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Abstract In order to find new and efficient anti-tumor drugs, a series of 2,4,6-trisubstituted pyrimidine derivatives were de-
signed and synthesized, and the antiproliferative activities were evaluated against four cancer cell lines of PC-3 (human pros-
tate cancer cells), MGC-803 (human gastric cancer cells), MCF-7 (human breast cancer cells) and HGC-27 (human gastric
carcinoma cell line) using methyl thiazolyl tetrazolium (MTT) assay. The results showed that most of the compounds exhibited
moderate to potent antiproliferative activities against the four human tumor cell lines, among which N-(3-(2-((4-((1,3,4-thia-
diazol-2-yl)thio)-6-(trifluoromethyl)pyrimidin-2-yl)thio)acetamido)phenyl)acrylamide (19q) had the best inhibitory activity
against PC-3 cells with ICso value of (0.8730.15) pmoleL ™!, the antitumor activity was significantly better than the positive
control 5-fluorouracil. Further anti-tumor mechanism studies showed that compound 19q could induce apoptosis in PC-3 cells.
In addition, compound 19q might play an anti-tumor effect by down-regulating the expression of anti-apoptotic protein Bcl-2
and up-regulating the expression of pro-apoptotic proteins Bax and p53.
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Figure 1 Design of novel 2,4,6-trisubstituted pyrimidine derivatives
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Reagents and conditions: (i) absolute ethanol, KOH, 80 °C, 8 h; (ii) acetone, Et;N, r.t., 4 h; (iii) H,O, KOH, 70 °C, 5 h; (iv) POCl;, 60 C, 4 h;
(v) CH;CN, Et;3N, different thiol-containing compounds and substituted piperazines, 82 °C, 4 h; (vi) water-absolute ethanol, Fe, NH,CI, 80 C,

5 h; (vii) DCM, Et;N, acryloyl chloride, r.t., 2 h.
B 1 &Y 19a~19u (15 Rk 2k

Scheme 1 Synthetic route of compounds 19a~19u
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Table 1 In vitro antiproliferative activity evaluation results of compounds 19a~19u

ICs0%/(umoleL 1)

Compd. R
omp PC-3 MGC-803 MCF-7 HGC-27
19a 2,3-CL.CsH3S 11.20+1.05 4.2440.63 15.28+1.18 13.70+1.14
19b 2,4-CLLCsH3S 15.17+1.18 4.60+0.66 14.49+1.16 13.49+1.13
19¢ 2,5-CL.CsH3S 11.94+1.08 4.4140.67 12.85+1.11 10.75+1.03
19d 2,6-CL.CsH3S 12.57+0.96 10.05+1.02 13.93+1.14 12.45+1.09
19¢ 3,4-CLL.CsH3S 11.65+1.07 7.5340.88 16.18+1.21 11.16+1.05
19f 2,4-F2C6HsS 24.18+1.38 429+1.03 26.54+1.42 22.83+1.36
19¢ 3,4-F2CeHiS 22.54+1.35 4.4741.09 24.16+1.38 2224+1.35
19h 2-CICHa4S 13.20+1.12 4.5740.87 16.96+1.23 21.60+1.33
19i 3-CIC¢Ha4S 13.22+1.04 3.954+1.22 20.10+1.30 18.20+1.26
19j 4-CICHa4S 1629+1.15 6.0940.78 18.71+1.27 16.70+1.22
19k —N  N— 19.23+1.28 2.5140.57 22.42+135 2275+1.35
_/
191 - N 12.09+1.08 7.64+0.88 9.1340.96 10.18+1.01
N
N=
19m —N N :/> 5.9740.85 15.72+1.16 19.27+1.28 16.08+1.21
\—/ N
N N + + + +
19n \_/ 10.21+1.01 15.42+1.19 13.12+1.12 13.77+1.14
190 \ _<0 11.26+1.06 25.71+1.41 20.96+1.32 17.23+1.24
—N N
NIV N
_S._Ng
19p WNT\J 2.30+0.21 3.5540.55 5.46+0.74 3.6440.56
2
s S
19q A ) 0.87+0.15 0.97+0.18 1.38+0.14 1.1740.07
N—N
\
19r S~ 0.96+0.11 1.3640.16 1.7740.25 1.9340.29
N_
N
19s s~ ] 1.86+0.27 2.1940.34 3.5740.55 1.5140.18
S
N
19t /s—</ :@ 4.1540.62 8.61+0.94 2.71+0.43 2.8140.45
S
N
19u s 7 N\ 8.30+0.92 9.66+0.98 17.22+1.24 8.01+0.90
5-Fu? — 6.3940.71 10.64+1.09 10.23+0.68 7.2540.72

9 Antitumor activity was assayed by exposure for 72 h to substances and expressed as concentration required to inhibit tumor cells proliferation by 50% (ICs).

b Positive control.
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Table 2 [n vitro antiproliferative activity of compound 19q
against human normal cells

ICso/(umoleL 1)

Compd.

