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Synthesis and Antitumor Activity of N-Triazol-
5-yl-oxazolidin-4-one Derivatives

Luo, Rui” Guo, Shanchun” Zheng, Shilong”
Bao, Xu™** He, Ling™*
(“ West China School of Pharmacy, Sichuan University, Chengdu, 610041)
(b RCMI Cancer Research Center, Xavier University of Louisiana, New Orleans, LA 70125, USA)

Wang, Guangdi”

Abstract Fifteen novel N-triazol-5-yl-oxazolidin-4-ones were synthesized through a few of steps from the benzaldehydes. It
was found that N-iodosuccinimide (NIS) can promote intramolecular amination reaction which is the key step of the syntheses,
which will be used as new method for the intramolecular formation of nitrogen-containing heterocycles. Part of the compounds
were evaluated for their anticancer activity. Among them, compounds 6a, 6b and 6¢ showed moderate antiprolifiration activity
toward human breast cancer cells MDA-MB-231 cell lines, while the mild activity of 6a, 6b and 6d against human cervical

cancer HeLa cell lines was confirmed in vitro assay.

Keywords N-triazol-5-yl-oxazolidin-4-one; N-iodosuccinimide; intramolecular amination ; antitumor activity
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Figure 1 Structures of letrozole and linezolid
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DA FR AT AR 1 R JEORI ), 5 B e AR
TEEAR LS N-IRART Z 2 (NBS) N A Bl N-F2E 2R
HOERZ IR R BERAEY) 2, SR )5 5 AH N 2R HE H R [ 3
S R RN IR 1,2,4-=FM-5-1 25t &9 3, 5
AOFRE RN 2-5-N-(1,3- % FE-1H-1,2,4- =1
5-3) O REATEEYD 4, LA NN-—F 3 % (DMF) i
57, NaH e, 52K HEEATAY KA Williamson 5k <
N, #3455 F I ALIRYD 5. DL 2-(FEIE)-N-(1,3- 2K 3
-1H-1,2,4- —Wp-5-58) 7, Tt iz (Sa) N A I L AR 2R 4R
AR AL TR BRI, ST PhI(OAc), Al I, 14
RIAT T WIEWICIR, BRI BFr 4-BEMLE R =4, 5
WAL 28%, RN AR HA 2. e H
PhI(CF;CO,), TENAMA, BRI E 40%. [FR, ¥
I @A, 40 Cul A1 Cu(CF;S05),, 1EA LB EAE AL

BOR. BE— DR AFAERR, AFTIA NIS, RMACR
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5a,6a: R'=H,R2=Ph,R®=H

5j, 6j: R'=H, R?=4-FPh, R®=H
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Table 1 Optimization of the reaction conditions

Entry Reagent Catalyst Yield/%
1 PhI(OAc),/I, — 28
2 PhI(CF;CO,),/I, — 40
3 PhI(CF;CO,), Cu(CF;S0:s), 42
4 NIS Cu(CF3S03), 50
5 NIS Cul 48
6 NIS — 54
7 NBS — Trace
8 NIS — —

5b, 6b: R'=4-NO,, R?=Ph,R3=H
5d, 6d: R"=4-CI, R?=Ph,R3=H 5e, 6e: R =4-OCH;, R2=Ph, R®=H
5g,69: R'=4-Br,R2=Ph,R3=H 5h, 6h: R'=2,4-2Cl, R2= Ph, R®=H
5k, 6k: R' = H, R?=3-CH3Ph, R®=H
5m, 6m: R'=H, R?=Ph, R®=2-F 5n,6n: R'=H, R2=Ph,R3=4-CH,

“Under daylight; ” in the dark laboratory.
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BME(R 2). LR REVIAD 6a. 6b A 6¢ X
MDA-MB-231 405 — & PIPusl i, 1M 6a. 6b Al
6c X HeLa 4HHA#MHIEH, HE A WK E 5
MCF-7-TAM 4t JG B & i il /6 .
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Fe-1H-1,2,4-—= M50 2 R 2ON Y, it NIS it
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T35 TRV, 15 0 R I SR e B = R ek e
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5¢c, 6¢: R'=2-F, R?= Ph, R3 H

5f, 6f: R' = 4-F, R2=Ph, R®=H

5i, 6i: R' = H, R2=3-CIPh, R®=H

51, 61: R"= H, R?=2,5-2CH;Ph, R®= H
50, 60: R'=H, R2= Ph, R®=4-CI

Reagents and conditions: (a) HoNCN, NBS, £-BuOK, 50 C; (b) RZNHNH,.HCI, (CH3CH,)3N, CH30H, reflux; (c) CICH,COCI,
(CH3CH,)3N, CH,Cl,, r.t.; (d) benzy alcohol or substituted benzyl alcohol, NaH, DMF, r.t.; (e) NIS, CH,Cly, r.t., N, visible light

B 1

H AR & VIR & s 2k

Scheme 1 Synthetic routes of the title compounds
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Table 2 Antiproliferative activities of synthetic compounds

ICs¢/(umoleL ")

Compd.

