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ABSTRACT

Forty-eight analogues of CP-31398, an antitumombageodulated the mutant
p53gene were synthesized and their cytotoxicitiesreggdour cancer cell lines with
different p-53 status including bladder cell T24-g88), gastric cell MGC-803
(m-p53), prostate cell DU145 (m-p53), prostate B€l-3 (null-p53), lung cell A549
(w-p53) and normal liver cell line HL-7702 (w-p53Were examined.
(E)-2-(4-Nitrostyryl)-4-(3-dimethylaminopropyl)-amigoainazoline  {0ah)  was
identified as the most potent compound in antiifgation against MGC-803 cells,
with 1Cs lowed to 1.73M, far potency than that of CP-31398.

Molecular mechanism study revealed th@ah and CP-31398 differ greatly in
mechanism to exert their antitumor properti3ah could intercalate into DNA and
resulted in significant DNA double-strand bredkahtreatment in MGC-803 cells
increased the expression of p53, phosphorylatedpp33), CDK4, p21 to cause cell
cycle arrest at G2/M phase, significantly up-retgpdathe levels of pro-apoptosis
proteins Bak, Bax, Bim while down-regulated thei-apioptosis proteins Bcl-2,
Bcl-xL and the levels of cyclin Biluctuated the intracellular reactive oxygen spgcie
(ROS), C& and mitochondrial membrane potential, activated pass-9 and
Caspase-3 to induce apoptosifiah also displayed potent anticancer efficiency
against MGC-803 xenograft tumors models, with tugrowth inhibition (TGI) up to
61.8% at 20 mg/kg without obvious toxicity.

Keywords 2-Styryl-4-aminoquinazoline; CP-31398, DNA intal@or; Anticancer;
Synthesis



1. Introduction

2-Styryl-4-aminoquinazoline or 2-styryl-4-chlorogazoline derivatives exhibit
diverse bioactivities such as antitumor [1-6], batterial [7-9], analgesic [10],
anti-inflammatory [11], antiprotozoal [12] and amtal activity [13]. The most
famous compound was CP-31398, which had been szpbtwtexert antitumor activity
via restoring the active conformation of mutate® pd rescue its tumor suppressor
functions [2, 14-16], or targeting both the wilddamutant-type p53 and block the
growth of rhabdomyosarcoma [17]. Some more recédysalso indicated that
CP-31398 is able to revers the epithelial mesenahyitnansition via the
downregulation of PAX2s [18], or to down-regulatee tp53 negative regulator
MDMZ2 in certain cancer [19]. Compound KIN-281 andNK236 were reported to

show effects on inhibiting a wide range of tumdeted kinase proteins [1-4] (Fig. 1).
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Fig. 1. Representative bioactive 2-styryl-4aminoquinazolilerivatives reported in literature

Besides anticancer activity, other 2-styryl-4-anguimazoline derivatives such
as compound was identified as promising anti-bacterial ageaatimhibiting the cell
division protein FtsZ [8-9], compouri8 as a highly selective opioid receptor like-1

(ORL1) antagonists [10] (Fig. 1).
Based on the summarization above, it can be semnstight change on the

substituents of 2-styryl-4-aminoquinazoline scaffalan results in great variety of



their bioactivity, which means that spent more gf@n the synthesis and bioactive
evaluation of more novel 2-styryl-4-aminoquinazeBnderivatives, might help to
identify more novel candidates for drug development

As our on going interest on the compounds thatregulate the p53 pathway
[20-21], we decided to synthesize more novel anaegof CP-31398 and then
explore their bioactivity in the aim of identifyingew candidates for new antitumor
drug development. Herein, we report the synthesiyjitro andin vivo anticancer
evaluation of a series of 2-styryl-4-aiminoquinazelderivatives.

2. Results and discussion

2.1. Chemistry
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Schemel. Synthesis of 2-styryl-4-aiminoquinazoline derivas9-11

The preparation of the target compounds were @dlin scheme 1. Stirring the
mixture of 2-aminobenzamide derivativesk and excess anhydride at room
temperature gave the compour@lswhich were further condensed with aromatic
aldehyde in acetic acid at 120 °C to provide3Hein moderate yields.

Heating 3-5 with POC} in the presence dN,N-dimethylaniline in toluene at

115 °C offered the intermedia@e8, respectively. In this step the presenceeofiary



amine as base was necessarily to smoothly finishrdhction, and we found that the
N,N-dimethylaniline was morepreferable than triethylamine or diisopropyl
ethylamine. The intermediat@-8 were very difficult to dissolve in any common
solvents, so their structures could not be charaei® by NMR. Finally, refluxing of
6-8 with amine derivatives in toluene in the preseateatalytic amount of DMAP

furnished the targeted compourg#41in moderate to high yields.

2.2. Biological activity

2.2.1. Antiproliferative activity of compounési1

To obtain more information about the vitro cytotoxic potency of the target
2-styryl-4-aminoquinazoline derivativés1l, five human cancer cell lines from four
different tissue, and in which also include thedatype (w-p53), mutant-type (m-p53)
and null-p53 three status of p53 gene were seldaexaluate the cytotoxicity of
9-11 via MTT assay. Epirubicin and CP-31398 were usetha positive control. The
tested cell included the cancer cell lines T24 nifrbladder, w-p53), MGC-803
(gastric cell, m-p53), DU145 (from prostate, m-p33L-3 (from prostate, null-p53),
A549 (from lung, w-p53), the normal cell line HLOZ (from liver, w-p53) and the

ICsp values was summarized in table 1

Table 1 Structures anth vitro cytotoxicity of compound8-11
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#Results were expressed as means + SD (standardidie)iz four independent experiments.
bC: CP-31398°D: Epirubicin

As shown in table 1, most target compounds displayederate to potent
inhibitory activities against the tested cancet lbeés. Compound40ah, 9bg, 10ba
10bf, 10bg and 11bc exhibited especially potent cytotoxicity aridah display
exceptional efficacy against MGC-803 and T24 cawcedirlines, with G values low
to 1.73 and 1.79M, respectively, almost 8 and 11 folds potency tliaat of its
analogue CP-31398 and close to that of the clirmodtumor drug Epirubicin.

The data in table 1 revealed that the series congmulisplay no much
selectivity to the different p53 status of the aaneell, indicating they can exert their
anti-proliferation via a p53 independent manne20i5 and most recently, some p53
independent antitumor styrylquinoline derivativesrgvalso reported by Musiol and
Mrozek-Wilcziewicz [22-23], which suggested thatedk styrylquinazoline
derivatives, though different in structure to tidquinoline derivatives reported by
Musiol and Mrozek-Wilcziewicz, might share some coom mechanism of action.
Since mutations in the p53 gene are very commaaieers and are closely related to
drug resistance and poor prognosis, compoundsagisil anti-proliferation in a p53
independent manner are often considered to beraigirg class of compounds that
deserve further exploration[23]. In addition, theries compounds demonstrate
somewhat selectivity to certain tissue of cancdlr begeneral, the anti-proliferation

against the T24 and MGC-803 cell lines are moremothan that against the other



three tested cell lines DU145, PC-3 and A549.

The results in table 1 indicated that the side rchaat the 2-styryl-4-
aminoquinazoline scaffold, the substituent on thenyl ring of quinazoline motifs or
the styryl all played very important roles in thaigroliferation, but the substituents
on the three position mentioned above seem sigmitig influence each other, which
means that a seemingly favorable substituent agineposition, might probably
mismatch with another favorable substituent atatier position. These complicated
results of structure-activity relationship (SAR)jgimt attribute to the fact that this
2-styryl-4-aminoquinazoline scaffold, might usuallgt as many kinase inhibitors,
and a very subtle change in structure of the comg®uvould results in the mismatch
with the structural domain of the certain kinask [2

The data in table 1 also indicated thataR Cl b series) seemed more favorable
than H & series), and Ras 4-NQ (10 series) more desirable than 3,4-(QEH9
series) or 3,4-(OCKCH,0)- (11 series) for the cytotoxic activities of the taegpbt
compounds in general. As far as the effects bbRthe cytotoxicity was concerned,
when Ris aprimary amine (seriesxh), a dialkylamine (seriesxa-c andxxf-g ) or a
piperidinyl (series9~11x¢, the cytotoxicity of the compounds and the kimdsR®
seems no much obvious regularities and the onlyiookv SAR of R able to
summarize in table 1 was that compounds with a haimyl (series9-11x8 as R
almost display no any anti-proliferation activiljhe complicated SAR results of this
series 2-styryl-4-aminoquinazoline, suggested thatlentify more potent antitumor
drug candidates based on the 2-styryl-4-aminoqoiivez scaffold, more attention
should be paid to the optimal matching of 2-stylydminoquinazoline matrix
substituents at different positions.

Since compoundOahdisplayed the highest cytotoxicity against theég@gsumor
cells, especially to the MGC-803 and T24 cell linksvas used as a representative

compound to carry out the mechanism studies in MBBE €ell.

2.2.2.10ah intercalate into DNA and significantly induce DNAuble-strand break

DNA is believed to be one of the primary targetshef antitumor drug [24-27].
As many studies reported in literature mainly femi®n how the 2-styryl-4-amino-

quinazoline derivatives affecting and regulating tertain protein kinases [1-4], what



most interest us was whethEdah probably exerted its antitumor activity via target
the DNA and to trigger the cascade reaction oftamior-related pathway in tumor
cells to induce apoptosis [28].

UV-Vis and fluorescence spectrophotometry werdlyingsed to investigate the
interaction ofL0ahwith ct-DNA. The UV-Vis spectra df0ahin the absence (dashed
line) and presence of ct-DNA were shown in Fig. 2A.the Fig. 2A indicatedl0ah
exhibit characteristic absorption pealcat320~335 nm. With the addition of DNA, a
corresponding decrease in the absorption intemsy observed, suggesting th@ah
could bind to the DNA and result in a hypochronyicit

To confirm the interaction mode @Dah with DNA, competitive binding assay
was further performed using the classic DNA intkima ethidium bromide (EB) as a
probe. As shown in Fig. 2B, the addition Idah (the ratio of LO0ah/[DNA]/[EB]
increasing from 0.5: 10: 1 to 5: 10: 1) could olm&ly result in the quenching of
ct-DNA-EB fluorescence intensity. The result indechthatlOah could compete with
EB and replace it to intercalate into ct-DNA [29]dathe quenching constant Kq,

according to the Stern-Volmer quenching equatiaas valculated to be 1.880".

To determine whethedOah can intercalate into intact DNA, agarose gel
electrophoresis assay was further used to investitiee interaction oflOah with
pBR332 plasmid DNA, EB, a well-known of DNA intefator able to directly
intercalate into intact DNA, was used as the pasitontrol. As indicated in Fig. 2C,
a noticeable retardation of DNA movement was olexerwhen the concentration of
10ah was up to 10QuM, suggesting thatOah can directly intercalate into the intact
DNA [29].

The level ofyH2AX, a biomarker of DNA cleavage, was also measuog
Western blotting assay it0ahtreated MGC-803 cells. As depicted in Fig. 2D,
significantly increase in the level gH2AX in 10ahtreated MGC-803 cells was
observed at 2.;M of 10ah indicating thatlOah not only able to intercalate into
DNA but induce substantial DNA double-strand break MGC-803 cells. By
comparing the performance of CP-31398 with thatavhpoundlOahin Fig. 2C and
D, suggesting that even very similarly in struciur@ah and CP-31398 might exert

their antitumor properties via a completely difigrenanner.
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Fig. 2. DNA-binding properties ofl0ah (A) UV/Vis spectra of compoundOah (20 uM) in
Tris-HCI buffer with increasing amounts of ct-DNACttDNA]/[10ah = 0~1.0) at 25 °C. (B)
Fluorescence emission spectra of EB bound with N&0On the absence (dashed line) and
presence of compouridahas competitive agent with increasirdi@fh/[EB] ratios of 0.5: 1 to 5:

1. Inset: Plot ofly/l versus 10ah the quenching constant (Kq) d0ah towards ct-DNA-EB
solution. (C) Gel electrophoresis of pBR322 DNAeafbeing incubated witiOah at the
concentrations of 50-2Q@M for 3 h in Tris-HCI bu’er. 1% DMSO + pBR322 DNA in lane 1 as
negative control, EB + pBR322 DNA in lane 2 as fpsicontrol, Lane 3 is the mixture of
pBR322 DNA and 10@M CP-31398. Other lanes are the mixture of pPBR3RARNd10ah (50,
100, 200 uM), respectively. (D) Immunoblotting analysis gH2AX in CP-31398 and
10ahtreated MGC-803 cells. Whole cell extracts werepared and analyzed by Western blot.
The data are representative of three independgetiexents. *P < 0.05, **P < 0.01, ***P < 0.001

vs the negative control.

