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Abstract In order to find efficient and low toxicity antitumor drugs, a series of novel 2,4,6-trisubstituted quinazoline deriva-
tives containing trifluoromethyl were synthesized and evaluated for their antitumor activities against human cancer cell lines
(PC-3, MCF-7, Eca-109, MGC-803, HGC-27, A549, H1975) by using methyl thiazolyl tetrazolium (MTT) assay. Most of
compounds exerted moderate to excellent antitumor activity against seven human cancer cells. Among them, N-(3-bromo-
phenyl)-6-methoxy-2-((4-(trifluoromethyl)benzyl)thio)quinazolin-4-amine (161) showed the best antitumor activity against
PC-3 cancer cell line, with the ICso values of (2.2240.15) pmol/L, which was better than the positive control of gefitinib. At
the same time, and compound 161 could dose-dependently and time-dependently induce PC-3 cells apoptosis.
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Figure 1 Structures of some 4-aminoquinazoline derivatives and derivatives containing trifluoromethyl
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Reagents and conditions: (i) POCIs, 65 ‘C;; 2 h; (i) NHz*H20, 0 “C ; 15 min; (iii) Fe, NH4Cl, 80 “C; 2 h; (iv) CSz, KOH, 85 ‘C; 48 h; (v)
p-trifluoromethyl benzyl chloride, KOH, 1,4-dioxane, H20, 90 ‘C; 1 h; (vi) POCI3, 55 °C; 1 h; (vii) different anilines, N,N-dimethylformamide, 90 ‘C; 1 h
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Scheme 1 Synthesis of the target compounds 16a~16w
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1 ERSH®
1.1 BE#HRUEMHNER

LA R 5-F AR -2- L I R (9) 1 = S
i Ayt JEoRh il i E A R AR B E Y 10, REHE
Y1 10 1EVKIB A1 N SIRE /KT & I N A AL &4
1. BLVoesew - V=4 0 1 NER, LAY 11 8810
JEHIFE A 12, LLIC/AK CBENTER, fEE A BT
ML, WEY 12 5 A os i 3 & s Nl %15
FbAY 13, 35X =5 2R SR S A KT
WHE AR AR AT 14, (e 14 205
“RARHES SRR E A 15, B, BLNN-
HH 5L FR Bk Jie i R, R MVE AR 77, LA 15 AN
R G 2B BRI N A L&Y 16a~16w. H
FRLEY) 16a~16w 454 '"H NMR. °C NMR Fl
HRMS FALE.

1.2 BirEMnEiiEts

1.2.1  BARfLA4 16a~16w &9 3874 &M
N TIRZEBb MGG RIPUEEEE, S MTT L
ik, 3 AR ¥ JE (Gefitinib) F 11 B X B X4k 54
#1

16a~ 16w #1748t N PC-3( T 41 AR 96 40 i)
MCF-7( N\ 3L B % 40 i9) . Eca-109( A £ & & 40 i)
MGC-803( N\ B4 ). HGC-27( N\ K21k 15 4 )«
AS49CN AE/INZH i fii e 40 L) A0 H197 5\ FE /N4 P it
21 6 2% 4 s 200 B R ) PRI P LV 1 S8, 25 SRR 1
. REEBWEYIXNT 7 PN R R &1
PUITEIEYE. M-S 16b~16e.16j~16m Fl 16r~16u
AP ER AT A, 2 R B A A EUIR T, A2 EY
AR 30 BT PR T A1 FIRH A7, 2% B W H - 5 A AR
TERIR b 3R THbmE e . 4 R ASH
FIPIN, 5 16f~16h HIEL, 16n~160 F1 16v~16w E.
R AEYIEYE, AT DL B A A7 B R B A A
YIS TARALHUAR. Fod, A9 161 XF PC-3 4l &
TG TS P B T, ICso M 9(2.2240.15) pmolsL ™!, I H.
161 FIPTI FE & PO T PR MR IR 5 4R e
122 &4 161 % F PC-3 tmfe A

JIe 96 240 PR R T A R K 2 BB 25 R AR
JEAM EE . AT B HERAE 161 5 5 MR 4n i
PAT-HIRE T, 50 4 M R T A A Btk AT T S Hgn
Mz esrdr. i 2 Fias, PC-3 U854k 59 161 155

HARE &Y 16a~ 16w X -L e 240 i 2 4008 GE i 1 «

Table 1 Antiproliferative activities of target compounds 16a~ 16w against seven cancer cell lines

ICs0/(umol=L 1)

