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a b s t r a c t

A series of 5,6,7-trimethoxy-N-phenyl(ethyl)-4-aminoquinazoline compounds was prepared by micro-
wave irradiation and conventional heating methods. Compounds 6p, 6q, and 6x strongly inhibited
extracellular regulated kinase1/2 (ERK1/2) phosphorylation induced by epidermal growth factor (EGF) at
1.28 mM in PC3 cells. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay showed that
all compounds had certain anticancer activities, and the IC50 values of 6x were 6.2 � 0.9, 3.2 � 0.1, and
3.1 � 0.1 mM against PC3, BGC823, and Bcap37 cells, respectively. Acridine orange/ethidium bromide
staining, Hoechst 33258 staining, DNA ladder, and flow cytometry analyses revealed that 6x induced cell
apoptosis in PC3 cells, with apoptosis ratios of 11.6% at 1 mM and 31.8% at 10 mM after 72 h.

� 2013 Elsevier Masson SAS. All rights reserved.

1. Introduction

Protein kinases play diverse and important roles in regulating
cellular processes such as cell proliferation, cell cycle, metabolism,
survival, apoptosis, and DNA damage/repair. Thus, protein kinases
are extensively targeted for the discovery of inhibitors as potential
cancer-treatment drugs [1e4]. Epidermal growth factor receptor
(EGFR) protein tyrosine kinase is one of the most important kinases
that play a fundamental role in signal transduction pathways. The
tyrosine kinase activity of EGFR is activated by ligand binding to the
receptor, and an inhibitor of EGFR tyrosine kinase may compete
with a ligand for EGFR binding or may directly interfere with the

catalytic site of EGFR [5]. Fry et al. [6] first discovered that the 4-
anilinoquinazoline derivativePD153035 possesses specific inhibi-
tory activity against EGFR tyrosine kinase. Since then, various 4-
anilinoquinazoline derivatives have been synthesized based on
the 4-anilinoquinazoline framework [7e11]. Modification of the
quinazoline structure has been performed in many anticancer
studies, such as against NSCLC, PC3, BTC, and MCF-7 cells [12e20].
Gefitinib (Iressa, ZD-1839) [21,22] and erlotinib (OSI-774, Tarceva)
[23,24], which are first-generation EGFR-targeting 4-anilino
quinazoline chemotherapeutics, have been approved for the
treatment of non-small-cell lung cancer. These two small com-
pounds directly act on the ATP binding area of EGFR, interfering
with the binding of ATP to EGFR and inhibiting the activity of EGFR-
TK. The second-generation EGFR-targeting chemotherapeuticBIB
W2992, which is an excellent non-irreversible EGFR inhibitor [25],
has also been approved for Phase-II clinical trials against lung
cancer [26].

Trimethoxyphenyl is a crucial pharmacophoric group for analogs
of the antitumor natural product CA-4((Z)-2-methoxy-5-[2-(3,4,5-
trimethoxyphenyl)ethenyl]phenol) [27]. In our study on PD153035
(the specific inhibitor for EGFR-TK) as the leading compound, we
have successfully produced 6,7,8-trimethoxy-N-aryl-4-aminoquina
zoline compounds that are potent inhibitors of PC3, Bcap37,
BGC823, and A431 cells. We found that methoxy-substituted

Abbreviations: AO/EB, acridine orange/ethidium bromide; 13C NMR, 13C nuclear
magnetic resonance; CH, conventional heating; DMF, N,N-dimethylformamide;
DMSO, dimethyl sulfoxide; EGF, epidermal growth factor; EGFR, epidermal growth
factor receptor; ERK1/2, extracellular regulated kinase1/2; ESI-MS, electrospray
ionization mass spectrometry; HCPT, 10-hydroxyl camptothecine; 1H NMR, proton
nuclear magnetic resonance; IR, infra-red; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; MW, microwave irradiation.
* Corresponding author. Center for R&D of Fine Chemicals of Guizhou Province,

Guizhou University, Guiyang 550025, PR China. Tel.: þ86 (851)829 2171; fax: þ86
(851)829 2170.

E-mail addresses: jhzx.msm@gmail.com, yangsdqj2002@yahoo.com (S. Yang).
1 Both authors contributed equally to this work.

Contents lists available at SciVerse ScienceDirect

European Journal of Medicinal Chemistry

journal homepage: http: / /www.elsevier .com/locate/ejmech

0223-5234/$ e see front matter � 2013 Elsevier Masson SAS. All rights reserved.
http://dx.doi.org/10.1016/j.ejmech.2013.05.043

European Journal of Medicinal Chemistry 66 (2013) 335e344

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:jhzx.msm@gmail.com
mailto:yangsdqj2002@yahoo.com
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.ejmech.2013.05.043&domain=pdf
www.sciencedirect.com/science/journal/02235234
http://www.elsevier.com/locate/ejmech
http://dx.doi.org/10.1016/j.ejmech.2013.05.043
http://dx.doi.org/10.1016/j.ejmech.2013.05.043
http://dx.doi.org/10.1016/j.ejmech.2013.05.043


quinazoline compounds possess potent antitumor activity but not
antiphosphorylation inhibitory activity, suggesting that cytotoxicity
may not result from inhibiting EGFR [28]. Thus, a series of new
quinazoline compounds 6ae6z was designed and synthesized with
three methoxy (5,6,7-OCH3) groups on the quinazoline ring to study
further the effect of the substitutionposition of quinazolinemethoxy
groups on anticancer and antiphosphorylation activities. Twenty-six
new 5,6,7-trimethoxy-N-aryl-4-aminoquinazoline derivatives were
synthesized from 2,3,4-trimethoxybenzoic acid by the synthesis
route shown in Scheme1. The structures of the title compoundswere
characterized by infrared (IR), 1H nuclear magnetic resonance
(NMR), 13C NMR, and elemental analyses. Themicrowave irradiation
(MW) synthesis conditions for the target compounds were also
optimized. The antiproliferation activities of the title compounds
against PC3, Bcap-37, andBGC823 cells in vitro were evaluated by
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) colorimetric assay. The results showed that title compounds
6ae6z possessed weak to strong anticancer activities, and most of
the compounds exerted an inhibitory effect on EGF-induced ERK1/2
phosphorylation in PC3 cells.

