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WE. BTSSRI I I 23 AR I SCHRIRE 1) (E)-4-[3-(2-1R AR 58 P s IoE 2 AR S5-I R B R R AT
Y (7735 60.9%~80.3% ), it 'THNMR., MS. BCNMR #IE T P45+, %M MTT %L 5-%UR S IE D
B B ERT A2, , IR U Hela 40 NS AS49 ZHAAN K PR 40 1 %6 K562 4 il iz 4 i bk
P T BAME SRR MR TR . BRI S I(E)-4-[3-(2-TR AR L) UM B -4- i HE AR RERIR (V) R
TR AS49 N 0BG T AT e (2RI (1Cs ) =7.53 umol/L ), 4T BH Xt BB 25 5- 58 R s
(IC5=8.10 pmol/L ), B b YI(E)-4-[3-(2-TRARIL) N IFIEIL]-4- L BERE R IORRRER (Vi) R EIRK
K562 2B FE I 176 (1Cs0=4.47 umol/L ), BHFrbEYI(E)-4-[3-(2-1RZKIL) N IRIEIL - 2- A SR SR AR ( V
d) T ESRAY Hela MM FEINHTEE (1C50=4.53 umol/L ), HLFHMENTHRZY 5-FURMENE (1C50=13.50 pumol/L )
WA 3%, HAMEEY Vd X AS49 4 (1C50=8.00 pumol/L ) F1 K562 4ifd (1C5;=7.81 pumol/L ) 13T M i fry 1t
FEAMGNEE, (EAFE— P IRABIR .
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Synthesis and antitumor activity of 2-bromo-4'-hydroxyl
chalcone benzene sulfonate derivatives

HAN Liu', WU Haoxiong', GAO Liancong’, YANG Yuxin', CHANG Shengl*, SUN Xin""
(1. College of Pharmacy, Jilin Medical University, Jilin 132013, Jilin, China; 2. College of Clinical Medicine, Jilin
Medical University, Jilin 132013, Jilin, China )

Abstract: Twenty-three (£)-4-[3-(2-bromophenyl) acryyl]phenyl-substituted benzenesulfonic ester derivatives
were designed and synthesized based on the pharmacophore combination principle (yield 60.9%~80.3%),
and their structures were confirmed by '"HNMR, MS and CNMR. The in vitro antitumor activity of the
target compounds against human cervical cancer Hela cells, human lung cancer A549 cells and human
chronic myelocytic leukemia K562 cells were evaluated by MTT assay using 5-fluorouracil and imatinib as
positive control. The results showed that target compound (E)-4-[3-(2-bromophenyl)acryloyl]phenyl
4-nitrobenzenesulfonate (Vp) exhibited the strongest A549 cell proliferation inhibitory activity [the half
maximal inhibitory concentration (ICs0)=7.53 pumol/L], better than positive control drug 5-fluorouracil
(IC5¢=8.10 umol/L), and target compound (£)-4-[3-(2-bromophenyl)acryloyl]phenyl 4-acetamidobenzenesulfonate
(Vt) exhibited the strongest inhibitory activity against K562 cells (ICs50=4.47 pmol/L), while target
compound (E)-4-[3-(2-bromophenyl)acryloyl]phenyl 2-nitrobenzenesulfonate (V d)exhibited the strongest
Hela cell proliferation inhibitory activity (IC5;=4.53 umol/L), approximately 3-fold stronger in comparison

Wi BE: 2022-07-25; EEAH: 2022-09-30; DOI: 10.13550/j.jxhg.20220695

EEWE: HHEEET =17 BEBRTE (JIKH20200465K] ); dAKHRHRA I FFAEAA BEF25 H (20190104148, 2019010
4141); HMEREFAATHANMEHE (S202113706071 )

fEE®T: ® W1 (1987—), &, 1, E-mail: 511120149@qq.com. BERA: B % (1980—), %, i+, 4%, E-mail: changsheng-
pharm@hotmail.com; # #f (1967—), Z, ##%, E-mail: sunxin@jlmu.edu.cn,



55 M

oM, S 2-TR-4- IR AY R - A

Tt R T A0 22 0 195 1 2 e o 1 1 - 1101 -

to positive control 5-fluorouracil (ICsy=13.50 pumol/L), Meanwhile, target compound Vd also displayed
strong proliferation inhibitory activity against A549 cells (IC5,=8.00 umol/L) and K562 cells (IC5,=7.81

pmol/L), which deserved further study.
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IRBRIES . SR REAMES . XA R R RS . X =
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1M 1 I AR (K562 4l ),
MLFE, ARSI BALAORAE
ZF-7 BURANE AL . YRT-3 16 S 24,
SRR B A R A A B AR S LT 4%
ST TR A R BT Al 5 ARX-300 MHz %

[ RR A e A

/Ej/L CHO  Na0H 3E7J(C2H50H
@ fﬂ</ﬁo~5 °C, KJRr.t.

IH

6’

o_,0
g7 CH;COCH; JE7KK,CO;

S
X7l
m + R+ 25°c
Z

Va~IVf
R=[Va. Va2-F; IVb. Vb2-Cl; [Vc.
Vg, Vg2-CH;; IVh. Vh3-F; [Vi.
IVm. Vm4-F; [Vn. Vn4-Cl; [Vo.
IVs. Vs4-OCH,;; IVt. Vt4-NHCOCH,; Vu.