GES-1
19q 23.12+1.36
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Figure 2 Effect of compound 19q on nuclear morphology of
PC-3 cells
The arrows in the figure indicate the cells whose nuclei have shrunk or
broken
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Figure 3  Effect of compound 19q on apoptosis of PC-3 cells
(A) Annexin V-FITC/PI detected apoptosis of PC-3 cells treated with different concentrations of compound 19q for 48 h; (B) Annexin V-FITC/PI detected
apoptosis of PC-3 cells treated with different concentrations of compound 19q for 72 h; (C) Quantitative analysis of apoptosis cells of PC-3 cells for 48 h;
(D) Quantitative analysis of apoptosis cells of PC-3 cells for 72 h. Compared with the control group, *P<<0.05, ***P<<0.001.
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Figure 4 Effect of compound 19q on apoptosis-related proteins
Changes in protein expression after treatment with different concentrations of compound 19q. GAPDH is the reference protein. (B, C, and D) Quantitative
analysis diagrams of each protein. Compared with the control group, *P<<0.05, ***P<C0.001.
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M 58 /%, SR JE ¥R REINKKIBEY T, BBEE S
W F, &AL 3k, WEEA N, FERTEK
MEREE T, )2 545 2 H s 54 19a~19u.

N-(3-(2-((4-((2,3- = SR 3 ) T AX)-6-( = 980 T 2k ) s
WE-2-F8) I AR) £ W 2 258 ) 8 TR M I e (19): ¥k 3 (o]
K, 2% 84.2%. m.p. 100.1~100.9 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 10.18 (s, 1H), 10.15 (s, 1H), 7.97 (s,
1H), 7.79 (t, J=8.4 Hz, 2H), 7.56 (s, 1H), 7.41 (t, J=8.1
Hz, 2H), 7.25 (d, J=4.8 Hz, 2H), 6.46 (dd, J=17.0, 10.1
Hz, 1H), 6.26 (dd, J=17.0, 2.2 Hz, 1H), 5.75 (dd, J=10.1,
2.1 Hz, 1H), 3.94 (s, 2H); 3C NMR (101 MHz, DMSO-ds)
5:171.8,171.7, 164.9, 163.1, 153.1 (d, J=36.4 Hz), 139.2,
139.1, 136.5, 136.4, 133.1, 132.9, 131.8, 129.0, 128.9,
127.6, 126.8, 121.3, 118.6, 114.4, 110.3, 109.6, 35.3;
HRMS (ESI) caled for C22H16C12F3N40282 [N[‘*’H]Jr
559.0044, found 559.0042.

N-(3-(2-((4-((2.,4- — SR L) B AR)-6-( = 5 7 5 ) 1
WE -2-J8) i A R) £ P9t 2 5 ) 2R 5 ) R A L e (19b): 1 £ [T
FEE 73.5%. m.p. 103.4~104.2 C; '"H NMR (400 MHz,
DMSO-ds) 0: 10.17 (s, 1H), 10.13 (s, 1H), 7.98 (s, 1H),
7.93~7.76 (m, 2H), 7.57~7.46 (m, 2H), 7.41 (td, J=4.6,
2.0 Hz, 1H), 7.24 (d, J=4.8 Hz, 2H), 6.45 (dd, J=16.9,
10.1 Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.74 (dd, J=
10.0, 2.1 Hz, 1H), 3.95 (s, 2H); '3C NMR (101 MHz,
DMSO-ds) 6: 171.9, 171.7, 164.9, 163.0, 153.1 (d, J=35.4
Hz), 139.4, 139.2, 139.1, 138.9, 136.8, 131.8, 130.0, 128.8,
128.6, 126.7, 124.2, 121.3 (d, J=276.7 Hz), 114.5, 114 .4,
110.3, 109.4, 35.3; HRMS (ESI) caled for CyH;6Cl-
F3N40,S; [M+H]" 559.0044, found 559.0040.

N-(3-(2-((4-((2,5- = SR F ) T AX)-6-( = 980 T 2k ) s
WE -2-J) AR L BBE 2 5 ) A L) TR M It e (19¢): 11 A i £k
P H 56.7%. m.p. 100.2~100.9 °C; 'H NMR (400 MHz,
DMSO-ds) d: 10.16 (s, 1H), 10.13 (s, 1H), 7.97 (d, J=2.1
Hz, 1H), 7.93 (d, J=2.5 Hz, 1H), 7.67 (d, J=8.6 Hz, 1H),
7.61 (dd, J=8.7, 2.5 Hz, 1H), 7.57 (s, 1H), 7.39 (dt, J=
6.8, 2.1 Hz, 1H), 7.29~7.20 (m, 2H), 6.46 (dd, J=17.0,
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10.1 Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=
10.1, 2.1 Hz, 1H), 3.95 (s, 2H); '*C NMR (101 MHz,
DMSO-ds) 6: 171.7, 171.6, 164.9, 163.1, 153.1 (d, J=36.4
Hz), 139.2, 139.1, 137.1, 136.9, 132.4, 132.3, 131.8, 131.6,
128.8, 127.0, 126.7, 121.3 (d, J=276.7 Hz), 114.4, 114.4,
110.3, 109.6, 35.3; HRMS (ESI) caled for CapHisClo-
F3N405S; [M+H]" 559.0044, found 559.0044.

