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Abstract

A series of novel 2,4-disubstituted quinazolinesrevesynthesized and evaluated for their
anti-tumor activity against five human cancer cdlMDA-MB-231, MCF-7, PC-3, HGC-27 and
MGC-803) using MTT assay. Among them, compoAndshowed the most potent cytotoxicity against
breast cancer cells. Compoufid also significantly inhibited the colony formati@md migration of
MDA-MB-231 and MCF-7 cells. Meanwhile, compoufd induced cell cycle arrest at G1 phase and
cell apoptosis, as well as increased accumulatfomtoacellular ROS. Furthermore, compoufd
exerted anti-tumor effects in vitro via decreasthg expression of anti-apoptotic protein Bcl-2 and
increasing the pro-apoptotic protein Bax and p58chMnistically, compoun@in markedly decreased
p-EGFR and p-PI3K expression, which revealed tlmapmound9n targeted breast cancer cells via
interfering with EGFR-PI3K signaling pathway. Moldgar docking suggested that compo@mdcould
indeed bind into the active pocket of EGFR. All fivedings suggest that compouBd might be a

valuable lead compound for anti-tumor agents tangdireast cancer cells.
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1. Introduction

The epidermal growth factor receptor (EGFR) playsnaportant role in cellular functions [1-4],
and it is often over-expressed and uncontrolled irariety of human tumor cells [5]. PlI3§pecially
as a downstream protein of EGFR signaling pathwagysregulated in breast cancer, non-small-cell
lung cancer, colorectal cancer and prostate cd6e¥0]. The EGFR-PI3K signaling pathway not only
affects the proliferation, differentiation, invasi@and metastasis of tumor cells, but also playgy k
role in the treatment of tumors [11-14]. Therefotargeting EGFR-PI3K pathway is one of the
effective ways to treat tumors.

Quinazoline derivatives are valued for their diegpharmacological properties such as anti-tumor,
antimalarial, antibacterial, anti-inflammatory, iatnvulsant and anti-diabetic activities [15-19).
recent years, many quinazoline-based compoundstieere approved for clinical use by US Food and
Drug Administration (FDA) including Gefitinib, Eftmib and Lapatinib [20-24] (Fig. 1). Based on the
study of the structure-activity relationship of mazoline derivatives [25], the 4-aminoquinazolingsw
selected as the scaffold to study.

Meanwhile, it has been reported that compolindompound?, and compoun@® have superior
anti-tumor effects on tumor cells, and all of theontain 4-trifluoromethylbenzyloxy group [26-28]
(Fig. 1). Inspired by the results of the above i&tsid 4-trifluoromethylbenzyl was linked to the
sulfhydryl group at position 2 of the quinazoling the principle of molecular hybridization. Thene w
synthesized a series of 2,4-disubstituted quinagsliand evaluated their bioactivity in vitro. Figal
western blotting and molecular docking were perfno explore the possible mechanism of activity

of the compounds on breast cancer cells.
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Fig.1 Anti-tumoragents and design of 2,4-disubstituted quinazalines



2. Results and discussion
2.1. Chemistry

The synthetic strategy to prepare the target comg®is depicted in Scheme 1. Compo&neas
prepared by the reaction of 2-anthranilamide (campa?) with carbon disulfide in the presence of
KOH in ethanol for 36h. Then, compouttdwas acquired from the reaction of compouhavith
4-trifluoromethylbenzyl chloride under basic coimatitin the mixture of KO and 1,4-dioxane for 4h in
84.5% vyield, that was further reacted with phospbearxychloride at 651 for 1h to get compoundin
83% yield. Next, the compouritiwas reacted with different amines to obtain conmg®a-e and9a-v

in 54.7-84.2% yield. Finally, all the target compounekse fully characterized by NMR, *C NMR

and HRMS.
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Scheme 1. Reagents and conditions: (a) £S&OH, EtOH, reflux, 36h; (b) 4-trifluoromethylbeylzchloride, KOH,
H,0, 1,4-dioxane, 901, 4h, HCI; (c) POG] 65 [J, 1h; (d) Alkyl amines, Isopropanol, reflux, 6h) @omatic
amines, DMF, 901, 4h.
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2.2. Evaluation of hiological activity
2.2.1 Antiproliferative activity

In order to explore the anti-tumor effect of thegt compounds, compoun8a-e and9a-v were
evaluated against five human cancer cells, incpditbA-MB-231 (Human breast cancer cell line),
MCF-7 (Human breast cancer cell line), PC-3 (Hurpaostate cancer cell line), HGC-27 (Human
gastric carcinoma cell line) and MGC-803 (Humantigasarcinoma cell line) using MTT assay.

Gefitinib was employed as the positive control. Tésults are shown in Table 1.



Table 1 Cytotoxicity of 2,4-disubstituted quinazolin8a-e and 9a-v against five human cancer cells.

ICso(uM) ®
Compound R
MDA-MB-231 MCF-7 PC-3 HGC-27 MGC-803

8a ~(CHp)sCHs 20.2+1.03 24.30+1.38 19.04£1.28  23.88+1.37 13.1111
8b -(CHp)7CHs 22.34+1.34 26.14+1.41 10.46+1.02  13.40+1.12 1216Bx
8c -(CHp)11CHs >50 >50 26.04£1.28  38.67+1.58 >50
8d -(CH,)1sCH;s >50 >50 >50 >50 >50
8e -(CHy)s 28.38+1.36 >50 25.52+1.40 >50 18.60+1.27
%a CeHs- 18.41+1.26 44.01+1.64 20.01+1.24  26.35+1.42 201734
9 2-CFy-CeHo- >50 >50 34.81+1.54  >50 >50
9c 2-Cl-CeHq- >50 >50 20.43+1.31  >50 >50
ad 2-OCHs-CeHir- >50 >50 14144123  >50 >50
9e 2-OCHCHs-CeHs-  >50 >50 26.23+1.41  >50 >50
of 2-CHs-CeHo 27.05+1.43 37.53%1.57 36.94+1.56  27.53%1.14 241388
9g 3-CR-CeHo- 11.14+1.04 15.32+1.18 12.94+#1.02  11.68+0.45 151067
9h 3-Cl-CeH 18.02+1.25 25.12+1.40 13.42#0.37  19.89+1.17 141585
9i 3-Br-GH- 22.12+1.34 25.57+1.40 8.68+0.77 18.31+1.26 23168%
9 3-NO»CeHq- 31.54£1.49 >50 13.53+1.13  >50 >50
9k 4-F-CoHy- 15.02+1.17 36.29+1.56 7.07+0.63 19.53+1.29 9.6280
9l 4-CI-CeH 15.05+1.56 21.49+1.33 7.11£0.42 14.12+1.28 16178%
9m 4-NO»-CeHy- 8.67+0.93 17.92+1.25 7.90+0.75 16.62+1.22 8.19%0.
9n 4-CFy-CeHo- 5.46%1.02 5.10+0.85 7.88+0.86 7.5620.05 6.170.79
9 4-CHg-CeHa- >50 >50 21.12+#1.32  34.56£1.53 36.11+1.27
9 4-OCHs-CeHa- 15.73+1.19 47.19+1.67 16.70£1.22  23.49+1.37 1817
9q 4-OCHCHsCeHs-  23.03+1.36 >50 32.05+1.62  33.03+1.59 36.98+1.56
or 2,4-OCH-CeHa- >50 >50 32.48+151 >50 >50
9s 2,5-OCH-CeHa- 16.12+1.20 6.99+0.84 >50 >50 8.58+0.93
ot 3,4-OCH-CeHa- 18.85+1.27 >50 14.08+1.14  17.94+1.25 16.26+1.21
9u 3-Cl-4-F-GHs- 14.51+1.14 22.97+1.36 18.60+1.27  14.66+1.16 >50
9v 3,4,5-OCH-CeH,-  >50 >50 7.37+0.86 13.99+1.14 8.24+0.91

Gefitinib® - 8.72+1.10 7.34+0.86 7.99+0.54 12.44+0.87 8.8230.6

2Cells were treated with different concentrationshef compounds for 72h. igvalues are the Mean * SD of three

separate experimenf&ositive control.

