmol) and THF (10ml) was stirred
at room temperature for 1 h. Then ethyl acetate (20ml) and satu-
rated brine (10ml) were added. The organic layer was separated
and washed with water, dried with anhydrous Na2SO4, filtered and
concentrated in vacuo to afford compound 2. 0.45 g white solid;
49% yield; 1H NMR (400MHz, CDCl3) d 7.26 (d, J¼ 8.0 Hz, 1H), 7.12
(t, J¼ 7.2 Hz, 1H), 6.61 (d, J¼ 8.0 Hz, 1H), 6.54 (t, J¼ 7.2 Hz, 1H),
6.51 (br, 1H), 5.38 (s, 2H), 2.84 (dd, J¼ 4.8, 0.8 Hz, 3H). Spectral
properties were in accordance with the literature18.

2.1.2. Synthesis of 2-(chloromethyl)-3-methylquinazolin-4(3H)-one (3)
The solution of compound 2 (1.00 g, 6.67mmol), 2-chloroacetyl
chloride (2.26 g, 20.01mmol) and glacial acetic acid (50ml) was

heated to reflux for 10 h. Then, the mixture was concentrated in
vacuo, neutralised with aqueous Na2CO4. After filtration, the resi-
due was recrystallized with isopropyl alcohol to afford compound
3. 0.68 g white solid; 49% yield; 1H NMR (400MHz, CDCl3) d 8.29
(d, J¼ 8.0 Hz, 1H), 7.80–7.75 (m, 1H), 7.68 – 7.69 (m, 1H), 7.50–7.54
(m, 1H), 4.65 (s, 2H), 3.76 (s, 3H). Spectral properties were in
accordance with the literature19.

2.1.3. Synthesis of 4-((3-methyl-4-oxo-3,4-dihydroquinazolin-2-
yl)methoxy)benzaldehyde (4)
To a 50ml-flask, p-hydroxybenzaldehyde (2.34 g, 19.2mmol),
anhydrous potassium carbonate (2.91 g, 21.1mmol) and DMF
(30ml) were added. The mixture was stirred at room temperature
for 15min, then compound 3 (4.00 g, 19.2mmol) and potassium
iodide (0.32 g, 1.9mmol) were added and stirred for 2 h. The solu-
tion was added saturate Na2CO3 (40ml) and EtOAc (40ml). The
organic layer was separated and washed with water (30ml � 3),
dried over anhydrous sodium sulphate, filtered, and concentrated
in vacuo to afford crude product. The pure compound 4 was
obtained by recrystallization of crude product in isopropanol.

Light yellow solid. Yield 86%; m.p. 170–172 �C; 1H NMR (DMSO,
400MHz), d 9.90 (s, 1H), 8.16 (dd, J¼ 8.0, 1.0 Hz, 1H), 7.90 (d,
J¼ 8.8 Hz, 2H), 7.82 (ddd, J¼ 8.6, 7.2, 1.5 Hz, 1H), 7.63 (d,
J¼ 7.7 Hz, 1H), 7.60–7.52 (m, 1H), 7.32 (d, J¼ 8.7 Hz, 2H), 5.45 (s,
2H), 3.62 (s, 3H)；HRMS(calcd.), m/z[MþH]þ, 295.1070 (295.1077).

2.1.4. Synthesis of compounds 5a–p
To a 50ml round-bottom flask, compound 4 (1.0 g, 3.4mmol),
toluene (15ml), corresponding aniline (6.8mmol) and glacial acetic
acid (0.02 g, 0.34mmol) were added. The mixture was refluxed at
120 �C and water segregating reaction for 12 h. The reaction mix-
ture was cooled to room temperature, and the solvent was evapo-
rated. The residue was purified with methanol to afford crude
product. The pure compound was obtained by recrystallization of
crude product in acetonitrile.

2.1.4.1. (E)-3-methyl-2-((4-((phenylimino)methyl)phenoxy)methyl)-
quinazolin-4(3H)-one (5a). White solid; yield 85%; m.p. 150–152 �C;

N

HN

N

N

O

Cl

F

O

O

O

O

N

HN

N
O
O

ErlotinibGefitinib

S

O N

HN

N

O

O

O

ClNH

F

Lapatinib

N

O

O N

N

Cl

F

HN
HN

O

Afatinib

Figure 1. EGFR inhibitors in drugs.

N

N

O
Me

O

N

N

O

S

N N

O

Cl

IC50 = 320 nM

N

N

O

F

F NH

O
NH2

IC50 = 164 nM

N

N

O
R1

R2 N

N

O
Me

poor solubility

II

Reported EGFR inhibitors:

Our Strategy:

Quinazolinone

I

R
Our Targets

III IV
Aryl

Figure 2. Structures of reported compounds and design of novel quinazolinones.

O

H
N O

O

NH2

O

HN N

N

O

Cl

N

N

O

O

CHO

N

N

O

O

N

1 2 3

45a-p

5a: R = H; 5b: R = 2-Me; 5c: R = 4-Me; 5d: R = 2-OMe; 5e: R = 4-OMe

5f: R = 2-F; 5g: R = 3-F; 5h: R = 4-F; 5i: R = 3-Cl ; 5j: R = 3-Br

5k: R = 3,4-di-F; 5l: R = 3,5-di-F; 5m:R = 2,6-di-F; 5n: R = 2,4-di-F

5o: R = 3-Cl-4-F; 5p: R = 4-Cl-3-CF3

R

i ii

iv

iii

Scheme 1. Synthetic route of target compounds 5a-5r. Reagents and conditions:
(a) CH3NH2, DMF, 50 �C; (b) 2-chloroacetyl chloride, AcOH, reflux; (c) 4-hydroxy-
benzaldehyde, K2CO3, KI, DMF, rt; (d) R-aniline, AcOH, toluene, reflux.
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1H NMR (CDCl3, 400MHz), d 8.38 (s, 1H), 8.30 (dd, J¼ 8.0, 0.9Hz, 1H),
7.87 (d, J¼ 8.7Hz, 2H), 7.75 (ddd, J¼ 18.1, 12.5, 4.4Hz, 2H), 7.55–7.47
(m, 1H), 7.38 (t, J¼ 7.8Hz, 2H), 7.24–7.11 (m, 5H), 5.24 (s, 2H), 3.74 (s,
3H); 13C NMR (CDCl3, 100MHz), d 162.3, 160.1, 159.3, 152,1, 151.2,
146.7, 134.4, 130.7, 130.5, 129.2, 127.7, 126.9, 125.8, 121.0, 120.9,
115.1, 70.1, 30.9; HRMS (calcd.), m/z[MþH]þ, 370.1540(370.1550).

