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ABSTRACT Malignant tumor is one of the major diseases that seriously threaten human health today. Compared

with traditional chemotherapy, targeted drug therapy has become a new idea of tumor therapy. And EGFR

(epidermal growth factor receptor) is highly expressed in many human tumor cell lines, which is a biomarker of

tumor proliferation. In this paper, small molecule tyrosine kinase inhibitors with quinazoline structure aiming at

EGFR were studied. A series of novel quinazoline derivatives (4a~4l) have been designed and synthesized from

4-hydroxyquinazoline as the parent core. Structures of target compounds were characterized by "H NMR and '*C

NMR spectra. The in vitro anticancer activity of compounds 4a~4l was evaluated by MTT assay against Hela,

MCF-7 and A549 tumor cell lines, and apoptosis-inducing capacity was investigated by Annexin-V/PI staining assay.

The results showed that all compounds had good antitumor activity against the test tumor cell lines. Especially,

compound 4a exhibited the best anticancer activity (ICso= 10.23 #M) against Hela cell lines, remarkable ability to

induce apoptosis, and low toxicity, which identified 4a as a promising anticancer drug aiming at EFGR.
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1 INTRODUCTION

Cancer, as a second-leading disease of death worldwide,
has been seriously threating people’s health!". Most cancers
are due to a series of complex causes including people’s
problematic lifestyle, diet and the environment they live in;
however, among them, the genetic mutations are believed as
the most complex and uncontrollable factor™™. At the moment,
cancer is often treated with radiation therapy, chemotherapy,
and immunotherapy™. These treatments can to some extent
kill tumor cells; however, such methods are non-specific
without the ability to distinguish tumors from normal tissues,
then many toxic and side effects can be therefore anticipated
because the growth and the activity of normal cells are
adversely affected. In addition, it is also claimed that all these
mentioned therapies are expensive and more likely to develop
drug resistance.

Amid this background, targeted therapy, driven by the
progress of molecular biology and tumor pathogenesis, has

emerged and made a vast difference in today’s cancer

treatment™). This method can specially interfere with the
proliferation of tumor cells by using some compounds like
small molecular compounds, monoclonal antibodies and
polypeptides which target at cell receptors, regulatory
molecules or key genes before inhibiting the development of
malignant tumors. These compounds, after entering patients’
body, can bind to their designed targets specifically, thus
causing specific death of specific tumor cells and leaving
other cells being unaffected”.. In order to better achieve this
purpose, a new challenge that how to develop the upgraded
anti-tumor drugs with high efficiency, low toxicity and strong
specificity and how to choose some key proteins in the signal
transduction pathway of tumor cell proliferation and
differentiation has become both tough and exciting recently.
In this process, Tyrosine Protein Kinase (TPK), as one of
the effective potential target spots, has been studied in a wide
aspect’®. It is an important protein that controls both the
growth and the differentiation of cells”; it also plays a key
role in normal cell division and abnormal cell proliferation®!.

TPK includes three types and one is Receptor Tyrosine
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Kinase (RTK). Meanwhile, as a type of RTK, Epidermal
Growth Factor Receptor (EGFR) has been studied as an
essential target spot for the targeted therapy of epidermal
tumors, aiming to develop some novel EFGR-TPK
inhibitors™. EGFR mediates intracellular signal transduction
and regulates cell proliferation and differentiation. It is
reported that 30% to 50% of epidermal tumors which include
cervical cancer, breast cancer, esophageal cancer, etc. in
humans show overexpression or abnormal mutations!'”). It
may lead to more developed signal transduction of cells,
causing the formation and the development of malignant
tumors.

