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Structural Modification and Inhibitory Activity on Tumor Cell
Proliferation of Novel Diaryl-B-lactam Compounds as
Tubulin Aggregation Inhibitors

Liang, Yuru' Zhou, Pengfei Liu, Mingming™ Wang, Yang™

(School of Pharmacy, Fudan University, Shanghai 201203)

Feng, Kechang'

Abstract Our previous studies have found that diaryl-$-lactam derivative (S)-4-(3-hydroxy-4-methoxyphenyl)-3-methylene-
1-(3,4,5-trimethoxyphenyl)azetidin-2-one (3a) possesses potent antitumor activity and its mechanism of action was confirmed
as a tubulin aggregation inhibitor. In this paper, 22 novel analogs were synthesized through modifications of the phenolic hy-
droxyl group in B ring of compound 3a. The structures of all target compounds were characterized by 'H NMR, *C NMR and
HRMS data. The inhibition against proliferation of A2780, MDA-MB-231, SKOV-3 and Hela cells were tested by thiazolyl
blue tetrazolium bromide (MTT) assay, and the bioassay results demonstrated that most of these derivatives showed good anti-
proliferative activities. Among them, (S)-1-(3,4,5-trimethoxyphenyl)-4-(3-(4-nitrobenzoyloxyl)-4-methoxyphenyl)-3-meth-
ylene-azetidin-2-one (Sn) exhibited most potent activities against the above four cancer cells with the corresponding 1Cs, val-
ues of 0.055, 0.105, 0.084 and 0.102 umol/L, respectively, indicating that these type of compounds merit further investigation.
Keywords diaryl-f-lactam; tubulin aggregation inhibitor; antitumor

WE R OAET AZAES, HEZRRES S5
WA 225y 4R PR R BT A, O B A 35 R 4 e R
TG ) IR AN AT 225 2L, B 25t ST AR )
iz — - B ST 45 (Combretastatin A4, CA-4, 1, & 1)
P NFEIEEY) Combretum caffrum 453 B 15 2II1L
EY, B AGE S T RO S & 07 25, A2 HEME 1R

* Corresponding authors. E-mail: Imm@fudan.edu.cn, wangyang@shmu.edu.cn

B, AR AR S I g 20 P S A ) . R
TANER(CA-4P, )80 TKIETE, RN BRI T8
SFEVETE, BT CREAIR 1 e 1R, dT
CA-4 TEMHFEREE VR LR p bl 5 B AR D e Xy 2R T %
R, Htia A T SR SR B A B SRR T R
BFFFE 3 MR 1) T A S BRI (R IR At 130,

Received October 13, 2016; revised November 25, 2016; published online November 28, 2016.
Project supported by the National Natural Science Foundation of China (Nos. 21472025, 81302257)..

5 [ SRR 225 42 (Nos. 21472025, 81302257) % BhI H .
T34} 45— £ % (These authors contributed equally to this work).

Chin. J. Org. Chem. 2017, 37, 683~690

A ©2017 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 683



BIHE

R

OMe
MeO

MeO | . "\ Conformationally

B .../ restricted design
MeO
R

1 R=0H, CA-4
2 R= OPOSNaz, CA-4P

OMe OMe

MeO, MeO,
MeO 0 MeO/@ 1)
Ni N
C
MeO ! MeO

OH OH
3a 3b

E1 CA-4(1). CA-4P ()M J5H-BFNELIZE & PI(3a~
3b) &

Figure 1 The structures of CA-4 (1), CA-4P (2) and di-
aryl-f-lactams (3a~3b)

AT T A SRR f AN X BR 0 T
SEREAL N, R YSCRA ik B M ) 4% T T o=
HE-B-IRAERREE RN EGY, & — Bk A
T—RINFME o-T0 H3E-N,p-— 55 3-p- N BE IR 54,
HAEAT TSR AR, KIS CA-4 S5HFHL
1(S)-1-(3,4,5- = F A IR EL)-4-(3- R B -4- A SR
H)-3-F L A0 T e-2-Hi (3a) 6 R i il A2780.
MDA-MB-231.SKOV3 1 Hela A {22 [ B 5 404115 1: |
AT B R 3b WA HUMREIETECER 1), B RE
T 205 R -B- N AL B IR TR R e f Y
PUMRE 2 B OS R, JF HE B 7 & T
B A MIROKABRES A 47 55 SBBEM SRS & A RERDT
AR AR FMLEIL, T 3B -0 B -V, B- 55
F-B- BRSSPI B PRI #2470 g i 1 1 52
W, e mREE N SR AT, 2% cA-4 1)

R LAY 3a—~3b XA [F i 2 i 58 5 A 30 3

Table 1 /n vitro antiproliferative activities of compounds 3a~
3b on different cell lines

ICso*/(umolsL"")