In order to explore the structure-activity relasbip, different substituents were introduced to
quinazoline scaffold. As shown in Table 1, mostempounds exerted moderate to excellent cytotoxic
activity against five human cancer cells. Espegiatompound9n showed the most excellent
cytotoxicity against the tested cells (MDA-MB-23ICF-7, PC-3, HGC-27 and MGC-803) withd£
values of 5.46+1.02M, 5.10+0.8mM, 7.88+0.8GM, 7.56+0.0mM and 6.17+0.78M, respectively.
Comparing 9k-n with 90-q, we concluded that compounds with electron-withding groups at

4-position of benzene exhibited better bioactitfitgsn compounds with electron-donating groups. From



the bioactivity data of compoun@b-f, the results revealed that the substituent ats#ipa of benzene
had little cytotoxic activity for cancer cells. #te same time, comparir@a-e with 9k-n, the results
indicated that electron-withdrawing groups at 4#pms of benzene was favorable for the antitumor
activity. Among all target compounds, compowdrd exhibited the most excellent growth inhibition
activity against breast cancer cells. Thereforgriter to investigate the mechanism of these sefies
compounds, compounéin and breast cancer cells (MDA-MB-231 and MCF-7) evaelected for
further study.
2.2.2 Compound 9n suppressed the proliferation of MDA-MB-231and MCF-7 cells

We firstly investigated the impact obmpounddn on cell viability in MDA-MB-231 and MCF-7
cells by MTT assay for 24, 48 and 72h, respectiv@ly displayed in Fig. 2A, the cell viability
significantly decreased with the delay of time &nel increase of compound concentration. The results
suggested that compoud could inhibit cell proliferation in a time-dependeand dose-dependent
manner. Then, we explored the effect of compo8man the cell proliferation by colony formation
assay. As shown in Fig. 2B, the cells treated WjiM of compound9n formed fewer and smaller
colonies than the control group. It is demonstrateat compound®n inhibited the proliferation of
MDA-MB-231 and MCF-7 cells in a dose-dependent nesnAs described in Fig. 2C and 2D, the
percentage of MDA-MB-231 cells in G1 phase increaem 49.17% to 69.54% after treatment of
compounddn with 3, 6 and 1M for 24h. The percentage of MCF-7 cells in G1 phHaseeased from
52.21% to 75.03%, indicating that compowdrd inhibited the proliferation of cells by inducinglt
cycle arrest in G1 phase. Finally, scratch assay wsad to explore whether compowindcan inhibit
the migration of tumor cells. As presented in FZg, a marked decrease in scratobpaired capacity
of the cells was observed as the concentratiorh@fcompoun®n increased, which revealed that
migration of MDA-MB-231 and MCF-7 cells was inhibit in a dose-dependent manner after 72h of

compoundn administration.
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Fig. 2 Compound9n inhibited the proliferation of MDA-MB-231 and MCF-¢ells. (A) The viability of
MDA-MB-231 and MCF-7 cells after treatment withfdifent concentration of compound 9n for 24, 48 @aH,
respectively. (B) MDA-MB-231 and MCEF-7 cells weredted with compound 9n at concentrations of 0, 8né
9uM for 7 days; (C) Effect of compound 9n on cell eyah MDA-MB-231 and MCF-7 cells; (D) Quantitative
analysis of the percentage of MDA-MB-231 and MCFéllsccycle phase distribution; (E) Scratch assay of
MDA-MB-231 and MCF-7 cells with different concenfiats of compound 9n (magnification, 100). Three
individual experiments were performed for each grothe data was expressed as the Mean + SD.
2.2.3 Compound 9n induced M DA-MB-231 and M CF-7 cells apoptosis

Apoptosis is considered a major way that most efahti-cancer drugs kill tumor cells. Therefore,
we determined the effect of compoudid on apoptosis of MDA-MB-231 and MCF-7 cells using®l
staining. The number of apoptotic morphologicalrges was significantly increased after treatment
with the indicated concentration of compoufd for 48h (Fig. 3A). Then, in order to better
characterize the mode of apoptosis induced by camgh®n, we performed a biparametric
cytofluorimetric analysis using cell apoptosis @éts kit, Propidium lodide (PI) and Annexin V-FITC

The results showed that the percentage of apoptelis in MDA-MB-231 cells increased from 6.71%



to 31.1% and the percentage of apoptotic cells ®FN cells increased from 7.33 % to 27.7 % after
incubation with compoun®n for 48h (Fig. 3B & 3C), suggesting that compou®rd induced the
cellular apoptosis in a dose dependent marieanwhile, western blot analysis was performed to
examine the expression of apoptosis related po{@iily. 3D). After treatment with compou#d, the
expression of anti-apoptotic protein Bcl-2 was #igantly decreased and the pro-apoptotic proteins
Bax and p53 were up-regulated both in MDA-MB-231 avCF-7 cells (Fig. 3E). Finally, it was
noteworthy that accumulation of intracellular réeetoxygen species (ROS) can lead to apoptotic cell
death, and have direct effect on cellular structangl function [29]. Therefore, we detected the
production of intracellular ROS using a fluorescgmbbe, DHE. The results revealed that the
accumulation of ROS increased markedly with thedase of compoun@h concentration for 48h (Fig.
3F). These data suggested that compo8mdnduced MDA-MB-231 and MCF-7 cells apoptosis

through the activation of intrinsic apoptotic patyv
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Fig. 3 Compounddn induced apoptosis in MDA-MB-231 and MCF-7 cells) (Fhe morphology of the nuclei of

MDA-MB-231 and MCF-7 cells was analyzed by DAPI stag (magnification, 100). Yellow arrow indicates
nuclear lysis; (B) MDA-MB-231 and MCF-7 cells apoptosvas detected by Annexin V-FITC/Pl on flow
cytometry after treatment with compound 9n at diffé concentrations; (C) Statistical histogram afptic cells

of MDA-MB-231 and MCF-7 cells. The data was exprdsas the Mean + SD. *p < 0.05, *P < 0.01, ***p <
0.001 compared with the control group; (D) Westagoiting analysis of the effect of compound 9n iimémtion on
the expression of Bcl-2, Bax and p53 in MDA-MB-231daviCF-7 cells after treatment with compound 9n at a
concentration of 3, 6, 1M for 48h. GAPDH was used as control; (E) Histogsaaf statistical analysis of
expression levels of Bax, Bcl-2 and p53 in MDA-MB-2&id MCF-7 cells. (*p < 0.05, **P < 0.01, **p < (0Q
compared with the control group). (F) Detectiorirgfacellular reactive oxygen species (ROS) in MDAH231
and MCF-7 cells (magnification, 100). Results werg@regsed as percentages of control and presented as
MeanzSD for three independent experiments.

2.2.4 The effect of compound 9n on EGFR-PI3K signaling pathways

To further explore the mechanism of cytotoxicitycoimpoundn in MDA-MB-231 and MCF-7



cells, the effect of compoun@in on the expression of EGFR and its downstream joroias
investigated (Fig. 4A and 4B). As the concentratiddrcompoundn applied to human breast cancer
cells (MDA-MB-231 and MCF-7) increased, the expi@ssof phospho-EGFR decreased in a
dose-dependent manner, but the total amount of E@BERIn expression was unchanged. Similarly,
the expression levels of phospho-PI3K and phospKd-Awvere also down-regulated in a
dose-dependent manner, while the total PI3K and AkKdtein expression levels did not change. These
data indicated that compourfth regulated MDA-MB-231 and MCF-7 cells via the EGPRK
signaling pathway.
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Fig. 4 The effect of compoun@h on the EGFR-PI3K signaling pathw@p)The MDA-MB-231 and MCF-7 cells
were stimulated with different concentration (063.12:M) of compound 9n for 8h and then subjected to erest
blot analysis using the indicated antibodies. (BaQitative analysis of the proteins level. (*p €8.*P < 0.01,
***p < 0.001 compared with the control group). Réswlere expressed as percentages of control asdrmiesl as
MeanzSD for three independent experiments.
2.2.5Molecular docking study