N-(3-(2-((4-((2,6- — & K 3 ) B AR )-6-( = 8 52 ) s
WE-2-J8) i A R) 2k e B ) 2R 5 R A IR e (19d): - £ T4
F=# 58.9%. m.p. 105.6~106.5 ‘C; '"H NMR (400 MHz,
DMSO-ds) 0: 10.16 (s, 1H), 10.13 (s, 1H), 7.97 (s, 1H),
7.70~7.59 (m, 3H), 7.55 (dd, J=9.2, 6.7 Hz, 1H), 7.41
(dt, J=17.1,2.0 Hz, 1H), 7.31~7.20 (m, 2H), 6.46 (dd, J=
16.9, 10.1 Hz, 1H), 6.27 (dd, J=17.0, 2.1 Hz, 1H), 5.75
(dd, J=10.1, 2.1 Hz, 1H), 3.89 (s, 2H); '*C NMR (101
MHz, DMSO-ds) d: 171.9, 170.9, 164.7, 163.1, 153.1 (d,
J=35.4 Hz), 140.6, 139.2, 133.4, 131.8, 129.2, 128.8,
126.8, 124.7, 121.3, 118.6, 114.5, 114.4, 110.3, 109.4,
35.3; HRMS (ESI) calcd for CH 6CLF3N40,S, [M+H]"
559.0044, found 559.0042.

N-(3-(2-((4~((3,4- — F R B AR)-6-( =5 H 2k s g
2-BR)RAR) Mo 2R ) A ) T O T i (19e): 1 [ 44
F2E 60.6%. m.p. 102.8~103.6 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 10.22 (s, 1H), 10.15 (s, 1H), 8.05~7.91 (m,
2H), 7.71 (d, J=8.4 Hz, 1H), 7.63 (dd, J=8.3, 2.1 Hz,
1H), 7.49 (s, 1H), 7.41 (ddt, J=8.9, 6.0, 3.5 Hz, 1H), 7.25
(dd, J=4.0, 1.8 Hz, 2H), 6.46 (dd, J=17.0, 10.1 Hz, 1H),
6.26 (dd, J=16.9, 2.1 Hz, 1H), 5.75 (dd, J=10.1, 2.1 Hz,
1H), 4.00 (s, 2H); C NMR (101 MHz, DMSO-ds) J:
172.9, 171.6, 165.1, 163.1, 153.0 (d, J=35.4 Hz), 139.2,
139.1, 136.4, 135.2, 133.6, 132.1, 131.8, 131.6, 128.8,
126.7, 126.5, 121.3 (d, J=276.7 Hz), 114.5, 114.4, 110.3,
109.6, 35.4; HRMS (ESI) calcd for CyHisCLF3N40,S;
[M+H]" 559.0044, found 559.0040.

N-(3-(2-((4-((2,4- — 3 2R J5) T AX)-6-( = 960 Y 22k ) s
WE -2- 58 ) R0) 0 Tt 2 5 ) R 68 ) T A T Jie (191): ¥4k 2 2 ]
&, PPE 67.2%. m.p. 91.3~92.2 “C; 'H NMR (400 MHz,
DMSO-ds) d: 10.20 (s, 1H), 10.15 (s, 1H), 7.99 (d, J=2.1
Hz, 1H), 7.76 (td, J=8.4, 6.3 Hz, 1H), 7.57 (s, 1H), 7.49~
7.39 (m, 2H), 7.30~7.22 (m, 2H), 7.19 (td, J=8.5, 2.8 Hz,
1H), 6.46 (dd, J=16.9, 10.1 Hz, 1H), 6.26 (dd, J=16.9,
2.1 Hz, 1H), 5.75 (dd, J=10.0, 2.1 Hz, 1H), 3.95 (s, 2H);
3C NMR (101 MHz, DMSO-ds) 6: 172.1, 171.7, 164.9,
163.9 (d, J=264.6 Hz), 163.0, 161.4 (d, J=238.4 Hz),
153.0 (d, J=35.4 Hz), 139.2 (d, J=8.1 Hz), 138.8 (d, J=
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10.1 Hz), 131.8, 128.8, 126.7, 121.3 (d, J=276.7 Hz),
114.4 (d, J=9.1 Hz), 113.2 (d, J=3.0 Hz), 113.0 (d, J=
3.0 Hz), 110.2, 109.3, 109.1 (d, J=4.0 Hz), 108.9 (d, J=
4.0 Hz), 105.3, 35.3; HRMS (ESI) calcd for CopHFsNa-
0,8, [M+H]" 527.0635 found 527.0634.