At the moment, two main EGFR inhibitors, quinazolines
and pyrimidines, have been studied"""). Quinazoline is a kind
of natural alkaloid and its derivatives show many biological

characteristics, such as hypnosis!'!, analgesial'”

[13]

and

These derivatives, which have the
[14]

anti-inflammatory
proved function of anti-cancer' ™, anti-bacteriostatic, anti-
virus, etc., are a recent focus of the research on tumor drugs.
Several anti-cancer drugs using EGFR as their target spot and
also containing such derivative structure have been marketed,
representing the first and second generation EFGR inhi-

bitors!",

The first-generation EGFR inhibitors include
Gefitinib, Erlotinib, Lapatinib, and so on!'®!. These reversible
inhibitors can effectively interrupt the downstream signal
transduction of EGFR expression pathway; however, the
emerging drug resistance, particularly caused by the T790M
mutation, compromises its efficacy. For better solving this
problem, the second generation of irreversible inhibitors,
such as Neratinib, Dacomitinib, Afatinib and so forth were

developed!'”. Afatinib, as the first irreversible model of the

second generation of EFGR inhibitor approved by the US
Food and Drug Administration (FDA), has achieved to the
Phase III in pancreatic cancer, thyroid cancer and metastatic
renal cell carcinomal'®. However, it has serious side effects,
such as skin rash and gastrointestinal toxicity. The third
generation of pyrimidine EFGR inhibitor therefore came out
in this background!'®). AZD9291 and Rocictinib, for example,
can partly reduce drug resistance and side effects; however,
since its potential side effects still exist, it calls for
continuous efforts. Many teams have synthesized and studied
4-sustituted quinazoline derivatives to understand their

abilities in anti-tumor®®, anti-inflammation!*"

and anti-
virus?? 2. Given the conducted researches, an experiment,
using 4-hydroxyquinazoline as the parent core and taking a
three-step reaction to create 12 novel quinazoline derivatives,
was designed. By evaluating the antitumor ability of the
derivatives and analyzing the relations between the ability
and structures, the experiment below will serve as a possible
academic basis for future study on cancer drugs featured by

quinazoline derivatives.
2 EXPERIMENTAL

2.1 Chemistry

Quinazoline derivatives 4a~4l were synthesized as outlined
in Scheme 1. 4-Hydroxyquinazoline was treated with ethyl
bromoacetate to offer intermediate 2, which was then treated
with hydrazine hydrate to give intermediate 3. 3 separately
reacts with different aldehydes to obtain target compounds
4a~4l. The structures of quinazoline derivatives (Table 1)
were confirmed by '"H NMR and '*C NMR spectra.

Table 1. Structures of Compounds 4a~4l

Compounds n R! R? R®
4a 0 H H OCH;
4b 0 Cl H
4c 0 H Cl H
4d 0 H H Cl
4e 0 H Br H
4f 0 H H Br
4g 1 H H
4h 0 OH H
4i 0 H H OH
4j 0 H H NO,
4k 0 H H H
4l 0 F H H
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Scheme 1: Reagents and conditions: (i) Ethyl bromoacetate, acetone, 50 C, 10 h;
(ii) Hydrazine hydrate, ethanol, 80 °C, 5 h; (iii) Ethanol, aromatic aldehydes, r.t., 2~3 h

4-Hydroxyquinazoline (1 mmol) dissolved in acetone was
heated to reflux for 10 h with ethyl bromoacetate (1 mmol).
After reaction, the mixture was filtered and extracted with
ethyl acetate, and the solvent was evaporated under reduced
pressure to offer intermediate 2. After recrystallization, the
pure intermediate 2 and hydrazine hydrate were added to
anhydrous ethanol and the mixture was refluxed at 80 ‘C for
5 h. The sample was monitored by TLC. The mixture was
poured into ice water mixture (50 mL). After the material was
precipitated, pure intermediate 3 was given by recrystalliza-
tion with anhydrous ethanol. Intermediate 3 added to
anhydrous ethanol was separately reacted with different
aldehydes and a few drops of glacial acetic acid, and the
mixture was stirred for another 2~3 hours until TLC indicated

the complete reaction. The solution was concentrated at

reduced pressure and the crude product was purified by
chromatography on silica gel or recrystallization with anhy-
drous ethanol to offer compounds 4a~4l.
2.2 Invitro antitumor activity related to the structure
The in vitro antitumor activities of test compounds 4a~4l
were evaluated by MTT assay against Hela, MCF-7 and
A549 tumor cell lines at concentrations of 10, 20, 50 and 100
UM. The tested results are shown in Table 2, in which most
compounds exhibited inhibitory activity, and had better
activity against Hela and MCF-7 cells than A549 cells.
Among the 12 compounds, 4a showed the best cytotoxicity
activity with the I1Cs, values to be 10.23, 12.78 and 15.12 uM,
close to the value of the positive control drug Gefitinib (8.84,
7.12,9.44 uM).