In order to predict the possible binding mode ompound9n with EGFR and PI3K and to
explain the activity discrepancy of compounds (8and 9a-v), molecular docking study was carried
out using Molecular Operating Environment (MOE) 20EGFR(PDB code: 2ITO) and PI3K (PDB
code: 3APC) were retrieved from the Protein DatakBéhttp://www.rcsb.org/pdb) for the docking
calculations. Compounddn (the most potent compound}a (the moderately potent) arfit (least

potent compound) were selected as ligands. Tow#rd reliability of the docking, we first re-doake



the co-crystallized into the original protein (2If.(’he RMSD between crystal structure and docked
structure was 1.0 A, which indicated that the dogkwas reliable (Fig. S1). As shown in Fig. 5A,
compound9n interacted with residues Lys745, Cys797 and LeudBi-H interaction, respectively.
The NH of compoun@n formed a hydrogen bond with Asp855 (2.06 A), intlivgithat compoun®n
could tightly contact with EGFR. The docking res(fig. 5B) showed that compourtth formed
hydrogen bonds with Lys 833 (2.36 A), Lys 890 (280and Asp 836 (2.63 A), respectively. The
benzene ring of aniline interacted with Tyr 867othlghn-H interaction. Comparing the docking results
of compoundsBa (Fig. 5C) and9n with PI3K, we found that compourgh interacted with Tyr 867
throughn-H interaction anda did not. This computational result gave a reastenakplanation for the
lack of activity of compoun@a and also indicated that the aniline with an etaetwithdrawing group
at 4-position was slightly favorable th&atty amine for the antitumor activity. The lackiirgeraction
with Lys 890 and Tyr 867, which may result in th@op antitumor activity of compoun@ (Fig. 5D).

The docking results were consistent with the bimialgyesults.

Fig. 5 (A) Predicted binding model of compou®d (dark red) with EGFR (Docking score S is -10.21(B).



Predicted binding model of compou@d (green) with PI3K (Docking score S is -11.1432). Regdicted binding
model of compounda (orange) with PI3K (Docking score S is -10.091() Predicted binding model of
compounddr (cyan) with PI3K (Docking score S is -9.7324). Tihteracting residues were displayed in sticks.
Hydrogen bonds and-H interaction were shown in green dashed lines.
3. Conclusion

In conclusion, a series of novel 2,4-disubstitugethazolines were synthesized and evaluated for
their cytotoxic activity against MDA-MB-231, MCF-PC-3, HGC-27 and MGC-803 cells using MTT
assay. Among all the tested compounds, compdmdhowed the most potent anti-proliferative
activity against the tested cells, especially foedst cancer cells (MDA-MB-231 and MCF-7).
Moreover, cell survival assay, clone formation gssend scratch assay analysis indicated that
compound9n inhibited cell proliferation and migration, Furthgore, cell cycle experiments showed
that compound9n induced cell cycle arrest at G1 phase. MeanwHilAPI staining, apoptosis,
detection of apoptotic protein expression and R@&ements together suggested that compdmd
induced apoptosis of MDA-MB-231 and MCF-7 cellsaigh the activation of intrinsic apoptotic
pathway. Finally, western blot and molecular dogkstudy analysis indicated that compousm
regulated MDA-MB-231 and MCF-7 cells function viaet EGFR-PI3K signaling pathway. All the
findings suggest that compoufd might be a valuable lead compound for anti-tungerds targeting

breast cancer cells.
4. Experimental section

4.1. General procedure

Reagents and solvents were purchased from comrhemisces and were used without further
purification.’H NMR and **C NMR spectra were recorded on a Bruker 400 MHz a6#l MHz
spectrometer respectively. High resolution massctspe(HRMS) were recorded on a Waters
Micromass Q-T of Micromass spectrometer by elegit@g ionizaton (ESI). Melting points were
determined on an X-5 micromelting apparatus. Remasti were monitored by thin-layer
chromatography (TLC) on 0.25mm silicagel plates 2&4).
4.2 General procedure for the synthesis of compounds 5 and 6

Compounds and6 were synthesized according to the literature R, *H NMR and**C NMR
spectra of compounds (5,6) were in accordance tivittpublished data.

4.3 General procedure for the synthesis of compound 7



Compound 6 (1.5 mmol) was added to 5 mL of phogphoxychloride and then heated to 65
for 1h. Then, the mixture was concentrated undetuced pressure and purified by column
chromatography (PE:EA = 2:1) to give compouhd

4-Chloro-2-((4-(trifluoromethyl)benzyl)thio)quinalmoe (7). White solid, 65.2% yield, Mp
100.7-101.27. *H NMR (400 MHz, DMSO-g) 5 (ppm) 8.04 (dd, J = 7.9, 1.2 Hz, 1H, Ar-H), 7.80J
= 7.4 Hz, 1H, Ar-H), 7.74 (d, J = 8.2 Hz, 2H, ArsH).68 (d, J = 7.8 Hz, 2H, Ar-H), 7.62 (d, J = 814,
1H, Ar-H), 7.44 (t, J = 7.4 Hz, 1H, Ar-H), 4.59 @H SCH). **C NMR (101 MHz, DMSO-¢) 5 (ppm)
161.09, 154.76, 148.08, 142.79, 134.62, 129.95,91R7127.58, 126.00, 125.75, 125.15, 122.83,
119.97, 32.76. HR-MS (ESI) calcd ford1oCIFsN,S [M+H]*: 355.0284, found: 355.0282.

4.4 General procedure for the synthesis of compounds 8a-e

Compound7 (1.04 mmol, 2.00 eq) was dissolved in isopropad@ ml), then an appropriate
amount of amine (1.00 eq) was added, and the neixtars heated to 85 °C for 6h. When the reaction
was completed, filtered, dried and the crude prodas purified by column chromatography (PE:EA =
1:1) to give compoun8a-ein 54.7-64.5% yield.

4.4.1. N-hexyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (8a)

White solid, 57.7% yield, Mp 91.7-92/0. *H NMR (400 MHz, DMSO-¢) 5 (ppm) 8.38 (t, J =
5.2 Hz, 1H,NH), 8.17 (d, J = 8.2 Hz, 1H, Ar-H), 7.74 — 7.63, (B, Ar-H), 7.56 (d, J = 8.3 Hz, 1H,
Ar-H), 7.39 (t, J = 7.6 Hz, 1H, Ar-H), 4.52 (s, 2BCH), 3.46 (dd, J = 12.9, 6.6 Hz, 2H, gH1.56
(dd, J = 13.9, 6.9 Hz, 2H, GH 1.25 (d, J = 3.0 Hz, 6H, (GM), 0.84 (dd, J = 12.5, 6.4 Hz, 3H, QH
C NMR (101 MHz, DMSO-g) § (ppm) 165.58, 158.78, 149.56, 144.34, 132.85, 4129127.49,
127.17, 126.05, 125.00, 124.31, 122.88, 113.05534033.35, 30.96, 28.35, 26.15, 22.00, 13.78.
HR-MS (ESI) calcd for GH.,4FsNsS [M+H]™: 420.1721, found: 420.1724.
4.4.2. N-octyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (8b)

White solid, 64.5% yield, Mp 92.1-92:6. '"H NMR (400 MHz, DMSO-¢) & (ppm) 8.37 (tJ =
5.4 Hz, 1H,NH), 8.18 (d,J = 7.6 Hz, 1H, Ar-H), 7.67 (dd] = 18.9, 8.4 Hz, 5H, Ar-H), 7.59 — 7.53 (m,
1H, Ar-H), 7.42 — 7.36 (m, 1H, Ar-H), 4.52 (s, 28CH;), 3.47 (ddJ = 13.0, 6.7 Hz, 2H, C}), 3.35 (s,
2H, CH,), 1.57 (ddJ = 13.9, 7.0 Hz, 2H, C}), 1.22 (ddJ = 12.5, 5.9 Hz, 8H, (Chl,), 0.82 (t,J = 6.8
Hz, 3H, CH). ¥C NMR (101 MHz, DMSO-g) & (ppm) 165.57, 158.77, 149.57, 144.35, 132.85,
129.41, 127.49, 127.17, 126.05, 125.00, 124.31,8822113.04, 40.51, 33.34, 31.18, 28.68, 28.60,
28.36, 26.46, 22.00, 13.82. HR-MS (ESI) calcd fasHzaFsN3S [M+H]": 448.2034, found: 448.2032.
4.4.3. N-dodecyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (8c)