2. Results and discussion

2.1. Chemistry

The starting material 2,3,4-trimethoxybenzoic acid was nitrated
with70% nitric acid, esterifiedwithmethanol in the presence of 98%
sulfuric acid, hydrogenated with Pd/C as catalyst in EtOH, cyclized
with formamide, and finally chlorinated with phosphorus oxy-
chloride to give the key intermediate 4-choloro-5,6,7-trimethoxy-
quinazoline. The target compounds 6ae6z were obtained by the
substitution reaction of 4-chloro-5,6,7-trimethoxyquinazoline with
amine to yield 5,6,7-trimethoxyl-N-aryl-4-aminequinazoline
(Scheme 1). The yields of the title compounds were relatively low
under conventional heating (CH) method. MWmethod was used to
improve the yields of the title compounds, and the reaction con-
ditions under MW were optimized using 6o as the model com-
pound. Table 1 shows that when the power of MW was optimized
from 40 W to 100 W, the yield of 6o increased from 73.1% to 80.7%
(Table 1, entries 1e4) within 30 min at 80 �C. Then, the effect of
reaction time on yield was investigated. With increased reaction
time from 10min to 30min, the yield increased from 72.3% to 80.7%
within 30 min under an MW power 100 W (Table 1, entries 4e6).
However, the yield did not obviously increase when the reaction
timewas 40 min (Table 1, entry 7). Thus, the reaction conditions for
MW irradiationwere as follows: temperature, 80 �C; reactantmolar
ratio, 1:1; MW power, 100 W; and reaction time, 30 min. For
comparison, the yield of 6o was found to be only 45.0% after 8 h of
reaction (Table 1, entry 8).

All title compounds were synthesized under both CH and MW
methods, and the results are listed in Table 2. The yields of the title

compounds increased from30.1% to 71.6% under CH to 80.1%e90.0%
under MW with decreased reaction time from 2 to 12 h to 30 min.
Interestingly, 6f and 6r were obtained only under CH method,
whereas 6g and 6m were obtained only under MW irradiation.

2.2. Inhibition activity of title compounds against ERK1/2
phosphorylation induced by EGF

Western blot analysis demonstrated that the title compounds had
significant inhibitory activities against EGF-induced ERK1/2 phos-
phorylation in PC3 cells. As shown in Fig. 1, 6b, 6de6g (Fig. 1A), 6i,
6me6q (Fig. 1B), 6r (Fig. 1C), and 6x (Fig. 1D) inhibited ERK1/2
phosphorylatin in PC3 cells induced by EGF at 10 mM. The 4-phenyl
ring containing a fluorine atom or trifluoromethyl group generally
had good antiphosphorylation activities (6e, 6f, 6i, 6m, 6oe6q, and
6x).

Further dose experiments were carried out on 6d, 6e, 6f, 6p, 6q,
and 6x. Fig. 2 shows that the inhibition activities of 6de6f against
ERK phosphorylation were weak to moderate at 5.12 mM but strong
at 10 mM (Fig. 2AeC). However, 6p, 6q, and 6x showed strong in-
hibition activities against ERK phosphorylation using low concen-
tration of 1.28 mM (Fig. 2DeF). Furthermore, the 4-aniline moiety
bearing a 3- or 4-trifluoromethyl group showed very strong inhi-
bition activities against ERK1/2 phosphorylation in PC3 cells.
Interestingly, 4-phenylethylamine substitution also showed very
strong inhibition activities against ERK phosphorylation in PC3 cells.

2.3. Antiproliferation activities of title compounds against PC3,
BGC823, and Bcap-37 cells

The antiproliferation activities of title compounds 6ae6z
were evaluated against PC3, BGC823, and Bcap-37 cells using
PD153035as a positive control. As shown in Table 3, the anti-
proliferation activity of 6z against PC3 cells at 10 mM was
61.75% � 12.5%, similar to that of PD153035. The antiproliferation
activities of 6l, 6v, 6w, and 6z against BGC823 cells at 10 mM were

Scheme 1. Reagents and conditions of the synthesis of title compounds 6: (a) nitric acid, 0 �C, 2 h; (b) CH3OH, 98% H2SO4, reflux, 12 h; (c) H2, Pd/C, 95% C2H5OH, reflux, 12 h; (d)
DMF, formamide, CH3OH, CH3ONa, 150 �C, 24 h; (e) N2, toluene, POCl3, reflux, 3.5 h; (f) aryl amine, 2-propanol, MW, 100 W, 80 �C, 30 min to obtain 6ae6z; aryl amine, 2-propanol,
reflux, 2e12 h to obtain 6ae6z.

Table 1
Effects of reaction time and MW power on the yield of 6o.a

Entry Reaction time Power (Watt) Yield (%)

1 30 min. 40 73.1
2 30 min. 60 78.5
3 30 min. 80 79.4
4 30 min. 100 80.7
5 10 min. 100 72.3
6 20 min. 100 78.7
7 40 min 100 77.3
8b 8 h 0 45.0

a Reaction conditions: reactants molar ratio, 1:1; reflux temperature of iso-
propanol, 80 �C.

b Conventional heating.
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