Table 2. In vitro Antitumor Activities of Compounds 4a~4l against MCF-7, Hela, A549 Cell Lines

ICs + SD (uM)®

Compounds
MCF-7 Hela A549

4a 12.78 £ 1.78 1023 +1.34 15.12+1.23
4b 30.45 £ 1.66 27.02+0.78 33.87+0.87
4c 24.32+1.80 23.10+1.50 30.7+0.94
4d 18.94+1.79 21.92+1.25 28.12+1.01
4e 28.08 = 0.63 20.68 £0.74 36.54+1.35
4f 22.98 £0.94 1531+1.48 27.13£1.25
49 31.97+0.26 33.08+1.04 >50

4h 2448 £0.70 30.37+£0.67 38.35+048
4i 27.95+1.06 26.22 +1.30 37.12+1.65
4j 21.34+1.26 2446 +1.54 33.76 £0.51
4k 3578 +1.08 30.23+£1.27 >50

41 2378 £1.56 25.89+£0.87 28.86 £0.35
Gefitinib? 8.84+0.19 7.12+0.43 9.44+235

Used as a positive control; ® The ICs) values represent an average of three experiments + SD.

The data indicate that differences in the positions of the
same substituent or the substituents at the same position

cause differences in antitumor activity. Taking MCF-7 cells

as an example, compounds 4b, 4c, and 4d were all replaced
by chloride ions. The antitumor activity of para-substituted

compound 4d (ICsy = 18.94 uM) was better than that of
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meta-substituted compound 4c (ICso = 24.32 uM), while 4c
was also superior to ortho-substituted compound 4b (ICs, =
30.45 uM). After being substituted by the same halogen atom
at different positions, the antitumor activity sequence is
para > meta > ortho.

Compound 41 (ICsy = 23.78 uM), which was replaced by a
fluoride ion in the ortho position, was superior to compound
4b (ICsp = 30.45 uM) in which the ortho position was
replaced by a chloride ion. And compound 4c (IC50 = 24.32
uM) replaced by chloride ion in the meta position was better
4e (ICso = 28.08 M) where the same position was replaced
by a bromide ion. When the same position is substituted by a
different halogen atom, the antitumor activity sequence is a
fluorine atom > a chlorine atom > a bromine atom.

The meta positions of compounds 4a, 4i, and 4j were
substituted by methoxy, nitro and hydroxy. 4a (ICso = 12.78
uM) preceded 4j (ICso= 21.34 uM)), which was better than
the 4i (IC5o = 27.95 uM). After the compound is substituted
by a different group, the order of activity is methoxy >
nitro > hydroxy.

Compounds 4g (ICs, = 31.97 uM) and 4k (ICso = 35.78
uM) without a substituent had low antitumor activity. The
data of the other two cells also have the same conclusion.

2.3 Invitro EGFR inhibitory activities

All target compounds (4a~4l) were evaluated for their
inhibitory activities on EGFR using solid-phase ELISA kit,
with Erlotinib as the positive control drug. The results are
summarized in Table 3, which suggested that majority of the
tested compounds exhibited sufficiently potent anti-cancer
activity. Among them, although compound 4a displayed the
most significant EGFR inhibitory activity with ICs, value of
2.8 uM, weak to the reference EGFR selective inhibitor
Erlotinib (ICsy = 1.42 uM).

The following structure-activity relationship (SAR) studies
were performed to determine how the substituents affect the
EGFR inhibitory activity. When substituents R' and R?
remained unchanged, selection of different substituents R’
against EGFR indicated strong electron-donating groups are
preferable than the electron-withdrawing groups, comparing
compound 4a (ICso= 2.80 M) = 4i (IC5o= 2.80 M) > 4d
(ICso= 4.3 pM) > 4f (IC50= 5.6 M) > 4j (IC5p= 42 PM).
Similarly, when the ortho-position of A ring was substituted
by electron-donating group, the EGFR inhibitory activity was
also better than the electron-withdrawing groups. The above
analysis suggested that electron-donating groups substituted
on the para-position or ortho-position of A ring play a crucial

role in the inhibitory activity.