Compound - 5 -
A2780 MDA-MB-231  SKOV-3" Hela
3a 0.115 0.308 0.114  0.243

3b 4.6 >10 35 5.5
CA-4 (1) 0.006 0.008 0.012  0.010

“The anti-proliferation activities of individual compound to tumor cells were
determined by the MTT assay. The data are the mean of triplicate determina-
tions. ® A2780 and SKOV-3 are human ovarian cancer cell lines.  MDA-MB-
231 is a human breast cancer cell line. “Hela is a human cervical carcinoma
cell line.
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B Wy 25 OV S5 M BGE FmdS 0 AL 3a NS
&, X B IR EEEAT T BAME . Wik A IR 2
i, ULt — Do R, SREHEIT 0 B RS
.
1 HEREWR
1.1 BfRUEaEes

Je FEY) 3a G AL BESCRR[16] /57%, LA Morit-
Baylis-Hillman (MBH)X N 24) 4a iEcin iRl i A
XFRRIG IR AL . IR R AR S ) %15 B O 22 2l B
99%). SRJGTERIR ANk = Z &R, (L&Y 3a
o5 AR ok R G < SN, AR T 3 B YR
O IR IEAY, | Ak S B T Ak B AT A2 ) Sa~5Sv, 3Eit 22
AN (Scheme 1), 45 ¥ ¥4 '"H NMR. “C NMR
ESI-HRMS #fiilF.
1.2 (IMABESE MR

DALEY 1 AT 3a NBHPESTIE, SR MEMEE(MTT)
HEIE T BARL G Sa~5v X R 4E I A2780.
MDA-MB-231. SKOV-3 fl Hela FI 5 MG . H oz
WAL HENHIKRE 1Cs (0K 2 FioR.
R2  HIMLAEY Sa~5v X/ R8s 240 38 5 )40 i v 1

Table 2 [n vitro antiproliferative activities of target compounds
Sa~5v on different cell lines

ICso/(umol-L™")

Compound
A2780 MDA-MB-231 SKOV3  Hela
5a 0.409 0.608 0.864 0.887
5b 2.177 4.148 4.066 6.035
5¢ 1.253 0.883 1.476 1.149
5d 0.429 1.196 0.841 1.046
Se 0.344 0.845 0.832 0.925
5f 1.542 1.921 3.031 7.469
S5g >10 >10 >10 >10
5h 0.316 0.503 0.698 0.818
5i 0.328 0.565 0.522 0.49
5j 0.129 0.207 0.108 0.142
5k >10 >10 >10 >10
51 0.287 0.637 0.484 0.386
5m 0.169 0.223 0.114 0.075
5n 0.055 0.105 0.084 0.102
50 0.125 0.284 0.258 0.139
5p 0.201 0.218 0.155 0.106
5q 0.112 0.151 0.075 0.115
5r 0.121 0.216 0.178 0.174
5s 5.322 7.293 10202 14.023
5t 12.869 >20 15.597 19.324
5u 7.342 >20 8.656 >20
Sv 12.321 13.422 15.234  12.343
3a 0.115 0.308 0.114 0.243
1 0.006 0.008 0.012 0.010
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Scheme 1 Synthesis of target compounds 5a~5v
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RIE. LI A IK &2 4 CaH, BIR TG 25
TR, = R4 NaOH(E KOH) T, 75185 F.
TLC F#CN 0.2 mm GF245 @ 30HE 2 ENTRERIR, &6
FAFNERANT. FEENTE 300~400 HEERER:. H
NMR #E7E Varian Mercury 400 #Z ;LR LM E, PR
N TMS; “C NMR $7£ Varian Mercury 400 2§ 600 A% i
FLIRA B E, AFRA CDCl;; HRMS 7E Bruker Dal-
tonics, Inc. APEXIIIL. 7.0 TESLA FTMS (ESDA!{% #% E 1

==3

rE.
3.2 ZLWAHE
3.2.1 BEAGE AR

7 20 mL Fi M P I DMF (1 mL) L5497 3a (O
224FE 99%, 20 mg, 0.054 mmol) R FRER(15 mg, 0.108
mmol), ZiEHHE 10 min J5 IANASF R LE(0.108
mmol), FIRHLEE, MA 10 mL 2R LEE, 437 PAK
(10 mL X 2)FE A& /K (10 mL)Peik, KRR T
. 1LUE, VR RRRE T, BERAEENT B aith, sk
X LR, 28T A4S 405 Sa~5h.

(8)-1-(3,4,5- = A JL 2R Bk )-4-[3-(2- 5 £ 5 5k )-4-
SRR IR AR ]330 A R U A T be-2- i (Sa): 9% B €[ 4,
W 73%. mp. 91~92 C; [a]y +36.4 (c 0.33, CHCLy);
'H NMR (CDCls, 400 MHz) &: 7.05 (dd, J=8.2, 1.8 Hz,
1H), 6.90~6.88 (m, 2H), 6.59 (s, 2H), 5.84 (s, 1H), 5.30
(s, 1H), 5.16 (s, 1H), 4.22 (t, J=6.0 Hz, 2H), 3.87 (s, 3H),
3.80 (t, J=6.0 Hz, 2H), 3.76 (s, 3H), 3.73 (s, 6H); "°C
NMR (CDCls, 100 MHz) §: 161.2, 153.7, 150.6, 149.9,
148.5, 134.9, 134.0, 129.1, 121.4, 112.7, 112.3, 111.2,
95.0, 69.7, 64.0, 61.2, 56.3, 42.0; MS (ESI) m/z (%): 434.1
(M+H)"; HRMS (ESI) calcd for C»,H,sCINOg [M+H]"
434.1365, found 434.1366.