Vi3-Cl; Vi

1.2.1 P RAR(E)-3-(2-i8 K K )-1-(4-F A KK\ -2-
H-1-80 (M) #946 m%

B FEIR 21 1.36 g (0.01 mol ) i F 14 mL
JoKZEEF, FEvKis (0~5 °C) fiFESF FANA 0.84 ¢
( 0.021 mol ) EEALINAN 6 mL 7K IR A B il iy s aY
AW, TNEE, £ 30 min NIEINSE 1 mol/L 1Y 2-1R A
Eﬁ@%%ﬂ@@?iﬁi& (2-IRAEFEE 3.61 ¢ (0.01 mol ) fil
AF| 10 mL JoKZEERHFE, B ), E%?ﬁ%ﬁiﬂé
RV 8 h, #HEMRE TLC Jﬁiﬂﬂfiﬁ TR Vv

(& HE) -V (HIEE) =7 : 1, 254 nm SHMTH
WD LE o éﬁ%}ﬁ, EX&W(&FH{/’&%M&

P8 pH=3, FriiE A, Wil (-4 °C, 8h) , it
U, TOK CBEESS G, REALE 221 g, Hh
H AR (E)-3-(2-TR ) 1-(4- 3 JE L) P - 2475 - 1 -l
(), =& 73.2%; m.p. 170.3~171.9 °C ( 3CHk
U, P23 64%; m.p. 168~172 °C ),
1.2.2 (E)-4-[3-(2-3% 3K ) i i e 2R 3R AR - BRUAR R A
BREGATAY (V) $94kid ik

B 030 g (1 mmol) . BURAAMEREE (1.2
mmol ) , JC/KFRFRER 0.28 g (2 mmol ) [F]AfE F 100
mL A, A 50 mL FEERER, SRS
25 °C/W 3 h, TLC WM iy, fEJZHrEr It (v

THEMEE) VvV (HEE) =7 1), 254 nm E5MT

TREEEE R E, AW, T PR CTR(30 mLx3)
FEEL, P EAT R, TS B I ZE BRI )
FrAg = JoK Qg Ss , hig, T (60 °C,
10 h ), RPAR(E)-4-[3-(2-V5 A 55 ) P9 s ok i R k- LA
RERRERATEY (V)
1.2.3  BARLA ey kA

ESI-MS Wi« WG 55 iUy V ok AR U il 21 €33
G, SR PO (53 - S5 IE F AU € Vi A X

V¢ 2-Br; IVd. Vd2-NO,; IVe.
Vj3-Br; IVk. Vk3-NO,; IVl
Vo4-Br; IVp. Vp4-NO,; Vq. Vq4-CF;; IVr.

Vu2,4-—%; Nv.

PRI . AVANCE 500 MHz %0 4% 4 $h 4% I i
1)(, 5[5 Bruker /A #); ACQUITY Arc Bl AH 255 .
QDA RIFiE4X, 3% E Waters 24 A o
12 BREHEMRIE

HFr b & WA BT R «

O Br

OO
HO

Va~Vw
Ve 2-CF;; IVf. VI2-OCF;;
V13-CE;;
Vr4-OCF;;
Vv2,6-—5; Vw. Vw3,5- =g F&

ST . ARG IR . U A RV R
KFACZHIE T ( DMSO-dg ) %, PO SLfk
Bt (TMS ) RHAbR, S5l FER g R s ity
'HNMR 5 “CNMR {ill5E .
(E)-4-[3-(2-V5 558 ) A5 Ik JE - 45 35 - 2 - JRUAR it iR
fiE( Va): 1% 65.8%, m.p. 127.1~128.5 °C, '"HNMR
(500 MHz, DMSO-dg), d: 8.25 ~8.14 (m, 3H), 7.98 (d,
J =155 Hz, 1H), 7.94 ~ 7.88 (m, 2H), 7.84 (td, J =
7.5. 1.7 Hz, 1H), 7.74 (dd, J=7.9. 1.3 Hz, 1H), 7.69 ~
7.63 (m, 1H), 7.52 ~ 7.44 (m, 2H), 7.39 (td, J=7.7.1.7
Hz, 1H), 7.34 ~ 7.28 (m, 2H), “CNMR (126 MHz,
DMSO-d), d: 187.7,159.6, 152.0, 141.7, 138.5, 137.4,
136.4, 134.8, 133.8, 133.3, 132.3, 131.1, 131.0(2C),
128.8, 128.2, 125.7, 124.6, 122.1(2C, 2C & HE T
2 MRJET, FIAD), 118.1.MS, m/Z: CoH ,BrFO,S[M+H]"
IS (H 460.98, A E 460.98.
(E)-4-[3-(2-T5 25 ) PR s T ek - 4 - 2 - U AR e R
BiE(Vb): W 70.1%, m.p. 144.8~146.6 °C , 'HNMR
(500 MHz, DMSO-dy), J: 8.23 ~8.14 (m, 3H), 8.00 ~
7.95 (m, 2H), 7.94 ~ 7.88 (m, 2H), 7.86 ~ 7.81 (m, 1H),
7.75(dd, J=7.9. 1.2 Hz, 1H), 7.59 (td, J=7.7. 1.2 Hz,
1H), 7.49 (td, J = 7.6. 1.3 Hz, 1H), 7.40 (td, J=17.5.
1.7 Hz, 1H), 7.34 ~ 7.28 (m, 2H), CNMR (126 MHz,
DMSO-dy), 6: 187.7, 152.0, 141.7, 136.8, 136.3, 133.7,
133.3, 132.6, 132.3, 132.3, 132.0, 131.8, 131.0(2C),
128.8, 128.3, 128.2, 125.5, 124.5, 122.0(2C), MS,