N-(3-(2-((4~((3,4- — JU AR FE) BRAR)-6-( = 91 1T 5% ) g
WE-2-F)BiAR) £ P9t 2 2 ) A8 68 ) P I It 2 (19g): 1 (o
FEE 70.5%. mp. 97.3~982 C; 'H NMR (400 MHz,
DMSO-ds) 0: 10.21 (s, 1H), 10.15 (s, 1H), 7.99 (s, 1H),
7.89~7.79 (m, 1H), 7.58~7.47 (m, 2H), 7.40 (d, J=7.5
Hz, 2H), 7.24 (d, J=4.8 Hz, 2H), 6.45 (dd, J=17.0, 10.1
Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.74 (dd, J=10.1,
2.1 Hz, 1H), 3.99 (s, 2H); 3C NMR (101 MHz, DMSO-ds)
9: 173.6, 171.6, 165.1 (d, J=205.0 Hz), 153.0 (d, J=35.4
Hz), 152.2, 150.9, 148.3, 139.2 (d, J=9.1 Hz), 133.0 (d,
J=3.0 Hz), 132.9 (d, J=3.0 Hz), 131.8, 128.8, 126.7,
124.6 (d, J=18.2 Hz), 122.5 (d, J=4.0 Hz), 122.4 (d, J=
4.0 Hz), 121.4 (d, J=276.7 Hz), 119.0 (d, J=18.2 Hz),
114.4 (d, J=8.1Hz), 110.3, 109.2, 35.4; HRMS (ESI)
caled for CpnH¢FsN4O,S; [M+H] ™ 527.0635, found
527.0635.

N-(3-(2-((4-((2- 2R ) B AR)-6-( = 9L Y 2k ) s g -2-
FEAR) & ez 58 ) R L) AR 9t e (19h): 1 € T 4%, 7
K 73.4%. mp. 73.2~740 C; 'H NMR (400 MHz,
DMSO-ds) o: 10.18 (s, 1H), 10.16 (s, 1H), 7.98 (s, 1H),
7.80 (dd, J=7.7, 1.6 Hz, 1H), 7.69 (dd, J=8.0, 1.3 Hz,
1H), 7.58 (td, J=7.8, 1.7 Hz, 1H), 7.48~7.38 (m, 2H),
7.36 (s, 1H), 7.30~7.22 (m, 2H), 6.46 (dd, J=17.0, 10.1
Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=10.0,
2.1 Hz, 1H), 3.95 (s, 2H); 3C NMR (101 MHz, DMSO-ds)
9:172.6, 171.7, 165.0, 163.1, 153.0 (d, J=36.4 Hz), 139.2,
139.1, 138.3, 137.9, 132.8, 131.8, 130.5, 128.8, 128.5,
126.8, 124.9, 121.3 (d, J=275.7 Hz), 114.5, 114.4, 110.3,
109.0, 35.4; HRMS (ESI) calcd for CypHy7CIF3N4O,S;
[M+H]" 525.0434, found 525.0435.