Compound R
PC-3 MCEF-7 Eca-109 MGC-803 HGC-27 A549 H1975

16a H 24.66+0.80 21.3240.52 2535+1.28 22.12+1.10 28.51+1.26 29.48+0.77 24.92+1.60
16b 2-F 17.13£0.65 27.03+1.25 24.53+1.62 1589+0.82 1640+1.21 26.83+1.17 26.80+1.32
16¢ 2-Cl 2227+1.12  >50 >50 32.80+1.65 >50 >50 24.41+1.21
16d 2-Br 16.50+0.53 22.03+0.87 >50 17.07+£0.86 35.75+1.55 16.49+0.56 >50
16e 2-CF3 4519+1.24 44224123 43.69+1.55 3594+1.26 25.07+139 4551+1.19 44.17+1.62
16f 2-CHs 1590+1.08 26.234+0.95 32.10+1.85 21.09+£1.02 19.00+1.27 39.83+1.61 37.14%1.66
16g 2-OCH;  36.99+1.63 >50 >50 30.67+1.75 20.09+1.41 28514045 23.24+0.76
16h 2-0C2Hs  9.67+£0.68  43.55+1.87 47.17+£1.81 4033%+1.12 21474133 29.13%£0.65 31.20%+1.81
16i 3-Cl-4-F  9.08+0.52 18.90+0.48 13.38+0.32 15.13+0.60 8.26+0.91 18.34+£0.60 25.9440.97
16j 3-Cl 9.38+0.55 18.29+0.68 17.16+0.68 20.66+1.31 1835+1.26 27.17+0.49 25.20%0.77
16k 3,4-diCl  7.77£0.46 16.00+0.76 9.41+0.22 10.36+1.01 23.86+0.83 26.09+0.85 9.41+0.22
161 3-Br 2.22+0.15 7.6210.77 6.21+0.66  4.07+0.79 7.5540.87 5.9340.25 8.451+0.41
16m 3-CF; 3.11%+0.15 13.29+040 16.30%+0.19 5.601+0.29 6.061+0.78 14.71£0.86 21.134+0.81
16n 3-CHs 7.06£0.67 23.34+0.62 26.65+0.85 14.444+0.75 9.59+1.24 17.22+£0.21 24.78+1.69
160 3-OCH;  8.81%+0.59 26.55+1.64 22.64+1.41 10.84+1.03 22.54+1.33 30.05+1.21 22.64+1.41
16p 3-CN 6.241+0.42 >50 29.23+1.83  3.59+0.55 20.36+0.90 28.124+1.02 29.23+1.83
16q 3-NO2 3.25+0.51 6.621+0.81 10.00£1.00 6.994+0.84  22.69+0.96 26.60+1.07 10.00%1.00
16r 4-F 7.0240.58 20.01+0.94 10.284+0.35 19.44+1.28 17.39%£0.55 25.2840.95 10.28+0.35
16s 4-Cl 7.2240.66 15.06+0.66 15.88+0.56 8.234+0.91 25.75+0.80 21.15+1.35 15.88%+0.56
16t 4-Br 9.104+0.40 17.50+0.52 10.55+0.47 17.66+1.24 2838+0.88 28.95+1.20 10.55+0.47
16u 4-CF3 3.14+0.41 1439+0.69 10.82+0.96 11.37+1.05 15.05+0.50 14.75+0.85 10.824+0.96
16v 4-CHs 13.42+047 21.50+1.36 19.04+0.83 2547+1.87 2691+1.40 29.77+1.81 19.04+0.83
16w 4-OCH;  6.55%0.75 28.78+1.29 28.874+0.80 9.51+0.97  30.10=1.26 18.31+0.46 28.87+0.80

Gefitinib? — 8.921+0.41 8.1540.28 10.90+0.81 8.1940.67 7.914+0.22 6.26+0.83 9.20+0.76

@1Cso: the concentration of compound required for cell activity to be suppressed by half; ® used as a positive control.
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B2 (AMHDTFEIRERAAY) 161 402 PC-3 41/ 48 h. (B)H A FIREERILAD) 161 42 PC-3 4/l 72 h. (C) PC-3 4tiffl 48 h I
TN 50T (D) PC-3 4 72h T4 5 & A (5 0 BRAAE L, *P<<0.05, **#P<<0.001)
Figure 2 (A) PC-3 cells treated with different concentrations of compound 161 for 48 h, (B) PC-3 cells treated with different concentra-

tions of compound 161 for 72 h, (C) quantitative analysis of apoptosis cells of PC-3 for 48 h, and (D) quantitative analysis of apoptosis
cells of PC-3 for 72 h (compared with the control group, *P<<0.05, ***P<C0.001)

A8 h JE T A B 4 HE 3.91% % 21.87%, FEAHIA]
WS 51EY 161 15 E 72 h 5, T4 20 Eb
6.85% % 26.64%. iR EKHILE 161 5o LLKEE
AR 0B 0 A5t 1 7 X5 S 4 A o T

2 g

RNT FH A A KENTUELEY, AR
PR E R T — RIS 5N 2,4,6- =R R
fiTtEd, FHAEH MTT WE T BAstb &4 16a~16w Xf 7
PN AHHL: PC-3(RTFIIEAIAE). MCF-7(\FLIE
4 /i) Eca-109( N\ & 4H). MGC-803(\ B 4HA).
HGC-27( AR BB A ML) . AS49CN A /)N 2 Ha it &4
L) AT H1975CA A /)N 200 1 fili 462 41 2% 40 A it e 200 i )
P, ARk &9 161 %) PC-3 41 il R HUIG 5 i
PEEAL TR SRR 8, H 1Cs 1H3(2.22£0.15)
umol/L. [AIRF, Fb&H 161 fit i LK AR GRS 1) i
15 S PC-3 4 IE T
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TAAAE R R IR, Jo 75— A B AT
H. FEEME 200~300 HER(E ST, )
HEAT. 78 0.25 mm FERIAR (GF254) b /)7 )2 it b )
JBE A8 RRAE X-5 T s A g B 'TH NMR AT B3C
NMR Y143 % 7E Bruker 400 MHz A1 101 MHz Y6343 _E
0%, 4 HE S (HRMS) A 36 [ Waters-Micromass
7] Q-Tof Micro 73 HPUMRAT— "% AT I [a] 5 BE 5T 1A%
W 5E .
3.2 XWHE
3.2.1 b4 10~15 4%