2.2.3.10ah activate the53 and induces cell cycle arrest in MGC-803 cells

Since damage in DNA might usually result in thevation of p53[30] to result



in cell cycle arrestlOah and CP-31398 appear differently in interactionhwiitNA,
the different effects ot0ah and CP-31398 in the regulation of some key prstéin
p53 signal pathway and cell cycle were firstly istigated. As shown in Fig. 3A-B,
10ah substantially up-regulated the p53 and p-p53 (#&\®ls in MGC-803 cells at
lowed concentration while slightly enhanced theregpion of its negative regulator
MDMZ2 in p53 signal pathway. The level of some kgglm, cyclin dependent kinases
(CDK) or CDK inhibitor such as cyclin B1, CDK4 ap@1 that are closely-related to
the development in tumor in cell were also reguadty 10ah The cyclin B1 was

significantly down-regulated and the expressio@BK4 and p21 were increased.
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Fig. 3. (A) The expression levels of p53, p-p53 afterttrepof 10ah (B) The expression levels of
p21, MDM2, CDK4 and Cyclin B1 after treating @Dah CP-31398 was used as a positive
control. -actin was used as the loading control. (C) Comddifahinduced cell-cycle arrest in
MGC-803 cells. (D) Cell cycle analysis of MGC-804ls treated with various concentrations of
CP-31398 for 48 h by flow cytometry. The data aspresentative of three independent

experiments. *P < 0.05, *P < 0.01, **P < 0.00%the negative control.



To further determine whethdOah inhibits the proliferation of MGC-803 cells
through cell cycle arrest, flow cytometry was used examine the cell cycle
distribution ofl0ahtreated MGC-803 cells. As shown in Fig. 3C, wlik increase of
concentrations oflOah, the percentage of MGC-803 cells at G2/M phase was
dramatically increased from 7.94% (Control group 18.16% (0.125 uM), 55.43%
(0.25 pM) and 72.67% (0.5 uM) afté@ahtreatment, indicating thdtOah-treatment
would result in remarked G2/M phase arrest in a&ddspendent manner.

In comparation with the results of CP-31398 treattria MGC-803 cells, the
expression of p53, p-p53, MDM2, cyclin B1 and pZkms not to be obviously
affected by CP-31398 at a concentration of BM) only a slight increasing in CDK4
and the cell cycle is arrest in S and G2/M phasg. (BD), suggested that the
mechanism oflOah to exert it anticanceguite differ from that of CP-31398. As the
report [12], PLC/PRL/5 cells (from liver, m-p53g#ated by CP-31398 in a dose of 10
pg/mL (27.6 uM) would result in significantly upg@ating in the MDM2 and p21,
while down-regulating in the cyclin B1 and induciagG1l arrest, indicating that
different cell treated by CP-31398 might have ddfé performance in thejp53

pathway and distribution in cell cycle.

2.2.4.10ah affect the intracellular ROS, Gaand MMP

The balance of intracellular reactive oxygen spe¢ROS) [31] and C&[32]
are very meaningful for the live and the normalgbgl activity of cells, an abnormal
fluctuation of them in cell usually the indicator apoptosis. To determine whether
10ahtreatment MGC-803 cells would induce the produtid ROS and fluctuation
of C&*, MGC-803 cells were treated withl0ah and stained with
2',7-dichloro-dihydrofluorescein diacetate (DCFH-DAudlescent indicators for
ROS) or Fluo-3 AM (fluorescent indicators for aat different doses for 24 h and
the fluorescence intensities were measured.

As depicted in Fig. 4A, the fluorescence intensitiedicating the amount of
ROS were significantly increased, especially wHendose ofLl0ah changed from O

to 0.5uM. While in Fig. 4B, the fluorescence intensitiesigh indicated the level of



intracellular C&" also increased steadily, suggesting t@htreament in MGC-803
cells would result in the increase of intracellUR®S and Cd levels which may be

responsible for apoptosis induction byah
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Fig. 4. (A) The generation of ROS after treatment witah for 24 h. (B) Effects of compound
10ah on the intracellular G4 level in MGC-803 cells. (C) The collapses of mitondrial
membrane potential treatment with compod®dh for 24 h. The data are representative of three

independent experiments. *P < 0.05, *P < 0.01,P*% 0.00lvsthe negative control.

Mitochondrial (MMP) is a criticparameter for

understanding mitochondrial function [33] and tbesl of MMP usually indicate the

membrane potential

mitochondrial dysfunction associated with intringitochondrial apoptosis pathway
[34]. To further get the information related to thathway that mediated the cell
apoptosis induced biOah the change of MMP dfOahtreated MGC-803 cells was
measured by the fluorescent probe JC-1 (5,5 ,@®@&thloro-1,1’,3,3'-tetraethyl-
benzimidazolylcarbocyanine). As shown in Fig. 4€,control group, weak green
fluorescence (p2 region) which indicated a higl¥m was observed. While in
10ahtreated cells the green fluorescence obviouslyeemed in a dose-dependent
manner, indicating the loss in MMP afte@ahtreatment in MGC-803 cells.



2.2.5.10ah regulate the apoptosis related proteins to indutansic apoptosis
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Fig. 5. 10ahinduces cell apoptosis. (A) Apoptosis was detebigdnnexin V-FITC/PI staining
after cells treated with the indicated concentratidd 10ah for 24 h. (B) Morphology detection
with Hoechst 33258 staining. (C) The activatiorCaispase-3/9 by compoud@ah in MGC-803
cells after treatment with 2,8V for 24 h. (D) Immunoblotting analysis of proteiredated to the
mitochondria-mediated intrinsic apoptotic pathwagdmted byl0ah and CP-31398. The data are
representative of three independent experiments< 05, *P < 0.01, **P < 0.00lvs the

negative control.

Apoptosis-inducing is still the basic way of the jamdy of clinical
chemotherapeutic agent to exert their antitumor.détermine whether cell cycle
arrestin MGC-803 cells result in apoptosis, Annexin V—EIPI staining and cell

morphology analysis assay were used to evaluat@pbetosis-inducing effect. As



shown in Fig. 5A, with the increasing b®ahfrom 0 uM, 0. 5 uM, 1.0 uM to 2.5 uM,
the percentages of the apoptotic cells increasaatiaally from 1.7%, 20.9%, 42.5%
to 83.9%, suggested thHbah could strongly induce apoptosis in MGC-803 cdllse
result of cell morphology analysis via Hoechst 332%aining depicted in Fig. 5B,
also clearly indicated thatlOahtreament result in cell shrinkage, nuclear
fragmentation,chromatin condensation while non-treated cells ldisggal dispersal

uniform fluorescence.

To gain more information about the pathway by whi®ah mediated the
apoptosis, the proportion of Caspase-3/9 activeddld after treatment withOah was
examined. As shown in Fig. 5C, the activation osse-3 and Caspase-9 induced
by 10ah was clearly observed, as the proportion of Caspasetivated cells
increased from 1.47% to 22.98% and the Caspaséhtated cells from 2.82% to
57.35% when treating by 2)8V of 10ah These results indicated th@ah induced
apoptosis via a caspase-dependent pathway in MGCEEG.

To gain further insight into the different mechanss of tumor suppression
activity of 10ah and CP-31398 and which death effectors were theamic
participants in the apoptosis signaling afi€®lah or CP-31398 treatment, first the
levels of Bcl-2 family proteins in MGC-803 cells rgemeasured after treated byah
or CP-31398. As shown in Fig. 5D, the expressiomlie of pro-apoptotic proteins
Bim and Bax were significantly up—regulated whilee tlevels of anti-apoptotic
proteins Bcl-2 were down-regulated both in fltah or CP-31398 treatment cells,
merely in CP-31398 treatment cells it needed mayk boncentration of drug, quite
similar to the results in PLC/PRF/5 cell treatedhwCP-31398 report in literature [12].
The most different performance between ftdh and CP-31398 treatment cells
could be observed in their levels of Bak and BcJ-wlhich were changed obviously

in 10ahtreatment cells while almost unchanged in CP-318&&ment.

2.2.5.10ah shows potential anticancer potency in vivo

The anticancer efficiency dfoahin vivo was examined in MGC-803 xenograft
tumors. As shown in Fig. 6A-C, The MGC-803 xenogtamor-bearing nude mice
treated bylOah (10 or 20 mg/kg/2 days) displayed significant turgawth inhibition.
Thein vivo tumor growth inhibition (TGI) oflOahand clinical drug Epirubicin were



35.9% (@O0ah 10 mg/kg/2 days), 61.8%1@ah 20 mg/kg/2 days), and 67.2%
(Epirubicin, 10 mg/kg/2 days), respectively. By qmared with the dose of CP-31398
(0.5 mg/mouse, about 30 mg/kg) treated in PLC/PRigBograft tumors to reach
about 60% TGI [12],10ah need less dose than CP-31398 to obtain satisfiactio
treatment result, confirming the promising anticamnefficiency oflO0ahin vivo. The
potential toxicity of10ah was also investigated by monitoring the weighslos all
tested nude mice. As depicted in Fig. 6D, no olwiobanges in body weight were
found in control group and treatment group duringtteatment, indicating the low

toxicity of 10ahat the therapeutic dosage.

A 1600 B 20-
—a— Vchicle o 3 op sse o,
14004 10ah (10 mglkg) Tumor growth inhibition (TG1/%)
—a—10ah (20 mg/kg) — 35.9 61.8 67.2
8 12004 . Epirubicin (10 mg/kg) 2151
#1000 +
E &0
1 800 ‘_én 1.0 *k
5 600 ]
; E k4 *k
5 4004 S 0.5
g £
2 200 e
0 T T T T T T T y 0.0
VB e R Vehicle  10ah 10ah  Epirubicin
Treated days (10 mg/kg) (20 mglkg) (10 mglkg)
D P>0.05
25 T I
Vehicle a
3 20}
+
10ah W
(10 mg/kg) £
Ry
10ah g 104
(20 mg/kg) >
°
o S5f
Epirubicin o
(10 mg/kg) 0

Vehicle 10ah 10ah Epirubicin
(10 mg/kg) (20 mg/kg) (10 mg/kg)

Fig. 6. The antitumor efficacy afOahin human gastric carcinoma xenograft modelsivo. (A)
Changes in tumor volume of mice from different grewver the observation period. (B) Tumor
weight and tumor growth inhibition after treatingithw 10ah at the end of treatment. (C)
Photographs of excised tumor from vehicle group taeatment groups. (D) Body weight of mice
at the end of treatment. Results are expressdttandan + SD, error bars represented SD, n = 6,
(**) p < 0.01lvsvehicle.

3. Conclusions

In this report, forty eight 2-styryl-4-aminoquindin@s derivatives as the
analogue of CP-31398 were synthesized. Cytotoxevgluation identified th&0ah

as the most promising compound withsdGralues lowed to 1.73:M against



MGC-803 cell lines. The molecular mechanism studiegealed thatlOah and
CP-31398 differ in their mode to interact with DN#&nd their mechanism on
regulation p53 signal pathway, cell cycle and @gbptosis to exert their tumor
suppression activity. The study also revealed ftGah might exert its antitumor
activity via intercalating into DNA, breaking theNA double-strand to activate the
p53 to cause cell cycle arrest, inducing fluctuaiio the level of intracellular ROS,
Cd*and MMP, up-regulating the pro-apoptosis proteirek,BBax and Bim while
down-regulation the anti-apoptosis proteins Bclé &cl-xL to mediate the intrinsic
apoptosis. FurthermordQah also displayed promising anticancer efficiemeywivo
with tumor growth inhibition (TGI) up to 61.8% witlit obvious toxicity. These
results suggest thabah may serve as a promising candidate in developwfembvel

therapeutic agent to treat gastric cancer.