MDA-MB-231 MCEF-7-TAM HELA

6a 13.29 >20 13.91

6b 12.85 >20 >20

6¢c 12.28 >20 9.48

6d >20 >20 11.83

6e >20 >20 >20

60 >20 >20 >20
Bendamustine 13.28 >20 >20
SAHA 3.62 3.52 4.52

R S5 R B 2504 T T . it — D Es Mgt 5
R R IEAE AT Z .
3 X
3.1 UEFE5HF

M REFEHRACA Varian Mercury 400 MHz B % i L3R
1FN Agilent 600MHz B A% 3R (X (CDCL; ¥ 71, TMS
J9WHR); VECTOR 22 £L516154%; Bruker Daltonics Data
S3HT 3.4 BTIHEAYAN Thermo LTQ Orbitrap-XL B4,
YRT-3 & SACCREETT R KRR K AR, WERERKIE;
HSGF 254 {3808 )2 JE M i ARG T-MH & V0 A0 KA R
A F]; HSGF 254 B3 JZ ALK (300~400 B)IW T 5k
FEAL )5 BRI o R S 3 o dr 4, BT
PRI H IR T VEIEAT T AR AR .
32 wEMIER
321 N-REAFXT LA TEELQ). 1,3-=x4&-
1H-1,2,4- = o -5- i £ (3) F= 2- & -N-(1,3- = K % -
1H-1,2,4-=v%-5- ) LBt £ (4) 6 A&

WA 2~4 352 FEACR G LH FT A R SR 1 SCHR A R,
T 5 ek — 3,
322 2-(FAK)-N-(1,3-=RKK-1H-1,2,4-=7-5-5)
LBl RACAH(5) 6 mk il ik

ALY T, 78 10 mL FERBIRIIA 2-5-N-(1,3-
RS- 1HA1,2,4- =500 29 f%25(0.3 mmol) Al NaH
(1.2 mmol, 29.0 mg), M4 EE(0.6 mmol)/eiE T 3
mL JG7K DMF, fEOKI TN B, 25 I 3 2 v 2
R (TLC) kil RE R N 5842 f5, N 60 mL ZFR .1,
FAMLRI & Bk Bk, A HUZ S TR BRAN T 455 9 ik
95, BFEN B A A s.