FRYE SCHER I 77 A B T A& 10~152320 RAE
Kt 5 Sk — 2
322  BiRiE4 16a~16w 694 A%

LAY 15 (2.60 mmol). R (3.38 mmol)FIAS
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[ HUAR 2R f%(2.86 mmol)iE T 4 mL N,N-— H1 5 F it fi
W, 90 C&AM 1 h, #ZEEH(TLC) R = B 5E G, &
L, IRGAFIAE (3 73 5915 H AR LAY 16a~16w.

6- F AE L - V-2 L 2 ((4-( = 80 1Y 368 R 30 R A1 ) e
Wk-4-(16a): 5 B [EAE, 23 93.4%. m.p. 146.1~
146.9 °C; '"H NMR (400 MHz, DMSO-djs) &: 9.79 (s, 1H),
7.89 (d, J=2.7 Hz, 1H), 7.73 (d, J=8.0 Hz, 2H), 7.64~
7.56 (m, SH), 7.48~7.39 (m, 3H), 7.17 (t, J=7.4 Hz, 1H),
4.45 (s, 2H), 3.93 (s, 3H); 3C NMR (101 MHz, DMSO-ds)
5: 166.6, 156.6, 154.4, 153.1, 152.5, 147.3, 146.9, 141.9,
135.1, 134.0, 126.1 (q, J=4.0 Hz), 125.6, 123.9, 119.5,
107.3, 104.6, 100.7, 55.9, 31.1. HRMS (ESI) calcd for
Ca3H1oF3N;0S [M+H]" 442.1201, found 442.1192.

N-(2- 5 % 35 )-6- FFF 4, 32 -2-((4-( = 3 7 28) 7% 28 ) it
AR E IR -4- [}z (16b): ¥R B8 (0 [E 1A, 773 79.8%. m.p.
98.2~98.9 C; 'H NMR (400 MHz, DMSO-dj) J: 9.88 (s,
1H), 7.85 (d, J=2.7 Hz, 1H), 7.61 (d, J=9.1 Hz, 1H),
7.58~7.55 (m, 2H), 7.54 (s, 1H), 7.46 (dd, J=9.1, 2.7 Hz,
1H), 7.39 (d, J=7.6 Hz, 2H), 7.38~7.34 (m, 2H), 7.33~
7.28 (m, 1H), 4.30 (s, 2H), 3.92 (s, 3H); 3C NMR (101
MHz, DMSO-ds) d: 162.6, 158.2 (d, J=248.5 Hz), 157.5,
156.5, 145.8, 144.2, 129.5, 128.6, 127.9, 127.8 (d, J=7.1
Hz), 127.4, 127.0, 125.6, 124.8 (q, J=4.0 Hz), 124.7,
124.4 (d, J=4.0 Hz), 115.9 (d, J=20.2 Hz), 113.0, 102.6,
55.9, 33.2. HRMS (ESI) calcd for Co3H sFaN;O0S [M+H]"
460.1107, found 460.1099.

N-Q2- A5 )-6- H 58 2 -2-((4-( = 3 H 28) R 28 it
£R) W bR -4- i (16¢): TR 3% ([ 4R, 72 78.7%. m.p.
130.6~131.3 “C; '"H NMR (400 MHz, DMSO-dj) J: 9.93
(s, 1H), 7.86 (d, J=2.7 Hz, 1H), 7.65 (dd, J=8.0, 1.5 Hz,
1H), 7.61~7.56 (m, 2H), 7.53 (d, J=8.1 Hz, 2H), 7.48~
7.44 (m, 2H), 7.38 (td, J=7.7, 1.7 Hz, 1H), 7.33 (d, J=8.0
Hz, 2H), 4.24 (s, 2H), 3.91 (s, 3H); 3C NMR (101 MHz,
DMSO-ds) 0: 162.6, 157.8, 156.5, 145.8, 144.3, 135.7,
131.2, 129.9, 129.8, 129.4, 128.2, 127.8, 127.7, 127.3,
127.0, 125.6, 124.8 (q, J=4.0 Hz), 112.9, 102.6, 55.8,
33.1. HRMS (ESI) caled for Cp3H sCIF;N;0S [M+H]"
476.0811, found 476.0799.