Table 3. Inhibition Activities of Compounds 4a~4l against EGFR

Compounds ICso (UM)?
Compounds
EGFR" EGFR"

4a 2.8 4h 4.6
4b 6.3 4i 2.8
4c 18.1 4 42
4d 5.6 4k 32
4e 8.9 41 10.2
4f 43 Erlotinib 1.42
4g 9.6

& Errors were in the range of 5~10% of the reported values, from three different assays.

® Human recombinant enzymes, by the esterase assay (4-nitrophenylacetate as substrate).

2.4 Compound 4a inducing apoptosis in the Hela cells
Compound 4a with the best antitumor activity was selected
for apoptosis study against Hela cells, which was analyzed by
flow cytometry after staining with Annexin V-FITC and PL
The experimental groups of drug concentration gradient were
designed. Fig. 1 shows that 4a can induce apoptosis in Hela
cells. There were fewer apoptotic and dead cells in the blank

group without drug and the normal cells grew well. A

dose-dependent increase in the percentage of apoptotic cells
was evaluated after the cells were treated with compound 4a
for 24 h at different concentrations of 2, 4 and 8§ uM. The
proportion of death was 17.15%, 25.5% and 34.6% along
with the concentration gradient. The results confirmed that
compound 4a could effectively induce apoptosis in Hela cells,

indicating its good apoptosis-inducing activity.
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Annexin V-FITC

Fig. 1. Apoptosis rate of Hela cells treated with 4a (0, 2, 4 and 8 uM) for 24 h

2.5 Compounds 4a~4l with low cytotoxicity
The cytotoxicity study was carried out for further informa-

tion about the biosecurity. Gefitinib was used as a positive

control. As shown in Table 4, these compounds had little
cytotoxicity similar to or lower than the positive control drug

and were potentially antitumor drugs with low toxicity.

Table 4. Cytotoxicity Assay by Compounds 4a~4l

Compounds CCso SD (M) Compounds CCso SD (MY
293T 293T

4a 243.05+1.23 4h 22543 £ 1.44
4b 198.46 £ 0.43 4i 207.54 +1.85
4c 213..13+1.86 4j 223.77+3.27
4d 215.58+1.78 4k 213.75+1.89
4e 234.26 £ 1.87 41 218.07 £2.64
4f 216.14+1.27 Gefitinib 231.23 £ 1.56
49 186.47 + 1.67

¢ The averaged values determined by three separate determinations.

3 RESULTS AND DISCUSSION

3.1 Materials and measurements

All chemical agents were analytically pure and used
without further purifications. All of them were available on
market and purchased from Aladdin or Sinopharm without
special instructions. The solution was concentrated at reduced
pressure by a rotary evaporator (Chang cheng, Zhengzhou).
Bruker's DPX600 NMR spectrometer was used to get 'H
NMR and *C NMR spectra. Chemical shifts were expressed
in ppm (TMS as internal standard) and coupling constants (J)
in Hz. Melting points were measured using Tektronix Melting
Point Instrument-XT4. All cell experiments were operated in
a BCN-1360 ultra clean bench, and cells were incubated in a

Heracel CO, incubator. The light absorption (OD value) was

measured by a microplate reader (TECAN, Austria). Flow
cytometry studies were carried out by a FACSAria 11l flow
cytometer (BD).
3.2 General procedure for the synthesis of compound 2
Compound  4-hydroxyquinazoline (2 mmol), ethyl
bromoacetate (2 mmol) and acetone (10 mL) were added to a
25 mL round bottom flask under stirring and the reaction was
stirred at 50 “C for 10 h, and then poured onto distilled water.
The reaction mixture was extracted with ethyl acetate (100
mL x 3) and water (100 mL x 3) and dried under vacuum.
The resulting solid was dissolved in absolute ethanol to give
crystalline intermediate 2.
3.3 General procedure for the synthesis of compound 3
Intermediate 2 (1 mmol), absolute ethanol (15 mL) and

hydrazine hydrate (I mL) were added to a 25 mL round
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bottom flask under stirring and the reaction was stirred at
80 C for 5 h, and then poured into water and filtered. The
solid was washed with distilled water (3 x 50 mL) and dried
under vacuum. The resulting solid was dissolved in absolute
ethanol to give crystalline intermediate 3.
3.4 General procedure for the syntheses

of compounds 4a~4l

A solution of intermediate 2 (0.8 mmol) and aromatic
aldehydes (0.8 mmol) in absolute ethanol (10 mL) was stirred
at room temperature for 3 h. The reaction mixture was
concentrated under reduced pressure. The crude product was
purified by silica gel column chromatography (Vgoac/Veg =
1:1) to give compounds 4a~4l.