2.1.4.2. (E)-3-methyl-2-((4-((o-tolylimino)methyl)phenoxy)methyl)-
quinazolin-4(3H)-one (5 b). White solid; yield 73%; m.p.
162–164 �C; 1H NMR (CDCl3, 400MHz), d 8.33–8.26 (m, 2H), 7.88 (d,
J¼ 8.7 Hz, 2H), 7.75 (ddd, J¼ 21.8, 11.5, 4.2 Hz, 2H), 7.56–7.48 (m,
1H), 7.15 (ddt, J¼ 21.5, 13.8,7.3 Hz, 5H), 6.90 (d, J¼ 7.7 Hz, 1H),
5.24 (s, 2H), 3.75 (s, 3H), 2.34 (s, 3H); 13C NMR (CDCl3, 100MHz), d
162.3, 160.0, 158.3, 151.2, 151.1, 146.7, 134.4, 131.9, 130.8, 130.5,
130.3, 127.7, 127.5, 126.9, 126.7, 125.5, 121.0, 117.7, 115.1, 70.1,
30.9, 17.9; HRMS (calcd.), m/z[MþH]þ, 384.1698(384.1707).

2.1.4.3. (E)-3-methyl-2-((4-((p-tolylimino)methyl)phenoxy)methyl)-
quinazolin-4(3H)-one (5c). White solid; yield 84%; m.p. 182–184 �C;
1H NMR (CDCl3, 400MHz), d 8.39 (s, 1H), 8.29 (d, J¼ 7.9 Hz, 1H),
7.85 (d, J¼ 8.7 Hz, 2H), 7.79–7.67 (m, 2H), 7.50 (dd, J¼ 8.6, 4.0 Hz,
1H), 7.14 (dt, J¼ 12.4, 8.2 Hz, 6H), 5.23 (s, 2H), 3.74 (s, 3H), 2.35 (s,
3H); 13C NMR (CDCl3, 100MHz), d 162.3, 160.0, 158.4, 151.2, 149.5,
146.7, 135.6, 134.3, 130.7, 130.5, 129.8, 127.7, 127.5, 126.9, 121.0,
120.8, 115.1, 70.1, 30.8, 21.0; HRMS (calcd.), m/z[MþH]þ,
384.1697(384.1707).

2.1.4.4. (E)-2-((4-(((2-methoxyphenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5d). White solid; yield 81%;
m.p. 141–143 �C; 1H NMR (CDCl3, 400MHz), d 8.39 (s, 1H), 8.30 (dd,
J¼ 8.0, 0.7 Hz, 1H), 7.89 (d, J¼ 8.7 Hz, 2H), 7.79–7.67 (m, 2H),
7.56–7.47 (m, 1H), 7.17 (ddd, J¼ 18.8, 10.0, 5.6 Hz, 3H), 7.01–6.91
(m, 3H), 5.24 (s, 2H), 3.87 (s, 3H), 3.74 (s, 3H); 13C NMR (CDCl3,
100MHz), d 162.3, 160.2, 152.3, 151.2, 146.7, 141.9, 134.4, 130.8,
130.7, 127.7, 127.5, 126.9, 126.5, 121.1, 121.0, 120.2, 115.0, 111.5,
70.0, 55.9, 30.9; HRMS (calcd.), m/z[MþH]þ, 400.1645(400.1656).

2.1.4.5. (E)-2-((4-(((4-methoxyphenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5e). White solid; yield 88%;
m.p. 180–182 �C; 1H NMR (CDCl3, 400MHz), d 8.40 (s, 1H), 8.29 (dd,
J¼ 8.0, 1.0 Hz, 1H), 7.85 (d, J¼ 8.8 Hz, 2H), 7.80–7.65 (m, 2H),
7.55–7.46 (m, 1H), 7.25–7.16 (m, 2H), 7.13 (d, J¼ 8.8 Hz, 2H),
6.97–6.85 (m, 2H), 5.23 (s, 2H), 3.81 (s, 3H), 3.74 (s, 3H); 13C NMR
(CDCl3, 100MHz), d 162.3, 159.82, 158.1, 157.3, 151.2, 146.7, 145.0,
134.4, 130.8, 130.4, 127.7, 127.5, 126.9, 122.1, 121.0, 115.1, 114.4,
70.1, 55.5, 30.9; HRMS (calcd.), m/z[MþH]þ, 400.1645(400.1656).

2.1.4.6. (E)-2-((4-(((2-fluorophenyl)imino)methyl)phenoxy)methyl)-3-
methylquinazolin-4 (3H)-one (5f). White solid; yield 76%; m.p.
143–145 �C; 1H NMR (CDCl3, 400MHz), d 8.44 (s, 1H), 8.30 (dd,
J¼ 8.0, 0.8 Hz, 1H), 7.89 (d, J¼ 8.8 Hz, 2H), 7.80–7.69 (m, 2H),
7.56–7.48 (m, 1H), 7.18–7.09 (m, 6H), 5.25 (s, 2H), 3.75 (s, 3H); 13C
NMR (CDCl3, 100MHz), d 162.3, 161.8, 160.4, 156,5, 154.0, 151.1,
146.7, 140.0, 134.4, 130.9, 130.3, 127.7, 127.5, 126.9, 124.5, 122.0,
121.0, 116.3, 116.1, 115.1, 70.1, 30.9; HRMS (calcd.), m/z[MþH]þ,
388.1445(388.1456).

2.1.4.7. (E)-2-((4-(((3-fluorophenyl)imino)methyl)phenoxy)methyl)-3-
methylquinazolin-4(3H)-one (5 g). White solid; yield 72%; m.p.
168–170 �C; 1H NMR (CDCl3, 400MHz), d 8.35 (s, 1H), 8.30 (d,
J¼ 7.9 Hz, 1H), 7.86 (d, J¼ 8.7 Hz, 2H), 7.75 (ddd, J¼ 19.2, 13.1,

4.7 Hz, 2H),7.51 (dd, J¼ 10.9, 4.1 Hz, 1H), 7.35–7.28 (m, 1H), 7.16 (d,
J¼ 8.7 Hz, 2H), 6.93 (ddd, J¼ 18.7, 12.0,4.7 Hz, 3H), 5.25 (s, 2H),
3.75 (s, 3H); 13C NMR (CDCl3, 100MHz), d 164.5, 162.3, 160.3,
160.1, 153.9, 151.1, 146.7, 134.4, 130.9, 130.1, 127.7, 127.5, 126.9,
121.0, 116.8, 115.2, 112.5, 112.3, 108.2, 107.9, 70.1, 30.9; HRMS
(calcd.), m/z[MþH]þ, 388.1446(388.1456).