N-(3-(2-((4-((3- G 2R ) B AR)-6-( = 9L Y 2k ) s g -2-
FBAR) CME ) A L) P Iz (191): 1 (B Rk, =3
67.9%. m.p. 148.5~149.4 C; 'H NMR (400 MHz,
DMSO-ds) d: 10.22 (s, 1H), 10.15 (s, 1H), 7.99 (d, J=2.3
Hz, 1H), 7.79 (t, J=1.9 Hz, 1H), 7.62 (ddt, J=8.1,5.1, 1.2
Hz, 2H), 7.51 (t, J=7.9 Hz, 1H), 7.41 (dt, J=6.8, 2.1 Hz,
1H), 7.34 (s, 1H), 7.30~7.22 (m, 2H), 6.46 (dd, J=17.0,
10.1 Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=
10.1, 2.1 Hz, 1H), 4.00 (s, 2H); '3C NMR (101 MHz,
DMSO-ds) 6: 173.5, 171.6, 165.1, 163.0, 153.0 (d, J=35.4
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Hz), 139.2, 139.1, 134.5, 134.0, 133.9, 131.8, 131.4, 130.5,
128.9, 127.9, 126.7, 121.3 (d, J=276.7 Hz), 114.5, 114.4,
110.3, 109.2, 35.4; HRMS (ESI) caled for CyH,;CIFs-
N40:S: [M+H]" 525.0434, found 525.0432.
N-(3-(2-((4-((4- R B ) B AR)-6-( = 38 HY 5= ) s g -2-
B AR) SR ) PR L) TR e L (19): Al ik, 7=
K 57.8%. m.p. 148.5~149.4 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 10.24 (s, 1H), 10.15 (s, 1H), 8.04~7.97 (m,
1H), 7.70~7.62 (m, 2H), 7.59~7.52 (m, 2H), 7.46~7.37
(m, 1H), 7.31 (s, 1H), 7.29~7.21 (m, 2H), 6.45 (dd, J=
17.0, 10.1 Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75
(dd, J=10.1, 2.1 Hz, 1H), 3.99 (s, 2H); *C NMR (101
MHz, DMSO-ds) 6: 173.8, 171.6, 165.1, 163.0, 153.0 (d,
J=35.4 Hz), 139.2, 139.1, 136.9, 136.0, 131.8, 129.9,
128.9, 126.8, 124.7, 121.3 (d, J=276.7 Hz), 114.5, 114.4,
110.3, 109.1, 35.4; HRMS (ESI) caled for CyH,;CIF;-
N40:S; [M+H]" 525.0434, found 525.0432.
N-(3-(2-((4-(4- F FE MR R - 1-FE )-6-( = 450 FF 32k ) s i - 2-
FVIAR) 2k 2 ) % 35 ) TR 445 B Jig (19K): 9% B 7 [ 44
FEH 58.9%. m.p. 116.2~117.1 ‘C; '"H NMR (400 MHz,
DMSO-ds) 0: 10.29 (s, 1H), 10.15 (s, 1H), 8.04 (s, 1H),
7.36 (dd, J=17.9, 1.8 Hz, 1H), 7.34~7.28 (m, 1H), 7.24 (t,
J=8.0 Hz, 1H), 6.95 (s, 1H), 6.46 (dd, J=16.9, 10.1 Hz,
1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=10.0, 2.1
Hz, 1H), 4.01 (s, 2H), 3.62 (s, 4H), 2.45~2.15 (m, 4H),
2.10 (s, 3H); *C NMR (101 MHz, DMSO-ds) o: 170.6,
166.0, 163.0, 161.0, 153.1 (d, J=33.3 Hz), 139.3, 139.2,
131.8, 128.9, 126.7, 122.1 (d, J=275.7 Hz), 114.3, 114.2,
110.1, 95.7, 53.9, 45.3, 43.4, 35.5; HRMS (ESI) calcd for
C21H24F3N¢0,S [M+H]" 481.1634, found 481.1631.
N-(3-(2-((4-(4- 2 FENR 185 - 1 -3 )-6-( = Fa Y 3k ) M g -2
FoYIRAR) STk 2 ) L) G I e (191): R B 4 [l i, ™=
% 75.9%. mp. 116.6~117.5 C; 'H NMR (400 MHz,
DMSO-ds) d: 10.30 (s, 1H), 10.15 (s, 1H), 8.05 (d, J=2.1
Hz, 1H), 7.50~7.31 (m, 2H), 7.29~7.17 (m, 1H), 6.94 (s,
1H), 6.45 (dd, J=16.9, 10.1 Hz, 1H), 6.25 (dd, J=17.0,
2.1 Hz, 1H), 5.74 (dd, J=10.0, 2.1 Hz, 1H), 4.00 (s, 2H),
3.65 (s, 4H), 2.24 (q, J=7.2 Hz, 6H), 0.91 (t, J=7.1 Hz,
3H); 3C NMR (101 MHz, DMSO-ds) d: 170.6, 166.0,
163.0, 160.9, 153.1 (d, J=34.3 Hz), 139.4, 139.3, 131.8,
128.8, 126.7, 122.1 (d, J=275.7 Hz), 114.2, 114.1, 109.9,
95.6, 51.7, 51.2, 44.1, 35.5, 11.6; HRMS (ESI) calcd for
C2oHa6F3Ng0,S [M+H]" 495.1790, found 495.1786.
N-(3-(2-((4-(4-(Mz WE -2-F5 ) IR e - 1- 5% )-6-( = 3 HH 2% )
W E - 2- ) A R) L MBE 2 ) R I ) A A BB e (19m): - 1 £ ]
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K, 2% 78.3%. m.p. 246.6~247.5 ‘C; 'H NMR (400
MHz, DMSO-ds) 6: 10.30 (s, 1H), 10.14 (s, 1H), 8.37 (d,
J=4.7 Hz, 2H), 8.05 (t, J=2.0 Hz, 1H), 7.40 (dt, J=8.0,
1.5 Hz, 1H), 7.35~7.20 (m, 2H), 7.01 (s, 1H), 6.66 (t, J=
4.7 Hz, 1H), 6.45 (dd, J=17.0, 10.1 Hz, 1H), 6.25 (dd, J=
17.0, 2.1 Hz, 1H), 5.74 (dd, J=10.1, 2.1 Hz, 1H), 4.04 (s,
2H), 3.75 (s, 8H); '*C NMR (101 MHz, DMSO-ds) o
170.6, 166.1, 163.0, 161.1, 160.9, 157.9, 153.1 (d, J=34.3
Hz), 139.4, 139.3, 131.8, 128.9, 126.7, 122.2 (d, J=276.7
Hz), 114.3, 114.1, 110.4, 110.1, 95.8, 42.6, 42.4, 35.6;
HRMS (ESI) caled for CyHaFsNgO.S [M + H] '
545.1695, found 545.1693.