m/Z: CyHBrClOS [M+H] BB 476.95, Mik(l
476.99,,

(E)-4-[3-(2-V5 75 35 ) P9 M Tk Ik - 4% 3k - 2 - TR it i
BiE(Ve): W& 69.9%, m.p. 140.7~142.5 °C, '"HNMR
(500 MHz, DMSO-d), J: 8.22 ~ 8.15 (m, 3H), 8.07 (dd,
J=28.1. 1.2 Hz, 1H), 8.00 ~ 7.94 (m, 2H), 7.90 (d, J =
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15.5 Hz, 1H), 7.73 (td, J= 7.8, 1.6 Hz, 2H), 7.62 (td, J
=7.7.1.2 Hz, 1H), 7.48 (td, J=7.6. 1.3 Hz, 1H), 7.39
(td, J = 7.6. 1.7 Hz, 1H), 7.34 ~ 7.28 (m, 2H).
BCNMR (126 MHz, DMSO-dq),5:187.7, 152.0, 141.7,
136.6, 136.3, 136.1, 133.8, 133.7, 133.3, 132.6, 132.3,
131.02C), 128.8, 128.7, 1282, 125.5, 124.6,
122.1(2C), 120.4, MS, m/Z: C,H4Br,0,S [M+H]"
FEIE(H 520.90, MR(E 520.93,

(E)-4-[3-(2- TR 2R 5L ) A 945 Tt 3k 1- R k-2 - i B R i
FREE(V d): WE 73.2%, m.p. 134.1~135.9 °C,
"HNMR (500 MHz, DMSO-dy), d: 8.24 (d, J= 8.7 Hz,
3H), 8.19 (dd, J=7.8. 1.7 Hz, 1H), 8.10 (td, J=7.8
1.4 Hz, 1H), 8.05 (dd, J= 8.0, 1.3 Hz, 1H), 8.00 (d, J =
15.5 Hz, 1H), 7.95 ~ 7.88 (m, 2H), 7.75 (dd, J=8.0.1.2 Hz,
1H), 7.50 (t, J = 7.6 Hz, 1H), 7.43 ~ 7.35 (m, 3H),
BCNMR (126 MHz, DMSO-dg), 5: 187.8, 151.8, 147.9,

141.8, 137.3, 136.6, 133.7, 133.3, 133.2, 132.4, 131.8,
131.1(2C), 128.8, 128.2, 125.9, 125.5, 125.5, 124.5,

122.42C), MS, m/Z: CyH4;BrNO¢S [M+H] FHiE{H
487.97, iAMH 487.99,
(E)-4-[3-(2-T5L A ) PR Pt i - -2- = 5 Y
HREPREE(Ve): WOR 65.8%, mp. 141.5~143.1 °C,
'HNMR (500 MHz, DMSO-d;), J: 8.24 ~ 8.21 (m, 1H),
8.21 ~ 8.15 (m, 3H), 8.12 (d, J = 7.9 Hz, 1H), 8.07 (t,
J=17.7Hz, 1H), 7.99 (d, J = 15.5 Hz, 1H), 7.95 (dd, J =
7.9. 1.3 Hz, 1H), 7.93 ~ 7.89 (d, J = 15.5 Hz, 1H),
7.74 (dd, J=8.1.1.2 Hz, 1H), 7.49 (td, J="7.6.1.2 Hz,
1H), 7.39 (td, J = 7.7. 1.7 Hz, 1H), 7.30 ~ 7.20 (m,
2H), "CNMR (126 MHz, DMSO-d;), J: 187.7, 151.9,

141.7, 136.3, 136.1, 133.8, 133.8, 133.3, 133.0, 132.3,
131.0(2C), 129.5, 129.4, 128.8, 128.2, 127.2, 127.0,

125.5, 124.6, 122.2(2C). MS, m/Z: CypH4BrF;0,S
[M+H] HHE(E 510.97, Ml(E 511.01,
(E)-4-[3-(2-TR AR I Ik 3 - A5 3 -2- = | P 41
FERREIREE(V D) : I% 63.2%, m.p. 106.8 ~ 108.1 °C,
"HNMR (500 MHz, DMSO-dy), d: 8.25 ~ 8.19 (m, 2H),
8.18 (dd, J=17.9. 1.7 Hz, 1H), 8.02 ~ 7.96 (m, 3H),
7.91 (d, J=15.6 Hz, 1H), 7.82 ~ 7.78 (m, 1H), 7.73 (dd,
J=8.0.1.2Hz, 1H),7.64 (td, J=7.8. 1.1 Hz, 1H), 7.48
(ddd,J=7.6. 5.6, 1.2 Hz, 1H),7.39 (td, J=7.7. 1.7
Hz, 1H), 7.30 ~ 7.25 (m, 2H), "*CNMR (126 MHz,
DMSO-dy), 5: 187.7, 151.9, 145.5, 141.7, 138.0, 136.3,
133.8, 133.3, 132.3, 132.0, 131.0(2C), 128.8, 128.2,
128.2, 126.6, 125.5, 124.5, 124.5, 122.0(2C), 121.7,

MS, m/Z: CyH4BrF;0sS [M+H] B 1E 526.97,

I 527.04,
(E)-4-[3-(2-TR AT ) PN s P ik - 45 ke - 2- FPY R

FREE(V g): WF 72.9%, m.p. 94.2~96.1 °C, '"HNMR

(500 MHz, DMSO-ds), 6: 8.16 (dd, J=8.6, 3.1 Hz,
3H), 7.97 (d, J = 15.4 Hz, 1H), 7.89 (d, J = 15.5 Hz,
1H), 7.79 (d, J = 7.9 Hz, 1H), 7.71 (t, J = 8.6 Hz, 2H),
7.60 (d, J= 7.7 Hz, 1H), 7.48 (d, J= 7.7 Hz, 1H), 7.44
~7.35 (m, 2H), 7.23 (d, J = 8.4 Hz, 2H), 2.73 (s, 3H).