White solid, 58.3% yield, Mp 71.8-72:0. *H NMR (400 MHz, DMSO-¢) & (ppm) 8.40 (s, 1H,



NH), 8.17 (d, J = 8.1 Hz, 1H, Ar-H), 7.67 (dd, 12.1, 6.7 Hz, 5H, Ar-H), 7.55 (d, J = 8.3 Hz, 1H,
Ar-H), 7.39 (t, J = 7.6 Hz, 1H, Ar-H), 4.52 (s, 2BCH,), 3.47 (dd, J = 12.9, 6.6 Hz, 2H, QH1.57
(dd, J = 13.7, 6.8 Hz, 2H, GH 1.22 (d, J = 21.9 Hz, 18H, (G}, 0.83 (t, J = 6.8 Hz, 3H, GH °C
NMR (101 MHz, DMSO-¢) & (ppm) 165.54, 158.76, 149.43, 144.30, 132.89,030.29.41, 127.35,
125.95, 125.00, 124.34, 122.89, 113.01, 40.50,4383.23, 28.93, 28.62, 28.33, 26.43, 22.02, 13.85.
HR-MS (ESI) calcd for GHseFsN3S [M+H]": 504.2660, found: 504.2662.

4.4.4. N-tetradecyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (8d)

White solid, 59.1% yield, Mp 76.4-7619. *H NMR (400 MHz, DMSO-g) & (ppm) 8.38 (t, J =
5.0 Hz, 1H,NH), 8.17 (d, J = 8.2 Hz, 1H, Ar-H), 7.66 (dd, 26.7, 8.4 Hz, 5H, Ar-H), 7.55 (d, J = 8.3
Hz, 1H, Ar-H), 7.38 (t, J = 7.5 Hz, 1H, Ar-H), 4.%8, 2H, SCH), 3.47 (dd, J = 12.7, 6.4 Hz, 2H, @H
1.64 — 1.50 (m, 2H, CH)l, 1.21 (d, J = 25.5 Hz, 22H, (GHh), 0.83 (t, J = 6.6 Hz, 3H, G °C NMR
(101 MHz, DMSO-g) 6 (ppm) 165.56, 158.77, 149.52, 144.25, 132.76,389.27.53, 127.21, 125.97,
124.95, 124.22, 122.86, 113.05, 40.50, 33.37, 32835, 28.65, 28.36, 26.46, 22.02, 13.78. HR-MS
(ESI) calcd for GoH,oFsNsS [M+H]": 532.2973, found: 532.2975.

4.4.5. N-cyclopentyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine(8e)

Oily liquid, 54.7% vyield.*H NMR (400 MHz, DMSO-¢) 5 (ppm) 8.29 (d,] = 7.6 Hz, 1HNH),
8.12 — 8.05 (m, 1H, Ar-H), 7.73 — 7.69 (m, 3H, A);H.66 (d,J = 8.4 Hz, 2H, Ar-H), 7.60 — 7.54 (m,
1H, Ar-H), 7.42 — 7.35 (m, 1H, Ar-H), 4.52 (s, 28CH;), 3.37 (s, 1H, CH), 1.99 — 1.90 (m, 2H, §H
1.79 — 1.68 (m, 2H, Chl, 1.67 — 1.49 (m, 4H, (Cht). **C NMR (101 MHz, DMSO-g) & (ppm)
165.55, 158.47, 149.56, 144.32, 132.82, 129.42,4¥27127.15, 125.98, 125.03, 124.16, 123.23,
113.02, 52.17, 33.44, 31.79, 23.65. HR-MS (ESIpadbr GiH,oFsNsS [M+H]™: 404.1408, found:
404.1407.

4.5 General procedure for the synthesis of compounds 9a-v

Compound? (2.00 eq) was dissolved in N,N-Dimethylformamid®B), then an appropriate
amount ofaromatic amines (1.50 eq) was added, and the mixtas heated to 90 °C for 4h. When the
reaction was completed, filtered, dried and thelerproduct was purified by column chromatography
(PE:EA=1:1 ~ 1.5:1) to give compoufd-v in 55.3-84.2% yield.
4.5.1 N-phenyl-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9a)

White solid, 63.8% vield, Mp 144.2-144.9 *H NMR (400 MHz, DMSO-g) & (ppm) 9.91 (s, 1H,
NH), 8.48 (d, J = 8.1 Hz, 1H, Ar-H), 7.81 (t, J  Hz, 1H, Ar-H), 7.75 (d, J = 7.7 Hz, 2H, Ar-H)67
(d, J = 8.2 Hz, 1H, Ar-H), 7.60 (g, J = 8.6 Hz, 4ki;H), 7.52 (t, J = 7.2 Hz, 1H, Ar-H), 7.40 (t=J7.9
Hz, 2H, Ar-H), 7.16 (t, J = 7.4 Hz, 1H, Ar-H), 4.43, 2H, SCH). **C NMR (101 MHz, DMSO-¢) 5

(ppm) 165.26, 157.29, 150.18, 143.96, 138.60, 83.29.57, 128.45, 127.51, 127.19, 126.35, 125.58,



125.01, 124.27, 123.26, 122.97, 113.11, 33.34. HR(ESI) calcd for GH;¢F3N3S [M+H]™: 412.1095,
found: 412.1097.

4.5.2. 2-((4-(Trifluoromethyl)benzyl)thio)-N-(2-(trifluoromethyl)phenyl)quinazolin-4-amine (9b)

White solid, 60.2% yield, Mp 116.4-117(1. *H NMR (400 MHz, DMSO-¢) & (ppm) 10.02 (s,
1H, NH), 8.40 (d, J = 8.1 Hz, 1H, Ar-H), 7.87 (d, J 2 #z, 1H, Ar-H), 7.82 — 7.76 (m, 2H, Ar-H),
7.66 — 7.61 (m, 3H, Ar-H), 7.52 (d, J = 8.1 Hz, 34H), 7.29 (d, J = 8.0 Hz, 2H, Ar-H), 4.20 (s, 2H
SCHy). ®C NMR (101 MHz, DMSO-g) & (ppm) 165.32, 159.43, 150.18, 144.13, 136.30, 8%B4.
133.66, 133.26, 131.96, 129.25, 127.83, 127.34,9126126.73, 126.19, 125.10, 124.81, 123.22,
115.28, 112.53, 33.09. HR-MS (ES]I) calcd foghfsFsNsS [M+H]": 480.0969, found: 480.0967.

4.5.3. N-(2-chlorophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9c)

White solid, 63.4% yield, Mp 163.6-163(9. *H NMR (400 MHz, DMSO-g¢) § (ppm) 11.92 (s,
1H, NH), 8.81 (d, J = 8.2 Hz, 1H, Ar-H), 8.01 (t, J 7 Hz, 1H, Ar-H), 7.88 (d, J = 8.3 Hz, 1H, Ar-H),
7.72 (t, 3 = 8.0 Hz, 2H, Ar-H), 7.67 (d, J = 7.7,HH, Ar-H), 7.60 — 7.41 (m, 4H, Ar-H) ,7.13 (t=J
17.2 Hz, 2H, Ar-H), 4.29 (s, 2H, SGH**C NMR (101 MHz, DMSO-g¢) § (ppm) 164.16, 158.55,
142.30, 136.03, 134.22, 131.11, 130.00, 129.83,5829129.30, 128.01, 127.80, 127.48, 127.08,
125.45, 124.96, 124.83, 119.72, 111.34, 32.97. HR-(#SI) calcd for H;sCIFsNsS [M+H]™
446.0706, found: 446.0698.