2-(REIE)-N-(1,3- PR FE-1H-1,2,4-=W-5-35) 2.k
Jlit(5a): K AR, 773 89%. m.p. 99~101 ‘C; 'H NMR
(400 MHz, CDCl;) &: 8.82 (s, 1H), 8.14 (d, J=6.4 Hz,
2H), 7.54~7.52 (m, 2H), 7.48~7.42 (m, 6H), 7.36~7.35
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(m, 3H), 7.27~7.25 (m, 2H), 4.58 (s, 2H), 4.10 (s, 2H);
5C NMR (150 MHz, CDCl5) §: 167.7, 160.6, 145.5, 136.6,
136.0, 130.3, 129.5, 128.8, 128.6, 128.4, 128.3, 127.9,
126.3, 123.7, 73.6, 69.0; IR (KBr) v: 3240, 3031, 3062,
1706, 1598, 1534, 1507, 1119, 1027, 727, 691 cm ';
HRMS (ESI) caled for Cp3HyN4O, [M+H]" 385.1659,
found 385.1660.
(RAEFE)-N-(3-(4- T B R R ) -1 - Fk-1H-1,2,4-=
Me-5-58) 2T (Sb): B4, P23 87%. m.p. 182~
183 “C; '"H NMR (400 MHz, CDCly) d: 8.32 (q, J=9.2
Hz, 4H), 7.55~7.49 (m, 5H), 7.38~7.37 (m, 2H), 7.26 (s,
3H), 4.61 (s, 2H), 4.14 (s, 2H); “C NMR (150 MHz,
CDCly) J: 167.4, 158.8, 148.3, 146.1, 136.3, 136.2, 136.0,
129.7, 129.4, 128.7, 128.5, 127.9, 127.1, 123.8, 73.8, 69.1;
HRMS (ESI) caled for Cy3HyNsO, [M+H]" 430.1510,
found 430.1506.
2-(REIE)-N-(3-(2- A I )- 1- 2R 2 - 1 H-1,2,4-= -
5-25) Lk (Se): B OE AR, 7% 85%. mp. 104~
106 C; 'H NMR (400 MHz, CDCl;) 6: 8.94 (s, 1H), 8.10
(t, J=7.2 Hz, 1H), 7.53~7.44 (m, 5H), 7.39~7.34 (m,
4H), 7.26~7.15 (m, 4H), 4.57 (s, 2H), 4.09 (s, 2H); "°C
NMR (100 MHz, CDCly) d: 167.8, 161.1, 159.4, 157.3,
145.4, 136.6, 136.1, 131.0, 130.1, 129.5, 129.0, 128.6,
128.4, 128.0, 127.9, 127.0, 124.1, 123.8, 116.5, 116.4,
73.4, 69.1; HRMS (ESI) caled for Cp3H0FN4O, [M+H]"
403.1565, found 403.1562.
2-(RAEEE)-N-(3-(4- A A FE)-1- K K- 1H-1,2,4-=
M52 Z e (5d): VR B L[4, 7226 80%. m.p. 129~
132 °C; 'H NMR (400 MHz, CDCl;) 6: 8.76 (s, 1H) , 8.08
(d, J=8.4 Hz, 2H), 7.53~7.44 (m, 5H), 7.41 (d, J=8.4
Hz, 2H), 7.37~7.36 (m, 2H), 7.27~7.25 (m, 3H), 4.60 (s,
2H), 4.11 (s, 2H); *C NMR (100 MHz, CDCl5) §: 167.5,
159.8, 145.6, 136.4, 136.0, 135.4, 129.6, 129.0, 128.8,
128.7, 128.5, 127.9, 127.7, 123.8, 73.7, 69.1; HRMS (ESI)
caled for C,3H,0CIN,O, [M + H]" 419.1269, found
419.1269.
2-(RAEE)-N-(3-(4- A R R 0k )-1- K - 1H-1,2.4-
M-S J) 2T i (Se): R B E AR, FREE 75%. mup.
95~97 “C; "H NMR (400 MHz, CDCl;) 6: 8.07 (d, J=8.8
Hz, 2H), 7.53 (d, J=6.8 Hz, 2H), 7.48~7.42 (m, 3H),
7.36~7.25 (m, 5H), 6.97 (d, J=8.8 Hz, 2H), 4.58 (s, 2H),
4.10 (s, 2H), 3.85 (s, 3H); *C NMR (100 MHz, CDCl;) §:
167.8, 160.7, 145.4, 136.6, 136.1, 129.5, 128.7, 128.6,
128.3, 127.9, 127.8, 123.7, 122.9, 113.8, 73.6, 69.1, 55.2;
HRMS (ESI) caled for C,yH,3N,O5 [M+H]" 415.1765,