N-(2-JR A5 )-6- H 58 2 -2-((4-( = 3 H 28) % 26 it
£R) W e b -4- i (16d): ¥R T (LlE 44, 77 F 82.7%. m.p.
165.3~165.9 ‘C; '"H NMR (400 MHz, DMSO-ds) 6: 11.89
(s, 1H), 8.37~8.32 (m, 1H), 7.89 (dd, J=8.0, 1.4 Hz, 1H),
7.82 (dd, J=9.1, 1.4 Hz, 1H), 7.67~7.64 (m, 2H), 7.60
(td, J=7.5, 1.4 Hz, 1H), 7.51 (d, J=8.1 Hz, 2H), 7.41 (td,
J=7.6,1.9 Hz, 1H), 7.07 (d, J=8.0 Hz, 2H), 4.26 (s, 2H),
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3.97 (d, J=4.8 Hz, 3H);"3C NMR (101 MHz, DMSO-ds)
5: 161.6, 158.0, 157.8, 142.5, 135.9, 133.2, 130.0, 129.8,
129.3, 128.6, 127.7, 127.4, 126.7, 125.5, 125.0 (q, J=4.0
Hz), 122.8, 121.8, 112.2, 104.7, 56.5, 32.9. HRMS (ESI)
caled for CyHisBrFsN;OS [M+H]" 520.0306, found
520.0299.

6- AU 2R -2-((4- (=3 P 28 R D) B A ) -NV-2-(= 3
HE) I I ) 1 M IR -4- B2 (16e): 9% 35 (0 [ 44, PR 84.3%.
m.p. 183.4~183.9 ‘C; 'H NMR (400 MHz, DMSO-ds) §:
11.86 (s, 1H), 8.34 (d, J=2.7 Hz, 1H), 7.94 (dd, J=8.0,
1.5 Hz, 1H), 7.91~7.84 (m, 2H), 7.69 (ddd, J=11.8, 9.1,
5.4 Hz, 3H), 7.50 (d, J=8.1 Hz, 2H), 7.05 (d, J=8.0 Hz,
2H), 4.20 (s, 2H), 3.98 (d, J=15.8 Hz, 3H); '*C NMR (101
MHz, DMSO-ds) d: 161.6, 159.2, 157.9, 1422, 134.8,
133.7, 131.3, 128.9, 127.7, 127.4, 127.1 (q, J=4.0 Hz),
126.6, 125.5, 124.9 (q, J=4.0 Hz), 124.6, 122.8, 121.9,
121.3, 112.2, 104.7, 56.5, 32.8. HRMS (ESI) calcd for
Ca4H1sFeN30S [M+H]" 510.1075, found 510.1068.

6- HA 48 5 - N-(B15 R 2 35 )-2-((4-( = 3 HR 38 ) R 28 ) B
AR W IR -4- i (166): ¥R B8 (AR, =% 79.4%. m.p.
156.7~157.0 “C; '"H NMR (400 MHz, DMSO-ds) J: 9.74
(s, 1H), 7.86 (d, J=2.7 Hz, 1H), 7.57 (d, J=9.1 Hz, 1H),
7.52 (d, J=8.1 Hz, 2H), 7.43 (dd, J=9.1, 2.7 Hz, 1H),
7.40~7.37 (m, 1H), 7.33 (dd, J=9.1, 1.8 Hz, 3H), 7.30~
7.26 (m, 2H), 4.23 (s, 2H), 3.91 (s, 3H), 2.20 (s, 3H); 13C
NMR (101 MHz, DMSO-dq) J: 162.8, 157.7, 156.4, 145.6,
144.4, 136.8, 135.1, 130.5, 129.5, 127.8, 127.3, 127.0,
126.7, 126.3, 124.8 (q, J=4.0 Hz), 124.3, 122.9, 113.0,
102.8, 55.8, 33.1, 18.0. HRMS (ESI) calcd for CosHy Fs-
N;OS [M+H]" 456.1357, found 456.1350.

6- FH 48 k- N-(2- FF AR DR R )-2-((4-( =900 R ) 2k )
AR MR -4- iz (16g): B ELlEl 4, =2 85.7%. m.p.
176.3~176.9 °C; '"H NMR (400 MHz, DMSO-ds) d: 10.51
(s, 1H), 8.04 (s, 1H), 7.66 (d, J=9.1 Hz, 1H), 7.54~7.50
(m, 3H), 7.48 (dd, J=7.8, 1.4 Hz, 1H), 7.38 (t, J=7.8 Hz,
1H), 7.22 (dd, J=15.3, 7.8 Hz, 3H), 7.09 (t, J=7.6 Hz,
1H), 4.26 (s, 2H), 3.92 (s, 3H), 3.80 (s, 3H); 3C NMR
(101 MHz, DMSO-ds) 6: 162.0, 157.9, 157.1, 154.2, 143 4,
129.5, 128.3, 128.2, 127.5, 127.2, 125.8, 125.5, 125.4,
1249 (q, J=4.0 Hz), 122.8, 120.4, 112.8, 112.1, 103.7,
56.2, 55.6, 33.0. HRMS (ESI) calcd for CaqH,iF3N30,S
[M+H]" 472.1307, found 472.1299.