4. Experimental

4.1. General information

All chemicals employed in this work are commergiabailable and were used
as received. Melting points were recorded on WR&iparatus and uncorrected. Thin
layer chromatography (TLC) was performed on sifeaplates 60 F-254 and column
chromatography on silica gel (200~300 mesh) fronanBh of Qindao Marine
Chemical Co., Ltd. NMR spectra were recorded in GPCD;OD and DMSOds on
Bruker Advance (400 MHz, 500 MHz, 600 MHz) with TM& internal standard.
Chemical shifts were recorded dnvalues. HRMS were measured in ESI mode and

the mass analyzer of the HRMS was TOF.

4.2. Compounds synthesis and characterization

4.2.1. General procedure for synthesiof

Compoundl (36.7 mmol) added to acetic anhydride (30 mL) Hreh stirred at



room temperature for 0.5 h (monitored by TIMga/Vpe = 1/2). After completion, 30
mL of water was added to the reaction mixture anecipitations occured. The
precipitate was filtered off and washing succedgiveith saturated NaHC®and
ethyl acetate to give white sold

2-Methyl-4-hydroxyquinazolin€a). White solid, yield 67%, m.p. 174~176
(lit [35]. m.p. 176.5 °C)H NMR (400 MHz, CROD) 6 8.35 (d,J = 8.3 Hz, 1H),
7.72 (ddJ = 7.9, 1.4 Hz, 1H), 7.49~7.43 (m, 1H), 7.15~7.41 {H), 2.15 (s, 3H).

6-Chloro-2-methyl-4-hydroxyquinazolin@b). White solid, yield 79%, m.p.
281~283 °C (lit [36]. m.p. 287 °CIH NMR (400 MHz, CDCJ) 6 10.96 (s, 1H), 8.61
(d, J=8.9 Hz, 1H), 7.73~7.34 (m, 1H), 2.20 (s, 3H).

4.2.2. General procedure for synthesi8eb

The mixture of2 (18.7 mmol) and aromatic aldehyde (22.5 mmol) @ON was
stirred and refluxed for about 12 h (monitored byCT Vea/Vee = 1/2). After
completion, 20 mL of water was added, the resulpreatipitate was filtered off and
washing successively with saturated NaH@@d water to affor@~5

(E)-2-(3,4-Dimethoxystyryl)-4-hydroxyquinazoli(@s). Pale yellow solid, yield
43%, m.p. 251~253 °C (lit [37]. m.p. 265~266 °&),NMR (500 MHz, DMSOds) &
12.21 (s, 1H), 8.10~8.09 (m, 1H), 7.89 J&k 16.1 Hz, 1H), 7.82~7.77 (m, 1H), 7.64
(d,J =8.2 Hz, 1H), 7.47~7.44 (m, 1H), 7.28 (s, 1HR3~7.17 (m, 1H), 7.03 (d, =
8.2 Hz, 1H), 6.90 (dJ = 16.1 Hz, 1H), 3.84 (s, 3H), 3.81 (s, 3H).

(E)-2-(4-Nitrostyryl)-4-hydroxyquinazolin@la). Yellow solid, yield 60%, m.p.
315~317 °C (lit [38]. m.p. >350 °CJH NMR (400 MHz, DMSOds) 6 12.44 (s, 1H),
8.30 (d,J = 8.6 Hz, 2H), 8.13 (d] = 8.0 Hz, 1H), 8.04 (d] = 16.2 Hz, 1H), 7.93 (d}
= 8.6 Hz, 2H), 7.86~7.82 (m, 1H), 7.71 (b= 8.0 Hz, 1H), 7.54~7.50 (m, 1H), 7.20
(d,J=16.2 Hz, 1H).

(E)-2-(3,4-Methylenedioxystyryl)-4-hydroxyquinameli(5a). Gray solid, yield
50%, m.p. 215~217 °C (lit [39]. m.p. 216~217 °@).NMR (400 MHz, DMSO#) &
8.09 (ddJ=8.0, 1.5 Hz, 1H), 7.86 (d,= 16.1 Hz, 1H), 7.81~7.77 (m, 1H), 7.64 {d,
= 8.1 Hz, 1H), 7.49~7.43 (m, 1H), 7.27 (& 1.5 Hz, 1H), 7.15 (ddl = 8.0, 1.5 Hz,
1H), 6.99 (d,J = 8.0 Hz, 1H), 6.84 (d] = 16.1 Hz, 1H), 6.09 (s, 2H).



(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-hydroxyquanodine (3b). Yellow solid,
yield 37%, m.p. 294~296 °GH NMR (400 MHz, DMSOs) § 12.36 (s, 1H), 8.02 (s,
1H), 7.90 (dJ = 16.1 Hz, 1H), 7.81 (dl = 8.6 Hz, 1H), 7.65 (d] = 8.6 Hz, 1H), 7.26
(s, 1H), 7.20 (dJ = 8.3 Hz, 1H), 7.03 (d] = 8.3 Hz, 1H), 6.88 (d] = 16.1 Hz, 1H),
3.83 (s, 3H), 3.81 (s, 3H).

(E)-6-Chloro-2-(4-nitrostyryl)-4-hydroxyquinazolin¢db). Yellow solid, yield
49%, m.p. 352~355 °CGH NMR (400 MHz, DMSOdg) § 12.57 (s, 1H), 8.27 (d, =
8.8 Hz, 2H), 8.06~7.97 (m, 2H), 7.89 (= 8.8 Hz, 2H), 7.83(dd] = 8.7, 2.5 Hz 1H),
7.70 (d,J = 8.7 Hz, 1H), 7.16 (d] = 16.2 Hz, 1H)>*C NMR (100 MHz, DMSOdg) &
161.1, 151.7, 148.1, 148.0, 141.8, 136.7, 135.2,413130.0, 129.1, 125.6, 125.4,
124.7, 123.0.

(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-hydrguinazoline (5b). Yellow
solid, yield 39%, m.p. 357~359 °&H4 NMR (400 MHz, DMSOds) 5 7.95 (d,J = 2.5
Hz, 1H), 7.75 (dJ = 16.0 Hz, 1H), 7.61 (dd, = 8.7, 2.5 Hz, 1H), 7.52 (d,= 8.7 Hz,
1H), 7.27 (dJ = 1.5 Hz, 1H), 7.11 (dd] = 8.0, 1.5 Hz, 1H), 6.97 (d,= 8.0 Hz, 1H),
6.82 (d,J = 16.0 Hz, 1H), 6.06 (s, 2H) (the resonance of Qw&$ not observed in
DMSO-0g).

4.2.3. General procedure for synthesi$o8

The mixture of3~5 (6.5 mmol), POGI (32.4 mmol),N,N-dimethylaniline in
toluene was stirred and refluxed for 10 h (mondoby TLC, Vea/Vee = 1/2). After
completion, the solvent was removed under reducedspre and the residue was
purified on silica gel to providé~8

(E)-4-Chloro-2-(3,4-dimethoxystyryl)quinazoliri@a). Yellow solid, yield 76%,
m.p. 167~169.

(E)-4-Chloro-2-(4-nitrostyryl)quinazoling7a). Yellow solid, yield 94%, m.p.
154~15601.

(E)-4-Chloro-2-(3,4-Methylenedioxystyryl)quinaz@i{8a). reddish-brown solid,
yield 90%, m.p. 105-107.

(E)-4,6-Dichloro-2-(3,4-dimethoxystyryl)quinazolingb). Yellow solid, 44%
yield, m.p. 165~167/.



(E)-4,6-Dichloro-2-(4-nitrostyryl)quinazoliné7b). Gray solid, 51% vyield, m.p.
173~17501.

(E)-2-(3,4-Methylenedioxystyryl)-4,6-dichloroquinéine (8b). Yellow solid, 94%
yield, m.p. 236~238/.

These products hardly dissolved in the common stévand can’t be further

structurally characterized by NMR.

4.2.4. General procedure for synthesi®ell

The mixture of6~8 (1.4 mmol), DMAP (0.3 mmol), TEA, amine (0.5 mmai)
toluene was stirred and refluxed for 12 h (mondoby TLC, Vymeor/Voem = 1/10).
The solvent was evaporated under reduced pres$wee tlie reaction was completed,
and the residue was purified by column chromatdagyam silica gel Ymeo/Vocw =
1/20) to affordd~11 The structures were confirmed by NMR and HRMS.

(E)-2-(3,4-Dimethoxystyryl)-4-(2-dimethylaminoedayhinoquinazoline (9aa).
Yellow solid, yield 31%, m.p. 154~156 °&4 NMR (400 MHz, CDCJ) § 7.96 (d,J =
15.7 Hz, 1H), 7.79 (dJ = 8.2 Hz, 1H), 7.72 (dJ = 8.2 Hz, 1H), 7.70~7.66 (m, 1H),
7.40~7.36 (m, 1H), 7.23 (d=1.4 Hz, 1H), 7.16 (ddJ=8.2, 1.4 Hz, 1H), 7.11 (d,=
15.7 Hz, 1H), 6.87 (dJ = 8.2 Hz, 1H), 6.52 (s,1H), 3.93 (s, 3H), 3.90 3&i),
3.82~3.76 (m, 2H), 2.66 (I,= 5.8 Hz, 2H), 2.33 (s, 6HY°C NMR (100 MHz, CDG))
0 161.1, 159.1, 150.3, 149.7, 149.1, 136.8, 13229,8, 128.1, 127.3, 125.1, 121.6,
121.0, 114.0, 111.1, 109.2, 57.6, 55.9, 55.8, 43832. HRMS (ESI)m/z calcd for
CooHaN4O, [M+H]* 379.2129, found 379.2119.

(E)-2-(3,4-Dimethoxystyryl)-4-(2-diethylaminoetlayt)inoquinazoline  (9ab).
Yellow solid, yield 35%, m.p. 141~143 °@&4 NMR (500 MHz, CDCJ) 6 7.97 (d,J =
15.7 Hz, 1H), 7.79 (d] = 8.3 Hz, 1H), 7.70~7.67 (m, 2H), 7.41~7.37 (m),1H24 (d,
J=1.7 Hz, 1H), 7.16 (ddl = 8.3, 1.7 Hz, 1H), 7.11 (d,= 15.7 Hz, 1H), 6.88 (d] =
8.3 Hz, 1H), 6.72 (s, 1H), 3.93 (s, 3H), 3.91 (4),33.80~3.76 (m, 2H), 2.81 ({@,=
6.0 Hz, 2H), 2.65 (q) = 7.1 Hz, 4H), 1.10 (t) = 7.1 Hz, 6H)**C NMR (100 MHz,
CDCl) ¢ 161.1, 159.0, 150.2, 149.7, 149.1, 136.7, 1328,8], 128.1, 127.3, 125.2,
121.5, 120.8, 114.1, 111.0, 109.1, 55.9, 55.8,,54618, 38.1, 12.0. HRMS (ESH)/z