PCNMR (126 MHz, DMSO-d;), 0: 187.7, 152.2, 141.6,

138.2, 136.0, 135.2, 133.8, 133.3, 133.1, 132.8, 132.3,
130.8(2C), 130.1, 128.8, 128.2, 126.9, 125.5, 124.5,

122.1(2C), 19.9, MS, m/Z: CyH;;BrO,S [M+H] #
B1H 457.00, M{E 457.03.
(E)-4-[3-(2-V5 2558 ) D 45 0k J7E - 45 35 - 3 - JUAS it iR
BE(Vh): W& 76.8%, m.p. 99.5~101.3 °C., 'HNMR
(500 MHz, DMSO-dg), 6: 8.19 (dd, J=13.0. 8.2 Hz,
3H), 7.99 (d, J = 15.5 Hz, 1H), 7.92 (d, J = 15.5 Hz,
1H), 7.84 (d, J = 7.9 Hz, 1H), 7.79 ~ 7.68 (m, 4H),
7.52 ~ 7.45 (m, 1H), 7.42 ~ 7.35 (m, 1H), 7.30 (d, J =
8.9 Hz, 2H). >*CNMR (126 MHz, DMSO-ds), d: 187.7,

160.8, 152.1, 141.7, 136.2, 133.8, 133.3, 132.3,
130.9(2C), 128.8, 128.2, 125.5, 124.8, 124.6, 122.7,

122.6, 122.4(2C), 115.5, 1153, MS, m/Z: CyH4BrFO,S
[M+H] HE{E 460.98, Mi{l 461.03,
(E)-4-[3-(2-TR A F5 ) P s 1k Do - A 35 -3 - SEUOR B 1R
BE(Vi): K 75.6%, m.p. 97.7~98.2 °C, '"HNMR (500
MHz, DMSO-dg), : 8.24 ~8.15 (m, 3H), 8.02 ~ 7.96
(m, 2H), 7.95 ~ 7.83 (m, 3H), 7.75 ~ 7.69 (m, 2H), 7.48
(td, J=7.7.1.2 Hz, 1H), 7.39 (td, J = 7.6 . 1.6 Hz, 1H),
7.33 ~7.27 (m, 2H), “CNMR (126 MHz, DMSO-d;),
5. 187.7, 152.1, 141.7, 136.3, 135.8, 135.3, 134.6,
133.8, 133.3, 132.3, 131.9, 130.9(2C), 128.8, 128.2,
127.6, 127.1, 125.5, 124.6, 122.42C), MS, m/Z:

CH4BrClO,S [M+H] B {H 476.95, Mli(H 476.95,

(E)-4-[3-(2- TR A ) P s 15 - A -3 - TR HE kG
BE(Vi): WK 77.2%, m.p. 99.8~101.2 °C., 'THNMR (500
MHz, DMSO-d;), d: 8.20 (dd, J=16.3. 9.2 Hz, 3H),
8.11 ~ 8.04 (m, 2H), 7.99 (d, J = 15.6 Hz, 1H), 7.95 ~
7.88 (m, 2H), 7.75 (s, 1H), 7.64 (t, J = 8.0 Hz, 1H),
7.49 (td, J=7.6.1.3 Hz, 1H), 7.39 (td, J=7.6.1.7 Hz,
1H), 7.33 ~7.26 (m, 2H), "“CNMR (126 MHz,

DMSO-dy), 0: 187.7,152.1, 141.7, 138.2, 136.3, 135.9,
133.8, 133.3, 132.3, 132.1, 130.9(2C), 130.3, 128.8,
128.2,127.4,125.5, 124.6, 122.7, 122.5(2C), MS, m/Z:

C»H4Bry04S [M+H] B H 520.90, MAME 520.91,
(E)-4-[3-(2-T5 2 F5 ) PR s 1 ok -4 k- 3 - g 6 A it
FREE(VK): IHR 64.5%, m.p. 130.1~132.5 °C,
'HNMR (500 MHz, DMSO-dg), 0: 8.66 (ddd, J=8.2.
2.3. 1.0 Hz, 1H), 8.55 (t, J=2.1 Hz, 1H), 8.31 (dt, J =
7.9. 1.3 Hz, 1H), 8.23 ~ 8.15 (m, 3H), 8.00 ~ 7.95 (m,
2H), 7.91 (d, J=15.5 Hz, 1H), 7.73 (dd, J=7.9. 1.3 Hz,
1H), 7.48 (td, J=7.5. 1.3 Hz, 1H), 7.39 (td, J= 7.7,
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1.7 Hz, 1H), 7.36 ~ 7.29 (m, 2H), *CNMR (126 MHz,
DMSO-dy), 6: 187.7,151.9, 148.2, 141.8, 136.4, 135.3,
134.1, 133.7, 133.3, 132.3, 132.0, 131.0(2C), 129.8,
128.8,128.2, 125.5, 124.5, 123.1, 122.6(2C). MS, m/Z:
C2H14BINOGS [M+H] I {H 487.97, M {H 487.99,
(E)-4-[3-(2-T5L A ) PR Pt i - -3- = 5 Y ik
HREREE(V D) : % 63.9%, m.p. 104.8~106.5 °C,
'HNMR (500 MHz, DMSO-dj), J: 8.29 ~ 8.20 (m, 4H),
8.19 ~ 8.16 (m, 2H), 7.99 (d, J = 15.5 Hz, 1H), 7.95 (s,
1H), 7.92 (d, J = 15.7 Hz, 1H), 7.74 (d, J = 7.9 Hz,
1H), 7.49 (t, J=7.6 Hz, 1H), 7.39 (td, J= 7.6, 1.6 Hz,
1H), 7.33 ~ 7.28 (m, 2H). "“CNMR (126 MHz,
DMSO-d), 6: 187.7,152.0, 141.8, 136.3, 135.2, 133.8,
133.3, 132.5, 132.3, 132.0, 131.7, 130.9(2C), 128.8,
128.2, 125.5, 124.8, 124.8, 124.5, 122.5(2C), MS, m/Z:
CH 4BrF;0,S [M+H] BiE(H 510.97, lif{H 510.99.,
(E)-4-[3-(2-TR 2R 5L ) TR 475 I 35 - 25 5 -4- R it iR
fig(Vm): Y3 76.9%, m.p. 109.1~110.3 °C, 'HNMR
(500 MHz, DMSO-ds), J: 8.23 ~8.16 (m, 3H), 8.04 ~
7.96 (m, 3H), 7.93 (d, J = 15.5 Hz, 1H), 7.75 (dd, J =
8.1, 1.2 Hz, 1H), 7.58 ~ 7.52 (m, 2H), 7.49 (td, J = 7.6 .
1.3 Hz, 1H), 7.40 (td, J=7.7. 1.7 Hz, 1H), 7.30 ~ 7.23
(m, 2H), "*CNMR (126 MHz, DMSO-d;), o: 187.8,
152.2, 141.7, 136.2, 133.8, 133.3, 132.3, 131.8, 131.7,
130.9(2C), 130.3, 130.2, 128.8, 128.2, 125.5, 124.6,
122.5(2C), 117.4, 117.2, MS, m/Z: CyH4BrFO.S
[M+H] HiS{H 460.98, MiAMH 461.01,
(E)-4-[3-(2-VR 28 5L ) TR 45 I 35 - 25 B -4- S R it iR
BE(Vn): B 78.5%, m.p. 121.5~123.1 °C, '"HNMR
(500 MHz, DMSO-dy), d: 8.24 ~8.16 (m, 3H), 7.99 (d,
J=15.5 Hz, 1H), 7.96 ~ 7.89 (m, 3H), 7.81 ~ 7.72 (m,
3H), 7.50 (td, J=7.6. 1.3 Hz, 1H), 7.40 (td, J=7.7. 1.7
Hz, 1H), 7.31 ~7.24 (m, 2H), "CNMR (126 MHz,
DMSO-d), 6: 187.7,152.1, 141.7, 140.4, 136.2, 133.8,
133.3, 132.8, 132.3, 130.9(2C), 130.2(2C), 130.1(2C),
128.8, 128.2, 125.5, 124.5, 122.5(2C), MS, m/Z:
C,H4BrC10,S [M+H] BB 476.95, IA{H 476.95,
(E)-4-[3-(2-TR 2R 5L ) TR 45 1 35 - 25 6 -4- PR R it iR
BE(Vo): K 80.3%, m.p. 120.6~122.1 °C, '"HNMR

(500 MHz, DMSO-dg), 3: 8.23 ~ 8.19 (m, 2H), 8.17 (dd,

J=17.8. 1.7 Hz, 1H), 7.98 (d, J= 15.5 Hz, 1H), 7.93 ~
7.88 (m, 3H), 7.85 ~ 7.80 (m, 2H), 7.72 (dd, J = 8.1
1.2 Hz, 1H), 7.48 (td, J=7.6. 1.3 Hz, 1H), 7.38 (td, J =
7.5. 1.7 Hz, 1H), 7.29 ~ 7.24 (m, 2H)., CNMR (126
MHz, DMSO-dy), 6: 187.7,152.1, 141.7, 136.2, 133.8,
133.3, 133.2(2C), 133.1, 132.3, 130.92C), 130.2(2C),
129.6, 128.8, 128.2, 125.5, 124.5, 122.5(2C), MS, m/Z:
C,H,4Br,FO,S [M+H] HHi {8 520.90, M3 520.94
(E)-4-[3-(2- TR 2R 5L ) A 945 Tt 3k - R Bk -4 - i B R i

FRIEE(V p): WE 73.5%, m.p. 146.8~149.2 °C,
"HNMR (500 MHz, DMSO-dg), 6: 8.52 ~ 8.42 (m, 2H),
8.24 ~ 8.15 (m, 5H), 7.99 (d, J = 15.5 Hz, 1H), 7.92 (d,
J=15.5Hz, 1H), 7.74 (dd, J=8.0. 1.3 Hz, 1H), 7.49
(t,J=7.5Hz, 1H), 7.40 (td, J=7.6. 1.6 Hz, 1H), 7.33 ~
7.24 (m, 2H)., “CNMR (126 MHz, DMSO-d;), 0 :
187.7, 151.9, 151.2, 141.8, 139.2, 136.4, 133.7, 133.3,
132.4, 131.0(2C), 130.1 (2C), 128.8, 128.2, 125.5,
125.1 (2C), 124.5,122.5 (2C), MS, m/Z: C5H 4BrNO¢S
[M+H] HiS{H 487.97, MiAH 487.99,
(E)-4-[3-(2-T5 2 ) PR s T ek - 4 -4 = 3 PP
HMEREE(V q): BE 66.9%, mp. 1582~160.8 °C,
'HNMR (500 MHz, DMSO-d), 0: 8.22(d,J=8.9 Hz,
2H), 8.18 (d, J = 6.1 Hz, 1H), 8.16 (d, J = 8.2 Hz, 2H),
8.09 (d, J = 8.4 Hz, 2H), 7.99 (d, J = 15.6 Hz, 1H),
7.93 (d, J = 15.6 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H),
7.50 (s, 1H), 7.40 (s, 1H), 7.30 (d, J = 8.9 Hz, 2H),
BCNMR (126 MHz, DMSO-dq), d: 187.7, 152.0, 141.7,