3.4.1 (E)-N"-(4-methoxybenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4a)

White solid, 0.153 g, yield: 57%, melting point:
126.8~127.7 *C. 'H NMR (DMSO-ds, 600 MHz) 6 11.23 (s,
1H), 11.12 (s, 1H), 8.08 (s, 1H), 7.92 (s, 1H), 7.58~7.62 (m,
2H), 6.98~7 (m, 3H), 3.79 (s, 3H), 3.34 (s, 1H), 2.17 (s, 2H),
1.93 (s, 1H); *C NMR(151 MHz, CDCly) 6 176.92, 170.53,
165.87, 165.68, 150.72, 150.59, 147.63, 147.52, 133.73,
133.37, 132.11, 119.51, 119.45, 60.48, 60.47, 45.14, 44.86,
44.30, TOF MS EI" m/z: 336.3.

3.4.2 (E)-N"-(2-chlorobenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4b)

White solid, 0.183 g, yield: 67%, melting point:
135.3~135.7 “C. '"H NMR (DMSO-ds, 600 MHz) § 11.61 (s,
1H), 11.45 (s, 1H), 8.53 (s, 1H), 8.38 (s, 1H), 7.93~7.99 (m,
1H), 7.50~7.52 (m, 1H), 7.40~7.43 (m, 3H), 3.34 (s, 1H),
2.22 (s, 2H), 1.97 (s, 1H); *C NMR(151 MHz, CDCl;) &
177.34, 170.96, 146.66, 143.75, 143.71, 138.20, 136.75,
136.24, 135.09, 132.77, 131.94, 131.73, 45.15, 44.73, 44.45,
26.88, 25.48, TOF MS EI" m/z: 340.8.

3.4.3 (E)-N™-(3-chlorobenzylidene)-2-
quinazolin-4-yloxy)acetohydrazide (4c)

White solid, 0.190 g, yield: 70%, melting point:
165.9~166.5 ‘C. '"H NMR (DMSO-dg, 600 MHz) o 11.44 (s,
1H), 11.31 (s, 1H), 8.07 (s, 1H), 7.90 (s, 1H), 7.66~7.68 (d, J
= 11.4Hz, 1H), 7.55~7.59 (m, 1H), 7.39~7.41 (m, 3H), 3.28
(s, 1H), 2.15 (s, 2H), 1.90 (s, 1H); *C NMR(151 MHz,
CDCly) § 177.35, 171.00, 149.14, 146.12, 141.86, 138.35,
135.88, 134.67, 131.43, 131.20, 130.65, 45.00, 44.73, 44.87,
44.45,26.85,25.49, TOF MS EI" m/z: 340.8.

3.4.4 (E)-N"-(3-chlorobenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4d)
White solid, 0.196 g, yield: 72%, melting point:

146.5~147.2 °C. '"H NMR (DMSO-ds, 600 MHz) d 11.43 (s,
1H), 11.31 (s, 1H), 8.13 (s, 1H), 7.97 (s, 1H), 7.67~7.71 (m,
2H), 7.48~7.50 (m, 2H), 3.34 (s, 2H), 2.20 (s, 2H), 1.95 (s,
1H); *C NMR(151 MHz, CDCls) 6 177.23, 170.87, 149.51,
146.45, 139.48, 139.25, 138.55, 138.46, 134.08, 133.78,
133.47, 45.01, 44.87, 44.73, 44.45, 26.86, 25.45, TOF MS
ET"m/z: 340.8.