calcd for G4H31N4O, [M+H] ™ 407.2442, found 407.2433.
(E)-2-(3,4-Dimethoxystyryl)-4-(2-diisopropylaminbgl)aminoquinazoling9ag).
Gray solid, yield 25%, m.p. 124~126 °& NMR (500 MHz, CDCY) 6 7.96 (d,J =
15.7 Hz, 1H), 7.79 (d] = 8.3 Hz, 1H), 7.69~7.65 (m, 2H), 7.39~7.36 (m),1H23 (s,
1H), 7.16 (dJ = 8.3 Hz, 1H), 7.10 (d] = 15.7 Hz, 1H), 6.87 (dl = 8.3 Hz, 1H), 3.93
(s, 3H), 3.90 (s, 3H), 3.75~3.69 (m, 2H), 3.18~32 2H), 2.86 (tJ = 5.4 Hz, 2H),
1.10 (d,J = 6.6 Hz, 12H)*C NMR (125 MHz, CDGJ) ¢ 161.1, 158.9, 150.2, 149.7,
149.1, 136.7, 132.3, 129.8, 128.1, 127.3, 125.1,5,2120.6, 114.1, 111.1, 109.2,
55.9, 55.8, 38.8, 20.8. HRMS (ESt)/z calcd for GgHssN4O, [M+H]" 435.2755,
found 435.2747 (the resonance of O-H was not oleservCDCY}).
(E)-2-(3,4-dimethoxystyryl)-4-(1-piperidinylethyt@noquinazoline (9ad).
Yellow solid, yield 43%, m.p. 127~129 °&4 NMR (400 MHz, CDC}) 5 7.96 (d,J
=15.7 Hz, 1H), 7.79 (dl = 7.9 Hz, 1H), 7.75~7.65 (m, 2H), 7.43~7.35 (m),1H23
(d, J = 1.8 Hz, 1H), 7.16 (dd] = 8.3, 1.8 Hz, 1H), 7.10 (d,= 15.7 Hz, 1H), 6.87 (d,
J=8.3 Hz, 1H), 6.78 (s, 1H), 3.93 (s, 3H), 3.913W), 3.82~3.79 (m, 2H), 2.71 (,
= 6.0 Hz, 2H), 2.57~2.46 (m, 4H), 1.68~1.61 (m, AH54~1.46 (m, 2H}’C NMR
(100 MHz, CDC}) ¢ 161.1, 159.0, 150.2, 149.7, 149.1, 136.8, 13228,8] 128.1,
127.3, 125.1, 121.6, 120.8, 114.1, 111.0, 109.7,,5%5%.9, 55.8, 54.2, 37.3, 26.2, 24.4.
HRMS (ESI)m/zcaled for GsHz:1N4O, [M+H] ™ 419.2442, found 419.2434.
(E)-2-(3,4-Dimethoxystyryl)-4-[2-(morpholinyl)etihdminoquinazoline (9ag.
Yellow solid, yield 38%, m.p. 145~147 °éH NMR (400 MHz, CDCJ) § 7.96 (d,J
= 15.7 Hz, 1H), 7.81 (d] = 8.2 Hz, 1H), 7.72~7.67 (m, 2H), 7.43~7.39 (m),1H23
(d,J = 1.7 Hz, 1H), 7.15 (dd] = 8.2, 1.7 Hz, 1H), 7.11 (d,= 15.7 Hz, 1H), 6.87 (d,
J = 8.2 Hz, 1H), 6.52 (s, 1H), 3.93 (s, 6H), 3.8®13(m, 2H), 3.79~3.75 (m, 4H),
2.76 (t,J = 6.0 Hz, 2H), 2.60~2.55 (m, 4Hy°C NMR (100 MHz, CDGJ) 6 161.1,
159.0, 150.2, 149.8, 149.2, 137.0, 132.6, 129.8.22127.2, 125.3, 121.6, 120.7,
113.9, 111.1, 109.1, 67.1, 56.7, 55.9, 55.8, 5340. HRMS (ESI)m/z calcd for
Ca4H20N4O3 [M+H] " 421.2234, found 421.2224.
(E)-2-(3,4-Dimethoxystyryl)-4-(3-dimethylaminoprfpyninoquinazoline (9af).
Yellow solid, yield 33%, m.p. 172~174 °&4 NMR (400 MHz, CROD) 6 8.20~8.18



(m, 1H), 8.09 (dJ = 15.6 Hz, 1H), 7.86~7.81 (m, 1H), 7.69 (= 8.0 Hz, 1H),
7.57~7.53 (m, 1H), 7.30~7.25 (m, 2H), 7.00~6.95 2#), 3.96 (tJ = 6.7 Hz, 2H),
3.89 (s, 3H), 3.86 (s, 3H), 3.65~3.55 (m, 2H), 2(896H), 2.28~2.24 (m, 2H}’C
NMR (100 MHz, CROD) ¢ 160.1, 158.8, 151.4, 149.4, 143.6, 142.0, 13428,2,
126.6, 122.9, 122.5, 122.2, 120.0, 113.0, 111.48,31155.4, 55.2, 55.1, 42.2, 38.1,
24.3. HRMS (ESIm/zcalcd for GaH29N4O, [M+H]* 393.2285, found 393.2274.
(E)-2-(3,4-Dimethoxystyryl)-4-(3-diethylaminoprojahinoquinazoline (9ag).
Yellow sticky solid. This compound deteriorates ilgasand can't be further
structurally characterized by NMR. HRMS (E®i)z calcd for GsHzaN4O» [M+H]”
421.2598, found 421.2592.
(E)-2-(3,4-Dimethoxystyryl)-4-(4-aminobutyl)aminagaeoline (9ah). Yellow
solid, yield 41%, m.p. 177~179 °H NMR (400 MHz, CROD) ¢ 8.03 (dd,J = 8.1,
3.9 Hz, 1H), 7.97~7.86 (m, 1H), 7.71~7.63 (m, ZH%¥5~7.35 (m, 1H), 7.30~7.09 (m,
2H), 7.00~6.91 (m, 2H), 3.93 (s, 3H), 3.87 (s, 3BBO~3.75 (M, 2H), 2.88~2.84 (m,
2H), 1.89~1.82 (m, 2H), 1.77~1.62 (m, 2&jC NMR (100 MHz, CROD) ¢ 161.0,
159.7, 150.3, 149.3, 137.6, 135.4, 132.5, 129.56,02125.4, 125.1, 121.9, 121.4,
113.9, 111.4, 109.8, 55.1, 55.0, 40.2, 40.0, 2Z641. HRMS (ESI)m/z calcd for
C2oH27N4O2 [M+H] T 379.2129, found 379.2125.
(E)-2-(4-Nitrostyryl)-4-(2-dimethylaminoethyl)amopainazoline (10ag. Yellow
solid, yield 45%, m.p. 156~158 °&4 NMR (400 MHz, CDC}) ¢ 8.23 (d,J = 8.6 Hz,
2H), 8.02 (d,J = 15.8 Hz, 1H), 7.83 (d] = 8.3 Hz, 1H), 7.79 (dJ = 8.2 Hz, 1H),
7.76~7.69 (m, 3H), 7.48~7.43 (m, 1H), 7.34 {d= 15.8 Hz, 1H), 6.68 (s, 1H),
3.82~3.77 (m, 2H), 2.71~2.67 (m, 2H), 2.35 (s, 68 NMR (125MHz, CDCJ) &
159.9, 150.0, 147.3, 143.2, 134.1, 133.8, 132.8,212128.4, 127.9, 125.9, 124.1,
121.1, 114.2, 57.5, 45.2, 38.2. HRMS (ESt)z calcd for GoHoNsO, [M+H]*
364.1768, found 364.1751.
(E)-2-(4-Nitrostyryl)-4-(2-diethylaminoethyl)aminaigazoline (10ab). Brown
solid, yield 59%, m.p. 151~153 °&4 NMR (400 MHz, CDCJ) § 8.23 (d,J = 8.8 Hz,
2H), 8.03 (d,J = 15.8 Hz, 1H), 7.83 (dJ = 8.3 Hz, 1H), 7.76~7.69 (m, 4H),
7.48~7.43 (m, 1H), 7.34 (d] = 15.8 Hz, 1H), 6.83 (s, 1H), 3.79~3.74 (m, 2H),



2.84~2.80 (m, 2H), 2.66 (d,= 7.1 Hz, 4H), 1.11 () = 7.1 Hz, 6H)**C NMR (100
MHz, CDCk) ¢ 159.9, 159.1, 149.9, 147.2, 143.1, 134.0, 13332,64, 128.3, 127.8,
125.9, 124.0, 120.8, 114.2, 51.0, 46.7, 38.1, 1HBMS (ESI) m/z calcd for
C2oH26N502 [M+H] " 392.2081, found 392.2072.
(E)-2-(4-Nitrostyryl)-4-(2-diisopropylaminoethyl)anoquinazoline (10aq.
Yellow solid, yield 45%, m.p. 214~216 °é4 NMR (400 MHz, CDC}) 5 8.68 (s,
1H), 8.28 (dJ = 8.0 Hz, 1H), 8.21 (d] = 8.8 Hz, 2H), 7.91 (d] = 15.9 Hz, 1H), 7.79
(d,J = 7.8 Hz, 1H), 7.73~7.70 (m, 3H), 7.53~7.45 (m),IH32 (d,J = 15.9 Hz, 1H),
4.29~4.21 (m, 2H), 3.64~3.55 (m, 2H), 3.36~3.29 2f), 1.41 (d,) = 5.6 Hz, 12H).
¥C NMR (100 MHz, CD{) ¢ 159.4, 159.2, 150.0, 147.4, 143.1, 133.8, 1333,2,
127.9, 127.8, 126.9, 124.1, 122.8, 114.4, 55.73,438.3, 18.8. HRMS (ESIn/z
calcd for G4H3oNs02 [M+H] " 420.2394, found 420.2386.
(E)-2-(4-Nitrostyryl)-4-(1-piperidinylethyl)aminoguazoline (10ad). Yellow
solid, yield 38%, m.p. 166~168 °&4 NMR (500 MHz, CDCJ) ¢ 8.22 (d,J = 8.8 Hz,
2H), 8.01 (d,J = 15.9 Hz, 1H), 7.82 (dJ = 8.0 Hz, 1H), 7.75~7.70 (m, 4H),
7.49~7.44 (m, 1H), 7.33 (d,= 15.9 Hz, 1H), 6.82 (s, 1H), 3.80~3.76 (m, 2HY12(t,
J = 6.0 Hz, 2H), 2.55~2.47 (m, 4H), 1.68~1.62 (m)4H54~1.48 (s, 2H)}*C NMR
(125 MHz, CDC}) ¢ 160.0, 159.1, 150.1, 147.4, 143.2, 134.1, 13332,6, 128.5,
127.9, 126.0, 124.1, 120.9, 114.3, 56.3, 54.3,,2642, 24.4. HRMS (ESin/zcalcd
for CosHo6Ns02 [M+H] " 404.2081, found 404.2075.
(E)-2-(4-Nitrostyryl)-4-[2-(morpholinyl)ethyl]-amimguinazoline(10ag. Yellow
solid, yield 41%, m.p. 189~191 °&4 NMR (400 MHz, CDCJ) ¢ 8.21 (d,J = 8.8 Hz,
2H), 8.00 (d,J = 15.9 Hz, 1H), 7.84 (dJ = 7.9 Hz, 1H), 7.79~7.66 (m, 4H),
7.51~7.43 (m, 1H), 7.33 (d,= 15.9 Hz, 1H), 6.60 (s, 1H), 3.85~3.76 (m, 6HY &,
J = 6.0 Hz, 2H), 2.61~2.56 (m, 4H)®*C NMR (100 MHz, CDGJ) § 159.8, 159.1,
150.0, 147.3, 143.1, 134.1, 133.6, 132.7, 128.5,8.2126.0, 124.0, 120.7, 114.1,
67.0, 56.5, 53.3, 36.9. HRMS (ES¥)/z calcd for GyH2NsO3 [M+H]" 406.1874,
found 406.1869.
(E)-2-(4-Nitrostyryl)-4-(3-dimethylaminopropyl)ansiquinazoline (10af).
Yellow solid, yield 58%, m.p. 161~163 °é4 NMR (500 MHz, CDC}) § 8.62 (s,