2.1.4.8. (E)-2-((4-(((4-fluorophenyl)imino)methyl)phenoxy)methyl)-3-
methylquinazolin-4(3H)-one (5 h). White solid; yield 75%; m.p.
200–202 �C; 1H NMR (CDCl3, 400MHz), d 8.36 (s, 1H), 8.30 (d,
J¼ 8.0 Hz, 1H), 7.86 (d, J¼ 8.5 Hz, 2H), 7.75 (dt, J¼ 19.0, 7.6 Hz,
2H),7.52 (t, J¼ 7.5 Hz, 1H), 7.20–7.11 (m, 4H), 7.06 (t, J¼ 8.5 Hz,
2H), 5.25 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3, 100MHz), d 162.3,
160.1, 159.9, 159.1, 151.2, 148.1, 146.7, 134.4, 130.6, 130.4, 127.7,
127.5, 126.9, 122.3, 122.2, 121.0, 116.0, 115.8, 115.1, 70.1, 30.9;
HRMS (calcd.), m/z[MþH]þ, 388.1448(388.1456).

2.1.4.9. (E)-2-((4-(((3-chlorophenyl)imino)methyl)phenoxy)methyl)-
3-methylquinazolin-4(3H)-one (5i). White solid; yield 80%; m.p.
179–181 �C; 1H NMR (CDCl3, 400MHz), d 8.34 (s, 1H), 8.33–8.26 (m,
1H), 7.86 (d, J¼ 8.7 Hz, 2H), 7.79–7.69 (m, 2H), 7.55–7.48 (m, 1H),
7.29 (t, J¼ 7.9 Hz, 1H), 7.17 (t, J¼ 8.4 Hz, 4H), 7.06 (d, J¼ 8.2 Hz,
1H), 5.25 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3, 100MHz), d 162.3,
160.4, 160.2, 153.4, 151.1, 146.7, 134.7, 134.4, 130.9, 130.2, 127.7,
127.5, 126.9, 125.7, 121.0, 120.9, 119.5, 115.2, 70.1, 30.9; HRMS
(calcd.), m/z[MþH]þ, 404.1150(404.1160).

2.1.4.10. (E)-2-((4-(((3-bromophenyl)imino)methyl)phenoxy)methyl)-
3-methylquinazolin-4(3H)-one (5j). White solid; yield 85%; m.p.
176–178 �C; 1H NMR (CDCl3, 400MHz), d 8.34 (s, 1H), 8.30 (d,
J¼ 7.9 Hz, 1H), 7.86 (d, J¼ 8.6 Hz, 2H), 7.80–7.68 (m, 2H), 7.52 (t,
J¼ 7.2 Hz, 1H), 7.33 (d, J¼ 6.6 Hz, 2H), 7.24 (t, J¼ 8.1 Hz, 1H), 7.14
(dd, J¼ 19.3, 8.2 Hz, 3H), 5.26 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3,
100MHz), d 162.3, 160.4, 160.2, 153.6, 151.1, 146.7, 134.4, 130.9,
130.4, 130.1, 128.6, 127.7, 127.5, 126.9, 123.7, 122.8, 121.0, 120.0,
115.2, 70.1, 30.9; HRMS (calcd.), m/z[MþH]þ, 448.0647(448.0655).

2.1.4.11. (E)-2-((4-(((3,4-difluorophenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5k). White solid; yield 80%;
m.p. 152–154 �C; 1H NMR (CDCl3, 400MHz), d 8.34 (s, 1H),
8.32–8.26 (m, 1H), 7.86 (d, J¼ 8.8 Hz, 2H), 7.76 (ddd, J¼ 20.4, 13.6,
4.4 Hz, 2H), 7.56–7.49 (m, 1H), 7.20–7.10 (m, 3H), 7.03 (ddd,
J¼ 11.4, 7.2, 2.5 Hz, 1H), 6.96–6.89 (m, 1H), 5.26 (s, 2H), 3.76 (s,
3H); 13C NMR (CDCl3, 100MHz), d 162.3, 160.4, 159.9, 151.1, 146.7,
134.4, 130.8, 130.0, 127.7, 127.5, 126.9, 121.0, 117.5, 117.3, 117.0,
116.9, 116.8, 115.2, 110.0, 109.8, 70.1, 30.9; HRMS (calcd.), m/
z[MþH]þ, 406.1354(406.1362).

2.1.4.12. (E)-2-((4-(((3,5-difluorophenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5 l). White solid; yield 87%;
m.p. 220–221 �C; 1H NMR (DMSO-d6, 400MHz), d 8.58 (s, 1H), 8.17
(dd, J¼ 8.0, 1.1 Hz, 1H), 7.91 (d, J¼ 8.9 Hz, 2H), 7.83 (dd, J¼ 11.1,
4.2 Hz, 1H), 7.65 (d, J¼ 7.7 Hz, 1H),7.60–7.53 (m, 1H), 7.27 (d,
J¼ 8.8 Hz, 2H), 7.09 (td, J¼ 9.4, 4.7 Hz, 1H), 7.03–6.96 (m, 2H), 5.42
(s, 2H), 3.62 (s, 3H); 13C NMR (DMSO-d6, 100MHz), d 162.0, 161.7,
160.8, 160.3, 159.6, 152.7, 148.5, 146.9, 134.9, 130.9, 130.1, 127.8,
127.6, 126.7, 123.2, 123.1, 120.8, 116.4, 116.2, 115.8, 69.0, 30.4;
HRMS (calcd.), m/z[MþH]þ, 406.1355(406.1362).

2.1.4.13. (E)-2-((4-(((2,6-difluorophenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5m). White solid; yield
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80%; m.p. 181–183 �C; 1H NMR (CDCl3, 400MHz), d 8.53 (s, 1H),
8.30 (d, J¼ 7.8 Hz, 1H), 7.91 (d, J¼ 8.5 Hz, 2H), 7.81–7.66 (m, 2H),
7.52 (t, J¼ 7.3 Hz, 1H), 7.16 (d, J¼ 8.5 Hz, 2H), 7.09–6.99 (m, 1H),
6.94 (t, J¼ 7.7 Hz, 2H), 5.26 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3,
100MHz), d 165.7, 162.3, 160.7, 156.5, 156.4, 154.0, 153.9, 151.1,
146.7, 134.4, 131.0, 130.1, 127.7, 127.5, 126.9, 124.9, 121.0, 115.1,
111.9, 111.7, 70.1, 30.9; HRMS (calcd.), m/z[MþH]þ,
406.1351(406.1362).