N-(2- 58 FE K Ik )-6- B AR 5 - 2-((4-( = H ) %
FoVBRAR ) v MR -4- iz (16h): 8 B ([ A, PR 76.8%.
m.p. 160.0~160.9 ‘C; 'H NMR (400 MHz, DMSO-ds) 9
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9.70 (s, 1H), 7.85 (d, J=2.4 Hz, 1H), 7.59 (dd, J=8.6, 3.7
Hz, 3H), 7.55 (dd, J=8.2, 4.4 Hz, 4H), 7.43 (dd, J=9.1,
2.5 Hz, 1H), 6.96 (d, J=8.9 Hz, 2H), 4.41 (s, 2H), 4.03 (q,
J=6.9 Hz, 2H), 3.91 (s, 3H), 1.33 (t, J=6.9 Hz, 3H); 1*C
NMR (101 MHz, DMSO-de) d: 162.6, 156.9, 156.4, 155.5,
145.5, 144.2, 131.3, 129.6, 129.0, 127.9, 127.4, 127.1,
125.6, 125.0 (q, J=4.0 Hz), 124.1, 122.9, 114.2, 113.4,
102.8, 63.1, 55.9, 33.3, 14.6. HRMS (ESI) caled for
CasHsF3N30,S [M+H]" 486.1463, found 486.1455.

N-(3- 5 -4- K JE )-6- F A0 2 -2-((4-( = R R %
F) B AR W I IR -4- iz (16): iR BT TE AR, PR 89.7%.
m.p. 103.4~103.9 °C; '"H NMR (400 MHz, DMSO-ds) J:
9.85 (s, 1H), 8.08 (dd, J=6.8, 2.6 Hz, 1H), 7.85 (d, J=2.6
Hz, 1H), 7.74 (ddd, J=9.0, 4.3, 2.7 Hz, 1H), 7.66 (s, 1H),
7.63 (d, J=2.9 Hz, 4H), 7.50~7.42 (m, 2H), 4.47 (s, 2H),
3.93 (s, 3H); 3C NMR (101 MHz, DMSO-ds) o: 162.4,
156.6, 156.4, 154.8 (d, J=244.4 Hz), 145.7, 143.8, 136.0
(d, J=3.0 Hz), 129.6, 128.0, 127.5, 127.2, 125.6, 125.0 (q,
J=4.0 Hz), 124.5, 1243, 123.0 (d, J=7.1 Hz), 118.9,
118.7, 116.4 (d, J=22.2 Hz), 113.3, 102.7, 55.9, 33.4.
HRMS (ESI) caled for CyH7CIF4N;OS [M + H] '
494.0717, found 494.0706.

N-(3- G A5 )-6- H 58 2 -2-((4-( = 3 HH 28) "R 286 it
£R) W IR -4- iz (16§): & B Ea [l 44, P28 81.9%; mup.
83.5~84.0 C; "H NMR (400 MHz, DMSO-de) 6: 9.83 (s,
1H), 7.98 (t, J=1.9 Hz, 1H), 7.87 (t, J=3.6 Hz, 1H), 7.74
(dd, J=8.2, 1.1 Hz, 1H), 7.67~7.62 (m, 5H), 7.48 (dd,
J=9.1, 2.6 Hz, 1H), 7.43 (t, J=8.1 Hz, 1H), 7.20 (dd, J=
8.0, 1.2 Hz, 1H), 4.49 (s, 2H), 3.94 (s, 3H); 3C NMR (101
MHz, DMSO-ds) 6: 162.4, 156.7, 156.6, 156.4, 145.7,
143.8, 140.3, 139.0, 132.7, 130.0, 129.6, 128.1, 125.0 (q,
J=4.0 Hz), 124.5, 123.5, 122.0, 120.8, 113.4, 102.8, 56.0,
33.4. HRMS (ESI) caled for Cy3H sCIF;N;0S [M+H]"
476.0811, found 476.0801.

N-(3,4- — F K B )-6- 4 Jk -2-((4-( = 3 T 2 ) %
FEVBRAR) P IR -4- iz (16K): VR B (O FE A, 77 90.2%.
m.p. 161.3~161.9 ‘C; '"H NMR (400 MHz, DMSO-ds) 9:
9.86 (s, 1H), 8.19 (d, J=2.5 Hz, 1H), 7.85 (d, J=2.6 Hz,
1H), 7.79 (dd, J=8.8, 2.5 Hz, 1H), 7.67~7.62 (m, 6H),
7.49 (dd, J=9.1, 2.6 Hz, 1H), 4.49 (s, 2H), 3.93 (s, 3H);
3C NMR (101 MHz, DMSO-ds) 0: 162.3, 156.7, 156.2,
145.8, 143.7, 139.0, 130.6, 130.2, 129.6, 128.1, 127.6,
1272, 125.2, 125.1 (q, J=4.0 Hz), 124.6, 123.5, 122.1,
113.4, 102.7, 56.0, 33.4. HRMS (ESI) caled for
Ca3H17CLF3N;OS [M+H]" 510.0421, found 510.0416.
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N-(3- VR 3L )-6- F 48, 3 -2-((4-( = 98 FF 28 ) 75 28 ) it
X)W e WK -4- i (161): ¥4k B €5 [ 44, 72 26 89.6%. m.p.
185.6~186.3 C; 'H NMR (400 MHz, DMSO-ds) o
11.89~11.58 (m, 1H), 8.38 (d, J=2.7 Hz, 1H), 8.07 (t,
J=2.0 Hz, 1H), 7.81~7.72 (m, 2H), 7.63~7.54 (m, 3H),
7.50 (dt, J=8.0, 1.3 Hz, 1H), 7.45~7.35 (m, 3H), 4.51 (s,
2H), 3.98 (s, 3H); *C NMR (101 MHz, DMSO-ds) o
161.6, 157.7, 157.2, 142.1, 138.7, 130.5, 129.5, 128.7,
127.9, 127.6, 127.3, 126.3, 125.5, 125.1 (q, J=4.0 Hz),
123.7, 122.8, 121.1, 112.9, 104.7, 56.6, 33.3. HRMS (ESI)
caled for CyHisBrFsN;OS [M+H]" 520.0306, found
520.0302.