1H), 8.33 (dJ = 8.2 Hz,1H), 8.23 (dJ = 8.0 Hz, 2H), 8.06~8.01 (m, 3H), 7.79~7.74
(d,J=7.0 Hz, 1H), 7.71 (d] = 8.3 Hz, 1H), 7.52~7.48 (m, 1H), 7.37 (d= 16.0 Hz,
1H), 3.79~3.74 (m, 2H), 3.21~3.17 (m, 2H), 2.7548), 2.17~2.11 (m, 2H)**C
NMR (125 MHz, CDCJ) ¢ 164.5, 164.5, 164.4, 154.8, 152.1, 148.1, 13938.9
138.0, 133.7, 132.7, 129.2, 128.2, 119.3, 59.93,442.9, 29.0. HRMS (ESIn/z
calcd for GiH24Ns0, [M+H] " 378.1925, found 378.1921.
(E)-2-(4-Nitrostyryl)-4-(3-diethylaminopropyl)amigainazoline (10ag. Yellow
solid, yield 31%, m.p. 130~132 °éH4 NMR (600 MHz, CDCJ) 6 8.90 (s, 1H), 8.21
(d,J = 8.7 Hz, 2H), 7.99 (d] = 15.8 Hz, 1H), 7.82~7.77 (m, 2H), 7.73 {d; 8.7 Hz,
2H), 7.70~7.67 (m, 1H), 7.43~7.39 (m, 1H), 7.32)d, 15.8 Hz, 1H), 3.88~8.85 (m,
2H), 2.83~2.79 (m, 2H), 2.76 (4,= 7.1 Hz, 4H), 2.01~1.96 (m, 2H), 1.17J& 7.1
Hz, 6H). 3C NMR (150 MHz, CDGJ) 6 160.0, 159.4, 149.9, 147.2, 143.3, 134.0,
133.8, 132.5, 128.1, 127.8, 125.7, 124.0, 121.4,51152.9, 46.8, 41.9, 24.0, 10.9.
HRMS (ESI)m/zcalcd for GsHzeNsO» [M+H] " 406.2238, found 406.2231.
(E)-2-(4-Nitrostyryl)-4-(4-aminobutyl)aminoquinaamoé (10ah). Yellow solid,
yield 57%, m.p. 172~174 °¢H NMR (400 MHz, CROD) 6 8.08 (d,J = 8.8 Hz, 2H),
7.98 (d,J = 7.7 Hz, 1H), 7.89 (d] = 15.8 Hz, 1H), 7.71~7.61 (m, 4H), 7.42~7.38 (m,
1H), 7.13 (dJ = 15.8 Hz, 1H), 3.76~3.71 (m, 2H), 2. 87~2.82 PiH), 1.87~1.78 (m,
2H), 1.74~1.66 (m, 2H)*C NMR (100 MHz, CROD) ¢ 159.8, 159.6, 149.1, 147.4,
142.6, 134.7, 132.6, 131.9, 127.7, 126.3, 125.8,5222.0, 114.1, 40.3, 40.2, 27.8,
26.0. HRMS (ESIm/zcalcd for GoH2oNsO, [M+H] ™ 364.1768, found 364.1761 (the
resonance of O—H and H-N-H were not observed igQID).
(E)-2-(3,4-Methylenedioxystyryl)-4-(2-dimethylanetioyl)aminoquinazoline
(11a9. Yellow solid, yield 45%, m.p. 156~158 °&4 NMR (500 MHz, DMSO#dg) ¢
8.33 (s, 1H), 8.24 (d] = 8.2 Hz, 1H), 7.87 (dJ = 15.8 Hz, 1H), 7.75~7.71 (m, 1H),
7.67 (d,J = 8.2 Hz, 1H), 7.47~7.42 (m, 1H), 7.40~7.38 (m, 1AH)14 (d,J = 8.0 Hz,
1H), 7.02 (dJ = 15.8 Hz, 1H), 6.96 (d] = 8.0 Hz, 1H), 6.08 (s, 2H), 3.87~3.83 (m,
2H), 2.92~2.86 (m, 2H), 2.50 (s, 6HJC NMR (125 MHz, DMSOdg) 6 160.6, 159.5,
150.4, 148.5, 148.4, 136.5, 133.0, 131.1, 127.9,82125.4, 123.5, 123.3, 114.4,



108.9, 106.6, 101.7, 57.4, 44.8, 26.8. HRMS (ESYcalcd for GiHa3N4O, [M+H]*
363.1816, found 363.1816.
(E)-2-(3,4-Methylenedioxystyryl)-4-(2-diethylamittod)aminoquinazoline
(11ab). Yellow solid, yield 30%, m.p. 141~143 °éH NMR (400 MHz, CDC}) ¢
7.90 (d,J = 15.8 Hz, 1H), 7.82~7.77 (m, 2H), 7.68~7.64 (iid),17.40~7.36 (m, 1H),
7.16 (d,J = 1.5 Hz, 1H), 7.07~7.02 (m, 2H), 6.80 (= 8.0 Hz, 1H), 5.97 (s, 2H),
3.83 (t,J = 5.6 Hz, 2H), 3.38 (s, 1H), 2.92~2.86 (m, 2HY2(q,J = 7.2 Hz, 4H),
1.13 (t,d = 7.2 Hz, 6H).X*C NMR (100 MHz, CDG)) § 161.1, 159.0, 150.3, 148.2,
148.1, 136.6, 132.4, 131.3, 128.2, 127.6, 125.3.012120.7, 114.1, 108.4, 106.4,
101.2, 77.3, 77.0, 76.7, 51.1, 46.8, 38.1, 12.IMIRESI)m/zcalcd for GzH27N4O;
[M+H]* 391.2129, found 391.2129.
(E)-2-(3,4-Methylenedioxystyryl)-4-(2-diisopropylaoethyl)aminoquinazoline
(11a9. Yellow solid, yield 60%, m.p. 169~171 °éH NMR (400 MHz, CDCJ) ¢
7.93 (d,J = 15.8 Hz, 1H), 7.79 (dl = 7.9 Hz, 1H), 7.70~7.65 (m, 2H), 7.41~7.36 (m,
1H), 7.18 (dJ = 1.6 Hz, 1H), 7.10~7.03 (m, 2H), 6.82 (d= 7.9 Hz, 1H), 5.99 (m,
2H), 3.80~3.65 (m, 2H), 3.25~3.10 (m, 2H), 2.955h, 2H), 1.12 (dJ = 5.4 Hz,
12H).*C NMR (100 MHz, CDG) 6 161.1, 159.0, 150.3, 148.2, 148.1, 136.6, 132.4,
131.3, 128.2, 127.6, 125.3, 123.0, 120.7, 114.8,4.0L06.4, 101.2, 47.7, 42.7, 38.7,
29.7, 20.8. HRMS (ESin/zcalcd for GsHaiN4O, [M+H]* 419.2442, found 419.2434
(the resonance of O-H was not observed in GPCI
(E)-2-(3,4-Methylenedioxystyryl)-4-(1-piperidinyigt)aminoquinazolingllad).
Yellow solid, yield 29%. m.p, 169~171 °&4 NMR (400 MHz, CDC}) 5 7.92 (d,J
= 15.7 Hz, 1H), 7.78 (dd) = 8.3, 0.7 Hz, 1H), 7.74 (dd] = 8.3, 0.7 Hz, 1H),
7.68~7.64 (m, 1H), 7.39~7.35 (m, 1H), 7.17Jd 1.6 Hz, 1H), 7.08~7.02 (m, 2H),
6.85 (s, 1H), 6.80 (dl = 8.0 Hz, 1H), 5.97 (s, 2H), 3.82~3.77 (m, 2HY12:2.67 (m,
2H), 2.53~2.45 (m, 4H), 1.67~1.60 (m, 4H), 1.5251(#, 2H).2*C NMR (100 MHz,
CDCl3) 0 161.0, 159.0, 150.1, 148.1, 148.1, 136.7, 132834,2, 128.0, 127.4, 125.1,
122.9, 121.1, 114.1, 108.4, 106.3, 101.2, 56.92,537.3, 26.0, 24.3. HRMS (ESI)
m/zcalcd for G4H27N4O, [M+H] ™ 403.2129, found 403.2129.

(E)-2-(3,4-Methylenedioxystyryl)-4-[2-(morpholingthyl]-aminoquinazoline



(11a8. Yellow solid, yield 38%, m.p. 245~247 °¢H NMR (400 MHz, CDCJ) ¢
7.93 (d,J = 15.7 Hz, 1H), 7.81 (dl = 8.3 Hz, 1H), 7.72~7.66 (m, 2H), 7.43~7.37 (m,
1H), 7.17 (dJ = 1.6 Hz, 1H), 7.08~7.03 (m, 2H), 6.81 (= 8.0 Hz, 1H), 6.54 (s,
1H), 5.98 (s, 2H), 3.85~3.79 (M, 2H), 3.77)(t 4.4 Hz, 4H), 2.75 (] = 5.9 Hz, 2H),
2.60~2.54 (m, 4H)-*C NMR (100 MHz, CDGJ) § 160.9, 159.0, 150.1, 148.2, 136.9,
132.5, 131.1, 128.1, 127.2, 125.2, 123.0, 120.3,911108.4, 106.3, 101.2, 67.0, 56.6,
53.3, 36.9. HRMS (ESI)m/z calcd for GaH»sN4O, [M+H]* 405.1921, found
405.1918.
(E)-2-(3,4-Methylenedioxystyryl)-4-(3-dimethylanpnopyl)aminoquinazoline
(11af). White solid, yield 43%, m.p. 133~135 *{& NMR (500 MHz, CDC}) § 8.55
(s, 1H) , 7.95 (dJ = 15.7 Hz, 1H), 7.79 (d] = 8.0 Hz, 1H), 7.67 (t) = 7.5 Hz, 1H),
7.59 (d,J= 8.0 Hz, 1H), 7.37 (= 7.5 Hz, 1H), 7.20 (s, 1H), 7.11~7.06 (m, 2H),3%.8
(d, J = 7.5 Hz, 1H), 6.00 (s, 2H), 3.86 (@= 4.4 Hz, 2H), 2.60 (dJ = 4.8 Hz, 2H),
2.38 (s, 6H), 1.91 (s, 2HY*C NMR (125 MHz, CDGJ) ¢ 161.2, 159.3, 150.2, 148.3,
148.2, 136.5, 132.2, 131.3, 128.0, 127.7, 125.8,012121.1, 114.4, 108.4, 106.4,
101.2, 59.9, 45.6, 42.3, 24.9. HRMS (EStyz calcd for GoHosN4O, [M+H]*
377.1972, found 377.1967.
(E)-2-(3,4-Methylenedioxystyryl)-4-(3-diethylamimopyl)aminoquinazoline
(11ag. Yellow solid, yield 49%, m.p. 161~163 °éH NMR (400 MHz, CDC}) ¢
8.75 (s, 1H), 7.93 (d] = 15.7 Hz, 1H), 7.77 (d] = 8.2 Hz, 1H), 7.67~7.63 (m, 2H),
7.38~7.31 (m, 1H), 7.18 (d,= 1.5 Hz, 1H), 7.08 (dd] = 8.1, 1.5 Hz, 1H), 7.05 (d,
= 15.7 Hz, 1H), 6.81 (d] = 8.1 Hz, 1H), 5.98 (s, 2H), 3.87~3.83 (m, 2HY4-2.71
(m, 2H), 2.67 (q) = 7.1 Hz, 4H), 1.93~1.87 (m, 2H), 1.12 Jt= 7.1 Hz, 6H).*°C
NMR (100 MHz, CDC}) ¢ 161.1, 159.2, 150.2, 148.2, 148.1, 136.5, 13232,3]
128.0, 127.7, 124.8, 122.9, 121.4, 114.4, 108.8,41Q101.2, 53.6, 47.1, 42.7, 24.5,
11.5. HRMS (ESI)n/zcalcd for G4H2oN40, [M+H] " 405.2285, found 405.2278.
(E)-2-(3,4-Methylenedioxystyryl)-4-(4-aminobutyljaoquinazoline  (11ah).
Yellow solid, yield 31%, m.p. 182~184 °&4 NMR (400 MHz, CROD) 5: 8.18 (d,J
= 7.8 Hz, 1H), 8.02 (d] = 15.5 Hz, 1H), 7.84~7.80 (m, 1H), 7.67 Jd; 8.2 Hz, 1H),
7.56~7.52 (m, 1H), 7.20 (d,= 1.4 Hz, 1H), 7.14 (dd] = 8.0, 1.4 Hz, 1H), 6.90 (d,



= 15.5 Hz, 2H), 6.84(dJ= 8.0 Hz, 2H), 6.00 (s, 2H), 3.88 (,= 6.6 Hz, 2H),
3.04~3.00 (m, 2H), 1.93~1.86 (m, 2H), 1.84~1.79 Zi). HRMS (ESI)m/zcalcd for
Co1H23N4O, [M+H]" 363.1816, found 363.1809. Because of its poor bslity
compoundLlah could not be characterized B¢ NMR.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(2-dimethyleoethyl)aminoquinazoline
(9ba). Yellow solid, yield 48%, m.p. 170~171 °&4 NMR (400 MHz, CDC}) 6 7.95
(d,J=15.7 Hz, 1H), 7.74~7.70 (m, 2H), 7.63~7.60 (m),1H22 (d,J = 1.8 Hz, 1H),
7.16 (dd,J = 8.3, 1.8 Hz, 1H), 7.07 (d, = 15.7 Hz, 1H), 6.88 (d] = 8.3 Hz, 1H),
6.48 (s, 1H), 3.94 (s, 3H), 3.91 (s, 3H), 3.82~3m72H), 2.70~2.66 (M, 2H), 2.35 (s,
6H). 3¢ NMR (100 MHz, CDG) ¢ 161.3, 158.2, 149.9, 149.2, 148.9, 137.3, 133.2,
130.3, 129.8, 129.6, 126.9, 121.7, 120.6, 114.7,111109.2, 57.5, 55.9, 55.9, 45.2,
38.3. HRMS (ESIn/zcalcd for GoH26CIN4O, [M+H] ™ 413.1739, found 413.1735.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(2-diethylmmethyl)aminoquinazoline