http://sioc-journal.cn/ 2437
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found 415.1767.
2-(REIL)-N-(3-(4- TR ) -1- K k- 1H-1,2,4-=
ME-5-J5) eI (SE): kR BufEA, 7 EE 92%. mp. 110~
112 “C; 'H NMR (400 MHz, CDCl;) d: 8.80 (s, 1H),
8.14~8.11 (m, 2H), 7.53~7.43 (m, 6H), 7.36~7.35 (m,
2H), 7.27~7.25 (m, 2H), 7.12 (t, J=7.8 Hz, 2H), 4.59 (s,
2H), 4.11 (s, 2H); *C NMR (150 MHz, CDCl;) 6: 167.5,
164.5, 162.8, 160.0, 145.6, 136.5, 136.0, 129.6, 129.0,
128.7, 128.5, 128.3, 127.9, 126.6, 123.8, 115.6, 115.4,
73.7, 69.1; HRMS (ESI) calcd for C,3HyFN,O, [M+H]"
403.1565, found 403.1561.
2-(REAIL)-N-(3-(4- BRI -1- K k- 1H-1,2,4- =
M55 eI (Sg): KB TR, 723 75%. mup. 139~
141 “C; "H NMR (400 MHz, CDCl;) d: 8.88 (s, 1H), 8.00
(d, J=8.8 Hz, 2H), 7.54 (d, J=8.4 Hz, 2H), 7.51~7.49
(m, 2H), 7.47~7.33 (m, 6H), 7.25~7.24 (m, 2H), 4.56 (s,
2H), 4.09 (s, 2H); *C NMR (100 MHz, CDCl;) 6: 167.6,
159.8, 145.6, 136.4, 136.0, 131.6, 129.3, 129.0, 128.6,
128.4, 127.9, 123.7, 73.7, 69.0; HRMS (ESI) calcd for
Ca3Hy0BrN,O, [M+H]" 463.0764, found 463.0764.
2-(REAIL)-N-(3-(2,4- “F KLY - 1- K FE-1H-1,2,4-
M5 ZBERE (Sh): K A U AR, PR 90%. mup.
106~108 °C; 'H NMR (400 MHz, CDCl5) ¢: 8.88(s, 1H),
791 (d, J=8.4 Hz, 1H), 7.58~7.44 (m, 6H), 7.35~7.26
(m, 6H), 4.58 (s, 2H), 4.10 (s, 2H); >C NMR (100 MHz,
CDCly) d: 167.6, 145.5, 136.4, 136.0, 135.5, 133.5, 132.2,
130.4, 129.6, 129.4, 129.0, 128.7, 128.4, 128.3, 127.9,
127.0, 123.7, 123.4, 73.7, 69.1; HRMS (ESI) calcd for
C,3H,oCLN,O, [M+H]" 453.0879, found 453.0880.
2-(REIL)-N-(1-(3- & R E)-3- K k- 1H-1,2,4- =
ME-5-J) 2R Z (S1): Bt EAA, PR ER 88%. mup. 123~
125 C; '"H NMR (400 MHz, CDCly) 6: 8.97 (s, 1H),
8.12~8.10 (m, 2H), 7.59 (s, 1H), 7.43 (d, J=5.6 Hz, 4H),
7.36~7.25 (m, 7TH), 4.59 (s, 2H), 4.08 (s, 2H); *C NMR
(100 MHz, CDCl;) §: 168.1, 160.7, 145.6, 137.9, 136.0,
135.1, 130.4, 129.9, 129.7, 128.8, 128.7, 128.5, 128.0,
126.3, 123.9, 121.4, 73.8, 69.0; HRMS (ESI) calcd for
Ca3Hy0CIN,O, [M+H]" 419.1269, found 419.1269.
2-(REFE)-N-(1-(4- AR FE)-3- 8 - 1H-1,2,4-=
M-S0 ZBERZ (5)): A E AR, UR 80%. m.p. 116~
118 ‘C; '"H NMR (400 MHz, CDCl;) §: 8.83 (s, 1H),
8.12~8.10 (m, 2H), 7.51~7.48 (m, 2H), 7.43 (d, J=6.4
Hz, 3H), 7.37 (d, J=4.8 Hz, 3H), 7.28~7.26 (m, 2H),
7.15~7.10 (m, 2H), 4.59 (s, 2H), 4.08 (s, 2H); *C NMR
(100 MHz, CDCly) §: 167.9, 163.6, 161.1, 160.7, 145.7,

2438 http://sioc-journal.cn/
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136.0, 132.8, 130.1, 129.6, 128.7, 128.5, 128.0, 126.3,
126.0, 125.9. 116.6, 116.3, 73.8, 69.1; HRMS (ESI) calcd
for C,3H50FN,O, [M+H]" 403.1565, found 403.1561.

(R AEEE)-N-(3- 7k J - 1-([8] 2R -1 H-1,2,4- — -5
) OBz (5k): R B AR, WL 86%. m.p. 99~
101 ‘C; '"H NMR (400 MHz, CDCl;) §: 8.88 (s, 1H),
8.15~8.13 (m, 2H), 7.45~7.40 (m, 3H), 7.37 (s, 1H),
7.34~7.31 (m, 3H), 7.29 (d, J=7.2 Hz, 2H), 7.27~7.22
(m, 3H), 4.57 (s, 2H), 4.10 (s, 2H), 2.37 (s, 3H); *C NMR
(100 MHz, CDCl3) 8: 167.6, 160.6, 145.5, 139.9, 136.4,
136.0, 130.3, 129.7, 129.4, 129.2, 128.6, 128.4, 128.4,
127.9, 126.4, 124.6, 120.6, 73.6, 69.1, 21.3; HRMS(ESI)
caled for CyH»N4O, [M + H] © 399.1816, found
399.1811.

2-(REAIE)-N-(1-(2,4- — H IR JE)-3- R K- 1H-1,2,4-
RS TR (SY): TEHCIR, 77 65%. "H NMR (400
MHz, CDCl5) 0: 8.64 (s, 1H), 8.14 (dd, J=1.6 Hz, 1.2 Hz,
2H), 7.45~7.38 (m, 3H), 7.34~7.33 (m, 3H), 7.17 (d, J=
8.0 Hz, 4H), 7.07 (d, J=8.0 Hz, 1H). 4.51 (s, 2H), 4.05 (s,
2H), 2.37 (s, 3H), 2.17 (s, 3H); *C NMR (150 MHz,
CDCLy) §: 167.2, 160.7, 146.7 140.3, 136.1, 135.3, 132.4,
132.2, 130.5, 129.4, 128.6, 128.4, 128.3, 127.7, 127.5,
126.5, 126.3, 73.6, 69.1, 21.2, 17.5; HRMS (ESI) calcd for
C,sHasN4O, [M+H]" 413.1972, found 413.1971.