N-(3-(2-((4-(4-(ML g -3-F5 ) IR e - 1- 5 )-6-( =3 T )
W g -2- B8 ) B AX) £ T 2 ) AR ) IO M T fie (19 ) 3 €[]
K, FP2# 76.0%. mp. 241.3~2423 ‘C; 'H NMR (400
MHz, DMSO-ds) : 10.35 (s, 1H), 10.19 (s, 1H), 8.20~
8.00 (m, 2H), 7.49 (ddd, J=8.9, 7.2, 2.0 Hz, 1H), 7.42 (dt,
J=82, 1.4 Hz, 1H), 7.38~7.33 (m, 1H), 7.26 (t, J=8.1
Hz, 1H), 7.00 (s, 1H), 6.70~6.59 (m, 2H), 6.47 (dd, J=
16.9, 10.1 Hz, 1H), 6.28 (dd, J=17.0, 2.1 Hz, 1H), 5.84~
5.69 (m, 1H), 4.04 (s, 2H), 3.79 (s, 4H), 3.59~3.36 (m,
4H); '3C NMR (101 MHz, DMSO-de) &: 170.6, 166.1,
163.1, 161.1, 158.4, 153.1 (d, J=34.3 Hz), 147.5, 139.4,
139.3, 137.5, 131.8, 129.0, 126.8, 122.2 (d, J=275.7 Hz),
114.2, 114.1, 113.2, 109.8, 106.8, 95.8, 43.8, 35.5, 14.0;
HRMS (ESI) caled for CisHsFsN;0,S [M + H] ©
544.1743, found 544.1740.

4-(2-((2-((3- T ) T T 28 ik ) B 38 )-2- AR 2 38 ) B
AR)-6-( =5 FF 2k I g -4- IR IR- 1R TR AU T BiR(190): ¥R
WO E K, 2% 66.7%. mp. 114.1~115.0 ‘C; 'H NMR
(400 MHz, DMSO-ds) 0: 10.30 (s, 1H), 10.14 (s, 1H), 8.07
(t, J=2.0 Hz, 1H), 7.46~7.36 (m, 1H), 7.31 (d, J=8.2
Hz, 1H), 7.24 (t, J=8.0 Hz, 1H), 6.96 (s, 1H), 6.45 (dd,
J=17.0, 10.1 Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H),
5.74 (dd, J=10.1, 2.1 Hz, 1H), 4.01 (s, 2H), 3.67 (s, 4H),
3.28 (s, 4H), 1.38 (s, 9H); 3C NMR (101 MHz, DMSO-ds)
J: 170.6, 166.0, 163.0, 161.1, 153.6, 153.1 (d, J=34.3 Hz),
139.4, 139.3, 131.8, 128.9, 126.7, 122.1 (d, J=275.7 Hz),
114.3, 114.0, 109.9, 958, 79.1, 59.7, 35.6, 27.9, 20.7;
HRMS (ESI) caled for CasH30FsNgOsS [M + H] ©
567.2001, found 567.2000.

N-(3-(2-((4-( 15 1 -2- JHE 7 5 )-6-( = i Y ik ) i g -2-
BB AL ) £ W 58 ) R L) A B i (19p): 1 B [l 4, 7=
# 59.4%. m.p. 212.4~213.2 C; '"H NMR (400 MHz,
DMSO- ds) & 10.32 (s, 1H), 10.14 (s, 1H), 8.82 (d, J=4.9
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Hz, 2H), 8.31 (s, 1H), 7.99 (d, J=2.4 Hz, 1H), 7.48 (t, J=
4.9 Hz, 1H), 7.41 (dt, J=6.9, 1.8 Hz, 1H), 7.30~7.21 (m,
2H), 6.44 (dd, J=16.9, 10.1 Hz, 1H), 6.25 (dd, J=17.0,
2.1 Hz, 1H), 5.74 (dd, J=10.1, 2.1 Hz, 1H), 4.13 (s, 2H);
13C NMR (101 MHz, DMSO-ds) d: 177.3, 170.3, 165.6,
1652, 163.0, 158.8, 153.2, 139.2, 139.1, 131.8, 128.9,
126.7, 120.3, 114.4, 114.3, 113.1, 113.0, 110.2, 35.8;
HRMS (ESI) caled for CyH;sF3N¢O2S: [M + H] *
493.0728, found 493.0726.

N-(3-(2-((4-((1,3,4- 1 — -2 L) B 4X)-6-( = 48 7 3E)
WA IE -2- ) I AX) £ I Jie 356 ) 48 68 ) IS I B e (19q): 1 (]
R, 7% 64.3%. m.p. 233.5~234.3 ‘C; 'H NMR (400
MHz, DMSO-de) d: 10.31 (s, 1H), 10.16 (s, 1H), 9.85 (s,
1H), 8.01 (d, J=2.1 Hz, 2H), 7.40 (dt, J=7.5, 2.0 Hz,
1H), 7.32~7.21 (m, 2H), 6.46 (dd, J=17.0, 10.1 Hz, 1H),
6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.80~5.70 (m, 1H), 4.12
(s, 2H); 3C NMR (101 MHz, DMSO-ds) J: 172.0, 168.2,
165.0, 163.1, 158.3, 155.9, 152.9 (d, J=36.4 Hz), 139.2,
139.1, 131.8, 128.9, 126.7, 121.3 (d, J=276.7 Hz), 114.5,
114.4, 111.0, 110.3, 35.8; HRMS (ESI) calcd for CigH,4Fs-
NsO2S; [M+H]" 499.0292, found 499.0289.