(9bb). Yellow solid, yield 35%, m.p. 133~135 °84 NMR (400 MHz, CDC}) 6 7.95
(d,J = 15.7 Hz, 1H), 7.72 (dl = 8.7 Hz, 1H), 7.64~7.60 (m, 2H), 7.22 (d 1.7 Hz,
1H), 7.16 (dd,) = 8.3, 1.7 Hz, 1H), 7.07 (d,= 15.7 Hz, 1H), 6.88 (d] = 8.3 Hz, 1H),
6.64 (s, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.79~3 2H), 2.81 (tJ = 5.9 Hz, 2H),
2.66 (q,d = 7.1 Hz, 4H), 1.11 (1) = 7.1 Hz, 6H).X*C NMR (100 MHz, CDGJ) &
161.4, 158.2, 149.9, 149.2, 148.9, 137.3, 133.0.313129.8, 129.6, 126.9, 121.7,
120.4, 114.8, 111.1, 109.2, 55.9, 55.9, 51.0, 48883, 12.0. HRMS (ESln/z calcd
for CoaHzoCIN4O, [M+H] * 441.2052, found 441.2052.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(2-diisopgdaminoethyl)aminoquinazo-
-line (9bc). Yellow solid, yield 28%, m.p. 182~185 °&4 NMR (400 MHz, CDCY) &
7.96 (d,J = 15.7 Hz, 1H), 7.72 (d] = 9.2 Hz, 1H), 7.63~7.58 (m, 2H), 7.22 (b=
1.8 Hz, 1H), 7.16 (dd] = 8.3, 1.8 Hz, 1H), 7.07 (d,= 15.7 Hz, 1H), 6.88 (d = 8.3
Hz, 1H), 6.70 (s, 1H), 3.94 (s, 3H), 3.91 (s, 3Bl)4~3.66 (m, 2H), 3.19~3.12 (m,
2H), 2.89~2.83 (m, 2H), 1.12 (d,= 6.5 Hz, 12H)!*C NMR (100 MHz, CDG) 6
161.5, 158.1, 149.9, 149.2, 148.8, 137.3, 133.0,413129.8, 129.6, 126.9, 121.7,
120.3, 114.8, 111.1, 109.2, 56.0, 55.9, 47.8, 380, 20.9. HRMS (ESIn/z calcd
for CoeH34CIN4O, [M+H] " 469.2365, found 469.2364.



(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(1-piperigiethyl)aminoquinazoline

(9bd). Yellow solid, yield 64%, m.p. 85~87 °éH NMR (400 MHz, CDC}) § 7.95 (d,
J = 15.7 Hz, 1H), 7.74~7.70 (m, 2H), 7.63~7.59 (H),17.22 (d,J = 1.8 Hz, 1H),
7.16 (dd,J = 8.3, 1.8 Hz, 1H), 7.06 (d, = 15.7 Hz, 1H), 6.87 (d] = 8.3 Hz, 1H),
6.75 (s, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.83~3M8 2H), 2.72 (tJ = 5.9 Hz, 2H),
2.57~2.50 (m, 4H), 1.70~1.63 (m, 4H), 1.55~1.48 @H). °*C NMR (100 MHz,
CDCl3) 0 161.3, 158.2, 149.9, 149.2, 148.8, 137.3, 1330,3], 129.7, 129.6, 126.9,
121.7,120.8, 114.8, 111.1, 109.2, 56.8, 55.9,,5%B, 37.4, 26.0, 24.3. HRMS (ESI)
m/zcalcd for GsH3oCIN,O, [M+H] ™ 453.2052, found 453.2050.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-[2-(morphoyi)ethyl]-aminoquinazoline
(9be). Yellow solid, yield 52%, m.p. 159~161 °&4 NMR (400 MHz, CDCJ) 6 7.94
(d,J = 15.7 Hz, 1H), 7.74 (d} = 8.8 Hz, 1H), 7.67~7.60 (m, 2H), 7.21 & 1.8 Hz,
1H), 7.15 (dd) = 8.3, 1.8 Hz, 1H), 7.06 (d,= 15.7 Hz, 1H), 6.87 (dl = 8.3 Hz, 1H),
6.43 (s, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.85~31M7 6H), 2.76 (tJ = 6.0 Hz, 2H),
2.61~2.56 (m, 4H)'*C NMR (100 MHz, CDGJ) 6 161.3, 158.1, 150.0, 149.2, 148.8,
137.5, 133.3, 130.4, 129.8, 129.5, 126.7, 121.0,42414.6, 111.1, 109.1, 67.0, 56.7,
55.9, 55.8, 53.4, 37.1. HRMS (ESt)/z calcd for G4H2sCIN4O; [M+H]* 455.1844,
found 455.1849 (the resonance of O—H was not obdan/CDCY}).

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(3-dimethylenopropyl)aminoquinazoline

(9bf). Yellow solid, yield 53%, m.p. 76~78 °éH NMR (400 MHz, CDCJ) 6 8.88 (s,
1H), 7.93 (dJ = 15.7 Hz, 1H), 7.69 (dl = 8.8 Hz, 1H), 7.62~7.57 (m, 2H), 7.22 {d,
= 1.8 Hz, 1H), 7.15 (dd] = 8.3, 1.8 Hz, 1H), 7.06 (d,= 15.7 Hz, 1H), 6.87 (d] =
8.3 Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.87~3182 2H), 2.70~2.66 (M, 2H), 2.44 (s,
6H), 1.97~1.91 (m, 2H)**C NMR (100 MHz, CDGJ) § 161.5, 158.6, 149.8, 149.1,
148.7, 137.1, 132.8, 130.2, 129.7, 129.5, 127.1,712121.2, 115.2, 111.1, 109.2,
59.4, 55.9, 55.9, 45.2, 42.1, 24.3. HRMS (B8l calcd for GsH2gCIN4O, [M+H]*
427.1895, found 427.1896.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(3-diethylenopropyl)aminoquinazoline
(9bg). Yellow solid, yield 24%, m.p. 78~80 °éH NMR (500 MHz, CDC}) 6 9.03 (s,
1H), 7.85 (dJ = 15.7 Hz, 1H), 7.61~7.56 (m, 2H), 7.48~7.43 (id),17.13~7.10 (m,



1H), 7.07~7.03 (m, 1H), 6.97 (d,= 15.7 Hz, 1H), 6.76~6.71 (m, 1H), 3.82 (s, 3H),
3.78 (s, 3H), 3.72~3.67 (m, 2H), 2.59~2.50 (m, 6HJ8~1.72 (m, 2H), 1.04~0.99 (m,
6H). °C NMR (100 MHz, CDGJ) § 161.4, 158.3, 149.7, 149.0, 148.5, 137.0, 132.5,
129.8, 129.8, 129.2, 126.9, 121.5, 121.2, 115.0,(.1109.1, 55.7, 53.6, 46.7, 42.7,
29.6, 24.0, 11.2. HRMS (ESi)/z calcd for GsHz,CIN4O, [M+H] ™ 455.2208, found
455.2206.

(E)-6-Chloro-2-(3,4-dimethoxystyryl)-4-(4-aminobjgyninoquinazoline (9bh).
Yellow solid, yield 45%, m.p. 174~176 °&H4 NMR (400 MHz, CROD) 5 8.11 (d,J
= 2.2 Hz, 1H), 7.88 (d] = 15.7 Hz, 1H), 7.66 (ddl = 8.9, 2.2 Hz, 1H), 7.60 (d,=
8.9 Hz, 1H), 7.21 (dJ = 1.8 Hz, 1H), 7.14 (dd] = 8.3, 1.8 Hz, 1H), 6.96~6.89 (m,
2H), 3.89 (s, 3H), 3.85 (s, 3H), 3.80~3.76 (M, 2&97~2.92 (m, 2H), 1.89~1.82 (m,
2H), 1.81~1.73 (m, 2H)**C NMR (100 MHz, CROD) 6 161.3, 158.8, 150.3, 149.3,
147.9, 138.0, 132.9, 130.3, 129.3, 127.9, 125.0,51214.7, 111.4, 109.7, 55.1, 55.0,
39.9, 39.6, 29.4, 25.8. HRMS (ESt)/zcalcd for GoH26CIN4O, [M+H] " 413.1739,
found 413.1740 (the resonance of O-H and H-N-H weteobserved in CiDD).

(E)-6-Chloro-2-(4-nitrostyryl)-4-(2-dimethylamindwst)aminoquinazoline
(10ba). Yellow solid, yield 53%, m.p. 238~239 °¢éH NMR (400 MHz, CDC}) ¢
8.25~8.22 (m, 2H), 8.01 (d,= 15.9 Hz, 1H), 7.77~7.72 (m, 4H), 7.65 (dds 8.8,
2.2 Hz, 1H), 7.30 (d] = 15.9 Hz, 1H), 6.60 (s, 1H), 3.81~3.76 (m, 2HY12-2.67 (m,
2H), 2.36 (s, 6H)™C NMR (100 MHz, CDCJ) 5 160.1, 158.4, 148.6, 147.5, 143.0,
134.5, 133.4, 131.2, 130.0, 127.9, 124.1, 120.2,9457.4, 45.2, 38.3. HRMS (ESI)
m/zcalcd for GoH2:CINsO, [M+H] ™ 398.1378, found 398.1377.

(E)-6-Chloro-2-(4-nitrostyryl)-4-(2-diethylaminosthaminoquinazoline(10bb).
Yellow solid, yield 39%, m.p. 169~170 °&4 NMR (400 MHz, CDCJ) § 8.24 (d,J =
8.7 Hz, 2H), 8.00 (dJ = 15.8 Hz, 1H), 7.77~7.72 (m, 4H), 7.65 (dds 8.8, 1.8 Hz,
1H), 7.30 (dJ = 15.8 Hz, 1H), 6.97 (s, 1H), 3.82~3.76 (m, 2HR&*2.84 (m, 2H),
2.70 (g,d = 7.1 Hz, 4H), 1.13 (t) = 7.1 Hz, 6H).**C NMR (100 MHz, CDGJ) §
160.1, 158.4, 148.6, 147.5, 143.0, 134.5, 133.4,313130.0, 127.9, 124.1, 120.7,
115.0, 51.1, 46.8, 38.2, 11.6. HRMS (E®)z calcd for GoHpsCINsO, [M+H]*
426.1691, found 426.1690.



(E)-6-Chloro-2-(4-nitrostyryl)-4-(2-diisopropylamaethyl)aminoquinazoline
(10bg). Yellow solid, yield 67%, m.p. 250~251 °éH NMR (400 MHz, CDC)) ¢
8.24 (d,J = 8.7 Hz, 2H), 8.01 (dJ = 15.8 Hz, 1H), 7.78~7.63 (m, 5H), 7.31 {d=
15.8 Hz, 1H), 6.97 (s, 1H), 3.80~3.65 (m, 2H), 3:284 (m, 2H), 2.94~2.86 (m, 2H),
1.14 (d,J = 6.0 Hz, 12H)*C NMR (100 MHz, CDGJ) ¢ 160.2, 158.3, 148.6, 147.5,
143.0, 134.5, 133.5, 133.4, 131.3, 130.0, 127.9,11220.6, 115.1, 42.8, 38.9, 29.7,
20.7. HRMS (ESIn/zcalcd for G4H29eCINsO» [M+H] ™ 454.2004, found 454.2033.