N-(1,3- A 1H-1,2,4- = ME-5-F5)-2-((2- 9 3k 4
B O BEE (Sm): K A BE AR, 722 88%. m.p. 103~
108 C; 'H NMR (400 MHz, CDCl;) 6: 8.92 (s, 1H), 8.13
(d, J=7.6 Hz, 2H), 7.52 (d, J=6.8 Hz, 2H), 7.46~7.38
(m, 6H), 7.35~7.25 (m, 2H), 7.12 (t, J=7.2 Hz, 1H), 7.05
(t, J=9.2 Hz, 1H), 4.63 (s, 2H), 4.12 (s, 2H); *C NMR
(100 MHz, CDCly) §: 167.6, 162.2, 160.7, 159.7, 145.5,
136.6, 130.5, 130.4, 130.3, 129.5, 128.8, 128.4, 126.3,
124.3, 123.8, 123.1, 115.6, 115.4 .69.3, 67.5; HRMS (ESI)
caled for C,3H,FN,O, [M + H] © 403.1565, found
403.1562.

N-(1,3- 2K FE-1H-1,2,4- = Me-5-F5)-2-((4- FH FE 5 3E)
AIE) O Z (Sn): K E AR, PR3 86%. mup. 116~
117 ‘C; '"H NMR (400 MHz, CDCl;) §: 8.80 (s, 1H),
8.15~8.13 (m, 2H), 7.55~7.53 (m ,2H), 7.51~7.39 (m,
6H), 7.18~7.14 (m, 4H), 4.55 (s, 2H), 4.08 (s, 2H), 2.37
(s, 3H); *C NMR (100 MHz, CDCl;) d: 167.9, 160.6,
145.5, 138.2, 136.6, 133.0, 130.3, 129.4, 129.2, 128.7,
128.7, 128.4, 128.0, 126.3, 123.7, 73.5, 68.9, 21.1; HRMS
(ESI) caled for CpHxsN,O, [M+H]" 399.1816, found
399.1814.
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2-((4-FEE)EIE)-N-(1,3- - FE-1H-1,2,4- = -5-
B OB (S0): HEEER, 722 89%. m.p. 135~136 C;
'H NMR (400 MHz, CDCl;) §: 8.13 (dd, J=2 Hz, 1.6 Hz,
2H), 7.55~7.53 (m, 2H), 7.50~7.42 (m, 6H), 7.33 (d, J=
8.4 Hz, 2H), 7.19 (d, J=8.4 Hz, 2H), 4.55 (s, 2H), 4.11 (s,
2H); “C NMR (100 MHz, CDCl3) 0: 167.5, 160.6, 145.5,
136.6, 134.6, 134.2, 130.2, 129.5, 129.3, 129.2, 128.9,
128.8, 128.5, 126.3, 123.8, 72.9, 69.2; HRMS (ESI) calcd
for C,3H,CIN,O, [M+H]" 419.1269, found 419.1268.
323 (1,3-=RA-1H-12,4- =752 )-2- K K Evd
b-4-BR & A k38

BARYTF, 7€ Schlenk BN 2-(FHEIKE)-N-
(1,3- 2R FE-1H-1,2,4- =W -5-F8) Z B 1% 25(0.2 mmol),
NIS (0.4 mmol, 90 mg) &% 4 mL Jo/K ~&H e, T W%
FEIRRM 45 h, NN 40 mL &R, KK 10% B
RIRBRAAVE I, A& KB, BHUEE TR RN
TG R4S, A AT B AR HARL &4 6.

(1,3- - 1H-1,2,4- = M5 F8)-2- Z5 FLIEE I e 4
fil(6a): K AE R, 773 54%. mp. 115~117 C; 'H
NMR (400 MHz, CDCly) ¢: 8.10 (d, J=6.4 Hz, 2H),
7.45~17.31 (m, 7H), 7.25~7.19 (m, 6H), 6.57 (s, 1H),
4.62, 4.54 (ABq, J=14.4 Hz, 2H); °*C NMR (100 MHz,
CDCly) d: 170.6, 161.2, 144.0, 136.3, 134.7, 130.4, 130.1,
129.7, 129.1, 128.6, 127.2, 126.3, 1243, 93.2, 68.1; IR
(KBr) v: 3068, 2989, 1742, 1594, 1527, 1501, 1247, 1073,
754, 692 cmfl; HRMS (ESI) calcd for Cy3H;9N4O, [M+
H]" 383.1503, found 383.1501.