(8)-1-(3,4,5- = FH AR L 2K 3 )-4-[3-(3- N A 5 )-4-
SR IR 13- Y R R IR T be-2- i (Sb): £ [ 4
W 77%. m.p. 72~73 C; [a]y +20.1 (c 0.15, CHCLy);
'H NMR (CDCl;, 400 MHz) §: 7.01 (d, J=8.2 Hz, 1H),
6.88~6.86 (m, 2H), 6.60 (s, 2H), 5.84 (s, 1H), 5.30 (s,
1H), 5.17 (s, 1H), 4.18~4.01 (m, 2H), 3.85 (s, 3H), 3.76~
3.73 (m, 11H), 2.27~2.22 (m, 2H); *C NMR (CDCls, 100
MHz) 6: 161.2, 153.7, 150.3, 150.0, 149.0, 134.8, 134.0,
129.0, 120.6, 112.0, 111.6, 111.1, 95.0, 65.9, 64.1, 61.2,
56.3, 56.2, 41.7, 32.4; MS (ESI) m/z (%): 448.1 M—+H)";
HRMS (ESI) caled for Co3H,,CINOg [M+H]" 448.1521,
found 448.1523.

(S)-1-(3,4,5- = H 4 Jk 2R 5 )-4-(3- Jafs T 4R 2 -4- H 4
HEOREE)-3- 0 F R FA T Je-2-H(Se): A Bl A, Wi
98%. m.p. 92~93 C; [a]¥ +40.0 (¢ 0.39, CHCL); 'H
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NMR (CDCl;, 400 MHz) 6: 6.99 (dd, J=8.2, 1.2 Hz, 1H),
6.87 (d, J=8.2 Hz, 1H), 6.85 (s, 1H), 6.59 (s, 2H), 6.00
(ddd, J=17.4, 10.5, 5.5 Hz, 1H), 5.83 (s, 1H), 5.33 (d, J=
17.4 Hz, 1H), 5.29 (s, 1H), 5.22 (d, J=10.5 Hz, 1H), 5.16
(s, 1H), 4.55 (d, J=5.5 Hz, 2H), 3.87 (s, 3H), 3.76 (s, 3H),
3.73 (s, 6H); *C NMR (CDCl;, 100 MHz) &: 161.0, 153.5,
150.1, 149.8, 148.6, 134.7, 133.8, 132.8, 128.7, 120.1,
118.3, 111.7, 111.5, 110.7, 94.9, 69.9, 64.0, 61.0, 56.1,
56.0; MS (ESI) m/z (%): 412.1 (M+H)"; HRMS (ESI)
calcd for Co3H,gNOg [M+H]" 412.1755, found 412.1756.

(8)-1-(3,4,5- = H A B R B )-4-(3-J I AL Bk -4- FH 4R
BEORBE)-3- 7 AR U2 38 T be -2 (5d): A B Ak, Uk
K 85%. m.p. 106~107 C. [a]y +50.5 (c 0.33, CHCL);
'H NMR (CDCl;, 400 MHz) §: 7.04 (d, J=8.2 Hz, 1H),
7.02 (s, 1H), 6.90 (d, J=8.2 Hz, 1H), 6.60 (s, 2H), 5.84 (s,
1H), 5.33 (s, 1H), 5.17 (s, 1H), 4.73 (d, J=2.2 Hz, 2H),
3.87 (s, 3H), 3.76 (s, 3H), 3.73 (s, 6H), 2.34 (t, J=2.2 Hz,
1H); *C NMR (CDCl;, 100 MHz) ¢: 160.9, 153.5, 150.3,
149.8, 147.2, 134.7, 133.8, 128.7, 121.0, 112.9, 111.9,
110.8, 95.0, 78.0, 76.0, 63.8, 60.96, 56.9, 56.1, 56.0; MS
(ESI) m/z (%): 410.2 (M+H)"; HRMS (ESI) calcd for
Ca3HyNOg [M+H]" 410.1598, found 410.1600.

(8)-1-(3,4,5- = A F R B )-4-3-F2 L B 4-FH 4
BEOREE)-3- 0 B UR IR T Je-2-H (Se): o EaipiRY, Uk
K 54%. [a]y +22.0 (¢ 0.25, CHCL); 'H NMR (CDCl;,
400 MHz) 6: 7.03 (dd, J=4.0, 8.0 Hz, 1H), 6.87 (d, J=8.2
Hz, 2H), 6.58 (s, 2H), 5.83 (s, 1H), 5.29 (s, 1H), 5.15 (s,
1H), 4.05 (t, J=4.0 Hz, 2H), 3.92 (t, J=4.0 Hz, 2H), 3.85
(s, 3H), 3.75 (s, 3H), 3.72 (s, 6H), 2.81 (s, 1H); *C NMR
(CDCls, 100 MHz) 6: 160.3, 152.9, 149.7, 149.1, 148.2,
134.1, 133.2, 128.4, 120.2, 111.6, 111.1, 110.3, 94.2, 70.7,
63.2, 60.5, 60.3, 55.4, 55.3; MS (ESI) m/z (%): 416.2 (M+
H) *; HRMS (ESI) caled for CpH,,NO; [M+ H]"
416.1704, found 416.1704.