(E)-6-Chloro-2-(4-nitrostyryl)-4-(1-piperidinylethyaminoquinazoline  (10bd).
Yellow solid, yield 76%, m.p. 199~200 °&4 NMR (400 MHz, CDCJ) 6 8.23 (d,J =
8.8 Hz, 2H), 7.99 (dJ = 15.9 Hz, 1H), 7.78 (d] = 2.2 Hz, 1H), 7.76~7.71 (m, 3H),
7.64 (dd,J = 8.9, 2.2 Hz, 1H), 7.29 (d,= 15.9 Hz, 1H), 6.98 (s, 1H), 3.84~3.79 (m,
2H), 2.77~2.73 (m, 2H), 2.60~2.50 (m, 4H), 1.7151(M, 4H), 1.55~1.50 (m, 2H).
13C NMR (100 MHz, CDGJ) ¢ 160.1, 158.4, 148.6, 147.4, 143.0, 134.5, 1333,3,
131.3,129.9, 127.9, 124.1, 120.9, 115.0, 56.8,8%.4, 25.9, 24.2. HRMS (ESY)/z
calcd for G3H2sCINsO, [M+H] ™ 438.1691, found 438.1691.

(E)-6-Chloro-2-(4-nitrostyryl)-4-[2-(morpholinyl)ayllaminoquinazoling(10be).
Yellow solid, yield 70%, m.p. 221~223 °&4 NMR (400 MHz, DMSOds) 6 8.31 (d,
J=2.1Hz, 1H), 8.19 (d] = 8.7 Hz, 2H), 7.92~7.87 (m, 3H), 7.73 (dcs 8.9, 2.1 Hz,
1H), 7.67 (d,J = 8.9 Hz, 1H), 7.28 (dJ = 16.0 Hz, 1H), 3.78~3.72 (m, 2H),
3.60~3.57 (M, 4H), 2.64 (@,= 6.8 Hz, 2H), 2.53~2.49 (m, 4HC NMR (100 MHz,
DMSO-ds) 6 160.2, 158.9, 148.9, 147.4, 143.1, 134.4, 13433,40, 130.1, 130.0,
128.8, 124.4, 122.6, 115.3, 66.7, 57.3, 55.4, 53803. HRMS (ESI)m/z calcd for
C2oH23CINsO3 [M+H] " 440.1484, found 440.1487 (the resonance of O-H nais
observed in DMSQl).

(E)-6-Chloro-2-(4-nitrostyryl)-4-(3-dimethylaminappyl)aminoquinazoline
(10bf). Yellow solid, yield 42%, m.p. 244~246 °@&4 NMR (400 MHz, DMSOdg) ¢
8.59 (t,J = 5.4 Hz, 1H), 8.43 (d] = 2.2 Hz, 1H), 8.23 (d] = 8.8 Hz, 2H), 8.04~7.98
(m, 3H), 7.78 (ddJ = 8.9, 2.2 Hz, 1H), 7.71 (d,= 8.9 Hz, 1H), 7.33 (d] = 15.9 Hz,
1H), 3.76~3.71 (m, 2H), 3.17~3.10 (m, 2H), 2.73§sl), 2.13~2.05 (m, 2H)*C
NMR (100 MHz, CDC}+CDs0OD) ¢ 163.8, 163.0, 151.7, 151.5, 146.7, 139.1, 137.7,



136.1, 135.6, 132.6, 132.0, 128.0, 125.9, 119.(8,5%6.8, 41.7, 28.0. HRMS (ESI)
m/zcalcd for G1H23CINsO, [M+H] ™ 412.1535, found 412.1536.
(E)-6-Chloro-2-(4-nitrostyryl)-4-(3-diethylaminoppgl)aminoquinazoline
(10bg). Yellow solid, yield 41%, m.p. 161~162 °éH NMR (400 MHz, CDC}) ¢
9.38 (s, 1H), 8.23 (d] = 8.1 Hz, 2H), 8.01 (d] = 15.8 Hz, 1H), 7.76 ~ 7.69 (m, 4H),
7.64~7.60 (m, 1H), 7.30 (d = 15.8, 1H), 3.86~3.81 (m, 2H), 2.79~2.75 (m, 2H),
2.71 (q,J = 7.1 Hz, 4H), 1.95~1.88 (m, 2H), 1.17 Jt= 7.1 Hz, 6H)**C NMR (100
MHz, CDCk) ¢ 160.5, 158.6, 148.5, 147.4, 143.2, 134.3, 13333,Q, 130.9, 129.8,
127.9, 124.1, 121.3, 115.3, 54.2, 47.0, 43.3, 28104. HRMS (ESIm/z calcd for
C23H27CINsO, [M+H] " 440.1848, found 440.1847.
(E)-6-Chloro-2-(4-nitrostyryl)-4-(4-aminobutyl)amoguinazoline (10bh).
Yellow solid, yield 40%, m.p. 217~219 °&NMR (400 MHz, DMSOd) § 8.41 (s,
2H), 8.19 (d,J = 8.5 Hz, 2H), 7.99~7.87 (m, 3H), 7.64~7.75 (m).2AH29 (d,J =
15.9 Hz, 1H), 3.67~3.60 (m, 2H), 2.74~2.68 (m, 2HY8~1.70 (m, 2H), 1.60~1.52
(m, 2H).**CNMR (100 MHz, DMSOds)  160.3, 159.0, 148.9, 147.4, 143.2, 134.5,
134.1, 133.4, 130.1, 130.0, 128.9, 124.4, 122.3,4,141.1, 40.8, 29.4, 26.3. HRMS
(ESI)m/zcalcd for GoH21CINsO, [M+H] " 398.1378, found 398.1381.
(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(2-dtimgaminoethyl)aminoquina-
-zoline (11ba). Yellow solid, yield 64%, m.p. 153~154 °GH NMR (400 MHz,
DMSO-ds) 6 8.33 (d,J = 2.2 Hz, 1H), 8.21 () = 5.4 Hz, 1H), 7.83 (d] = 15.8 Hz,
1H), 7.71 (dd,J = 8.9, 2.2 Hz, 1H), 7.64 (d,= 8.9 Hz, 1H), 7.35 (d] = 1.5 Hz, 1H),
7.09 (dd,J = 8.0, 1.5 Hz, 1H), 6.98 (d, = 15.8, 1H), 6.93 (d] = 8.0, 1H), 6.06 (s,
2H), 3.72 (gJ = 6.8, 2H), 2.56 (t) = 6.8 Hz, 2H), 2.24 (s, 6H}*C NMR (100 MHz,
DMSO-0g) ¢ 161.1, 158.8, 149.1, 148.5, 136.9, 133.3, 13029.9, 129.4, 127.6,
123.7, 122.6, 115.1, 109.0, 106.5, 101.8, 58.18.4BRMS (ESI)m/z calcd for
C21H2:CIN4O, [M+H] " 397.1426, found 397.1426.
(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(2-thgaminoethyl)aminoquina-
-zoline (11bb). Yellow solid, yield 69%, m.p. 114~115 °@4 NMR (400 MHz,
CDCl) 6 7.92 (d,J = 15.7 Hz, 1H), 7.72 (d] = 8.7 Hz, 1H), 7.64~7.59 (m, 2H),
7.17~7.15 (s, 1H), 7.07 (d,= 8.0 Hz, 1H), 7.01 (dd] = 15.7, 1H), 6.81 (d) = 8.0



Hz, 1H), 6.65 (s, 1H), 5.99 (s, 2H), 3.75 M= 5.0 Hz, 2H), 2.82~2.79 (m, 2H),
2.69~2.63 (m, 4H), 1.12~1.09 (m, 6H3C NMR (100 MHz, CDG)) 6 161.3, 158.2,
148.9, 148.3, 148.2, 137.1, 133.1, 131.1, 130.8.82127.1, 123.1, 120.4, 114.7,
108.5, 106.4, 101.3, 51.0, 46.8, 38.2, 12.0. HRHESI\m/z calcd for GsH26CIN4O;
[M+H] * 425.1739, found 425.1738.
(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(2-disopylaminoethyl)aminoquina-
-zoline (11bg). Yellow solid, yield 82%, m.p. 175~176 °GH NMR (400 MHz,
CDCly) § 7.93 (d,J = 15.7 Hz, 1H), 7.72 (dl = 9.2 Hz, 1H), 7.63~7.58 (m, 2H), 7.17
(d,J = 1.5 Hz, 1H), 7.08 (dd] = 8.0, 1.5 Hz, 1H), 7.02 (d,= 15.7 Hz, 1H), 6.82 (d,
J = 8.0 Hz, 1H), 6.69 (s, 1H), 5.99 (s, 2H), 3.7853(m, 2H), 3.20~3.12 (m, 2H),
2.89~2.83 (s, 2H), 1.12 (d,= 6.5 Hz, 12H)*C NMR (100 MHz, CDGJ) ¢ 161.4,
158.1, 148.8, 148.3, 148.2, 137.1, 133.1, 131.0.413129.8, 127.1, 123.1, 120.3,
114.8, 108.5, 106.4, 101.3, 47.8, 42.6, 38.9, 26IBMS (ESI) m/z calcd for
Ca2sH30CIN4O2 [M+H] " 453.2052, found 453.2049.
(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(1-pignylethyl)aminoquinazoline
(11bd). Yellow solid, yield 51%, m.p. 105~107 °4 NMR (400 MHz, CDC}) ¢
7.91 (d,J = 15.7 Hz, 1H), 7.74~7.70 (m, 2H), 7.63~7.58 (id),17.16 (s, 1H), 7.07 (d,
J = 8.0 Hz, 1H), 7.01 (d) = 15.7 Hz, 1H), 6.81 (d] = 8.0 Hz, 2H), 5.99 (s, 2H),
3.82~3.76 (m, 2H), 2.71 (§,= 5.5 Hz, 2H), 2.58~2.49 (m, 4H), 1.70~1.63 (m)4H
1.55~1.48 (m, 2H)l.3C NMR (100 MHz, CDG) 6 161.2, 158.2, 148.8, 148.3, 148.2,
137.1, 133.1, 131.1, 130.4, 129.7, 127.1, 123.0,712114.8, 108.4, 106.4, 101.3,
56.8, 54.3, 37.4, 26.0, 24.3. HRMS (ESIyz calcd for G4H26CIN4O, [M+H]"
437.1739, found 437.1738.
(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-[2-(rpbolinyl)ethylJaminoquina-
-zoline(11be. Gray solid, yield 45%. m.p. 109~111 “€&l NMR (400 MHz, CDCJ)
§7.91 (d,J = 15.7 Hz, 1H), 7.74 (d] = 8.8 Hz, 1H), 7.66~7.60 (m, 2H), 7.16 (d=
1.5 Hz, 1H), 7.07 (dd] = 8.1, 1.5 Hz, 1H), 7.01 (d,= 15.7 Hz, 1H), 6.81 (d = 8.0
Hz, 1H), 6.43 (s, 1H), 5.99 (s, 2H), 3.87~3.75 @hl), 2.76 (t,J = 5.9 Hz, 2H),
2.61~2.56 (m, 4H)!*C NMR (100 MHz, CDGJ) 6 161.2, 158.1, 148.8, 148.4, 148.2,
137.3, 133.2, 131.0, 130.5, 129.9, 126.9, 123.9.412114.6, 108.5, 106.4, 101.3,



67.0, 56.7, 53.4, 37.1. HRMS (ESt)/z calcd for G{H2,CIN4O, [M+H] ™ 439.1531,
found 439.1536.

(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(3-dtimgaminopropyl)aminoquina-
-zoline (11bf). Yellow solid, yield 57%, m.p. 150~152 °¢H NMR (400 MHz,
CDCl) ¢ 8.90 (s, 1H), 7.91 (d] = 15.8 Hz, 1H), 7.71~7.68 (m, 1H), 7.60~7.56 (m,
2H), 7.16 (dJ = 1.5 Hz, 1H), 7.07 (dd} = 8.0, 1.5 Hz, 1H), 7.00 (d,= 15.8 Hz, 1H),
6.81 (d,J = 8.0 Hz, 1H), 5.98 (s, 2H), 3.86~3.81 (m, 2HB(t, J = 5.5 Hz, 2H),
2.44 (s, 6H), 1.96~1.89 (m, 2HFC NMR (100 MHz, CDG)) 6 161.4, 158.6, 148.7,
148.2, 148.2, 136.9, 132.8, 131.2, 130.2, 129.5312123.1, 121.2, 115.2, 108.4,
106.4, 101.2, 59.5, 45.2, 42.2, 24.3. HRMS (ERBilk calcd for G,H,4CIN4O;
[M+H] * 411.1582, found 411.1585.