4.5.4. N-(2-methoxyphenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9d)

White solid, 69.5% yield, Mp 152.5-153:5 *H NMR (400 MHz, DMSO-¢) & (ppm) 9.61 (s, 1H,
NH), 8.40 (d, J = 7.9 Hz, 1H, Ar-H), 7.81 — 7.75, (ti, Ar-H), 7.62 (d, J = 7.8 Hz, 1H, Ar-H), 7.59 —
7.52 (m, 3H, Ar-H), 7.51 — 7.46 (m, 1H, Ar-H), 7.88 J = 8.1 Hz, 2H, Ar-H), 7.34 — 7.27 (m, 1H,
Ar-H), 7.18 (d, J = 7.4 Hz, 1H, Ar-H), 7.04 (td=J7.6, 1.1 Hz, 1H, Ar-H), 4.30 (s, 2H, S©H3.80 (s,
3H, OCHy). °C NMR (101 MHz, DMSO-g) § (ppm) 165.40, 158.20, 153.90, 150.15, 144.34,333.
129.51, 127.73, 127.27, 127.02, 126.61, 126.19,6I25124.88, 124.85, 123.23, 120.22, 112.89,
111.93, 55.56, 33.17. HR-MS (ESI) calcd foghTigFsNsOS [M+H]": 442.1201, found: 442.1200.

4.5.5. N-(2-ethoxyphenyl)-2-((4-(trifluoromethyl)benzyl ) thio)quinazolin-4-amine (9€)

White solid, 70.4% yield, Mp 159.8-160:3. *H NMR (400 MHz, DMSO-g¢) & (ppm) 11.33 (s,
1H, NH), 8.68 (d, J = 8.3 Hz, 1H, Ar-H), 7.98 (t, J 7 Hz, 1H, Ar-H), 7.80 (d, J = 8.4 Hz, 1H, Ar-H),
7.69 (t, J = 7.6 Hz, 1H, Ar-H), 7.53 — 7.47 (m, 3M;H), 7.42 (t, J = 7.8 Hz, 1H, Ar-H), 7.27 (d=J
8.2 Hz, 1H, Ar-H), 7.11 (dd, J = 14.4, 7.6 Hz, 3-H), 4.30 (s, 2H, SCh), 4.11 (q, J = 6.9 Hz, 2H,
OCH,), 1.21 (t, J = 6.9 Hz, 3H, G °C NMR (101 MHz, DMSO-g) § (ppm) 163.78, 158.13, 153.46,
142.48, 135.72, 129.49, 129.03, 128.08, 127.72,4127126.93, 125.45, 125.22, 124.91, 124.66,
122.75, 120.37, 113.20, 111.42, 63.87, 32.94, 1485MS (ESI) calcd for GH»gFsNsOS [M+H]":
456.1357, found: 456.1354.



4.5.6. N-(o-tolyl)-2-((4-(trifluoromethyl) benzyl)thio)quinazolin-4-amine (9f)

White solid, 73.0% yield, Mp 179.4-18012 *H NMR (400 MHz, DMSO-g) § (ppm) 11.65 (s,
1H, NH), 8.79 (d, J = 8.2 Hz, 1H, Ar-H), 7.99 (t, J 7 Hz, 1H, Ar-H), 7.81 (d, J = 8.3 Hz, 1H, Ar-H),
7.69 (t, J = 7.7 Hz, 1H, Ar-H), 7.47 (t, J = 10.2,HH, Ar-H), 7.42 — 7.34 (m, 2H, Ar-H), 7.03 (d=J
7.8 Hz, 2H, Ar-H), 4.24 (s, 2H, SGH 2.25 (s, 3H, Ch). *C NMR (101 MHz, DMSO-g) & (ppm)
163.92, 158.40, 142.34, 135.83, 135.39, 135.04,78530129.42, 128.07, 127.82, 127.44, 126.95,
126.52, 125.46, 124.99, 124.87, 122.75, 119.08,481132.91, 17.65. HR-MS (ESI) calcd for
CosH15F3N3S [M+H]": 426.1252, found: 426.1253.

4.5.7. 2-((4-(Trifluoromethyl)benzyl)thio)-N-(3-(trifluoromethyl) phenyl)quinazolin-4-amine (99)

White solid, 74.0% yield, Mp 155.5-155(8. *H NMR (400 MHz, DMSO-¢) & (ppm) 11.71 (s,
1H, NH), 8.87 (d, J = 8.3 Hz, 1H, Ar-H), 8.24 (s, 1H:1), 8.07 (d, J = 7.9 Hz, 1H, Ar-H), 7.99 (t, J =
7.7 Hz, 1H, Ar-H), 7.85 (d, J = 8.3 Hz, 1H, Ar-H),75 — 7.66 (m, 2H, Ar-H), 7.64 (d, J = 7.8 Hz, 1H,
Ar-H), 7.55 (d, J = 8.1 Hz, 2H, Ar-H), 7.39 (d, J8=0 Hz, 2H, Ar-H), 4.50 (s, 2H, SGH™*C NMR
(101 MHz, DMSO-g) 6 (ppm) 164.27, 157.81, 142.03, 138.01, 135.65,929.29.43, 129.23, 128.52,
127.90, 127.59, 126.74, 125.44, 125.26, 125.02,8824122.73, 122.56, 121.24, 112.08, 33.19.
HR-MS (ESI) calcd for GH1sFsN3S [M+H]": 480.0969, found: 480.0969.

4.5.8. N-(3-chlorophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9h)

White solid, 70.1% yield, Mp 156.6-157:2 *H NMR (400 MHz, DMSO-g) § (ppm) 11.43 (s,
1H, NH), 8.77 (d, J = 7.9 Hz, 1H, Ar-H), 7.96 (dd, 15.4, 7.8 Hz, 2H, Ar-H), 7.81 (d, J = 8.3 Hz, 1H,
Ar-H), 7.68 (dd, J = 12.0, 8.0 Hz, 2H, Ar-H), 7.6@ J = 8.1 Hz, 2H, Ar-H), 7.49 (d, J = 8.1 Hz, 1H,
Ar-H),7.46 — 7.40 (m, 2H, Ar-H), 7.35 (d, J = 8.@,HH, Ar-H), 4.51 (s, 2H, SCH *C NMR (101
MHz, DMSO-d) & (ppm) 164.09, 157.76, 141.97, 138.39, 135.79, 882130.29, 129.48, 127.94,
127.62, 126.85, 126.16, 125.45, 125.06, 124.72,5P2322.75, 119.82, 111.93, 33.19. HR-MS (ESI)
calcd for G,H1sCIF;N3S [M+H]": 446.0706, found: 446.0705.

4.5.9. N-(3-bromophenyl)-2-((4-(trifluoromethyl) benzyl)thio)quinazolin-4-amine (9i)

White solid, 71.3% yield, Mp 160.3-16112 *H NMR (400 MHz, DMSO-g) § (ppm) 11.62 (s,
1H, NH), 8.88 — 8.79 (m, 1H, Ar-H), 8.08 (d, J = 1.7,HH, Ar-H), 7.98 (t, J = 7.7 Hz, 1H, Ar-H),
7.83(d, J = 8.3 Hz, 1H, Ar-H), 7.74 (d, J = 8.1, HiK, Ar-H), 7.68 (t, J = 7.7 Hz, 1H, Ar-H), 7.58,(
= 8.1 Hz, 2H, Ar-H), 7.50 (d, J = 8.1 Hz, 1H, Ar;H)44 (d, J = 8.0 Hz, 1H, Ar-H), 7.42 — 7.38 (iH, 2
Ar-H), 4.52 (s, 2H, SCh. **C NMR (101 MHz, DMSO-¢) & (ppm) 164.12, 157.73, 142.04, 138.58,
135.73, 130.58, 129.52, 128.98, 127.93, 127.48,8126125.46, 125.08, 124.94, 123.83, 122.76,
121.11, 120.05 111.97, 33.23. HR-MS (ESI) calcd for,£8,sBrF;NsS [M+H]™: 490.0200, found:
490.0201.

4.5.10. N-(3-nitrophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9j)



White solid, 55.3% vyield, Mp 218.8-219.5. *H NMR (400 MHz, DMSO-¢) & (ppm) 11.57 (s,
1H, NH), 8.95 — 8.78 (m, 2H, Ar-H), 8.24 (d, J = 8.1,HH, Ar-H), 8.08 (d, J = 8.2 Hz, 1H, Ar-H),
7.98 (t, J = 7.7 Hz, 1H, Ar-H), 7.83 (d, J = 8.3,H#, Ar-H), 7.70 (dd, J = 17.3, 8.5 Hz, 2H, Ar-H),
7.59 (d, J = 8.2 Hz, 2H, Ar-H), 7.48 (d, J = 8.0, AK, Ar-H), 4.56 (s, 2H, SCH **C NMR (101 MHz,
DMSO-d;) & (ppm) 164.38, 157.72, 147.71, 141.84, 138.52,6085130.31, 129.93, 129.47, 127.92,
127.60, 126.71, 125.45, 125.10, 124.84, 122.75,182018.68, 112.19, 33.50. HR-MS (ESI) calcd for
CoH1sF3N4O,S [M+H]": 457.0946, found: 457.0945.