(8)-1-(3,4,5- = A F R B )-4-3- B N A B 4-FH 4
BEORFE)-3- 0 AR R I T e -2- W (56): ot iRy, Ik
% 95%. [a]y +18.7 (¢ 0.27, CHCL); 'H NMR (CDCl;,
400 MHz) 0: 7.01 (d, J=8.2 Hz, 1H), 6.91~6.79 (m, 2H),
6.61 (s, 2H), 5.85 (s, 1H), 5.31 (s, 1H), 5.18 (s, 1H), 4.14
(t, J=5.8 Hz, 2H), 3.86~3.84 (m, 5H), 3.77 (s, 3H), 3.74
(s, 6H), 2.59 (brd, 1H), 2.08~2.03 (m, 2H); *C NMR
(CDCls, 100 MHz) 0: 160.4, 152.9, 149.4, 149.2, 148.3,
134.1, 133.2, 128.2, 119.8, 110.7, 110.2, 110.1, 94.2, 67.7,
63.3, 60.7, 60.3, 55.5, 55.3, 31.0, 29.1; MS (ESI) m/z (%):
430.2 (M+H)"; HRMS (ESI) calcd for Co3H,sNO; [M+

Chin. J. Org. Chem. 2017, 37, 683~690
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H]" 430.1860, found 430.1861.

(S)-1-(3,4,5- = AR L IR B )-4-(3- = F G L £ 4 2k -
4-F R R ORI )-3- 0 FE L U4 BR T e -2- i (Sg): I E [
i, R 88%. m.p. 87~88 C; [a]y +45.8 (c 0.17,
CHCly); '"H NMR (CDCl;, 400 MHz) §: 6.99 (d, J=8.1
Hz, 1H), 6.86~6.84 (m, 2H), 6.58 (s, 2H), 5.82 (s, 1H),
5.28 (s, 1H), 5.15 (s, 1H), 4.05 (t, J=5.6 Hz, 2H), 3.84 (s,
3H), 3.75 (s, 3H), 3.71 (s, 6H), 2.75 (t, J=5.6 Hz, 2H),
2.33 (s, 6H); >°C NMR (CDCls, 150 MHz) 6: 160.9, 153.5,
150.2, 149.9, 148.9, 134.8, 133.8, 128.9, 120.4, 111.7,
111.6, 110.7, 94.9, 67.3, 63.9, 60.9, 58.0, 56.1, 55.9, 45.9;
MS (ESI) m/z (%): 443.2 (M+H)*; HRMS (ESI) calcd for
Co4H3 N,Og [M+H]" 443.2177, found 443.2178.

(8)-1-(3,4,5- — F 4 2 2R 2 )-4-(3- = 1 I 4 2 -4-
FH A 2 2R 0k )-3- 30 R S 502 3 T J-2- W (Sh): TG iR
Y, WE 95%. [a]y +20.9 (¢ 0.29, CHCL); 'H NMR
(CDCls, 400 MHz) §: 7.08 (d, J=8.3 Hz, 1H), 6.92~6.90
(m, 3H), 6.57 (s, 2H), 6.02 (s, 1H), 5.84 (s, 1H), 5.30 (s,
1H), 5.15 (s, 1H), 4.48 (s, 2H), 3.87 (s, 3H), 3.76 (s, 3H),
3.74 (s, 6H); *C NMR (CDCl;, 150 MHz) 6: 170.5, 160.1,
153.0, 149.7, 149.0, 147.1, 134.2, 133.0, 128.7, 121.2,
113.1, 111.6, 110.3, 94.3, 68.7, 62.8, 60.3, 55.5, 55.3; MS
(ESI) m/z (%): 429.2 (M+H)"; HRMS (ESI) calcd for
CyHy4NaO, [M+Na]" 451.1476, found 451.1476.

322 BEEE9A AR

b &9 3a OLZE4IEE 99%, 20 mg, 0.054 mmol)iA T
1.5 mL oK Z& Rk, 0 CHUBEZM T, KmA=
(11 mg, 0.108 mmol) FIEE 5 (0.081 mmol) (FEH IR
Mt &), FAEERKRN 1 h FEiERMN, H 1 mL KE
K, AN 10 mL —&HGE, 205K (10 mLX2), HAl
TR0 mL)PesE, TOKBRERIT . g, k&R
W, PERERAE E T s alifh, WX R E i, 75
TIEFNAS 4L 5 5i~5v.