2.1.4.14. (E)-2-((4-(((2,4-difluorophenyl)imino)methyl)phenoxy)-
methyl)-3-methylquinazolin-4(3H)-one (5n). White solid; yield 72%;
m.p. 181–183 �C; 1H NMR (CDCl3, 400MHz), d 8.43 (s, 1H),
8.34–8.26 (m, 1H), 7.88 (dd, J¼ 5.3, 3.4 Hz, 2H), 7.82–7.63 (m, 2H),
7.59–7.45 (m, 1H), 7.15 (dd, J¼ 5.3, 3.4 Hz, 3H), 6.96–6.76 (m, 2H),
5.25 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3, 100MHz), d 162.3, 161.6,
160.4, 154.0, 151.1, 146.7, 134.4, 130.9, 130.2, 127.7, 127.5, 126.9,
122.4, 121.0, 115.2, 111.5, 111.2, 104.9, 104.6, 104.4, 70.1, 30.9;
HRMS (calcd.), m/z[MþH]þ, 406.1355(406.1362).

2.1.4.15. (E)-2-((4-(((3-chloro-4-fluorophenyl)imino)methyl)phenox-
y)methyl)-3-methyl quinazolin-4(3H)-one (5o). White solid; yield
80%; m.p. 188–189 �C; 1H NMR (CDCl3, 400MHz), d 8.34 (s, 1H),
8.30 (d, J¼ 7.9 Hz, 1H), 7.85 (d, J¼ 8.6 Hz, 2H), 7.78 (t, J¼ 7.5 Hz,
1H), 7.72 (d, J¼ 8.0 Hz, 1H), 7.53 (t, J¼ 7.4 Hz, 1H), 7.27–7.21 (m,
1H), 7.20–7.04 (m, 4H), 5.26 (s, 2H), 3.76 (s, 3H); 13C NMR (CDCl3,
100MHz), d 162.3, 160.4, 160.0, 151.1, 148.7, 146.7, 134.4, 130.8,
130.0, 127.7, 127.5, 126.9, 122.6, 121.2, 121.0, 120.9, 120.8, 117.0,
116.7, 115.2, 70.1, 30.9; HRMS (calcd.), m/z[MþH]þ,
422.1054(422.1066).

2.1.4.16. (E)-2-((4-(((4-chloro-3-(trifluoromethyl)phenyl)imino)me-
thyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5p). White
solid; yield 81%; m.p. 163–164 �C; 1H NMR (CDCl3, 400MHz), d 8.36
(s, 1H), 8.29 (dd, J¼ 8.0,0.8 Hz, 1H), 7.87 (d, J¼ 8.7 Hz, 2H),
7.79–7.68 (m, 2H), 7.51 (dt, J¼ 11.4, 5.0 Hz, 3H), 7.29–7.23 (m, 1H),
7.17 (d, J¼ 8.7 Hz, 2H), 5.26 (s, 2H), 3.75 (s, 3H); 13C NMR (CDCl3,
100MHz), d 162.3, 160.8, 160.6, 151.0, 150.7, 146.7, 134.4, 132.2,
131.0, 129.8, 129.1, 128.8, 128.7, 127.7, 127.5, 126.9, 125.0, 124.1,
121.0, 120.4, 120.3, 120.3, 120.2, 115.3, 70.1, 30.9; HRMS (calcd.),
m/z[MþH]þ, 472.1022(472.1034).

2.2. In vitro EGFRwt-TK assay

Recombinant EGFR was purchased from Sino Biology Inc.
Antiphosphotyrosine mouse mAb was purchased from PTM Bio.
The effects of compounds on the activity of wild type EGFR tyro-
sine kinase were determined by enzyme-linked immunosorbent
assays (ELISAs) with recombinant EGFR according to
reported methods.

2.3 In vitro activity assay at cell level

2.3.1. Cell culture
A549 (Human non-small cell lung cancer cell line) cell line was
purchased from the Shanghai Cell Bank of the Chinese Academy
of Sciences; PC-3 (Human prostate cancer cell line) cell line was
donated by the Key Laboratory of Natural Product Chemistry of
the Chinese Academy of Sciences of Guizhou Province; SMMC-
7721 (Human liver cancer cell line) cell line was donated by the
Department of Immunology, the Third Military Medical University;
NRK 52E (Normal rat kidney cell line) cell line was donated by
Guizhou Medical University; All cell lines were kept by the

laboratory. Cells were maintained in RPMI 1640 or DMEM com-
plete medium.

2.3.2. Cytotoxicity evaluation (MTT assay)
In vitro cytotoxicity of synthesised compounds against three kinds
of human tumour cell lines (PC-3, SMMC-7721, A549) along with
normal rat kidney cells (NRK 52E) was determined by MTT assay
as described in previous articles. 5-Fluorouracil and Gefitinib were
used as positive controls.

2.3.3. Cell apoptosis analysis
The apoptosis of tumour cells (A549) treated by different concen-
trations of compound 5k, was measured with Annexin V–FITC/PI
apoptosis detection kit (Solarbio, Beijing, China), according to
instructions of kit, and detected by BD Accuri C6 flow cytometry
(American BD Corporation Shanghai Co., Ltd.)

2.3.4. Cell cycle analysis
The distribution of cell cycle for A549 treated by different concen-
trations of compound 5o, was measured with Annexin V–FITC/PI
cell cycle detection kit (Solarbio, Beijing, China), according to
instructions of kit, and detected by BD Accuri C6 flow cytometry
(American BD Corporation Shanghai Co., Ltd.)

2.4. Molecular docking

The possible binding modes of all designed compound with EGFR
were predicted by molecular docking with Autodock Vina. Base
on the trajectories of 10 ns MD simulation for each candidate con-
formation from docking, MM/GBSA method was used to estimate
the binding affinity between EGFR and ligand for identifying the
most possible binding modes. X-ray crystal structures of EGFR in
both “active” (PDB entry 1M17) and “inactive” (PDB entry 4HJO)
states were used for identifying candidate binding modes.