3-(3-(4-HH 2L IR I )-1- 2K B -1 H-1,2,4- = Wk-5-3)-2-
IR -WE M -4- T (6b): % ¥ (0 [ A, F7E 58%. mup.
69~71 ‘C; "HNMR (400 MHz, CDCl;) d: 8.29 (t, J=9.2
Hz, 4H), 7.47~7.34 (m, 5H,), 7.30~7.20 (m, 5H), 6.56 (s,
1H), 4.53~4.66 (m, 2H); *C NMR (100 MHz, CDCl5) ¢:
170.6, 159.2, 148.4, 136.2, 134.6, 130.6, 129.5, 129.2,
128.7, 127.2, 127.0, 124.3, 123.9, 93.1, 68.0; HRMS (ESI)
caled for CyH;gNsO, [M + H] © 428.1353, found
428.1352.

3-(3-Q2- T IE)-1- I 1 H-1,2,4- = M-5-38)-2- 2 HL
WE e ot -4- i (6¢): 38 ([ 4, =% 60%. m.p. 141~
143 °C; 'H NMR (400 MHz, CDCl;) J: 8.04 (t, J=7.2 Hz,
1H), 7.42~7.33 (m, 5H), 7.28~7.16 (m, 8H), 6.58 (s,
1H), 4.62, 4.54 (ABq, J=14.8 Hz, 2H); *C NMR (100
MHz, CDCls) 6: 170.6, 161.6, 159.0, 157.9, 143.9, 137.8,
136.2, 134.7, 131.2, 130.5, 130.0, 129.2, 129.1, 128.6,
127.2,124.6, 1243, 124.1, 116.7, 116.5, 93.1, 68.1; HRMS
(ESI) caled for Cp3HisFN,O, [M+H]" 401.1408, found
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401.1409.

3-(3-(4-E HFEIL)-1- -1 H-1,2,4- = M-5-3)-2-F 3
W e ot -4- ] (6d): AR, 723 61%. 'H NMR (400
MHz, CDCLy) d: 8.02 (d, J=8.4 Hz, 2H), 7.43~7.33 (m,
6H), 7.32~7.17 (m, 6H) , 6.54 (s, 1H), 4.53~4.64 (m,
2H); *C NMR (100 MHz, CDCls) 6: 170.8, 160.3, 144.2,
137.8, 136.1, 135.7, 134.6, 130.5, 129.3, 129.2, 128.9,
128.7, 127.6, 127.2, 124.3, 124.0, 93.2, 68.0; HRMS (ESI)
caled for CyH;3CIN,O, [M—I—H]+ 417.1113, found
417.1111.

3-(3-(4- A FE R FE)-1- A FE-1H-1,2,4- = M-5-FE)-2-
IRFEIEME G -4- B (6e): B ELEA, P72 72%. mp. 50~
54 °C; '"H NMR (400 MHz, CDCl5) 6: 8.03 (d, J=6.4 Hz,
2H), 7.39~7.19 (m, 9H), 6.96 (d, J=7.2 Hz, 2H), 6.56 (s,
1H), 4.61, 4.53 (ABq, J=14.0 Hz, 2H), 3.84 (s, 3H); "°C
NMR (100 MHz, CDCly) d: 170.6, 161.1, 160.8, 143.9,
136.4, 134.8, 130.4, 129.1, 129.0, 128.6, 127.7, 127.1,
124.3, 122.9, 113.9, 93.1, 68.0, 55.3; HRMS (ESI) calcd
for Co4H, N4O5 [M+H]" 413.1608, found 413.1612.

3-(3-(4-FAFIL)-1- -1 H-1,2,4- = M-5-3)-2-F 3
W o -4- i (66): KGR [ 44, 722 75%. m.p. 105~
107 “C; '"H NMR (400 MHz, CDCl3) 6: 8.09~8.06 (m,
2H), 7.42~7.32 (m, 4H), 7.25~7.18 (m, 6H), 7.12 (t, J=
8.8 Hz, 2H), 6.55 (s, 1H), 4.62,4.54 (ABq, J=14.8 Hz,
2H); *C NMR (100 MHz, CDCl;) d: 170.6, 165.0, 162.5,
160.5, 144.2, 136.3, 134.7, 130.5, 129.2, 128.6, 128.3,
128.2, 127.2, 124.3, 115.7, 115.5, 93.2, 68.0; HRMS (ESI)
caled for C,H;sFN,O, [M + H] © 401.1408, found
401.1407.

3-(3-(4-TREFE)-1- K -1 H-1,2,4- = -5-3)-2-F 3
AW E-4-i (6g): B8 (AR, 7% 58%. 'H NMR (400
MHz, CDCLy) d: 7.96 (d, J=8.4 Hz, 2H), 7.57 (d, J=8.4
Hz, 2H), 7.45~7.32 (m, 4H), 7.27~7.17 (m, 6H), 6.54 (s,
1H), 4.51~4.64 (m, 2H); *C NMR (150 MHz, CDCl;) J:
170.6, 160.4, 144.3, 136.3, 134.7, 131.8, 130.5, 129.2,
129.1, 128.6, 127.8, 127.2, 124.3, 124.0, 93.1, 68.0;
HRMS (ESI) caled for Co3H,sBrN,O, [M+H]" 461.0608,
found 461.0603.