(S)-1-(3,4,5- = H 48 5 DR I )-4-(3- 1A 4 T 4 ik -4-
SRR IR I3 R SRR IR T - 2-I (Si): B el A, Uk
K 74%. m.p. 109~110 C; [a]® +52.1 (¢ 0.26, CHCLy);
'H NMR (CDCls, 400 MHz) 6: 7.26 (dd, J=8.4, 2.0 Hz,
1H), 7.15 (d, J=2.0 Hz, 1H), 6.98 (d, J=8.4 Hz, 1H),
6.61~6.57 (m, 3H), 6.32 (dd, J=17.6, 10.4 Hz, 1H), 6.02
(d, J=10.4 Hz, 1H), 5.85 (s, 1H), 5.31 (s, 1H), 5.19 (s,
1H), 3.82 (s, 3H), 3.76 (s, 3H), 3.74 (s, 6H); *C NMR
(CDCls, 100 MHz) d: 163.8, 160.8, 153.6, 151.7, 149.6,
140.0, 134.8, 133.8, 132.9, 128.9, 127.4, 1253, 121.8,
112.9, 111.1, 94.8, 63.3, 61.0, 56.1, 56.0; MS (ESI) m/z
(%): 426.1 (M~+H)"; HRMS (ESI) calcd for C,3H,3NNaO,
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[M-+Na]" 448.1367, found 448.1369.

(8)-1-(3,4,5- = F B 25k 2K 58 )-4-(3- 24 1A Ik Y 4 2k 4-
A R R i )-3- 3 B 2 30 T e -2- 0 (5): 1t il 4,
I 84%. m.p. 68~69 C; [aly +12.4 (c 0.44, CHCL);
'H NMR (CDCls, 400 MHz) 6: 7.23 (dd, J=8.4, 2.1 Hz,
1H), 7.11 (d, J=2.1 Hz, 1H), 6.95 (d, J=8.5 Hz, 1H), 6.58
(s, 2H), 5.84 (s, 1H), 5.30 (s, 1H), 5.18 (s, 1H), 3.83 (s,
3H), 3.76 (s, 3H), 3.73 (s, 6H), 1.91~1.78 (m, 1H), 1.20~
1.12 (m, 2H), 1.07~0.98 (m, 2H); *C NMR (CDCls, 100
MHz) 6: 161.0, 153.6, 150.0, 149.8, 148.9, 133.8, 128.9,
120.4, 111.4, 110.9, 110.8, 94.9, 68.3, 64.0, 61.3, 61.0,
56.1, 56.0, 31.7; MS (ESI) m/z (%): 4402 (M+H)";
HRMS (ESI) caled for C,HsNNaO; [M + Na] *
462.1523, found 462.1526.

(8)-1-(3,4,5- = W % JHk 2R K& )-4-[3-(4- " Wk sk Pk 480
B)-4- PR B R -3 RS 430 T e -2-1 (Sk): H A
A, R 84%. m.p. 82~83 C; [a]d +30.0 (¢ 0.16,
CHCly); '"H NMR (CDCls, 400 MHz) 6: 7.23 (dd, J=8.4,
2.1 Hz, 1H), 7.15 (d, J=2.1 Hz, 1H), 6.95 (d, J=8.4 Hz,
1H), 6.59 (s, 2H), 5.84 (s, 1H), 5.31 (s, 1H), 5.19 (s, 1H),
3.84 (s, 3H), 3.76 (s, 3H), 3.75~3.73 (m, 10H), 3.67 (s,
2H), 3.54 (s, 2H); °C NMR (CDCls, 150 MHz) J: 160.2,
153.0, 152.5, 151.5, 149.0, 140.2, 134.1, 133.1, 128.2,
1243, 121.3, 112.0, 110.5, 94.3, 66.0, 62.8, 60.3, 55.5,
55.4, 44.5, 43.7; MS (ESI) m/z (%): 4852 (M+H)";
HRMS (ESI) caled for C,sH,sNoNaOg [M + Na] *
507.1738, found 507.1739.

(8)-1-(3,4,5- — F A B R 56 )-4-(3- 2K F I A 2 -4-
SRR )-3- M R U IR T be-2-lr(S)): B A, i
£ 90%. m.p. 151~152 C; [a]d +22.2 (c 0.34, CHCLy);
'H NMR (CDCl;, 400 MHz) J: 8.18 (d, J=7.8 Hz, 2H),
7.66~7.62 (m, 1H), 7.53~7.49 (m, 2H), 7.30 (dd, J=8.4,
2.0 Hz, 1H), 7.24 (d, J=2.0 Hz, 1H), 7.02 (d, J=8.4 Hz,
1H), 6.61 (s, 2H), 5.86 (s, 1H), 5.34 (s, 1H), 5.22 (s, 1H),
3.82 (s, 3H), 3.78 (s, 3H), 3.76 (s, 6H); *C NMR (CDCls,
100 MHz) J: 164.5, 160.9, 153.6, 151.9, 149.6, 140.5,
134.8, 133.8, 133.7, 130.3, 129.1, 129.0, 128.6, 125.3,
121.9, 113.0, 111.1, 94.9, 63.4, 61.0, 56.1, 56.0; MS (ESI)
m/z (%): 4762 (M -+ H) " ; HRMS (ESI) calcd for
CoH,NO, [M+H]" 476.1704, found 476.1705.