6- A 2R -2-((4- (=3 P 28 R ) B AR - V-G -(= 3 H
FE)H L R -4- e (16m): VR FE O E AR, PRER 83.7%,
m.p. 81.6~82.3 C; 'H NMR (400 MHz, DMSO-ds) §:
9.99 (s, 1H), 8.27 (d, J=2.0 Hz, 1H), 8.09 (dd, J=38.0, 2.0
Hz, 1H), 7.90 (d, J=2.7 Hz, 1H), 7.68~7.63 (m, 2H),
7.61 (s, 4H), 7.50 (dt, J=8.6, 2.4 Hz, 2H), 4.48 (s, 2H),
3.95 (s, 3H); 3C NMR (101 MHz, DMSO-ds) J: 162.4,
156.7, 156.5, 145.8, 143.7, 139.7, 129.6, 129.4, 129.1,
128.1, 127.5, 127.2, 126.0, 125.0 (q, J=4.0 Hz), 124.6,
122.9, 120.1, 118.7 (q, J=4.0 Hz), 113.4, 102.8, 56.0,
33.3. HRMS (ESI) caled for CpHisFsN;OS [M+H]"
510.1075, found 510.1071.

6- HA 48 5 - V- (1) P 2 5L )-2-((4-( = 3 R 38 ) R 28 ) B
AR W IR -4- iz (16m): ¥ B €A [ 4, 722 80.8%. m.p.
130.0~131.0 “C; '"H NMR (400 MHz, DMSO-ds) J: 9.75
(s, 1H), 7.90 (d, J=2.5 Hz, 1H), 7.61 (dd, J=8.8, 2.9 Hz,
3H), 7.59~7.53 (m, 4H), 7.45 (dd, J=9.1, 2.6 Hz, 1H),
7.29 (t, J=7.7 Hz, 1H), 6.98 (d, J=7.5 Hz, 1H), 4.46 (s,
2H), 3.93 (s, 3H), 2.30 (s, 3H); *C NMR (101 MHz,
DMSO-ds) J: 162.6, 156.7, 156.5, 145.6, 144.1, 138.6,
137.6, 129.6, 128.3, 127.9, 127.5, 125.6, 125.0 (q, J=4.0
Hz), 124.9, 124.3, 123.6, 120.2, 113.4, 102.8, 55.9, 33.3,
21.0. HRMS (ESI) caled for CaqHyF:N;OS [M+H]"
456.1357, found 456.1346.

6- F A 2 -V-(3- AL B 2R 0 )-2-((4-( = T )
BV AQ) i bR -4- 2 (160): 8 3% (0 [ 44, 77 84.2%.
m.p. 110.9~111.3 ‘C; 'H NMR (400 MHz, DMSO-ds) 9:
10.09 (s, 1H), 7.99 (s, 1H), 7.64 (d, J=9.1 Hz, 1H), 7.60
(d, J=8.4 Hz, 2H), 7.55 (d, J=8.3 Hz, 2H), 7.50~7.45
(m, 2H), 7.33~7.29 (m, 2H), 6.79~6.76 (m, 1H), 4.47 (s,
2H), 3.94 (s, 3H), 3.78 (s, 3H); *C NMR (101 MHz,
DMSO-ds) J: 162.3, 159.4, 156.8, 156.8, 143.7, 139.6,
129.6, 129.2, 127.5, 127.2, 125.6, 125.0, 125.0 (q, J=4.0
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Hz), 124.7, 122.9, 115.5, 113.4, 110.1, 109.0, 103.3, 55.1,
33.3. HRMS (ESI) caled for C24H21F3N3OZS [M‘i‘H]Jr
472.1307, found 472.1302.

3-((6- P AR B -2-((4-( = 3 P 2 )R ) Bt £ Q) e e b -4
B )R NE(6p): W E A K, FEE 86.8%, m.p.
210.1~210.8 °C; 'H NMR (400 MHz, DMSO-ds) 6: 10.00
(s, 1H), 8.30 (q, J=1.3 Hz, 1H), 8.10 (dt, J=6.7, 2.6 Hz,
1H), 7.90 (d, J=2.7 Hz, 1H), 7.67 (d, J=9.1 Hz, 2H), 7.63
(s, 4H), 7.61~7.58 (m, 2H), 7.50 (dd, J=9.1, 2.6 Hz, 1H),
4.48 (s, 2H), 3.94 (s, 3H); 3C NMR (101 MHz, DMSO-ds)
5: 162.3, 156.7, 156.4, 145.8, 143.7, 139.8, 129.9, 129.6,
128.1, 127.5, 127.2, 127.0, 125.4, 125.1 (q, J=4.0 Hz),
124.7,122.9, 118.6, 113.4, 111.3, 102.8, 56.0, 33.4. HRMS
(ESI) calcd for CpqH sF3N,OS [M+H]" 467.1153 found
467.1148.