N-(3-(2-((4-((1- FF - 1 H- P k-5 38 ) i R ) -6-( = 3 P
FE ) IE -2- 5 iAQ) LR 2 ) R B NI L2 (19r): ¥R 3E
O EA, 23R 68.7%. mp. 1052~106.1 ‘C; 'H NMR
(400 MHz, DMSO-ds) 0: 10.26 (s, 1H), 10.15 (s, 1H), 8.01
(t, J=2.0 Hz, 1H), 7.97 (s, 1H), 7.40 (dt, J=7.5, 1.8 Hz,
1H), 7.35~7.19 (m, 2H), 6.45 (dd, J=17.0, 10.1 Hz, 1H),
6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=10.0, 2.1 Hz,
1H), 4.02 (s, 3H), 3.87 (s, 2H); 3C NMR (101 MHz,
DMSO-ds) 0: 172.0, 168.6, 164.9, 163.0, 153.5 (d, J=36.4
Hz), 146.1,139.2, 139.1, 131.8, 128.8, 126.7, 121.2 (d, J=
276.7 Hz), 114.5, 114.4, 110.7, 110.2, 35.2, 34.5; HRMS
(ESI) caled for CisHisFaNgO,S; [M+H] ™ 497.0790,
found 497.0786.

N-(3-(2-((4-( 18 e -2 - FHE 5 5 )-6-( — 5 FH k) s g -2-
BL)BiFE ) TR 2 ) R ) DA T M (19s): 3% B R [ 4
FEE 65.5%. m.p. 160.1~161.0 ‘C; 'H NMR (400 MHz,
DMSO-ds) d: 10.28 (s, 1H), 10.16 (s, 1H), 8.19~8.05 (m,
2H), 8.01 (t, J=2.0 Hz, 1H), 7.65 (s, 1H), 7.41 (dt, J=7.4,
1.8 Hz, 1H), 7.32~7.21 (m, 2H), 6.46 (dd, J=17.0, 10.1
Hz, 1H), 6.26 (dd, J=17.0, 2.1 Hz, 1H), 5.75 (dd, J=10.1,
2.1 Hz, 1H), 4.08 (s, 2H); 3C NMR (101 MHz, DMSO-ds)
0:171.9, 171.0, 165.0, 163.1, 153.2 (d, J=36.4 Hz), 151.5,
1442, 139.2, 139.1, 131.8, 128.9, 127.0, 126.7, 121.3 (d,
J=276.7 Hz), 114.5, 114.4, 110.3, 109.8, 35.7; HRMS
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(ESI) caled for CioH;sFaNsO,S; [M+ H] ™ 498.0340,
found 498.0337.

N-(3-(2-((4-(CA FF [ M M- 2-JE Tt I )-6-( = i, FY 32 ) s
W -2- 258 ) i 358 ) 2 O 25 ) 2 358 ) TR M TG i (19¢): - ¥k % (]
K, % 70.5%. m.p. 180.7~181.6 ‘C; 'H NMR (400
MHz, DMSO-ds) : 10.32 (s, 1H), 10.16 (s, 1H), 8.16~
8.10 (m, 1H), 8.09~8.04 (m, 1H), 8.00 (d, J=5.7 Hz,
2H), 7.61~7.55 (m, 1H), 7.51 (td, J=7.7, 1.3 Hz, 1H),
7.41 (dt, J=6.6, 2.1 Hz, 1H), 7.30~7.21 (m, 2H), 6.46
(dd, J=17.0, 10.1 Hz, 1H), 6.27 (dd, J=17.0, 2.1 Hz, 1H),
5.75 (dd, J=10.1, 2.1 Hz, 1H), 4.17 (s, 2H); 3C NMR
(101 MHz, DMSO-ds) 0: 172.0, 169.0, 165.0, 163.0, 156.3,
153.3 (d, J=35.4 Hz), 151.4, 139.3, 139.1, 136.1, 131.8,
128.9, 126.7, 126.0, 122.6, 122.1, 121.3, 118.5, 114.5,
1143, 1109, 1102, 35.8; HRMS (ESI) caled for
Ca3H17F3N50,S3 [M+H]" 548.0496, found 548.0496.