4.5.11. N-(4-fluorophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9Kk)

White solid, 71.9% yield, Mp 170.6-171.0 *H NMR (400 MHz, DMSO-g) 5 (ppm) 9.95 (s, 1H,
NH), 8.45 (d, J = 7.7 Hz, 1H, Ar-H), 7.84 — 7.79, (b, Ar-H), 7.77 — 7.72 (m, 2H, Ar-H), 7.68 —7.65
(m, 1H, Ar-H), 7.60 (g, J = 8.6 Hz, 4 H, Ar-H), B.5 7.50 (m, 1H, Ar-H), 7.26 — 7.19 (m, 2H, Ar-H),
4.46 (s, 2H, SCH. **C NMR (101 MHz, DMSO-g) § (ppm) 165.23, 160.00, 157.60, 157.34, 150.12,
143.93, 134.89, 133.52, 129.56, 127.52, 126.35,062324.97, 123.21, 115.19, 114.97, 113.01, 33.35.
HR-MS (ESI) calcd for H1sF,N3S [M+H]™: 430.1001, found: 430.1003.

4.5.12. N-(4-chlorophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9l)

White solid, 73.0% yield, Mp 180.0-181.7. *H NMR (400 MHz, DMSO-¢) & (ppm) 11.70 (s,
1H, NH), 8.86 (d, J = 8.3 Hz, 1H, Ar-H), 7.98 (t, J $ Hz, 1H, Ar-H), 7.84 (d, J = 8.3 Hz, 1H, Ar-H),
7.75 (d, J = 8.4 Hz, 2H, Ar-H), 7.68 (t, J = 7.6,H#, Ar-H), 7.58 (d, J = 7.9 Hz, 2H, Ar-H), 7.5, ¢
= 8.4 Hz, 2H, Ar-H), 7.39 (d, J = 7.8 Hz, 2H, Ar;H}.51 (s, 2H, SCH. **C NMR (101 MHz,
DMSO-d;) & (ppm) 164.14, 157.69, 142.08, 135.88, 135.65,380129.47, 128.59, 128.21, 127.89,
126.77, 126.59, 125.03, 124.87, 124.50, 122.77.981B3.27. HR-MS (ESI) calcd for,&,sCIF3N3S
[M+H]*: 446.0706, found: 446.0706.

4.5.13. N-(4-nitrophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9m)

White solid, 58.1% yield, Mp 219.7-220(3. *H NMR (400 MHz, DMSO-g) § (ppm) 11.29 (s,
1H, NH), 8.80 (d, J = 7.9 Hz, 1H, Ar-H), 8.26 (d, J 4 $iz, 2H, Ar-H), 8.11 (d, J = 9.1 Hz, 2H, Ar-H),
7.97 (t, J = 7.5 Hz, 1H, Ar-H), 7.83 (d, J = 8.3, HH, Ar-H), 7.66 (d, J = 7.4 Hz, 1H, Ar-H), 7.60d
J = 17.7, 8.2 Hz, 4H, Ar-H), 4.58 (s, 2H, SGHC NMR (101 MHz, DMSO-g) 5 (ppm) 164.54,
162.78, 157.51, 150.24, 140.84, 135.39, 134.86,5829126.87, 126.54, 125.06, 124.74, 124.21,
123.54, 122.23, 115.29, 114.28, 33.54. HR-MS (ESlEd for G,H;sFsN,O,S [M+H]": 457.0946,
found: 457.0945.

4.5.14. 2-((4-(Trifluoromethyl)benzyl)thio)-N-(4-(trifluoromethyl) phenyl)quinazolin-4-amine (9n)

White solid, 72.7% yield, Mp 163.5-1639. *H NMR (400 MHz, DMSO-g) & (ppm) 11.45 (s,
1H, NH), 8.81 (d, J = 8.3 Hz, 1H, Ar-H), 7.98 (s, 1H:1), 7.95 (d, J = 6.2 Hz, 2H, Ar-H), 7.82 (d, J =
8.3 Hz, 1H, Ar-H), 7.76 (d, J = 8.5 Hz, 2H, Ar-H).67 (t, J = 7.6 Hz, 1H, Ar-H), 7.56 (d, J = 8.1,Hz



2H, Ar-H), 7.44 (d, J = 8.0 Hz, 2H, Ar-H), 4.52 @&, SCH). *C NMR (101 MHz, DMSO-g)  (ppm)
164.39, 157.77, 142.10, 140.93, 135.59, 129.37,.1728127.85, 127.53, 126.68, 125.65, 125.46,
125.00, 124.87, 124.73, 122.76, 120.79, 112.187334R-MS (ESI) calcd for GH1sFgN3S [M+H]™
480.0969, found: 480.0970.

4.5.15. N-(p-tolyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (90)

White solid,73.5% vyield, Mp 165.1-166/0. *H NMR (400 MHz, DMSO-g) 5 (ppm) 11.61 (s,
1H, NH), 8.82 (d, J = 8.3 Hz, 1H, Ar-H), 7.96 (t, J F Hz, 1H, Ar-H), 7.83 (d, J = 8.3 Hz, 1H, Ar-H),
7.67 (t, J = 7.6 Hz, 1H, Ar-H), 7.58 — 7.55 (m, 2k;H), 7.54 (s, 1H, Ar-H), 7.32 (d, J = 8.0 Hz, 2H
Ar-H), 7.28 (d, J = 8.2 Hz, 2H, Ar-H), 7.22 — 7.46, 1H, Ar-H), 4.48 (s, 2H, SCH 2.33 (s, 3H, Ch).
*C NMR (101 MHz, DMSO-g) & (ppm) 163.91, 157.59, 150.23, 142.06, 140.84, 0B6135.65,
134.84, 134.07, 129.52, 129.09, 126.85, 125.03,282215.30, 114.27, 111.80, 33.18, 20.58. HR-MS
(ESI) calcd for GgH1gFsN5S [M+H]™: 426.1252, found: 426.1253.

4.5.16. N-(4-methoxyphenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9p)

White solid, 73.0% yield, Mp 180.2-18112 *H NMR (400 MHz, DMSO-g¢) § (ppm) 11.48 (s,
1H, NH), 8.73 (d, J = 8.3 Hz, 1H, Ar-H), 7.96 (t, J 7 Hz, 1H, Ar-H), 7.78 (d, J = 8.3 Hz, 1H, Ar-H),
7.58 (d, J = 4.5 Hz, 2H, Ar-H), 7.55 (d, J = 3.7, B, Ar-H), 7.32 (d, J = 8.0 Hz, 2H, Ar-H), 7.18,(
= 7.9 Hz, 1H, Ar-H), 7.02 (d, J = 8.9 Hz, 2H, Ar;H)46 (s, 2H, SCH, 3.78 (s, 3H, OCH. °C NMR
(101 MHz, DMSO-g) 6 (ppm) 163.95, 162.79, 157.82, 157.59, 150.25,820.34.86, 129.53, 126.87,
126.55, 124.96, 124.62, 122.24, 115.29, 114.28,901311.77, 55.31, 33.19. HR-MS (ESI) calcd for
CpsH1gFsN3OS [M+H]: 442.1201, found: 442.1201.