6- FF A8 2 - N-(3- i 22 2 3 )-2-((4-( =3 38 R ) Bt
RO EWE IR -4- 1z (16q): ¥R B (0 [E A, 723 76.5%. m.p.
200.3~200.9 C; 'H NMR (400 MHz, DMSO-ds) 6: 10.04
(s, 1H), 8.86 (t, J=2.2 Hz, 1H), 8.27 (ddd, /=8.2,2.2, 1.0
Hz, 1H), 7.97 (ddd, J=8.2, 2.3, 0.9 Hz, 1H), 7.89 (d, J=
2.7 Hz, 1H), 7.69~7.66 (m, 2H), 7.64 (d, J=2.6 Hz, 4H),
7.51 (dd, J=9.1, 2.7 Hz, 1H), 4.52 (s, 2H), 3.95 (s, 3H);
3C NMR (101 MHz, DMSO-ds) J: 164.6, 162.0, 157.5,
149.1, 147.8, 143.3, 134.1, 129.3, 127.9, 127.6, 127.1,
126.8, 125.5, 125.2, 124.9 (q, J=4.0 Hz), 122.9, 121.4,
113.5, 101.4, 55.8, 33.5. HRMS (ESI) caled for
Ca3H 15F3N405S [M+H]" 487.1052, found 487.1044.

N-(4- T HHL)-6- AR I -2-((4-(= 30 P 388) 9 3 B4
Wa e IR -4- JiZ (16r): ¥R B 6 [ 4R, 7R 85.9%. mup.
101.1~101.9 "C; 'H NMR (400 MHz, DMSO-ds) : 9.79
(s, 1H), 7.86 (d, J=2.7 Hz, 1H), 7.74~7.70 (m, 2H),
7.64~7.61 (m, 2H), 7.60~7.56 (m, 3H), 7.46 (dd, J=9.1,
2.7 Hz, 1H), 7.27~7.22 (m, 2H), 4.44 (s, 2H), 3.93 (s,
3H); 3C NMR (101 MHz, DMSO-de) J: 162.5, 160.0 (d,
J=242.4 Hz), 156.8, 156.5, 145.6, 144.0, 134.9 (d, J=3.0
Hz), 129.5, 127.9, 127.5, 127.2, 125.0 (d, J=8.1 Hz),
124.9 (q, J=4.0 Hz), 124.3, 115.2 (d, J=22.2 Hz), 113.3,
102.8, 55.9, 33.3. HRMS (ESI) caled for Cp3H;sF4N3;0S
[M-+H]" 460.1107, found 460.1097.

N-(4- A 5L )-6- F 48 3 -2-((4-( = 3 1 28) 7% 28 it
AR) W IR -4- i (16s): VR 35 (L[l 44, 2% 86.3%. mup.
95.2~95.9 C; 'H NMR (400 MHz, DMSO-dj) J: 9.82 (s,
1H), 7.87 (d, J=2.6 Hz, 1H), 7.80~7.78 (m, 1H), 7.77 (d,
J=2.0 Hz, 1H), 7.66~7.61 (m, 5H), 7.49~7.45 (m, 2H),
7.45~7.43 (m, 1H), 4.46 (s, 2H), 3.93 (s, 3H); 3C NMR
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(101 MHz, DMSO-ds) 0: 162.4, 156.6, 156.5, 145.7, 143.9,
137.7, 129.6, 128.3, 128.0, 127.7, 127.5, 127.2, 125.0 (q,
J=4.0 Hz), 124.3, 122.9, 113.4, 102.8, 55.9, 33.4. HRMS
(ESI) caled for C3Hi;sCIFsN;OS [M+H]™ 476.0811,
found 476.0805.

N-(4- 1R 2K 3 )-6- F 4 FE -2-((4-( =40 FF 38 R 35
AR MR -4- 1z (16t): ¥R B (O [E A, 72 80.3%. m.p.
97.1~97.5 °C; 'H NMR (400 MHz, DMSO-ds) 6: 9.81 (s,
1H), 7.87 (d, J=1.8 Hz, 1H), 7.75 (d, J=8.7 Hz, 2H),
7.66~7.56 (m, 7TH), 7.47 (dd, J=9.0, 1.9 Hz, 1H), 4.47 (s,
2H), 3.94 (s, 3H); *C NMR (101 MHz, DMSO-ds) o
162.4, 156.6, 156.4, 145.7, 143.9, 138.2, 131.2, 129.6,
128.0, 127.5, 125.6, 125.0 (q, J=4.0 Hz), 124.6, 122.9,
115.8, 113.5, 102.8, 55.9, 33.4. HRMS (ESI) calcd for
Ca3H sBrFsN;OS [M+H]" 520.0306, found 520.0298..