(8)-1-(3,4,5- = W1 4 HE K 58 )-4-(3- o 480 4 FH I 4 -
4-FAE B IR IE)-3- 37 R R S0 B0 T e -2-F (Sm): 1 £ [
&, WCE 91%. m.p. 185~186 C; [a]y +38.5 (¢ 0.15,
CHCl;); '"H NMR (CDCl;, 400 MHz) ¢o: 8.22~8.14 (m,
2H), 7.30 (dd, J=8.5, 2.2 Hz, 1H), 7.22 (d, J=2.2 Hz,
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1H), 7.19~7.15 (m, 2H), 7.02 (d, J=8.5 Hz, 1H), 6.60 (s,
2H), 5.86 (t, J=1.7 Hz, 1H), 5.34 (s, 1H), 5.21 (s, 1H),
3.81 (s, 3H), 3.77 (s, 3H), 3.75 (s, 6H); *C NMR (CDCl,
100 MHz) d: 166.4 (d, J=255 Hz), 163.6, 161.0, 153.7,
152.0, 149.7, 140.4, 134.8, 133.9, 133.1 (d, J=10.1 Hz),
129.1, 125.6, 125.5 (d, J=3.2 Hz), 122.0, 115.9 (d, J=
22.2 Hz), 113.0, 111.4, 95.0, 63.5, 61.1, 56.3, 56.2; MS
(ESI) m/z (%): 4942 (M+H)"; HRMS (ESI) calcd for
C7H,sFNOg [M+H]" 494.1610, found 494.1611.

(S)-1-(3,4,5- = FH 4 Jk 2R 26 )-4-(3- X it 2 2K H I 44
Be-4- FAE BE IR IE)-3- 7 F R 44 3R T be-2- W (Sm): ¥ 35
tE R, K 96%. m.p. 88~89 C; [ +45.2 (¢ 0.31,
CHCl3); 'H NMR (CDCls, 400 MHz) §: 8.35 (s, 4H), 7.34
(dd, J=8.5, 2.1 Hz, 1H), 7.24 (d, J=2.1 Hz, 1H), 7.05 (d,
J=8.5 Hz, 1H), 6.60 (s, 2H), 5.87 (s, 1H), 5.35 (s, 1H),
5.22 (s, 1H), 3.83 (s, 3H), 3.77 (s, 3H), 3.76 (s, 6H); *C
NMR (CDCl;, 100 MHz) 6: 162.6, 160.7, 153.6, 151.6,
151.0, 149.6, 140.0, 134.9, 134.5, 133.7, 131.4, 129.2,
125.9, 123.7, 121.4, 113.0, 111.2, 94.9, 63.3, 61.0, 56.2,
56.1; MS (ESI) m/z (%): 521.1 (M+H)"; HRMS (ESI)
caled for CypHpsN,Oo [M + H] © 521.1555, found
521.1554.

(S)-1-(3,4,5- = H 58 IR I )-4-(3-%of FF 4 22 2% FH Ik
Be-4- WA R ORI )-3- T FE AR S 30 T Je-2- i (S0): TG
HORDD, WK 93%. [a]? +31.7 (¢ 1.0, CHCL); '"H NMR
(CDCls, 400 MHz) 6: 7.95 (d, J=8.7 Hz, 1H), 7.11~7.05
(m, 3H), 6.84~6.78 (m, 3H), 6.43 (s, 2H), 5.68 (s, 1H),
5.15 (s, 1H), 5.04 (s, 1H), 3.71 (s, 3H), 3.63 (s, 3H),
3.59~3.58 (m, 9H); "C NMR (CDCl;, 150 MHz) o:
163.5, 163.3, 160.2, 153.0, 151.3, 149.0, 139.9, 134.1,
133.1, 131.8, 128.3, 124.5, 121.4, 120.8, 113.2, 112.3,
110.4,94.2, 62.8, 60.3, 55.5, 55.4, 54.9; MS (ESI) m/z (%):
506.1 [M+H]". HRMS (ESI) caled for C,sH,;NNaOy
[M-+Na]" 528.1629, found 528.1631.

(S)-1-(3,4,5- = F 4k O Tk )-4-[3-(2- FH 48 2k ) 2R R Tk
A4 H R SR IR IR )3 R R SR R T e -2- W (Sp): &
ek, IR 84%. [ +22.2 (c 0.11, CHCL); 'H
NMR (CDCls, 400 MHz) d: 8.15~8.11 (m, 2H), 7.35~
7.32 (m, 1H), 7.28 (dd, J=8.7, 2.0 Hz, 1H), 7.22 (d, J=
2.0 Hz, 1H), 7.02~6.95 (m, 3H), 6.91~6.87 (m, 1H), 6.61
(s, 2H), 5.85 (s, 1H), 5.33 (s, 1H), 5.21 (s, 1H), 3.88 (s,
3H), 3.81 (s, 3H), 3.77 (s, 3H), 3.76 (s, 6H); *C NMR
(CDCls, 150 MHz) 0: 171.3, 164.2, 164.0, 160.9, 160.3,
153.6, 152.0, 149.6, 140.6, 134.8, 133.8, 132.4, 129.5,
128.9, 1282, 127.2, 125.2, 122.0, 121.4, 113.9, 113.7,
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112.9, 111.1, 94.9, 92.8, 69.9, 66.9, 63.4, 60.9, 56.1, 56.1,
55.5, 55.3, 10.6; MS (ESI) m/z (%): 506.1 (M+H)";
HRMS (ESI) caled for CyH;NNaOg [M + Na] *
528.1629, found 528.1630.