2.5. ADMET studies

All the compounds were built and full minimised using CHARMM
force field using Discovery Studio 2.5 software (Accelrys, Inc., San
Diego, Calif.). The low-energy conformers of all the compounds
were used to calculate the ADMET properties. The parameters of
ADMET were judged according to the levels shown for each par-
ameter. ADMET aqueous solubility levels were six as 0 for
extremely low, 1 for no; very low, but possible; 2 for yes, low; 3
for yes, good; 4 for yes, optimal, 5 for no, too soluble and 6 for
molecules with one or more unknown AlogP98 types. Intestinal
absorption levels (HIA) were 0, 1, 2, and 3 which showed good,
moderate, low, or very low absorption, respectively. Cytochrome
P450 (CYP2D6) inhibition, hepatotoxicity were shown as 1 for the
inhibitor and toxic or 0 for non-inhibitor and non-toxic, respect-
ively. Plasma protein binding (PPB) was 0, 1, 2 which showed
binding is < 90%, > 90%, or > 95%. Blood brain barrier perme-
ability (BBB) were classified by 0 for very high, 1 for high, 2 for
medium, 3 for low and 4 for undefined.
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3. Results and discussions

3.1 Chemistry

The target compounds (5a–5p) were synthesised from the starting
material isatoic anhydride in a sequence of reactions and charac-
terised by NMR and HRMS. As shown in Scheme 1, compound 2
and 3 were obtained according to the reported method19.
Compound 3 reacted with 4-hydroxy-benzaldehyde under the
K2CO3/KI/DMF conditions to give the compound 4 with 86% yield.
And then, compound 4 reacted with corresponding phenylamine
to get the final targets. The compounds 5a–p were purified by
recrystallization in acetonitrile.

3.2. In vitro EGFR kinase inhibitory activity and antitumor
activity of target quinazolinone derivatives

In order to test our rationality of the design, we took 5a which
bears a hydrogen moiety at R as our initial compound to evaluate
the inhibitory activity against EGFRwt-TK. The result revealed that
5a have poor activity with an inhibition rate of 1.91% at 1 lM
(Table 1, 5a). Then the group of R was replaced with methyl,
methoxy and halogen, respectively (Table 1, 5b–j). Fortunately, the
compound 5g reached in 64.95% at 1 lM against the kinase. As a
comparison, in order to investigate the influence of flouro-group
on the inhibitory activity, we used difluoro-group (Table 1, 5k-o),
and trifluoromethyl group (Table 1, 5p) to replace fluoro moiety.
As shown in Table 1, the best compounds 5k and 5l were tested
with 63.37% and 61.89% by ELISA kinase assay20 at the concentra-
tion of 1 lM. 5-Fluorouracil and Gefitinib were used as positive
control with 63.42% and 67.85% at 1 lM, respectively.

To test the anticancer activity of synthesised compounds, we eval-
uated the anti-proliferative activity of compounds 5a–p against three
EGFR over-expressed human tumour cell lines derived from human
non-small cell lung cancer (A549), prostate cancer (PC-3), and liver
cancer (SMMC-7721) by MTT assay. 5-Fluorouracil and Gefitinib were

also used as positive controls. As shown in Table 1, part of the novel
derivatives exhibited potent anti-cancer activities against selected
cancer cell lines with 10lM. Against A549 cells, compounds 5l and
5n (with inhibitions of 31.21% and 33.29%, respectively) were more

Table 1. In vitro inhibitory activities of target compounds for EGFRwt-TK and human cancer cell lines A549, PC-3 and SMMC-7721a.

Comp. R EGFRwt-TK inhibition rate (%, 1 lM)

Inhibition rate (%, 10 lM)

A549 PC-3 SMMC-7721

5a H 1.91 ± 0.91 15.38 ± 1.52 7.36 ± 2.38 15.06 ± 5.91
5b 2-CH3 2.57 ± 1.25 14.49 ± 4.09 23.94 ± 8.59 24.34 ± 1.70
5c 4-CH3 50.75 ± 3.29 12.09 ± 2.00 7.46 ± 0.52 31.77 ± 9.91
5d 2-OCH3 38.73 ± 1.83 20.84 ± 4.81 38.24 ± 1.40 2.78 ± 4.23
5e 4-OCH3 53.65 ± 1.25 25.95 ± 7.46 40.20 ± 3.57 20.09 ± 9.11
5f 2-F 1.31 ± 3.64 16.31 ± 1.43 5.46 ± 0.28 2.65 ± 1.81
5g 3-F 64.95 ± 1.51 15.59 ± 2.56 4.76 ± 0.51 35.65 ± 1.27
5h 4-F 56.21 ± 2.16 14.79 ± 5.06 14.81 ± 2.30 22.86 ± 1.66
5i 3-Cl 1.04 ± 0.91 23.26 ± 7.52 9.60 ± 2.69 13.14 ± 2.92
5j 3-Br 53.26 ± 1.58 18.02 ± 6.69 17.92 ± 6.12 18.62 ± 1.51
5k 3,4-di-F 63.37 ± 1.83 27.01 ± 1.63 57.47 ± 2.77 34.93 ± 4.72
5l 3,5-di-F 61.89 ± 1.51 31.21 ± 2.49 54.28 ± 7.59 41.00 ± 2.63
5m 2,6-di-F 25.84 ± 1.92 15.16 ± 3.61 26.80 ± 0.59 15.12 ± 5.79
5n 2,4-di-F 48.40 ± 0.35 33.29 ± 3.63 25.84 ± 4.84 11.51 ± 2.87
5o 3-Cl-4-F 16.72 ± 2.99 18.72 ± 9.78 13.91 ± 0.92 24.46 ± 1.37
5p 4-Cl-3-CF3 4.32 ± 1.92 15.60 ± 2.66 22.55 ± 1.28 17.50 ± 2.67
Gefitinib 67.85 ± 0.85 27.41 ± 4.38 30.66 ± 7.58 21.71 ± 1.68
5-Fluorouracil 63.42 ± 1.69 40.37 ± 1.15 29.32 ± 1.24 29.08 ± 2.75
aThe values are mean ± SD of three replicates.

Table 2. IC50 values for EGFRwt-TK and human cancer cell lines A549, PC-3 and
SMMC-7721a.

Comp. R

IC50 (lM)

EGFRwt-TK A549 PC-3 SMMC-7721

5g 3-F 0.047 ± 0.004 19.73 ± 2.34 30.06 ± 1.86 35.92 ± 5.85
5k 3,4-di-F 0.010 ± 0.001 12.30 ± 4.12 17.08 ± 3.61 15.68 ± 1.64
5l 3,5-di-F 0.54 ± 0.031 7.22 ± 3.51 13.29 ± 1.12 6.04 ± 0.55
Gefitinib 0.0061 ± 0.0003 5.48 ± 1.06 30.40 ± 0.34 9.85 ± 3.44
5-Fluorouracil 0.14 ± 0.011 1.53 ± 0.72 22.46 ± 0.74 11.37 ± 1.95
aThe values are mean ± SD of three replicates.