6- F AL JE - 2-((4- (=3 28 R ) AR - NV-(4-( = 3L
FL) TR T IR -4- i (16u): IR T B E AR, FER 81.7%.
m.p. 160.1~160.9 °C; 'H NMR (400 MHz, DMSO-ds) &
11.80 (s, 1H), 8.43 (d, J=2.7 Hz, 1H), 7.99 (d, J=8.3 Hz,
2H), 7.78 (dd, J=13.6, 8.8 Hz, 3H), 7.64~7.52 (m, 3H),
7.40 (d, J=8.0 Hz, 2H), 4.53 (s, 2H), 3.99 (s, 3H); 13C
NMR (101 MHz, DMSO-ds) d: 161.7, 157.7, 157.2, 142.0,
140.9, 129.3, 128.2, 127.8, 127.5, 127.2, 126.4, 125.6 (q,
J=4.0 Hz), 125.0 (q, J=4.0 Hz), 122.7, 122.0, 120.0,
112.9, 1048, 56.6, 33.4. HRMS (ESI) caled for
Ca4H1sFeN30S [M+H]" 510.1075, found 510.1069.

6- HA 48 i - N-(h R 2 5K )-2-((4-( = 3 R 38 R 98 ) B
) W eIk -4- iz (16v): ¥R B L [, P73 85.4%. mup.
99.3~100.2 ‘C; 'H NMR (400 MHz, DMSO-ds) 6: 9.72
(s, 1H), 7.88 (d, J=2.6 Hz, 1H), 7.62 (s, 1H), 7.59 (d, J=
6.6 Hz, 4H), 7.57 (d, J=6.8 Hz, 2H), 7.44 (dd, J=9.1, 2.6
Hz, 1H), 7.21 (d, J=8.2 Hz, 2H), 4.44 (s, 2H), 3.92 (s,
3H), 2.31 (s, 3H); 3C NMR (101 MHz, DMSO-de) &
162.6, 156.7, 156.5, 145.6, 144.1, 136.0, 133.3, 129.6,
128.9, 127.9, 127.4, 125.6, 125.0 (q, J=4.0 Hz), 124.2,
123.2, 113.4, 102.8, 55.9, 33.3, 20.5. HRMS (ESI) calcd
for Ca4H2 FsN3OS [M+H]" 456.1357, found 456.1348.

6- FH 580 Jk - V-(4- FH 48001 R R )-2-((4-( =3 T ) R
FE)VBRAR ) M IR -4- it (L6w): ¥R T E A, FER 82.6%.
m.p. 144.3~145.2 °C; 'H NMR (400 MHz, DMSO-ds) &:
9.95 (s, 1H), 7.92 (d, J=2.4 Hz, 1H), 7.61 (s, 2H), 7.58 (d,
J=7.4 Hz, 3H), 7.52 (d, J=8.1 Hz, 2H), 7.45 (dd, J=9.1,
2.4 Hz, 1H), 6.98 (d, J=9.0 Hz, 2H), 4.42 (s, 2H), 3.92 (s,
3H), 3.77 (s, 3H); *C NMR (101 MHz, DMSO-ds) &:
162.5, 157.0, 156.6, 156.4, 144.0, 131.2, 129.6, 127.5,
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1272, 125.6, 125.2, 125.0 (q, J=4.0 Hz), 124.4, 122.9,
113.7, 113.3, 103.1, 56.0, 55.2, 33.3. HRMS (ESI) calcd
for CasH21F3N30,S [M+H]" 472.1307, found 472.1300.
3.3 IR SR

A0 T8 B AR K S 40 B AR L 3000~5000 />4
FFERRLE 96 FLAR . 4HMuRE IR 24 h 5, 7GR0k, ¥
ANFERE LA 96 FLIR S, MAMRER 6 M
L. Z9ER 72 h )5, ¥ MTT (3-[4,5- - FFLmEmk-2-
$£1-2,5- IR FEIRAL P, Solarbio) LA 0.5 mg/mL IR
IINBVEAFLp. 1637 CHRABKT AT 4h )5, B
REFEIE. ARG AL 150 pL DMSO LA AR I, R
B15]. A8 FHBEFRAAE 490 nm K FIEROGE. A
SPSS 16.0 FAF T HANHI AN A K 50% 5T 7 LAk
J& (ICs0).
34 pETSIE

¥ PC-3 4fHEMTE 6 FLIRS, HHAFIREE©O.
0.5, 1. 2 umol/L)IJ 161 fb &AL HE 48 F1 72 h. ARG UK
EMPIFEETEE 0.5 mg/mL Annexin V-FITC £ 0.5
mg/mL PICHL I IE )25 & i, AR5 F 40 i 75 15
WiFE 40 min 2 J5, R4 (Becton, Dickinson
and Company, NNZHTEES, F715 ] Flow Jo 3R F 314K
1.

4B KL(Supporting Information) L&) 16a~16w
[t HRMS, '"H NMR, "*C NMR &, X200y DL 5%
MASFI) 335 (http://sioc-journal.cn/)_ %K.
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