4.5.17. N-(4-ethoxyphenyl)-2-((4-(trifluoromethyl) benzyl )thio)quinazolin-4-amine (9q)

White solid, 65.6% yield, Mp 167.0-167.8. *H NMR (400 MHz, DMSO-g¢) & (ppm) 11.62 (s,
1H, NH), 8.78 (d, J = 8.3 Hz, 1H, Ar-H), 7.97 (t, J 7 Hz, 1H, Ar-H), 7.80 (d, J = 8.3 Hz, 1H, Ar-H),
7.67 (t, J = 7.5 Hz, 1H, Ar-H), 7.56 (dd, J = 8% Hz, 4H, Ar-H), 7.31 (d, J = 8.0 Hz, 2H, Ar-H)01
(d, J = 8.9 Hz, 2H, Ar-H), 4.46 (s, 2H, SQH4.07 — 4.01 (m, 2H, OGH 1.32 (t, J = 6.9 Hz, 3H, GH
%C NMR (101 MHz, DMSO-g) 5 (ppm) 163.80, 157.59, 157.12, 150.23, 142.14, 6i85134.86,
129.57, 129.15, 126.86, 126.69, 125.01, 124.90,282215.30, 114.35, 111.75, 63.25, 33.11, 14.48.
HR-MS (ESI) calcd for @H,d=sN;0S [M+H]": 456.1357, found: 456.1355.

4.5.18. N-(2,4-dimethoxyphenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9r)

White solid, 63.8% yield, Mp 132.8-13314. *H NMR (400 MHz, DMSO-g) § (ppm) 11.38 (s,
1H,NH), 8.71 (d, J = 8.2 Hz, 1H, Ar-H ), 7.97 (t, ¥ Hz, 1H, Ar-H), 7.83 (d, J = 8.3 Hz, 1H, Ar-H),
7.68 (t, J = 7.7 Hz, 1H, Ar-H), 7.52 (d, J = 8.1, 12#, Ar-H), 7.39 (d, J = 8.6 Hz, 1H, Ar-H), 7.18, ¢
= 8.0 Hz, 2H, Ar-H), 6.82 (d, J = 2.4 Hz, 1H, Ar;t6.68 (dd, J = 8.6, 2.4 Hz, 1H, Ar-H), 4.32 (s,,2H
SCH), 3.81 (s, 6H, (OCH,). **C NMR (101 MHz, DMSO-g) & (ppm) 164.08, 158.54, 155.22,



142.78, 135.37, 129.48, 128.83, 127.71, 127.39,5826125.50, 124.90, 124.46, 122.79, 120.28,
118.04, 111.65, 104.73, 99.26, 55.75, 55.49, 33HIMS (ESI) calcd for §H,oFsN30,S [M+H]™
472.1307, found: 472.1306.

4.5.19. N-(2,5-dimethoxyphenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9s)

White solid, 63.8% yieldMp 176.0-176.9C. *H NMR (400 MHz, DMSO-g) 5 (ppm) 9.56 (s, 1H,
NH), 8.37 (d,J = 8.0 Hz, 1H, Ar-H), 7.78 (dd] = 11.3, 4.1 Hz, 1H, Ar-H), 7.64 — 7.61 (m, 1H, i);
7.55 (d,J = 8.2 Hz, 2H, Ar-H), 7.51 — 7.47 (m, 1H, Ar-H)42.(d,J = 8.1 Hz, 2H, Ar-H), 7.26 (d] =
3.1 Hz, 1H, Ar-H), 7.10 (dJ = 9.0 Hz, 1H, Ar-H), 6.86 (dd] = 9.0, 3.1 Hz, 1H, Ar-H), 4.33 (s, 2H,
SCHp), 3.76 (s, 3H, OCH, 3.73 (s, 3H, OCH. *C NMR (101 MHz, DMSO-g) & (ppm) 165.40,
157.97, 152.96, 150.13, 147.75, 144.26, 133.40,9829129.55, 127.47, 126.24, 126.00, 124.93,
124.87, 123.14, 113.21, 112.92, 112.70, 111.36]115655.42, 33.24. HR-MS (ESI) calcd for
CouH20FsN30,S [M+H]*: 472.1307, found: 472.1307
4.5.20. N-(3,4-dimethoxyphenyl)-2-((4-(trifluoromethyl)benzyl ) thio)quinazolin-4-amine (9t)

White solid, 84.2% yield, Mp 174.1-175:0. *H NMR (400 MHz, DMSO-g) § (ppm) 11.53 (s,
1H, NH), 8.77 (dJ = 8.2 Hz, 1H, Ar-H), 7.97 (t = 7.7 Hz, 1H, Ar-H), 7.81 (d] = 8.3 Hz, 1H, Ar-H),
7.67 (t,J = 7.6 Hz, 1H, Ar-H), 7.54 (d] = 8.1 Hz, 2H, Ar-H), 7.35 (d] = 2.0 Hz, 1H, Ar-H), 7.32 (s,
1H, Ar-H), 7.30 (s, 1H, Ar-H), 7.21 (dd, = 8.6, 2.0 Hz, 1H, Ar-H), 7.05 (d, = 8.7 Hz, 1H, Ar-H),
4.48 (s, 2H, SCh), 3.78 (s, 3H, OCH), 3.75 (s, 3H, OCH). **C NMR (101 MHz, DMSO-¢) 5 (ppm)
163.90, 157.70, 148.66, 147.63, 142.18, 135.69,5829127.88, 127.56, 126.84, 125.46, 124.99,
124.85, 122.75, 119.17, 117.57, 111.75, 111.50,910%5.69, 55.64, 33.14. HR-MS (ESI) calcd for
CouH20F3sN30,S [M+H]*: 472.1307, found: 472.1304.

4.5.21. N-(3-chloro-4-fluorophenyl)-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (9u)

White solid, 80.0% yield, Mp 146.1-146°@. *H NMR (400 MHz, DMSO-g) & (ppm) 10.07 (s,
1H, NH), 8.45 (d, J = 8.2 Hz, 1H, Ar-H), 8.10 (dd, 8, 2.6 Hz, 1H, Ar-H), 7.83 (t, J = 7.6 Hz, 1H,
Ar-H), 7.76 — 7.72 (m, 1H, Ar-H), 7.69 (d, J = 84@, 1H, Ar-H), 7.62 (s, 4H, Ar-H), 7.55 (t, J = HZ,
1H, Ar), 7.44 (t, J = 9.1 Hz, 1H, Ar), 4.49 (s, 28CH). °C NMR (101 MHz, DMSO-g) & (ppm)
165.07, 157.13, 149.83, 143.64, 135.88, 135.85,7¥33129.58, 127.61, 127.29, 126.19, 125.27,
125.05, 124.36, 123.26, 123.03, 118.94, 116.66,.9%1233.41. HR-MS (ESI) calcd for
C,H14CIFN,O,S [M+H]*: 464.0611, found: 464.0610.

4.5.22. 2-((4-(Trifluoromethyl)benzyl)thio)-N-(3,4,5-trimethoxyphenyl)quinazolin-4-amine (9v)

White solid, 74.7% yield, Mp 162.6-163'0. 'H NMR (400 MHz, DMSO-¢) & (ppm) 10.68 (s,
1H, NH), 8.68 (d, J = 8.0 Hz, 1H, Ar-H), 7.88 (t, J ®Hz, 1H, Ar-H), 7.75 (d, J = 8.2 Hz, 1H, Ar-H),
7.62 — 7.54 (m, 3H, Ar-H), 7.48 (d, J = 7.4 Hz, 24H), 7.22 (s, 2H, Ar-H), 4.50 (s, 2H, SGH3.79
(s, 6H, (OCH),), 3.65 (s, 3H, OCH}. **C NMR (101 MHz, DMSO-g¢) & (ppm) 164.74, 157.39, 152.58,



143.35, 134.88, 134.26, 134.05, 129.68, 127.67,3B27125.66, 125.52, 125.02, 124.17, 122.82,
112.71, 101.71, 60.10, 55.90, 33.28. HR-MS (ESctéor CosH,FsN305S [M+H]*: 502.1412, found:
502.1413.
5. Materialsand M ethods
5.1 Materials