3.4.5 (E)-N"-(3-bromobenzylidene)-2-

(quinazolin-4-yloxy)acetohydrazide (4¢€)

White solid, 0.188 g, yield: 61%, melting point:
163.9~165.4 'C. "H NMR (DMSO-dg, 600 MHz) 6 11.50 (s,
1H), 11.36 (s, 1H), 8.11 (s, 1H), 7.95 (s, 1H), 7.88 (s, 1H),
7.85 (s, 1H), 7.65~7.68 (m, 1H), 7.58~7.60 (m, 1H),
7.37~7.41 (m, 1H), 3.34 (s, 1H), 2.20 (s, 2H), 1.96 (s, 1H);
BC NMR(151 MHz, CDCly) 6: 177.34, 171.00, 149.03,
148.89, 146.04, 145.92, 142.09, 137.56, 136.19, 134.32,
133.97, 131.23, 127.32, 45.01, 44.73, 26.85, 25.51, TOF MS
EI" m/z: 385.2.

3.4.6 (E)-N"-(4-bromobenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4f)

White solid, 0.188 g, yield: 61%, melting point:
51.8~152.6 "C. '"H NMR (DMSO-ds, 600 MHz) 6 11.44 (s,
1H), 11.32 (s, 1H), 8.12 (s, 1H), 7.95 (s, 1H), 7.63 (s, 2H),
7.61-7.62 (d, J = 2.52Hz, 3H), 3.34 (s, 1H), 2.20 (s, 2H), 1.95
(s, 1H); *C NMR(151 MHz, CDCly) 6 177.24, 170.88,
149.59, 146.55, 146.44, 138.89, 136.98, 134.02, 133.71,
128.25, 128.00, 45.01, 44.87, 44.59, 44.45, 26.86, 25.45,
TOF MS EI' m/z: 385.2.

3.4.7 N'-((1E,2E)-3-phenylallylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4g)

Yellow solid, 0.194 g, yield: 73%, melting point:
159.5~160.7 °C. 'H NMR (DMSO-d,, 600 MHz) ¢ 11.15 (s,
1H), 7.80~7.81 (d, J = 7.86Hz, 1H), 7.58~7.60 (d, J = 7.32Hz,
3H), 7.36~7.39 (m, 3H), 6.94~7.00 (m, 2H), 3.35 (s, 1H),
2.12 (s, 3H), 1.92 (s, 2H); *C NMR(151 MHz, CDCl;) ¢
172.15, 165.9, 148.00, 145.59, 138.95, 138.63, 136.40,
129.29, 129.20, 129.14, 127.45, 126.10, 125.74, 40.26, 40.12,
39.98, 39.70, 22.08, 20.72, TOF MS EI" m/z: 332.4.

3.4.8 (E)-N"-(2-hydroxybenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4h)

White solid, 0.172 g, yield: 67%, melting point:
193.5~195.2 °C. '"H NMR (DMSO-dg, 600 MHz) ¢ 11.19 (s,
1H), 8.33 (s, 1H), 8.26 (s, 1H), 8.33 (s, 1H), 7.49~7.50 (d, J =
8.82Hz, 1H), 7.22~7.29 (m, 1H), 6.85-6.91 (m, 3H), 3.33 (s,
1H), 2.18 (s, 2H), 1.97 (s, 2H); '*C NMR(151 MHz, CDCl5)
0 176.72, 170.62, 162.51, 161.56, 151.42, 146.10, 145.97,
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136.41, 134.63, 131.96, 125.21, 124.50, 123.80, 121.56,

44.99, 26.58, 25.56, TOF MS EI' m/z: 322.3.

3.4.9 (E)-N"-(4-hydroxybenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4i)

Yellow solid, 0.154 g, yield: 69%, melting point:
238.3~239.9 C. 'H NMR (DMSO-ds, 600 MHz) & 11.04 (s,
1H), 9.85 (s, 1H), 7.88 (s, 1H), 7.47~7.50 (m, 3H),
6.80~6.82(m, 3H), 3.35 (s, 1H), 2.16 (s, 3H), 1.91 (s, 1H);
BC NMR (151 MHz, CDCly) & 172.06, 165.68, 159.67,
159.47, 146.35, 143.26, 129.14, 128.76, 125.77, 116.11,
116.08, 40.24, 39.96, 39.82, 39.68, 22.07, 20.70. TOF MS
EI' m/z: 322.3.