139.5, 138.0, 136.3, 133.8, 133.3, 132.3, 131.0(2C),
130.7, 129.4(2C), 128.8, 128.2, 127.2, 127.1, 125.5,

124.5,122.5(2C). MS, m/Z: CyH,BrF;0,S [M+H] B
eH 510.97, MHAL{E 511.10,

(E)-4-[3-(2-T5 A F5 ) PR s 1t Ik - A k-4 - = 350 HH 4
FERREIRES(Vr): YR 68.7%, mp. 109.8~111.2 °C,
"HNMR (500 MHz, DMSO-d;), d: 8.20 (dd, J=15.7,
9.3 Hz, 3H), 8.08 (d, J = 9.0 Hz, 2H), 8.00 (d, J = 15.6
Hz, 1H), 7.93 (d, J = 15.6 Hz, 1H), 7.75 (d, J = 9.3 Hz,
1H), 7.68 (d, J = 7.8 Hz, 2H), 7.50 (s, 1H), 7.40 (s,
1H), 7.29 (d, J = 8.9 Hz, 2H), CNMR (126 MHz,
DMSO-dy), 8: 187.7, 152.7, 152.1, 141.7, 136.3, 133.8,
133.3, 132.7, 132.3, 131.2(2C), 130.9(2C), 128.8,
128.2, 125.5, 124.6, 122.5(2C), 121.8(2C), 120.8, MS,
ml/Z: CypHyBrF,0sS [M+H] BRIS(H 526.97, i {4
527.04,

(E)-4-[3-(2-V5 58 ) 975 Tt 2k - R Bk -4- H A B R
AR AR (V s): IR 712%, mp. 122.3~133.6 °C,
'HNMR (500 MHz, DMSO-dg), J: 8.21 ~ 8.16 (m, 3H),
7.99 (d, J = 15.6 Hz, 1H), 7.92 (d, J = 15.6 Hz, 1H),
7.82 (d, J=9.0 Hz, 2H), 7.75 (d, J= 9.3 Hz, 1H), 7.50
(s, 1H), 7.40 (s, 1H), 7.23 (d, J = 8.9 Hz, 2H), 7.18 (d,
J = 9.0 Hz, 2H), 3.87 (s, 3H), CNMR (126 MHz,
DMSO-dg), d: 187.7, 164.2, 152.4, 141.6, 135.9,
133.8(2C), 133.3, 132.3, 130.8(2C), 130.7(2C), 128.8,
128.2, 125.5, 125.1, 124.6, 122.5(2C), 115.1(2C), 56.0,
MS, m/Z: CypH,;BrOsS [M+H] Hi{ 472.00, ]
RAE 473.04,

(E)-4-[3-(2-T5 25 ) PR s T e - 4 - 4- £ T e e
ZEEERBR(V 1) : IR 60.9%, mp. 169.4~171.5 °C,
"HNMR (500 MHz, DMSO-d;), d: 10.50 (s, 1H), 8.18
(d, J= 6.5 Hz, 3H), 7.98 (d, J = 15.5 Hz, 1H), 7.92 (d,
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J=15.5 Hz, 1H), 7.83 (d, J= 2.5 Hz, 4H), 7.75 (dd, J =
8.0. 1.2 Hz, 1H), 7.49 (td, J=7.6. 1.3 Hz, 1H), 7.40
(td, J= 7.6, 1.7 Hz, 1H), 7.23 (s, 1H), 7.21 (s, 1H),
2.10 (s, 3H)., >CNMR (126 MHz, DMSO-d;),6:187.7,
169.4, 152.4, 145.1, 141.6, 136.0, 133.8, 133.3, 132.3,
130.8(2C), 129.8(2C), 128.8, 128.2, 126.9, 125.5,
124.6,122.5(2C), 118.7(2C), 242, MS, m/Z: C3H;sBrNOsS
[M+H] H${E 500.01, JiAME 500.04.
(E)-4-[3-(2-TR ALy NI TEHL - -2, 4- U8
WERREE(V u): WE 65.2%, m.p. 109.4~110.6 °C,
"HNMR (500 MHz, DMSO-dy), 0: 8.25 ~ 8.16 (m, 3H),
7.99 (d, J = 15.5 Hz, 1H), 7.96 ~ 7.87 (m, 2H), 7.80
(ddd, J=11.6. 9.3, 2.5 Hz, 1H), 7.75 (dd, J = 8.0,
1.2 Hz, 1H), 7.50 (td, J= 7.6, 1.3 Hz, 1H), 7.44 ~ 7.30
(m, 4H), CNMR (126 MHz, DMSO-d,), J: 187.7,

165.8, 158.7, 151.9, 141.7, 136.4, 133.8, 133.5, 133.3,
132.3, 131.0(2C), 128.8, 128.2, 125.5, 124.5, 122.2(2C),

118.8,113.4,107.1, MS, m/Z: CyH3BrF,0,S [M+H]"
FRIEE 478.97, MA{H 479.00.
(E)-4-[3-(2-TR AL M T B |- R 55 -2, 6- 3K
WERAEE(V v): E 70.3%, mp. 126.3~128.1 °C,
'HNMR (500 MHz, DMSO-d;), d: 8.23 ~ 8.19 (m, 2H),
8.16 (dd, J = 7.8, 1.7 Hz, 1H), 7.97 (d, J = 15.5 Hz,
1H), 7.94 (dd, J=5.0. 2.2 Hz, 3H), 7.90 (d, J= 15.6 Hz,
1H), 7.72 (dd, J=8.0. 1.2 Hz, 1H), 7.48 (td, J= 7.5,
1.3 Hz, 1H), 7.42 ~ 7.37 (m, 1H), 7.36 ~ 7.32 (m,
2H)., “CNMR (126 MHz, DMSO-d;), J: 187.7, 151.8,