Figure 3. In vitro cytotoxicity of target compounds on normal rat kidney cell
NRK-52E.
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potent than Gefitinib (27.41%). The inhibitory efficacy of compounds
5k and 5l against SMMC-7721 and PC-3 cells was higher than
Gefitinib and 5-Fluorouracil.

Based on the initial result of EGFRwt-TK and three tumour cell
assays, we obtain the preliminary structure-activity relationship
(SAR) of quinazolinone derivatives. It is indicated that this type of
substitution in phenyl ring is essential for anticancer activity. For
anti-tumour activity, the effective substitution order should be
F>OCH3 � Br>CH3 > H � Cl. Also, the more effective substitu-
tions of the phenyl ring are either 3-F, 3,4-di-F or 3,5-di-F group(s).
Thus for good anti-cancer activity, the 3-position of phenyl ring
should carry fluoro group.

To further evaluating bioactivities, the IC50 values of compounds
5g, 5k and 5l to EGFRwt-TK and three human cancer cell lines
(A549, PC-3 and SMMC-7721) were evaluated, using 5-fluorouracil

and Gefitinib as positive controls. As shown in Table 2, compound
5k inhibited EGFR activity with an IC50 value of 0.010±0.001lM
and was similar to Gefitinib. However, compounds 5g and 5l did
not cause significant EGFR inhibition with 0.047±0.004lM and
0.54±0.031lM. On the other hand, compound 5k inhibited anti-
cancer cells (A549, PC-3 and SMMC-7721) activity with IC50 values
of 12.30±4.12lM, 17.08±3.61lM and 15.68±1.64lM. These data
indicate that 5p was worth to further investigation.

3.3. In vitro cytotoxicity of target quinazolinone derivatives on
normal cells

As the preferential selectivity for cancer cell is critical for antitu-
mor drugs, the cytotoxicity of these novel compounds to normal

Figure 4. Compound 5k induced cell apoptosis in Annexin V-FITC assay. (A) Density plot were obtained by flow cytometry, Gefitinib was used as reference drug. (B)
Total apoptotic cells (%) at various concentrate of 5k and Gefitinib.
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rat kidney cell line (NRK-52E) was tested by MTT assay. All target
compounds have significantly lower cytotoxicity than 5-fluoroura-
cil (Figure 3). The cytotoxicity of most compounds was similar to
Gefitinib, even the partial compounds were much lower.

3.4. Effects of compound 5k on cell apoptosis of A549 cell line

Apoptosis is a physiological process that functions as an essential
mechanism of tissue homeostasis and is regarded as the preferred
way to eliminate unwanted cells. Most of the available anti-cancer
drugs mediate their effects via induction of apoptosis in cancer
cells21. To further investigate the effect of 5k on tumour cell,
apoptosis of A549 cell treated with different concentrations of 5k
for 48 h was analysed by flow cytometry. Herein, Gefitinib was
used as positive control. After treatment with 5k or Gefitinib, the

number of apoptotic cells increased significantly (Figure 4). The
trend of early apoptosis rate showed that 5k induces cellular
apoptosis in a concentration-dependent way. The results also
showed compound 5k has better ability to induce early apoptosis
than gefitinib at 5 lM, 10lM and 20lM (Figure 4(B)). The differ-
ence in the total numbers of apoptotic cells between samples
treated with 5k or Gefitinib at the same drug concentration
decreased with increasing drug concentration, indicating that 5o
has a better ability to induce apoptosis at low concentrations
than Gefitinib.

3.5. Effects of compound 5k on cell cycle of A549 cell line

Most cytotoxic agents cause cell cycle arrest, either as the direct
consequence of regulating cell cycle regulators, or as the

Figure 5. Effect of compound 5k on the cell cycle phase distribution in A549 cells (A) Profiles were obtained by FACS. The percentages for different phases of cell
cycle were illustrated in the histogram. (B) A549 cells were cultured in the presence of different concentrations of 5k (5lM and 10lM) or Gefitinib (5lM and 10lM)
for 48 h, harvested, fixed, and labelled with PI, then analysed by FACS. Percentage of cells in G0/G1, S and G2/M phases are indicated.
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secondary effect of modifying other cell components22. In order
to study the effect of compound 5k on cell cycle, A549 cells were
treated by compound 5k or Gefitinib for 48 h, then the cells were
strained by PI and examined using flow cytometry. Comparing
with control A549 cells that consist of 16.04% of G2 phase cells,
the G2 phase percentage of A549 cells treated with compound 5k
and Gefitinib at 5 lM and 10lM increased to 25.31% and 29.47%
and 23.10%, 24.28%, respectively (Figure 5) accompanied by a
decrease in the S and G0/G1 cells. The results indicated A549 cells
could be arrested in the G2/M phase by compound 5k. However,
at 10lM of compound exposure, G2/M arrest decreased, A549
cells would undergo significant apoptosis. These data suggest that
the G2/M phase arrest in A549 cells by compound 5k and
Gefitinib might be in parallel to the induction of apoptosis.

3.6. Molecular docking studies

To investigate the detailed protein-ligand interaction between
EGFR and the novel scaffold, the possible binding modes were
predicted by molecular docking. Previous structural studies
showed that the “active” or “inactive” state of EGFR tyrosine kin-
ase has different preference of ligand binding profile, so X-ray
crystal structures of EGFR in both “active” (PDB entry 1M17) and
“inactive” (PDB entry 4HJO) states were used for identifying candi-
date binding modes23.

Based on data shown in Table S1, the predicted binding
energy of all the designed compounds 5a–p with inactive state
EGFR are in the range of �40 to �45 kcal/mol, whereas the bind-
ing energy for active state EGFR falls to the range of �22 to