3.4.10 (E)-N’-(4-nitrobenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4j)

Yellow solid, 0.160 g, yield: 57%, melting point:
173.8~174.9 °C. '"H NMR (DMSO-d,, 600 MHz) 6 11.68 (s,
1H), 11.56 (s, 1H), 8.25~8.29 (m, 3H), 8.08 (s, 1H),
7.91~7.95 (m, 3H), 3.34 (s, 1H), 2.24 (s, 2H), 2.0 (s, 1H); *C
NMR (151 MHz, CDCl3) J 172.83, 166.49, 148.16, 147.99,
143.54, 141.23, 141.09, 140.59, 128.30, 127.98, 124.48,
40.25, 39.97, 39.83, 39.69, 22.15, 20.69, TOF MS EI' m/z:
351.32.

3.4.11 (E)-N"-benzylidene-2-(quinazolin-4-
yloxy)acetohydrazide (4k)

White solid, 0.186 g, yield: 57%, melting point:
133.4~134.9 “C. '"H NMR (DMSO-d,, 600 MHz) 6 11.37 (s,
1H), 11.25 (S, 1H), 8.14 (S, 1H), 7.98 (S, 1H), 7.65~7.68 (m,
2H), 7.40~7.44 (m, 4H), 3.33 (S, 1H), 2.20 (S, 2H), 1.95 (S,
1H); "*C NMR (100 MHz, CDCl;) ¢ 177.17, 170.80, 150.83,
150.70, 147.75, 147.63, 139.58, 139.51, 134.86, 134.00,
132.16, 131.84, 45.00, 44.73, 44.45, 26.86, 25.46, TOF MS
EI" m/z: 408.8.

3.4.12 (E)-N’-(2-fluorobenzylidene)-2-
(quinazolin-4-yloxy)acetohydrazide (4)

White solid, 0.110 g, yield: 74%, melting point:
132.1~134.3 °C. '"H NMR (DMSO-d,, 600 MHz) 6 10.56 (s,
1H), 10.42 (s, 1H), 7.47 (s, 1H), 7.24 (s, 1H), 6.93~6.90 (m,
1H), 6.51~6.4 (m, 1H), 6.33~6.29 (m, 3H), 1.55~1.54 (m,
2H), 1.25 (s, 1H), 1.00 (s, 1H). *C NMR (151 MHz, CDCl;)
J 172.53, 166.14, 161.95, 161.84, 160.30, 138.73, 135.78,
131.97, 126.71, 126.52, 125.34, 122.32, 116.46, 40.09, 39.81,
22.10, 20.64, TOF MS EI" m/z: 324.3.

4 BIOLOGICAL ASSAYS

4.1 Cell culture

A549, Hela and MCF-7 tumor cell lines were cultured in
dulbecco's modified eagle medium (DMEM) containing 10%
fetal calf serum (Sijiging Technologies) and 1% antibiotics
(100 units/mL penicillin and 100 mg/mL streptomycin),
incubated at 37 ‘C in a 5% CO, incubator. Cells were
collected after digestion by trypsin (Sigma) and the
supernatant was discarded after centrifugation at 1100 RPM
for 5 min.

4.2 Anti-tumor activity test

The in vitro anti-tumor potency of test compounds 4a~4l
was evaluated by MTT assay against A549, Hela, MCF-7
tumor cell lines, with Gefitinib as the positive control.

A bottle of cells that have just grown into a complete
monolayer was collected. Then two drops of cell suspension
were dyed by Trypan Blue and the number of viable cells was
calculated under the microscope (The number of dead cells
should not exceed 5%). And the density of cells was adjusted
to 1 x 10° cells/mL with complete medium. Cell suspension
(100 uL) were seeded into each well in a 96-well plate and
incubated in a CO, incubator for 12 hours. Then the cells in
each well were treated with the sample of indicated
concentrations (100 uL) for another 24 hours. The final
concentration of the drug was 10, 20, 50, 100 uM, and each
group was repeated in six wells. We also designed a blank
group without solution, a no-dosing group with solution and
cells and a positive control group treated by Gefitinib, a
first-generation EFGR inhibitor. 10 xL MTT (5 mg/mL) was
added to each well, and the mixture was shaken and cultured
for 4 hours. The light absorption (OD value) of each well was
measured by a microplate reader (TECAN, Austria) followed
by three repeats, and the excitation wavelength was at 490
nm. The ICs, value of the drug for selected cell proliferation
was calculated according to the OD value of each well.