141.7, 136.5, 136.5, 134.4, 133.7, 133.5, 133.3, 132.7,
132.3, 131.3, 131.1(2C), 130.7, 128.8, 128.2, 125.5,

124.6, 122.0(2C), MS, m/Z: CH,3BrC1,0,S [M+H]"
PIS{E 510.91, PK{E 511.00,
(E)-4-[3-(Q2-TRAF) N IR BEHE]- 4533, 5-— =5
FEL IR FR TRV w): ISR 72.1%, mup. 76.7~78.3 °C.
"HNMR (500 MHz, DMSO-dq),d:8.71 (s, 1H), 8.51 (s,
2H), 8.28 ~ 8.15 (m, 3H), 7.99 (d, J = 15.5 Hz, 1H),
7.92 (d, J = 15.5 Hz, 1H), 7.73 (d, J = 8.1 Hz, 1H),
7.50 ~ 7.47 (m, 1H), 7.49 ~ 7.37 (m, 3H), CNMR
(126 MHz, DMSO-dy), d: 187.7, 151.8, 141.8, 136.7,

136.5, 133.8, 133.3, 132.3, 132.1, 131.8, 131.0(2C),
129.4, 129.1, 128.8, 128.2, 125.5, 124.5, 1233,
122.6(2C), 121.1, 119.0 . MS, m/Z: CyHp;BrFO,S

[M+H] HS(E 578.96, MIRAAE 579.03,
1.3 ppeEiE

e BT A K562 ) BE 4 ifL( Hela F1 AS49)
3 e R AR KR AnaE, SR 10%
JINEE LT AR B 3R L 1x10* AS/mL 9 40 i 27k
4 20 B BRI AE 96 FLIG IR, AL 50 uL,37 °C,
RFRAEL 5% CO, 1535 24 h, KA Z5IE5E, Ll
Oy RIEH XTI ( RZACFR A HLIFI & 1%0 DMSO

) DMEM 35555 ) 25 W b FLZH ( 2590k BE M 0.625 .
1.25.2.5. 5,10, 20, 40 umol/L ). 25 FAX B4 ( g
Y. FEEANie DMEM K533k ), B4 3 AT
fL, 37 °C, RFEL 5% CO, }E3: 48 h, HALINA
10 pL HEERCHIAY & 5 g/L MTT ) DMEM K573k,
37 °C #k2E8E55 4 h, H 100 uL =B (10g +
YeELBiRR 4N (SDS), 0.1 mL 10 mol/L HCI, 5mL &
T, FHZEM KRB R 100 mL IAfRLE 5,37 °C %
F 12 ho JHEFRTE 492 nm b G WEE B (d400)" )
Fez (1) THE 25 % ey 240 e A K A i o

Jiek 72 4 A A A ] 23R /%= A w5 mesny—A aon mzsany )/
[Aaoa(irsnmary—A a9 risrman | X 100 (1)

FIH] GraphPad Prism 8.0 # #1145 58 114y
BT, 3R AR ot T 200 6 145 B A 00 ) 55 2 55 1) 400 i O
KT 50%0 25 BE (1Cs )o

2 HR5WR

KM T A Y 2-1R-4-FRH A R,
M (25~30 °C). LEE-KERNER, LEHH
AL, 4-FRIEHE B S 2-TRAKE W L RS A
RASENT . B &YV A& AT R A A
ToK IR R EETRT, ZBR bR A 2=y, F=%
LA 60.9%~80.3%, KX '"HNMR, "CNMR, MS
X HARME G P AT 5 AR, 7 "HNMR 1 6 7.99
F1 6 7.92 BHE AP H g (dd %) 13)E T B
EYRGE ERE, HG W5 J =155 Hz, 3U#
FERERS EEORT 12 Hz, W SCEREHIA H iRk
AW WUy e AR PO

AN IR T2 G 45 SR AN 2 1 R .

R 1AL, 23 B ARG Pxs 3 Fh i 20 i
YR — RN EER . BAstbEY Vp
FIH R AS49 ANMEIETEAN G, Pk

(ICso) = 7.53 pmol/L, P FHMEXTIEZY S-5URMEE
(ICsp = 8.10 pmol/L ). HARMEAYV t KL FR 1)
K562 ZHiEsasa i filistE (1Cs = 4.47 umol/L ); Hbx
LAYV d AUERBL BSR4 Hela 20 L3458 90561 15
P (1Csp=4.53 pmol/L ), Lk FHPEXT HR 24 5-98U IR W g
(ICs0=13.50 pmol/L ) 5824 3 4%, i HHIrL &V
d % A549 4Afif1 (ICso = 8.00 umol/L ) Fl K562 4l fifd
(ICso=7.81 pumol/L )t IR H At (1) B R 411 1) 364

IR E 2 (P HUR I, AR B 4 T SRR
N2 PRSIV a~ V g X Hela 41l (1 30 48 5 410
HTEPE MK E/MIFFE S 2-NOo( V d)>2-F(V a)>2-CF4( V
e)> CI(Vb)>Br(V c)>2-OCF;(Vf). 2-CH3(Vg), % T
AS49 20 JfL A T 34 B B TS N K BN IR Sk
2-NOy( V d)>2-F( V a)> 2-OCF5( V £)>2-CI( V
b)>2-CH;3(Vg). 2-Br(Vc). 2-CFy(Ve), XF K562
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540 &

211 A4 B 6 B A 3 1 AR BN S 2-NO,(V
d)>2-CF5( V e)>2-Br( V ¢)>2-OCF;( V f)>2-CH;( V
g)>4-F(Va). 4-CI(Vb), AILIFE HERIEN NO, HL
LAYV T EX T Hela 00 F AS49 4
PIRN SRR A S K562 AN 2 B 3 i B s 1%
P, fAiE—ZRmE.