3-(3-(2,4- “EARIE)-1-FKFH-1H-1,2,4- =W -5-F8)-2-
2R FEWE A 5t -4- T (6h): VR BE AR, P2 55%. mop.
98~101 C; 'H NMR (400 MHz, CDCl;) ¢: 7.83 (d, J=
8.4 Hz, 1H), 7.52 (d, J=2 Hz, 1H), 7.43~7.32 (m, 5H),
7.30~7.02 (m, 6H), 6.57 (s, 1H), 4.51~4.64 (m, 2H); "°C
NMR (100 MHz, CDCly) d: 170.5, 159.0, 143.8, 136.2,
135.8, 134.6, 133.6, 132.0, 130.6, 129.3, 129.2, 128.7,
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127.8, 127.2, 127.1, 124.2, 93.2, 68.1; HRMS (ESI) calcd
for Co3H,,CLN,0, [M+H]" 451.0723, found 451.0721.

3-(1-(3-E K3 )-3-ZK -1 H-1,2,4- = -5 382
WE M -4- 1 (61): K L 44, =3 65%. mp. 125~
126 °C; 'H NMR (400 MHz, CDCl;) 6: 8.10 (s, 2H), 7.45
(s, 3H), 7.38~7.32 (m, 3H), 7.29~7.19 (m, 5H), 7.05 (s,
1H), 6.61 (s, 1H), 4.65, 4.57 (ABq, J=14.8 Hz, 2H); "*C
NMR (150 MHz, CDCLy) o: 170.4, 161.4, 144.1, 137.2,
134.7, 130.5, 130.0, 129.9, 129.8, 129.2, 128.6, 127.0,
126.2, 124.6, 122.2, 93.0, 68.0; HRMS (ESI) calcd for
C,3H,5CIN,O, [M+H]" 417.1113, found 417.1112.

3-(1-(4- G FRFE)-3- TR FE- 1 H-1,2,4- = W5 F6)-2-F Fk
WE M e -4-1 (6§): V% B8 0 [, =% 51%. m.p. 128~
130 “C; '"H NMR (400 MHz, CDCly) d: 8.09 (d, J=6.8
Hz, 2H), 7.44 (d, J=6.4 Hz, 3H), 7.34 (q, J=4.8 Hz, 1H),
7.26 (d, J=4.8 Hz, 4H), 7.16~7.12 (m, 2H), 7.06 (t, J=
8.4 Hz, 2H), 6.59 (s, 1H), 4.62, 4.55 (ABq, J=14.8 Hz,
2H); “C NMR (100 MHz, CDCl5) 6: 170.6, 163.9, 161.3,
144.3, 134.9, 132.4, 130.5, 130.1, 129.8, 128.7, 128.6,
127.1, 126.6, 126.5, 126.2, 116.2, 115.9, 93.1, 68.1; HRMS
(ESI) caled for Cp3H sFN,O, [M+H]" 401.1408, found
401.1406.

2- IR HE-3-(3- IR HE-1-(1A) FH 2R 2 )-1H-1,2,4- = -5~
) (6K): KA EFE A, IE 58%. mp. 77~79 C; 'H
NMR (400 MHz, CDCly) o: 8.11 (d, J=4.8 Hz, 2H),
7.44~7.32 (m, 4H), 7.29~7.20 (m, 6H), 7.03 (d, J=7.6
Hz, 1H), 6.87 (s, 1H), 6.58 (s, 1H), 4.61, 4.53 (ABq, J=
14.8 Hz, 2H), 2.33 (s, 3H); *C NMR (100 MHz, CDCL5) ¢:
170.4, 161.3, 139.2, 136.2, 134.9, 130.3, 129.9, 129.6,
128.8, 128.5, 127.1, 1262, 1252, 121.3, 93.0, 68.0;
HRMS (ESI) caled for C,yHyN4O, [M+H]" 397.1659,
found 397.1657.

3-(1-(2,4- I FE S IE)-3- IR FE- 1 H-1,2,4- = -5-FE).-
2- R LR BE-4- T (61): VR BT (L E AR, FPF 59%. mup.
88~92 C;'H NMR (400 MHz, CDCl5) 6: 8.09 (d, J=8.0
Hz, 2H), 7.45~7.25 (m, 8H), 7.05 (s, 1H), 6.98 (d, J=8.0
Hz, 1H), 6.78 (s, 1H), 6.55 (s, 1H), 4.55, 4.46 (ABq, J=
14.8 Hz, 2H), 2.36 (s, 3H), 1.76 (s, 3H); *C NMR(100
MHz, CDCl;) 6: 170.4, 161.0, 145.1, 140.0, 135.8, 135.2,
132.6, 131.8, 130.5, 129.5, 128.6, 128.5, 127.6, 126.7,
126.4, 126.2, 93.0, 67.8, 21.2, 17.1; HRMS (ESI) calcd for
CasHysN,O, [M+H]" 411.1816, found 411.1813.