(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(3-thigminopropyl)aminoquina-
-zoline (11bg). Yellow solid, yield 47%, m.p. 132~134 °GH NMR (400 MHz,
CDCl) § 9.17 (s, 1H), 7.91 (d} = 15.7 Hz, 1H), 7.69 (d} = 8.9 Hz, 1H), 7.66 (d] =
2.2 Hz, 1H), 7.57 (dd] = 8.9, 2.2 Hz, 1H), 7.17 (d,= 1.6 Hz, 1H), 7.07 (dd] = 8.0,
1.6 Hz, 1H), 7.01 (dJ = 15.7 Hz, 1H), 6.81 (dJ = 8.0 Hz, 1H), 5.98 (s, 2H),
3.85~3.79 (m, 2H), 2.76~2.72 (m, 2H), 2.69Ja 7.1 Hz, 4H), 1.92~1.85 (m, 2H),
1.15 (t,d = 7.1 Hz, 6H).X*C NMR (100 MHz, CDG)) J 161.5, 158.4, 148.7, 148.2,
148.1, 136.9, 132.7, 131.2, 130.0, 129.6, 127.8.112121.3, 115.1, 108.4, 106.4,
101.2, 54.2, 47.0, 43.1, 24.1, 11.5. HRMS (B84} calcd for G4H2sCIN4O, [M+H]”
439.1895, found 439.1895.

(E)-6-Chloro-2-(3,4-methylenedioxystyryl)-4-(4-aotutyl)aminoquinazoline

(11bh). Yellow solid, yield 65%, m.p. 180~182 °¢H NMR (400 MHz, CROD) &
8.05 (d,J = 2.2 Hz, 1H), 7.82 (d) = 15.7 Hz, 1H), 7.61 (dd] = 8.9, 2.2 Hz, 1H),
7.56 (d,J = 8.9 Hz, 1H), 7.10 (d] = 1.5 Hz, 1H), 7.00 (dd] = 8.0, 1.5 Hz, 1H), 6.83
(d, J = 15.7 Hz, 1H), 6.78 (d) = 8.0 Hz, 1H), 5.96 (s, 2H), 3.70~3.66 (m, 2H),
2.75~2.68 (m, 2H), 1.82~1.73 (m, 2H), 1.64~1.55 gH). *C NMR (100 MHz,
CDs0OD) ¢ 161.2, 158.7, 148.4, 148.4, 147.8, 137.8, 13238,6, 130.1, 127.8, 125.2,
123.0, 121.5, 114.7, 108.0, 105.6, 101.4, 41.06,480.0, 26.1. HRMS (ESIn/z
calcd for GiH2,CIN4O, [M+H]* 397.1426, found 397.1427.



4.3. Cell cytotoxicity assay

Human cancer cell lines T24 (bladder cancer c8FC-803 (gastric cancer
cell), DU145 (prostate cancer cell), PC-3 (prostacer cell), A549 (lung cancer
cell) and human normal liver cell line HL-7702 cltles used in this study were all
obtained from the Institute of Biochemistry and I(Riology, China Academy of
Sciences. They were maintained in DMEM medium (TRM;C-803, A549 and
HL-7702 cell lines), RPMI-1640 Medium (DU145 celhdés) and DMEM-F12
medium (PC-3 cell); all were supplemented with 1B@éat-inactivated fetal bovine
serum (FBS) in a humidified atmosphere of 5%,@037 °C.

The cytotoxicity of target compounds-11, CP-31398 and Epirubicin against
human cancer cell linesnd human normal liver cell line HL-7702 cell lines was
assayed by the microculture tetrozolium (MTT) ass@gmpound®~11, CP-31398
and Epirubicin dissolved in the culture medium witto DMSO to give various
concentrations (1.25, 2.5, 5, 10, 24, respectively) were added to the wells. Control
wells contained supplemented media with 1% DMSQ@e®hcubation for 48 h, MTT
was added and then further incubated for 4 h. Rechdlkie supernatant from each
well and dissolved the purple formazan crystalsatging DMSO in each well. The
plates were swirled gently for 10 min to dissolhe precipitate, and quantified by
measuring the optical density (OD) of the platea atavelength of 570 nm on plate
reader (TECAN, infinite, M1000). Each concentratisas repeated in five wells and
the same experimental conditions were provideallacompounds and MTT analysis

was repeated three times for each cell line.

4.4. Agarose gel electrophoresis assay

The pBR322 DNA was incubated with a range of cotregions of10ah (50,

100, 200uM) in TAE buffer for 3 h. Then, the reaction wasnknated by the

addition of loading buffer. The samples were etgatioresed in a 1% agarose gel and



stained with ethidium bromide before detection. Tinages of the DNA gel were

captured using a BIO—RAD imaging system under U\étxansilluminator.

4.5. Spectroscopic studies on DNA binding

The 2.0 mM ct-DNA stock solution was stored at 4f6€no more than 5 days
before use. CompouriDahwas prepared as 10 mM DMSO stock solutions for DNA
binding studies.

In UV—-Vis absorption spectrometry: the ct-DNA stock siolutwas added into
the working solutions with increasing concentrasiomvherein the [DNA]/Oah|
ration ranging from O to 1 at every 0.1 intervafteA each addition, the solution was
allowed to incubate for 5 min before the absorptsmectrum was recorded. The
absorption spectra were recorded in the range ®F280 nm.

Fluorescence emission spectra were recorded wviiitwidth of 5 nm for i and 5
nm for E,, respectively. The competitive binding researchs warformed with a
mixed solution of the ethidium bromide (EB, i¥) and ct-DNA (20uM) in Tris—
HCI buffer (pH 7.4), while gradually adding the centrations ofLlOahranging from
10 uM to 100uM. For every addition, the test sample was shakeneguilibrated for
5 min, and then the fluorescence emission spectesie wecorded. All the
spectroscopic experiments were performed at 25 UhpoundlOahwas added with

increasing concentrations to give ti®§h|/[DNA] ratios ranging from 0.5: 1 to 5: 1.

4.6. Cell cycle assay

In the cell cycle assay, MGC-803 cells were incabdbr 48 h with10ah (O,
0.125, 0.25, 0.5uM) and CP-3139§0, 1, 5, 10uM), respectively. Untreated and
treated cells were harvested, then washed withghtads-buffered saline (PBS), fixed
and permeabilized in ice-cold 75% ethanol at —20c¥@rnight. The cells were
incubated with RNase at 37 °C for 30 min after vealsWith ice-cold PBS, and finally

stained with propidium iodide (PI) at room temparatfor 10 min in the dark and



immediately analyzed by flow cytometry (Becton Didon). Finally, analysis was

performed with the system software (Cell Quest; BDsciences).

4.7. Apoptosisssay

Cell apoptosis analysis was performed by AnnexirFIVE/PI apoptosis
detection kit (BectorDickinson, USA). Cells were seeded at sterile sethwulture
plates and treated wittDah for 24 h. After treating, cells were harvestecdatd PBS
and collected by centrifugation for 5 min at 10@dnr Cells were resuspended at a
density of 1x1B8cells/mL in 1x binding buffer, stained with AnnexV-FITC and PI
for 30 min at room temperature in the dark, and ediately analyzed by flow

cytometer equipped with a 488 nm argon laser (Beblickinson).

4.8. Hoechst 33258 staining

Cells grown in sterile six-well culture plates wdreated with10ah for the
indicated time. The culture medium containing #0ah was removed, and cells were
fixed in 4% paraformaldehyde for 10 min. After washtwice with PBS, cells were
stained with 0.5 mL of Hoechst 33258 (Beyotime) 3omin and washed twice with

PBS. Nuclear staining was observed with a BioTetatiyn fluorescence microscope.

4.9. Caspase-3/9 activities assay

The measurement of caspase-3/9 activity was peéedrioy CaspGLOW™
Fluorescein Active Caspase-3 and Caspase-9 Stalfiteg respectively. MGC-803
cells were treated with 2.5 uM dDah for 24 h. 1uL of FITC-DEVD-FMK (for
caspase-3) or FITC-LEHD-FMK (for caspase-9) wasedddnd incubated for 1 h at

37 °C, 5% CQ. The analysis was performed using flow cytometgrigped with a



488 nm argon laser. Results were represented ageticent change of the activity

comparing to the control.

4.10. Reactive oxygen species (ROS) generatioly assa

MGC-803 cells were seeded into six-well plates, airdted with10ah at 0.5,
1.0, 2.5uM for 24 h. The cells were harvested, washed walld ®BS, and incubated
with DCFH-DA (Beyotime, Haimen, China) at 37 for 30 min in the dark, and then
washed three times with PBS. Finally, flow cytometeas used for measuring
intracellular ROS generation by detecting the faismence intensity.

4.11. Intracellular C&" measurement assay

MGC-803 cells were seeded into six-well plates, tredted with10ah at 0.5,
1.0, 2.5uM for 24 h. The cells were harvested, washed walld ®BS, and incubated
with Fluo-3 AM at 37(] for 30 min in the dark, and then washed three ginvéh
PBS. Finally, detection of intracellular €awas carried out by flow cytometer

(Becton Dickinson).

4.12. Mitochondrial membrane potential assay

MGC-803 cells were seeded into six-well plates, tredted with10ah at 0.5,
1.0, 2.5uM for 24 h. The cells were harvested, washed walld ®BS, and incubated
with JC-1 at 3701 for 30 min in the dark, and then washed three ginéh wash

buffer. Finally,A ¥m analysis was performed by flow cytometry (Bectaokilhson).
4.13. Western blotting assay
MGC-803 cells (2x1%) were cultured on dish and incubated overnighbieef

experiments. MGC-80 cells were treated wiffah (0.5,1.0, 2.5 uM)CP-31398(5.0

nM) for 24 h, respectively. Cells were harvested bised using the lysis. The cell



extracts were separated by polyacrylamide-SDS galssferred to PVDF membrane,
and probed with primary antibodies as indicatece tembrane was incubated with
antirabbit IgG (AP-linked) and detected by an ECkstern blot system (Kodak,
USA).

4.14. In vivo xenograft model assay

Pathogen-free male BALB/C nude mice aged 6 weeksariGzhou Cavens
Experimental Animal Co., Ltd., Changzhou, China)revaeised to establish the
MGC-803 xenograft model. All animal experiments grerformed in accordance
with the NIH guidelines for the care and use ofolabory animals. The mice were
raised under controlled environmental conditior® Ijllight-dark cycle at 24 °C and
60-85% humidity). Solid tumors were introduced bpcutaneous injection of 5x30
MGC-803 cells into the flank region of the nude mi@e = 6/group). The
tumor-bearing nude mice with tumors at about 80°mrare randomly divided into
the vehicle control group and treatment group (n6/group) and treated via
intraperitoneal injection with vehicle (5% DMSO saline,v/v) or with 10 or 20
mg-kg* of 10ah (dissolved in 0.5 mL DMSO and diluted with 9.5isalto form a
solution of 1.0 mg/mL or 2.0 mg/mL, respectivelyr® days. Epirubicin (dissolved
in 0.5 mL DMSO and diluted with 9.5 mL saline tarfoa solution of 1.0 mg/mL)
was used as a positive control (10 mg*kger 2 days). The tumor size and body
weight of the mice were measured three times a wdak tumor size was determined
by measuring the length) @nd width @) and calculating the volum& € Iw?%2). The
tumor growth inhibition (TGI) were calculated adldavs: TGl = (1 — TWTW,) x
100%, where TWand TW are the tumor weight in the absence and presenissto

compound.

4.15. Statistical Analysis.

All data are shown as mean * standard deviatior) (8ihg two-tailed Studerit



tests ang less than 0.05 was considered as the threshokigoificance.
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Highlights
(1) 48 2-styryl-4-aminoquinazoline as CP-31398 ana og were synthesi zed.
(2) Compounds cleave double-strand DNA and activates p53 pathway.
(3) Induce cell cycle arrest and apoptosis at |low concentration.
(4) Suppress tumor viaa mechanism quite differ from CP-31398.

(5) Display potent antitumor efficiency in vivo with low toxicity.
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