# 1 Va~w XA 3 40 00 BTG 5 G AR
Table 1  Anti-proliferative effect of Va~w on three kinds

of human cancer cells

ICso / (umol/L)

R Hela A549 K562
Va 2-F 7.95 26.14 >40.00
Vb 2-Cl 32.1 38.57 >40.00
Ve 2-Br 3841  >40.00 16.23
Vd 2-NO, 4.53 8.00 7.81
Ve 2-CF; 932 >40.00 10.79
Ve 2-OCF; >40.00  35.12 18.65
Vg 2-CH; >40.00  39.24 20.13
Vh 3-F >40.00  >40.00 13.25
Vi 3-Cl >40.00  >40.00 11.63
Vi 3-Br 9.32 21.48 8.62
Vk 3-NO, >40.00  >40.00 7.07
Vi 3-CF; 38.64  >40.00 9.55
Vm 4F 12.13 10.15 11.43
Vn 4-Cl 2142 >40.00 8.69
Vo 4-Br 39.12  >40.00 11.29
Vp 4-NO, 38.64 7.53 >40.00
Vq 4-CF, >40.00  25.64 10.01
Vr 4-0CF; >40.00  >40.00 10.05
Vs 4-0CH; >40.00  >40.00 7.18
Vit 4.NHCOCH;  >40.00  >40.00 4.47
Vu 2,4-7 4 >40.00  15.41 9.35
Vv 2,6- 4 >40.00  38.72 >40.00
Vw %3’5'* SR 4000 40,00 10.13
5-3RUR M5 IE 13.50 8.10 —
HEEe — — 0.23

RIS L3 AR SE 2 BRI A T 15 A
B, 3 AP BURAE A Vh~ V1 X Hela 41 FT AS49 41
R B AR TG PR 5S, XF K562 iR P 4
B S AN 1 M, Boa A 2 R EN NI A
Vik>Vj>VI>Vi>Vh, 36 ¥E5BAREE f f e e,
P AP R DR A, S 0 B B B4 R i r
T, J5 BTN 7 S H B AT X 3 M Y 520
IR E 4 LEBUREE BRI 4 i R SRR
XFF Hela 4 A0 4058 58 100 1 3 P4 DA R B/ NI
Vm>Vn>VoxVp>Vq. Vr., Vs, Vt, HH, H
IR F ATV m RIS BT BT G T 1
T BH FEL B PR S I HAREU N BRI TG T & . X
AS549 2 A e 3 5 40 S A AR BNV p>
Vm>Vg>Vn., Vo. Vr. Vs, Vt, XF K562 41

A BT 2 B 3 9 PR B NITF A V >V s>V n>
V@ Ve>Ve>Vm>Vp, UiI4 M FRE oIt HE
BRI L B TR A 1. AUt
AW Vu. Vv, VwXF Hela 4§ i858 58 40 35 Pk
9%, ICso KT 40 pmol/L. M A549 4 fifg it i 4
B A PR 2E S b ] DA B, UL A I
SRSV w TS RAE, BHA 4TI
BV G Va, Vv WITEPEAR 58, #E Vy
TEPEMET Vu ATREIR T 6 A7 B 3L 142 (a1 57 BH AL L
B2 . N K562 MHTHGTH IS PEAS T LLUE IR,
B 2 1) 8% F, 007 R 46 o, 1 000 X 3% S i S T
i, AWV REHIE AT Vu M Vw, $Em]
AEFRRIR T 6 1 HRUA 55 A 457 BHAL Y o

3 #it

(1) DIXFRRIEIE 2R 2-1R0 B s R ROk, 7E
BT S5 T Sl ek PR A S S A B A (E)-3- (2-
PRI ) -1- (4-F2FEHFE ) N-2-05-1-, 5 AN [A]
BRI B AR i ok AT A el fb s g, AT
23 DA VLARIE Y 2-1R-4"- A IR - AR e AR )

(2)%ﬁ¥HNMR BCNMR F1 MS % HArfb &
%LﬁT%ﬁ W 3 AT RE T B AR B AP

gt BAME SN E R AR S EERORT 12
Hz, #Eubfil Binfb & PRl a4 .

(3) 23 4> 2-JR-4"- LA R - Ak R B 145 A= 40
X 3 R 40 (Hela, A549. K562) ¥H—E M)
AMEFEMEIER . Bk G V. Vs alaREN
TR AIT AS49 A TE G M (1C5=7.53 pmol/L ) Fl
Pt K562 4H L3455 4 (1C50=4.47 umol/L ), Hirfk
AWV d AP B A Hela 4138 78400 ) 55 4
(ICs5=4.53 pmol/L ), FvFHMEXTHRZY 5-550 IR ms e
(IC5=13.50 pumol/L) 5&%y 3 %, i H HArfb &9
Vd X} A549 4l (IC50=8.00 umol/L ) Fl K562 4
M (1Cs5o=7.81 pmol/L ) o3& I H H5 5t 118 14 5L 410 il 1%
P, AR —PIRAVIR . BT 25808 PF5 i H ik
AR 2-R-4"-F2 A R - R B PR ER AT A ) &
TAIRET A 2R, SRR I
AT A YR THIES %,

S E k-
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