Figure 6. (A) Superimpose of computational predicted gefitinib binding conformation (gold) with conformation from X-ray crystal structure (green). (B) Predicted bind-
ing conformations of compound 5 g(green), 5k(cyan), and 5 l(gold). (C) Binding mode of compound 5k. Residues T830, R817, and K721 are shown in stick style and
Coloured in green. Hydrogen bond and cation-p interaction are represented as dashed lines with labelled distance in unit of Å. (D) Tracked changes for the positional
root-mean-square deviations (RMSD) for the EGFR (red curve) and compound 5k (black curve) during MD simulation. L(O) and L(Q) represents the oxygen in quinazoli-
none and quinazolinone itself, respectively.
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�36 kcal/mol, which suggests that these compounds are likely to
bind with EGFR in inactive state. In contrast, the predicted binding
affinity for Gefitinib with EGFR in two states are very similar
(�45.7 kcal/mol for active state and �45.8 kcal/mol for inactive
state), which is consistent with previously reported work24. With
the same docking and MD simulation protocol for designed scaf-
folds and Gefitinib, the binding mode of Gefitinib was successfully
reconstructed with quinazoline scaffold well-fitted to the X-ray
crystal structure of EGFR/Gefitinib complex (Figure 6(A)).
Obviously, the ortho-substituted quinazolinone derivatives could
not adopt similar binding mode of Gefitinib because the corre-
sponding substitution site of Gefitinib is closely face to protein.
Interestingly, all of these compounds 5a–p bind to EGFR with a
similar binding mode depicted in Figure 6(B). Take compound 5k
as example, the quinazolinone moiety formed cation-p interaction
with the residue K721 (Figure 6(C,D)), which is a key residue for
ATP-binding of EGFR. Besides, 5k also formed stable hydrogen
bonds with R817 and T830 during the 10 ns MD simulation. The
stable protein-ligand binding during MD simulation for these com-
pounds also results in a small standard deviation for the energy
prediction (±3 kcal/mol), Although it is still not feasible to rank
these compounds by the binding energy within a narrow range of
�40 to �45 kcal/mol, the computational prediction indicates that
the binding affinity of these designed compounds are comparable
with gefitinib, which also suggests the common scaffold of these
compounds may be a promising lead scaffold for designing novel
EGFR-TK.

3.7. ADMET studies

Furthermore, Discovery Studio 2.5 software (Accelrys, Inc., San
Diego, Calif.) was used to predict the physicochemical and ADMET
properties of the synthesised compounds 5a–p. As shown in
Table 3, aqueous solubility logarithmic levels of the compounds
5a–o were 2, suggesting that these compounds are the same
with Gefitinib. CYP2D6 binding predicts are non-inhibitor of cyto-
chrome P450 enzyme. The compounds 5l, 5m and 5p were prob-
ably less toxic than Gefitinib, and the others were similar with
Gefitinib. Furthermore, the calculated log p values 4.34 and 4.54
were closed to Gefitinib (4.20), suggesting that the fluoro- group
or difluoro-group on phenyl were well for physicochemical prop-
erties. This result is consistent with the previous structure-activity
relationship.

4. Conclusion

In summary, a series of novel 3-methyl-quinazolinone derivatives
were designed and synthesised. In vitro biological activities of
novel compounds on enzyme level and cell level were evaluated.
The enzyme inhibition assay showed that 5g, 5k, and 5l have the
good inhibition for EGFRwt-TK. Two compounds 5k and 5l were
identified to show superior biological activities than Gefitinib and
5-fluorouracil in both PC-3 and SMMC-7721 cell lines. Importantly,
the best compound 5k displayed 10 nM IC50 value against EGFRwt-
TK activity. Apoptosis analysis in A549 cell line suggested that 5k
delayed cell cycle progression by arresting cells in the G2/M phase
of the cell cycle, retarding cell growth. Furthermore, molecular
docking, molecular dynamics simulation, and MM/GBSA estimation
were performed to determine possible binding modes of these
compounds with EGFR. This design offered an option for the opti-
misation and development of quinazolinone-based EGFR inhibi-
tors. Other further studies on compounds 5k and 5l are going on
in our lab.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science
Foundation of China 21867004, State Key Laboratory of Functions
and Applications of Medicinal Plants (No.FAMP201707K) and State
Key Laboratory of Functions and Applications of Medicinal Plants
(No.FAMP201801K).

ORCID

Zhenchao Wang http://orcid.org/0000-0003-1859-0128

References

1. Chang SC, Lai YC, Chang CY, et al. Concomitant genetic
alterations are associated with worse clinical outcome in
EGFR mutant NSCLC patients treated with tyrosine kinase
inhibitors. Transl Oncol 2019;12:1425–31.

Table 3. ADMET properties of all compounds.

Comp. R Solubility Absorption CYP2D6 Hepatotoxicity PPB BBB AlogP98

5a H 2 0 1 1 2 1 4.13
5b 2-CH3 2 0 1 1 2 1 4.62
5c 4-CH3 2 0 1 1 2 1 4.62
5d 2-OCH3 2 0 1 1 2 1 4.11
5e 4-OCH3 2 0 1 1 2 1 4.11
5f 2-F 2 0 1 1 2 1 4.34
5g 3-F 2 0 1 1 2 1 4.34
5h 4-F 2 0 1 1 2 1 4.34
5i 3-Cl 2 0 1 1 2 1 4.79
5j 3-Br 2 0 1 1 2 1 4.88
5k 3,4-di-F 2 0 1 1 2 1 4.54
5l 3,5-di-F 2 0 0 1 2 1 4.54
5m 2,6-di-F 2 0 0 1 2 1 4.54
5n 2,4-di-F 2 0 1 1 2 1 4.54
5o 3-Cl-4-F 2 0 1 1 2 1 5.00
5p 4-Cl-3-CF3 1 0 0 1 2 0 5.74
Gefitinib 2 0 1 0 1 1 4.20

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 563



2. Gan Y, Shi C, Inge L, et al. Differential roles of ERK and Akt
pathways in regulation of EGFR-mediated signaling and
motility in prostate cancer cells. Oncogene 2010;29:4947–58.

3. Barker AJ, Gibson KH, Grundy W, et al. Studies leading to
the identification of ZD1839 (iressaTM): an orally active,
selective epidermal growth factor receptor tyrosine kinase
inhibitor targeted to the treatment of cancer. Bioorg Med
Chem Lett 2001;11:1911–4.

4. Higgins B, Smith M, Rashed M, et al. Antitumor activity of
erlotinib (OSI-774, Tarceva) alone or in combination in
human non-small cell lung cancer tumor xenograft models.
Anticancer Drugs 2004;15:503–12.

5. Sequist LV, Waltman BA, Dias-Santagata D, et al. Genotypic
and histological evolution of lung cancers acquiring resist-
ance to EGFR Inhibitors. Sci Transl Med 2011;3:75–101.

6. Thress KS, Paweletz CP, Felip E, et al. Acquired EGFR C797S
mutation mediates resistance to AZD9291 in non–small cell
lung cancer harboring EGFR T790M. Nat Med 2015;21:560–2.

7. Bhattarai D, Jung JH, Han S, et al. Design, synthesis and bio-
logical evaluation of structurally modified isoindolinone and
quinazolinone derivatives as hedgehog pathway inhibitors.
Eur J Med Chem 2017;125:1036–50.