(S)-1-(3,4,5- = S JE Ok 52 )-4-[3-(3- Mk g HY o 4 22
-4- R B ORI )-3- 0 AR 30 T e -2- (5q): 1 Ea [t
£ 16 mg, B 62%. m.p. 113~114 C; [a]y +44.9 (c
0.35, CHCl;); 'H NMR (CDCls, 400 MHz) d: 9.37 (s, 1H),
8.85 (d, J=4.4 Hz, 1H), 8.43 (d, J=8.0 Hz, 1H), 7.46 (dd,
J=8.0, 4.4 Hz, 1H), 7.32 (dd, J=8.4, 1.7 Hz, 1H), 7.24 (d,
J=1.7 Hz, 1H), 7.03 (d, J=8.5 Hz, 1H), 6.60 (s, 2H), 5.86
(s, 1H), 5.34 (s, 1H), 5.22 (s, 1H), 3.82 (s, 3H), 3.77 (s,
3H), 3.76 (s, 6H); °C NMR (CDCl;, 150 MHz) &: 163.2,
160.8, 154.0, 153.6, 151.7, 151.5, 149.6, 140.0, 137.7,
134.9, 133.7, 129.1, 125.7, 125.3, 123.5, 121.7, 113.0,
111.2, 94.9, 63.3, 61.0, 56.1; MS (ESI) m/z (%): 477.2
(M+H)"; HRMS (ESI) caled for CysH,sN,0; [M+H]"
477.1656, found 477.1659.

(8)-1-(3,4,5- = FH 480 8 0% i )-4-(3- 9t ik i 2 i -4- R
SRR IE)-3- 7 R U BR T be-2-1 (Sr): 9% B IR
WAk, IE 86%. [a]y +30.0 (¢ 0.34, CHCL); '"H NMR
(CDCls, 400 MHz) &: 7.39 (br s, 2H), 7.13~7.00 (m, 1H),
6.53 (s, 2H), 5.87 (s, 1H), 5.33 (s, 1H), 5.19 (s, 1H), 3.91
(s, 3H), 3.76 (s, 3H), 3.73 (s, 6H); *C NMR (CDCls, 150
MHz) §: 159.9, 153.1, 151.0, 148.6, 138.3, 134.4, 132.7,
129.0, 127.2, 120.8, 113.6, 110.8, 94.2, 62.0, 60.3, 55.8,
55.4; MS (ESI) m/z (%): 454.1 (M+H)"; HRMS (ESI)
caled for C,H, FNOsS [M—|—H]+ 454.0966, found
454.0968.

(8)-1-(3,4,5- — FH A B R B )-4-(3- T fisk Ik 4 2 -4- FH
SRR BL)-3- 0 IR R BA T he-2-T (Ss): A 44, i
# 82%. m.p. 99~100 C; [a]? +18.6 (¢ 0.35, CHCLy);
'H NMR (CDCls, 400 MHz) §: 7.39 (d, J=2.1 Hz, 1H),
7.27 (dd, J=8.5, 2.1 Hz, 1H), 6.99 (d, J=8.5 Hz, 1H),
6.56 (s, 2H), 5.85 (s, 1H), 5.31 (s, 1H), 5.19 (s, 1H), 3.87
(s, 3H), 3.76 (s, 3H), 3.74 (s, 6H), 3.29 (td, J=6.9, 1.6 Hz,
2H), 2.00~1.92 (m, 2H), 1.54~1.45 (m, 2H), 0.97 (t, J=
7.4 Hz, 3H); *C NMR (CDCls, 100 MHz) §: 160.7, 153.6,
151.9, 149.5, 138.2, 134.8, 133.6, 129.4, 126.0, 124.0,
113.6, 111.2, 94.8, 62.9, 61.0, 56.1, 51.6, 29.7, 25.5, 21.5,
13.5; MS (ESI) m/z (%): 492.2 (M+H)"; HRMS (ESI)
caled for C,sHoNNaOgS [M+ Na] ' 514.1506, found
514.1508.

(8)-1-(3,4,5- — F 50 B O 5 )-4-(3- N I 7k . 4, 2k -4-
FH AR R R B )-3- 0 B U 30 T e -2- i (Se): - il Ak
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W& 71%. mp. 134~135 C; [a]y +24.7 (c 0.11,
CHCl;); '"H NMR (CDCls, 400 MHz) §: 7.43 (d, J=2.0
Hz, 1H), 7.26 (dd, J=8.5, 2.0 Hz, 1H), 6.99 (d, J=8.5 Hz,
1H), 6.57 (s, 2H), 5.86 (t, J=1.6 Hz, 1H), 5.31 (s, 1H),
5.19 (s, 1H), 3.88 (s, 3H), 3.76~3.73 (m, 13H), 3.38 (t,
J=4.8 Hz, 4H); *C NMR (CDCl;, 150 MHz) J: 160.0,
153.0, 151.3, 148.9, 138.5, 134.2, 132.9, 128.6, 125.1,
122.1, 113.0, 110.6, 94.2, 65.3, 62.4, 60.3, 55.6, 55.5, 46.3;
MS (ESI) m/z (%): 521.2 (M~+H)"; HRMS (ESI) calcd for
CayHpoN,00S [M+H]" 521.1588, found 521.1590.