N-(3-(2-((4-(PHk W& -2- J5 T 25 )-6-( = 98t F 2k ) g g -2-
B ) O SRS R NG e L (19u): 35 (A [, 7=
K 74.6%. m.p. 201.3~202.0 C; 'H NMR (400 MHz,
DMSO-ds) J: 10.24 (s, 1H), 10.16 (s, 1H), 8.65 (ddd, J=
4.9,1.9,0.9 Hz, 1H), 8.00 (d, J=2.3 Hz, 1H), 7.89 (td, J=
7.6, 1.9 Hz, 1H), 7.80 (dt, J=8.0, 1.1 Hz, 1H), 7.57 (s,
1H), 7.48 (ddd, J=7.4, 4.8, 1.2 Hz, 1H), 7.41 (dt, J=6.8,
2.1 Hz, 1H), 7.32~7.19 (m, 2H), 6.46 (dd, J=16.9, 10.1
Hz, 1H), 6.26 (dd, J=16.9, 2.1 Hz, 1H), 5.75 (dd, J=10.1,
2.1 Hz, 1H), 4.02 (s, 2H); '3C NMR (101 MHz, DMSO-ds)
5:172.8,171.6, 165.1, 163.1, 153.1 (d, J=35.4 Hz), 150.8,
149.9, 139.2, 139.1, 138.3, 131.8, 129.7, 128.9, 126.7,
124.5, 121.3 (d, J=275.7 Hz), 114.5, 114.4, 110.3, 110.2,
35.5; HRMS (ESI) caled for CyH;7F3Ns0,S, [M+H]"
492.0776, found 492.0772.
3.3 IEEEMIFM
33.1 MTIT 523

HE A0 T8 A KSR 40 i AL 2000~3000 N2
FhF 96 FLARCH. ARSI 24 h )5, BEFLINA 200 puL A
VR & 2850, Bk & E 9 NMKRE, B4
WREEN 3 AL, i PR BRI 2 X RE A, 7
37 CIHHIREFRAE TR IR 72 h, FFFLEEIIA 20 pL Ik E
95 mg/mL [ MTT ¥, 37 CREGIFE 4 h, 7 2E57%
W, BFLIMA 150 pL —HETH(DMSO0), #ZIK FKF
PRA% 10 min, F5 I C 2B MG, FERFRACAE 490 nm
KA R EEAE. i SPSS Statistics i+ 5HA& ML &
Y 1Cso 1H.
3.3.2 DAPI & 55

B A K HAR) PC-3 40, THEUE L 1 X103 AN/AL
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fh BT 6 LR, T 37 'C. 5% CO, g% 7
Fah B R TR 24 h. FASEREE LA 199 (0, 0.125,
0.250, 0.500 pmol/L)AbEE 4 48 h, DAPI 45 & 41 .
1% B B AR B = A AL EF IF A 9% 06 B 5 BE (Nikon
Eclipse Ti-S, Nikon Ltd, Japan)#1fi&, J:F Photoshop Al
Hlustartor X f4-4b 22 EH1Z.
333 @A THER

IO H A KA PC-3 1 AREFL 1X10° M 3%
P 6 fUiRH, B 37 C, B ECH 5% CO, 4
B R IR, Frai oG EEfS, AR IAEETREE, IMAA
[FREE(0. 1.04 1.5, 2.0 pmol/L)I & 2555953, 4 6 4L
BB TREFRAE T REIR 48, 72 he ARSI F T
A 0.5 mg/mL AnnexinV-FITC 1 0.5 mg/mL PI )45 &
Grpirh. A M A IAERS AL F 40 min 2 5, R
4f 4% (Becton, Dickinson and Company, NJ)7:#T#¥ i,
SIS A4S FH Flow Jo B AL EE 437
3.3.4 Western blot 5% &

FAARTRIMREO. 0.25. 0.50. 1.00 umol/L)Itb &4
19q KB PC-3 ZHMd. FHBUH S e UTiE I 2 (RIPA) 24 i
2% 1 (Beyotime Biotechnology)# HU4H i Py & (1 i, JF:
T8I R U M R OE T B (BCA) B A AT &
(Beyotime Biotechnology)Jll & & i & &. 4571 &
T b B R - 5 TN A TBE i 4 IR FB Uk (SDS-
PAGE) /7 B & A . FREDECN 5% MR 2 0hia
F &, ERIK E=EERBE 2 ho —HA © 1000)7E
4 CWEIR, ARG FABRRZE P Eh iAW (PBS) -5 1L AL fE
fi5-20(Tween 20) (w=0.05%)¥E# 3 X, FX 10 min. —
PL(1 2 10000)7E= R FHFE 2 h, #R)5FH PBS-Tween 20
(0.05%) ¥ 3 IR, X 10 min. A SR AL 2K
(ECL)MHEAT ENERE . BT 25173185 Image J #1423k
1790Hr, FIRSEIRZE R EHE 3 k.

HBhM EL(Supporting Information) {L&%) 19a~19u
[¥] 'TH NMR, *C NMR, HRMS i [&]. X Epphl ) BL4 9%
AT 354 (http://sioc-journal.cn/)_E %K.
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