4.3 Invitro EGFR inhibition assay

The ability of the synthesized compounds to inhibit EGFR
was determined by ELISA Kit. Compounds 4a~4l were
dissolved in 100% DMSO and diluted to the appropriate
concentrations with 25 mM HEPES at pH 7.4. In each well,
10 pL compound was incubated with 10pL (5 ng for EGFR)
recombinant enzyme (1:80 dilution in 100 mM HEPES) for
10 min at room temperature. Then, 10pL of 5 mM buffer
(containing 20 mM HEPES, 2 mM MnCl,, 100 pMNa;VO,,
and 1 mM DTT) and 20 pL of 0.1 mM ATP-50 mM MgCl,
were added for 1 h. Positive and negative controls were
included in each plate by incubation of enzyme with or

without ATP-MgCl,. At the end of incubation, liquid was
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aspirated, and plates were washed three times with wash
buffer. A 75pL (400 ng) sample of europium labeled
anti-phosphotyrosine antibody was added to each well for
another 1 h of incubation. After washing, enhancement solu-
tion was added and the signal was detected by Victor (Wallac
Inc.) with excitation at 340 nm and emission at 615 nm. The
percentage of auto-phosphorylation inhibition by the com-
pounds was calculated using the following formula: 100%-
[(negative control)/(positive control-negative control)]. The
ICso was obtained from curves of percentage inhibition with
eight concentrations of compound. As the contaminants in the
enzyme preparation are fairly low, the majority of the signal
detected by the anti-phosphotyrosine antibody is from EGFR.
4.4 Apoptosis test

In order to confirm whether 4a was also responsible for the
induction of apoptosis, Hela cells were co-stained with
Annexin-V FITC and PI, and the number of apoptotic cells
was estimated by flow cytometry.

Hela cells in the logarithmic phase were collected and
adjusted to a concentration of 1.0 x 10°cells/mL. Cells were
seeded at 6-well plates at 2 mL per well. After plates were
incubated inside the CO, incubator at 37 ‘C for 12 hours,
compound 4a with the strongest inhibitory activity was added
as the apoptosis induction drug, and the drug concentrations
were 0, 2, 4, and 8 uM. Equivalent cell suspension was added
to blank control. After another 24 hours, the cells were
washed twice with cold Phosphate Buffered Saline (PBS) and
then resuspend cells in Binding Buffer (500 wxL). FITC
Annexin V (5 mL) and propidium iodide (PI, 5 mL) were
added to each well. Cells were gently vortexed incubated for
15 min at room temperature (25 ‘C) in the dark. The cells

were transferred into polypropylene tubes and analyzed by a

REFERENCES

FACSAria III flow cytometer. Data analysis and plotting
were performed using Flowjo 7.6.1 (FACSCA2BUR, Becton
Dickinson, USA).
4.5 Cytotoxicity test

Cytotoxicity was assessed using human embryonic kidney
epithelial cells 293T. 293T cells in the logarithmic growth
phase were seeded in 96-well plates 100 uL per well at a
density of 1 x 10 cells/mL. After incubation at 37 °C in a 5%
CO, incubator, LPS was added to LPS control groups and the
normal group without LPS and drug served as a blank control.
In the drug group, after adding different concentrations of the
test drug 4a, LPS (final concentration was 1 mg/L) was added
to stimulate the cells for 24 h, and each group was repeated in
3 wells. After incubation for 24 h, 15 pL of 5 mg/mL MTT
solution was added to each well, and the plates were kept for
4 h at 37 °C in a 5% CO, incubator. Then liquid in the well
was removed, and the crystals generated from viable cell
were dissolved by DMSO (150 uL) in each well. The plates
were swirled gently for 8~10 min to dissolve the precipitate,
and quantified by measuring the optical density (OD) of each

well at a wavelength of 570 nm using a microplate reader.

5 CONCLUSION

In summary, we have developed a series of novel
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