8. Amir M, Ali I, Hassan MZ. Design and synthesis of some new
quinazolin-4-(3H)-ones as anticonvulsant and antidepressant
agents. Arch Pharmacal Res 2013;36:61–8.

9. Wei M, Chai WM, Wang R, et al. Quinazolinone derivatives:
synthesis and comparison of inhibitory mechanisms on
a-glucosidase. Bioorg Med Chem 2017;25:1303–8.

10. Sonawane V, Mohd Siddique MU, Jadav SS, et al. Cink4T, a
quinazolinone-based dual inhibitor of Cdk4 and tubulin
polymerization, identified via ligand-based virtual screening,
for efficient anticancer therapy. Eur J Med Chem 2019;165:
115–32.

11. Dohle W, Jourdan FL, Menchon G, et al. Quinazolinone-
based anticancer agents: synthesis, antiproliferative SAR,
antitubulin activity, and Tubulin co-crystal structure. J Med
Chem 2018;61:1031–44.

12. Yin S, Tang C, Wang B, et al. Design, synthesis and biological
evaluation of novel EGFR/HER2 dual inhibitors bearing a
oxazolo[4,5-g]quinazolin-2(1H)-one scaffold. Eur J Med Chem
2016;120:26–36.

13. Tumma R, Siliveri S, Vamaraju HB, et al. Synthesis, biological
evaluation and molecular docking studies of isoxazole
synchronized quinazolinone derivatives. J Pharm Res. 2017;
11:895–902.

14. Shi L, Wu TT, Wang Z, et al. Discovery of quinazolin-4-
amines bearing benzimidazole fragments as dual inhibitors
of c-Met and VEGFR-2. Bioorg Med Chem 2014;22:4735–44.

15. Patel HM, Pawara R, Ansari A, et al. Design and synthesis of
quinazolinones as EGFR inhibitors to overcome EGFR resist-
ance obstacle. Bioorg Med Chem 2017;25:2713–23.

16. Zayed MF, Rateb HS, Ahmed S, et al. Quinazolinone-amino
acid hybrids as dual inhibitors of EGFR kinase and Tubulin
polymerization. Molecules 2018;23:1699–715.

17. Aggarwal S, Sinha D, Tiwari AK, et al. Studies for develop-
ment of novel quinazolinones: new biomarker for EGFR.
Spectrochim Acta A Mol Biomol Spectrosc 2015;143:309–18.

18. Hanusek J, Rosa P, Drabina P, et al. Cyclizatioon of 2-benzoy-
lamino-N-methyl-thiobenzamides to 3-methyl-2-phenylqui-
nazolin-4-thiones. J Heterocyclic Chem 2006;43:1281–5.

19. Ma CC, Zhang CM, Tang L, et al. Discovery of novel quinazo-
linone derivatives as high potent and selective PI3Kdelta
and PI3Kdelta/gamma inhibitors. Eur J Med Chem 2018;151:
9–17.

20. Zhang Y, Chen L, Li X, et al. Novel 4-arylaminoquinazolines
bearing N,N-diethyl(aminoethyl)amino moiety with antitu-
mor activity as EGFRwt-TK inhibitor. J Enzyme Inhib Med
Chem 2019;34:1668–77.

21. Yan L, Wang H, Chen Y, et al. Synthesis and structure-activ-
ity relationship study of diaryl[d,f][1,3]diazepines as potential
anti-cancer agents. Mol Divers 2018;22:323–33.

22. Safavi M, Ashtari A, Khalili F, et al. Novel quinazolin-4(3H)-
one linked to 1,2,3-triazoles: synthesis and anticancer activ-
ity. Chem Biol Drug Des 2018;92:1373–81.

23. Park JH, Liu Y, Lemmon MA, et al. Erlotinib binds both
inactive and active conformations of the EGFR tyrosine kin-
ase domain. Biochem J 2012;448:417–23.

24. Fabian MA, Biggs IIW, Treiber DK, et al. A small molecule-
kinase interaction map for clinical kinase inhibitors. Nat
Biotechnol 2005;23:329–36.

564 Y. LE ET AL.


	Abstract
	Introduction
	Experimental section
	Synthesis
	Synthesis of 2-amino-N-methylbenzamide (2)
	Synthesis of 2-(chloromethyl)-3-methylquinazolin-4(3H)-one (3)
	Synthesis of 4-((3-methyl-4-oxo-3,4-dihydroquinazolin-2-yl)methoxy)benzaldehyde (4)
	Synthesis of compounds 5a–p
	(E)-3-methyl-2-((4-((phenylimino)methyl)phenoxy)methyl)quinazolin-4(3H)-one (5a)
	(E)-3-methyl-2-((4-((o-tolylimino)methyl)phenoxy)methyl)quinazolin-4(3H)-one (5 b)
	(E)-3-methyl-2-((4-((p-tolylimino)methyl)phenoxy)methyl)quinazolin-4(3H)-one (5c)
	(E)-2-((4-(((2-methoxyphenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5d)
	(E)-2-((4-(((4-methoxyphenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5e)
	(E)-2-((4-(((2-fluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4 (3H)-one (5f)
	(E)-2-((4-(((3-fluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5 g)
	(E)-2-((4-(((4-fluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5 h)
	(E)-2-((4-(((3-chlorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5i)
	(E)-2-((4-(((3-bromophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5j)
	(E)-2-((4-(((3,4-difluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5k)
	(E)-2-((4-(((3,5-difluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5 l)
	(E)-2-((4-(((2,6-difluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5 m)
	(E)-2-((4-(((2,4-difluorophenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5n)
	(E)-2-((4-(((3-chloro-4-fluorophenyl)imino)methyl)phenoxy)methyl)-3-methyl quinazolin-4(3H)-one (5o)
	(E)-2-((4-(((4-chloro-3-(trifluoromethyl)phenyl)imino)methyl)phenoxy)methyl)-3-methylquinazolin-4(3H)-one (5p)


	In vitro EGFRwt-TK assay
	In vitro activity assay at cell level
	Cell culture
	Cytotoxicity evaluation (MTT assay)
	Cell apoptosis analysis
	Cell cycle analysis

	Molecular docking
	ADMET studies

	Results and discussions
	Chemistry
	In vitro EGFR kinase inhibitory activity and antitumor activity of target quinazolinone derivatives
	In vitro cytotoxicity of target quinazolinone derivatives on normal cells
	Effects of compound 5k on cell apoptosis of A549 cell line
	Effects of compound 5k on cell cycle of A549 cell line
	Molecular docking studies
	ADMET studies

	Conclusion
	Disclosure statement
	References