(1,3- 2R JE-1H-1,2,4- = -5 38)-2-(2- U A% 3 g e
Fi-4-F(6m): FREFEE, =2 54%. mp. 110~112 C;
'H NMR (400 MHz, CDCly) J: 8.09~8.07 (m, 2H),
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7.42~7.43 (m, 7TH), 7.34~7.24 (m, 3H), 7.02 (t, J=7.6
Hz, 1H), 6.97 (t, J=9.4 Hz, 1H), 6.80 (s, 1H), 4.63, 4.52
(ABq, J=14.8 Hz, 2H); *C NMR (100 MHz, CDCl;) ¢:
170.3, 162.3, 161.3, 159.8, 143.8, 136.5, 132.2, 132.1,
130.2, 129.6, 129.2, 129.1, 128.5, 126.3, 124.3, 124.2,
116.2, 116.0, 89.0, 67.8; HRMS (ESI) caled for
C,3H sFN,O, [M+H]™ 401.1408, found 401.1408.

(1,3- 2R FE-1H-1,2,4- = M- 5-35)-2- (St} F 2 35k ) e
bi-4-BH(6n): W% CLE A, 7% 63%. mp. 111~112 C;
'H NMR (400 MHz, CDCLy) ¢: 8.10 (d, J=7.6 Hz, 2H),
742 (q, J=7.2 Hz, 6H ), 7.24~7.22 (m, 2H), 7.15 (d, J=
7.6 Hz, 2H), 7.02 (d, J=8.0 Hz, 2H), 6.53 (s, 1H), 4.60,
4.51 (ABq, J=14.8 Hz, 2H), 2.29 (s, 3H); °C NMR (100
MHz, CDCls) d: 170.6, 161.2, 144.1, 140.5, 136.4, 131.7,
130.2, 129.6, 129.2, 129.0, 128.5, 127.1, 126.2, 124.3,
93.1, 68.0, 21.2; HRMS (ESI) calcd for CoyHy N,O, [M+
H]" 397.1659, found 397.1658.

2-(4-F R )-3-(1,3- K HE-1H-1,2,4- — M5
MELE-4- (60): KR E 4, 722 64%. m.p. 94~96 C;
'H NMR (400 MHz, CDCl;) §: 8.11~8.09 (m, 2H),
7.46~7.42 (m, 6H), 7.22~7.12 (m, 6H), 6.54 (s, 1H),
4.63, 4.56 (ABq, J=14.8 Hz, 2H); *C NMR (150 MHz,
CDCly) d: 170.5, 161.3, 143.8, 136.4, 136.2, 133.2, 130.1,
129.8, 129.2, 129.1, 128.8, 128.6, 128.5, 126.2, 124.2,
92.4, 68.0; HRMS (ESI) calcd for Co3H,5CIN,O, [M+H]"
417.1113, found 417.1110.

3.3 HBARIMT R E MK

F4 7L 40 i 22 MDA-MB-231 #1 MCF-7 J¢ & 31
YN0 £ HeLa AN RAEH 10% FBS, 4 mmol/L A%
Ef%, 1 mmol/L PAERER4M, 100 TU/mL 7 % %, 100 ug/mL
FEREEA 025 pg/mL MMEE R, BT 37 C,
5% CO, KIBFFRFNEEFE, DAIMIAESL 5 X 10° (U3 B %
FHTE 96 FLAH KRR 24 h, 7 BIFEARIFIE IR B IR
IRSERENTT « ARSLE A S G B 1) = 50 -4 - T s 5 ] 44, &
W), JEWEE 72 h JEIA 20 pL 7JRFEHN4EHE 2 h, {6
Victor Tl =3 %€ 2 1T (Perkin-Elmer, USA)7E 560 nm(3
), 590 nm( & HH)ic K. ICso N5 F KB F R
HA(DMSO)(0.25%) 4b 3 (1) 41 S AH EL (AR 100%), $11i
50%4H i 3G 5 B 75 B A0 & VDK FE.

4 Bh#1 8} (Supporting Information) {b&4%) 5a~ 5o,

6a~60 [f] '"HNMR. “C NMR ¥, Xl n] L6 2
AT 354 (http://sioc-journal.cn/)_E T %k,
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