All compounds ware dissolved in DMSO to make aMG0stock solution. RPMI-1640 and MTT
were purchased from Solarbio. Fetal Bovine SeruBBjFwas obtained from Tianhang Biotechnology
Co. Annexin V-FITC/PI Apoptosis Detection Kit ancICCycle Detection Kit were purchased from
Keygen Biotech. Dihydroethidium kit was purchasednf Beyotime Biotechnology. Bax and p53
polyclonal antibodies were purchased from ProtemteBcl-2 monoclonal antibodies and
Phospho-EGF Receptor Antibody Sampler Kit were pased from CST. PI3 Kinase Monoclonal
Antibody and PI3 Kinase (phospho-Tyr467/199) Antipavere purchased from SAB. Phospho-AKT
(Ser473) rabbit polyclonal antibody and AKT rabpdlyclonal antibody were purchased from SAB.
GAPDH rabbit monoclonal antibody was purchased fiéood-Here Biotechnology. All the other
reagents used were of analytical grade.
5.2 Cell culture and treatment

Human cancer cells MDA-MB-231, MCF-7, PC-3, HGC-&Yd MGC-803 were purchased from
American Type Culture Collection (ATCC, Shanghdijr@). All of them were cultured in RPMI-1640
with 10% FBS. Cells were cultured at 37 °C in a kdified atmosphere of 5% GOand were
stimulated with different concentrations of 9n. [Eelere fed every 2—3 days and sub-cultured when

they reached 70-80% confluence.
53MTT assay

Cells in the logarithmic growth phase were seede@biwell plates at 3,000-5,000 cells per well.
After the cells were cultured for 24h, differenincentrations of compound 9n were treated for 24, 48
and 72h, respectively. MTT (3-[4,5-dimethylthiazblf]-2, 5-diphenyltetrazolium bromide, Solarbio)
was added to each well at a final concentratior®.6f mg/ml. After 4h in a 37 °C incubator, the
medium was aspirated. Jd0DMSO was then added to each well to dissolvefthmazan, and the
plate was shaken on a shaker for 10 minutes. Teerahnce was measured by an enzyme-linked
immunosorbent assay reader (BioTek, USA) at a veangh of 490 nm, and the cell survival rate was
measured. Viability rate = Abs 490 treated cell§¥AB90 control cells x 100%. The
concentration-response curve generated by SPSS dd@&ivare was used to determine the

concentration of compound (g required to inhibit cell growth by 50%. Cell vility curves were



generated using GraphPad Prism 7.0 software aiusdoncentrations of all compounds. Results were
Mean * SD of three independent experiments.

5.4 Colony formation assay

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were plated in a 6-well plate at a
density of 500 cells per well, and then the cellsravcultured at 377 in a 5%CQ humidified
atmosphere. After the cells were cultured for Zifierent concentrations (0, 3, 644) of compound
9n were treated for 7 days. The cells were incubai¢h ice methanol for 10 minutes and stained with
0.1% crystal violet solution. After the plate is tually dried, images were photographed.
Morphological analysis was performed through micops (Leica EZ4W, China). The experiment was
repeated three times.

5.5 Céll cycle analysis

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were plated in a six-well plate at
a density of 2x10cells per well. After the cells were cultured fth, different concentrations (0, 3, 6,
12uM) of compound 9n were administered for 24h. THésagere harvested with trypsin, washed with
PBS (phosphate-buffered saline) and incubatedercpoled 70% ethanol overnight at 4 The cells
were collected and detected by the cell cycle dietedit (Keygen Biotech, China), according to the
manufacturer's protocol. Briefly, cells were washeéth ice-cold PBS, and resuspended in RNase A
solution and propidium iodide (PI) solution. Thém tmixture was incubated at room temperature for
30 minutes in the dark. Ten thousand cells werkecigld and analyzed. Cell cycle progression of each
sample was measured by FAC-SCalibur flow cytomé@&, Biosciences, San Jose, CA, USA) and
data was processed using ModFit LT software.

5.6 Scratch assay

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were collected and seeded in
6-well plates at 1.5xf0cells per well. After the cells were cultured 4h, "#' was drawn at the
bottom of the plate. Cells were cultured in RPM#Q6nedium containing 2% FBS. Photos were taken
with a microscope as control groups. Different @ntcations (0, 2, 4,18M) of compound 9n were
treated for 72h. Take photos again as experimgntalps. Three fields were randomly selected from
each sample. Images were processed with Photositbifigstartor software.

5.7 Cell morphology analysis and DAPI staining

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were plated in a 6-well plate at a
density of 2x18cells per well. After the cells were cultured f%h, different concentrations (0, 2, 4,
8uM) of compound 9n were treated for 48h. Then, thiésavere incubated with pre-cooled methanol

at 4 °C for 10 min, and resuspended in the DAPI| shjation in the dark. Three fields of each sample



were selected and photographed with a fluorescaniceoscope (Nikon Eclipse Ti-S, Nikon Ltd,
Japan), and the images were processed with Phgtastiblllustartor software.
5.8 Analysis of apoptosis by flow cytometry

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were plated in a six-well plate at
a density of 2x10cells per well. After the cells were cultured f3th, different concentrations (0, 2, 4,
6uM) of compound 9n were treated for 48h. The ceksancollected and measured with the Annexin
V-FITC/PI Apoptosis Detection Kit (Keygen Biotedbhina), according to the manufacturer's protocol.
Briefly, cells were washed with ice-cold PBS, amguspended in Annexin V-FITC solution and
propidium iodide (PI) solution. The mixture was ubated at room temperature for 30 minutes in the
dark. The FAC-SCalibur flow cytometer (BD Bioscies¢ San Jose, CA, USA) was used to detect
apoptosis in each sample, and data was analyzed Ekiw Jo software.
5.9 Intracellular ROS assay

MDA-MB-231 and MCF-7 cells in the logarithmic grdwphase were plated in a six-well plate at
a density of 2x10per well. After the cells were cultured for 24fffatent concentrations (0, 2, 4ul)
of compound 9n were administrated for 48h. Thea,d#lls were incubated in DHE solution at 37 °C
for 30 min in the dark. Three fields were selected each sample and photographed with a
fluorescence microscope (Nikon Eclipse Ti-S, Nikdd, Japan). Process images with Photoshop and
lllustartor software
5.10 Western blot analysis

Western blot were performed as described in theigue study [32]. The cells were treated with
compound 9n at 0, 3, 6 and M. The intracellular proteins were extracted th&Rlysate buffer
(Beyotime Biotechnology) and the protein contenésendetermined by the BCA protein quantification
kit (Beyotime Biotechnology). Total proteins wereparated by the SDS-PAGE according to the
molecular weight. Blots were blocked at room terapge for 2h in 5% nonfat dry milk-PBS-0.05%
Tween 20. The primary antibody (1:1000) was incebatvernight at 4 °C and then washed three times
with PBS-Tween20 (0.05%) for 10 min/time. The hoaslish peroxidase-conjugated secondary
antibody (1:10,000) was incubated for 2h at roomperature and then washed three times with
PBS-Tween20 (0.05%) for 10 min/time. Blots exposuveas performed with an ECL
chemiluminescence solution. All bands were analyirealge J software. All the above experimental

results were repeated three times.



5.11 Molecular docking

Molecular docking study was performed using MOE4£0The protein of EGFR (PDB code:2ITO)
and PI3K (PDB code:3APC) was downloaded from RC&&dh Data Bank. The crystal structure of
EGFR and PI3K were selected as acceptor and peepeiag default parameters in the QuickPrep
module. The protonation states of the ionizablédtes were adjusted at pH=7. The 3D structures of
all compounds were prepared by taking energy mization and conformational search. The pose with
the best score was used to explain the binding hafd®mmpound 9n in the active site of protein.
5.12 Statistical analysis

All experimental data are the results of the experit repeated three times. Statistical analysis
operations and mapping were done using PhotoshamggdJ, SPSS, Graph Pad, etc. All experimental
results are expressed as Mean + SD. The mean cmpabetween groups was performed by
ONE-WAY ANOVA and the Turkey method. P<0.05 was sidered statistically significant.
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Highlights

» The 2,4-disubstituted quinazolines showed moderate to good growth inhibition against the tested

five human cancer cells.

»  Among them, compound 9n exerted the most excellent anti-proliferative activities against breast

cancer cells.

»  Compound 9n inhibited the colony formation and migration of MDA-MB-231 and MCF-7 cells.

»  Compound 9n caused cell cycle arrest at G1 phase and induced apoptosis of MDA-MB-231 and

MCF-7 cells.

»  Compound 9n inhibited tumor growth through EGFR-PI3K signaling pathway.