(S)-1-(3,4,5- = H S Fk IR 5 )-4-(3- % L ik o 4 K= 4-
AR RS R )-3- 2 R 5 3R T Je-2- 1 (Sw): 1 £ [
#, % 88%. mp. 58~59 C; [a]d —0.7 (¢ 0.14,
CHCl;); '"H NMR (CDCls, 400 MHz) d: 7.46~7.36 (m,
5H), 7.26 (dd, J=8.4, 2.0 Hz, 1H), 7.05 (d, J=2.0 Hz,
1H), 6.99 (d, J=8.4 Hz, 1H), 6.54 (s, 2H), 5.84 (s, 1H),
5.23 (s, 1H), 5.15 (s, 1H), 4.58 (q, J=14.0 Hz, 2H), 3.89
(s, 3H), 3.76 (s, 3H), 3.74 (s, 6H); *C NMR (CDCls, 150
MHz) J: 160.0, 153.0, 151.4, 148.8, 137.9, 134.2, 132.9,
130.3, 128.7, 128.3, 126.8, 125.5, 122.9, 112.9, 110.6,
94.2, 62.4, 60.3, 57.3, 55.6, 55.5; MS (ESI) m/z (%): 526.1
(M+H)"; HRMS (ESI) caled for C,;H3;N,OsS [M+
NH,]" 543.1796, found 543.1797.

(S)-1-(3,4,5- = F S B R 3 )-4-[3-(3,4- — AL R ) R
it T 4 s -4~ H A 2 DR D -3- W PR R 2 B T o -2-
(5v): AR 27 mg, W 87%. mp. 70~71 C;
[a]? +29.3 (¢ 0.14, CHCl;); '"H NMR (CDCl;, 400 MHz)
J: 7.30~7.26 (m, 2H), 7.24 (dd, J=8.5, 2.1 Hz, 1H), 7.18
(d, J=2.1 Hz, 1H), 6.87 (d, J=8.5 Hz, 1H), 6.81 (d, J=
8.2 Hz, 1H), 6.55 (s, 2H), 5.83 (s, 1H), 5.29 (s, 1H), 5.15
(s, 1H), 3.94 (s, 3H), 3.83 (s, 3H), 3.77 (s, 3H), 3.76 (s,
6H), 3.63 (s, 3H); *C NMR (CDCl;, 150 MHz) J: 159.9,
153.3, 153.0, 151.8, 148.9, 148.4, 138.1, 134.2, 132.9,
128.4, 126.6, 125.5, 122.2, 122.2, 112.7, 110.4, 110.0,
109.5,94.2, 62.3, 60.3, 55.7, 55.5, 55.3; MS (ESI) m/z (%):
572.2 (M+H)+; HRMS (ESI) caled for C,sHpoNNaO,S
[M+Na]" 594.1404, found 594.1405.
3.3 IAhEIE MR
3.3.1 KR EMHFBE

SZUG A BT A R 4T A2780. MDA-MB-231,
SKOV-3 Al Hela #4015 & [ B A B =Y A7 E(ATCO);
YR B % 92 5L RPMI-1640. DMEM A4 11L& (FBS)W
ZE[E Thermo Scientific 22 F]; UME: 77 M)W H L
NEST A #; MTT 4 H Sigma A &), Ao, A5
i FH I = BALER A CO, Kf 7% 46 (Thermo) « & Tl 8%
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(Olympus)- 482X (Beckman) 1 H Bl bRr1X (Biotek-
H4)%%.
3.3.2 ARSI Apd] e g 7A 5

BOSHUE KA AR, FF 2585975, PBS ¥k 2 1K,
0.25%RBE AL, & 1bith, B2, % 5% 10°
AU R FLEEFP T 96 FLAR, RFFL 100 pL Kroedk, BT
37 C. 5% CO, AR FRAG 577 24 h, Frdt g aE
J&, IMARNEIRE LAY, AFEYIi 48 h. FF LK 9%
H, I 200 uL 55 0.5 mg/mL MTT (35555, 40 ks 9%
FEPEE 4 h. FEERFRE, FSLINA 150 uL DMSO, 1K
HEE 10 min. BEFR _EIE 570 nm AL AR B k25
490 nm ALMEE. BAZRMEYIRE 6 MIRIEH
FE, FEBEIMEST AL O 2 AR, 4 g an R A
ATTH:

1 Z2(%) = (ODpmso — ODcompd.)/(ODpmso—
ODgjank) X 100%

MRYEAS R L B30 R, M Graphpad Prism 1 {F
THE RIS PIRE 4 Fof i TR 48 1R A £ = K4 ] 94 2
(ICs0)-

HHBhMEL(Supporting Information) {L&4%) Sa~5v [
'HNMR. "“C NMR Al HRMS K. ixsehppla] DL 2%
MAST] WX 3k (http://sioc-journal.cn/) b T %K.
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