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BHERFEBITEYINSG KRG EHE HeLa ZHARAEE 14

ZWMEY, TAFAET A . ACEA T 2 RS

oK HEEA IR 4 B
¢ LHERTIHAR 2 SOREE TR L 201418)
O ERRAB LTRG-S TS0 L 200032)

W LLAZRE W OB O R X R R RGN JEORE, a9 BB (1 RERT A, A4 IR, TH
NMR, C NMR Fl HRMS JF&4E. ] 3-(4,5- - FF EBEME-2)-2,5- S LU UM R (MTT)IAR T H btk A3 = 55
Ji HeLa 20 M0 00 IR iE 1k, 45952 9: k&4 4a, 6a, b, 8b F1 11c X HeLa 4111 FRIF0E1E M bb (A 2 2 e s, P ik
6a 1 8b FIFNHIZ LI, H ICs %0 22.7 F1 18.0 pumol/L, EVEE T EHF A HE(ICso=114 pmol/L), HFE 150
pmol/L K [% T % HeLa 4t JHHI 2L 95.5%F1 87.7%.
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Synthesis and Anti-tumor Activities of Resveratrol
Derivatives on Cervical Cancer HelLa Cells

Du, Cheng* Ren, Yujie**’ Wang, Qingwei” Jin, Lu“
(“ School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)
(® Key Laboratory Synthetic Chemistry of Natural Substances, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Nine novel resveratrol derivatives were synthesized from resveratrol, chloroacetyl chloride, p-toluenesulfonyl
chloride and p-methyl benzoyl chloride. These structures were confirmed by IR, "H NMR, *C NMR and HR-MS techniques.
The target compounds were evaluated for their anti-tumor activities against cervical cancer HeLa cells by 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method, and the results indicated that compounds 4a, 6a, 7b, 8b and 11¢ of
all the derivatives displayed better activities than resveratrol against HeLa cells, the compounds 6a and 8b displayed excellent
inhibition effect, with ICs, values of 22.7 and 18.0 umol/L, respectively, even higher than that of resveratrol (ICso=114
umol/L). The inhibitory ratio of compounds 6a and 8b were 95.5% and 87.7% against HeLa cells at the concentration of 150
pumol/L.

Keywords resveratrol; derivative; synthesis; HeLa cell; anti-tumor activities
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Hi T BR AL AT 2y B R e T B, B
(RTRT25 K2 49% 7 R PR K = ARG R 1) RS AT 2
H RSO TE L5 b KRR . WIS 10 Ay 2 141,
TSI 25 s 1L, SR s BB e, kAT
ZUHEANARLUR, M I R 285 H rh A7
A (1) 6 W64 16 B /K AR DA TR I D 2 R P4 I,
b, FIEEFTRERE R LR B R AT H0) )G ZE e
PN SOARSCARAR =4 (LR o SR, (B T
PR T IR OGRS VRS R 2, T EERR
P BRI AT B, AT SIS L I L 0] 4T
BEIE S R FBERE, A T 3 28 9 iR ISR IE
(¥ A2 P RERESRATAE(Eq. 1), JEXTBML & BT
ARSI E S0 HeLa 2010 MR 5 R, 76 I
EHE R S I SR 5 F ] E S0 HeLa 40
TG TEZ SRR, H SRR S SR . 0 F A
e o P e R P I e — SR UL AR A i 1) 11 2
ﬂiéE#@Xi%ﬂﬁdiHeLa,ﬂ£E@H¢¥ﬁﬁﬁﬁtEﬁ%%ﬂﬁ DS EREEIEN
SR R S R A 5 .

OR?
/ O 2aor2bor2c
o 20
R'O

3a 11c

(0]
Il O
HiC ﬁ*CI ; HiC
Cl
2b © 2c

(0]
C|\)’LCI 5
2a

3aR'=H, R? = COCH,CI, R® = H;
4aR'= COCHZCI, R?=R3=H;
5a R'=H, R?=R®= COCH,CI;
6aR'=R%= R3 COCH,CI;

0
I
7bR'=H, R2=H3C@ﬁ—,R3=H
3
8bR'=H,R?=R%= ch@ﬁ—;
\C\’O
9bR1=R2=R3=HSC@ﬁ— ;
o)

0

10cR'=R2=R3= HgC©—<
0
11cR'=H, R2=R3= H3C©—<

1 #R51te
1.1 BiRLEWHERK

AR 3 ANEFIE RS R E ST,

i B PR P A A TR L5 I S (22~ 2¢) S 2T J .
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AN PERR, 2 0 FH DUSURRAs . I, =5
Je AN ZKAE S N SR B 30 B IR il B T R R IR N 44,
45 RRW NI ARE R A Al F = S AL R R 4l
FRFIET, SRR, BHRELEETE 25 CH, VAL
Rty HmiREE S AR A, ART RV T,
ARG UL U s I ) S, e 288 FH — 2 Ay A 7 R
SRR, I, PR AR 25 °C, RN [A]
M4 h, SRERFEENT G152 H btk &9, R
20.0%~92.2%2 |f].

1T A BE P e 1) 3 AR A 5 P nT 43 S
FhRRL, B DL ZE 7 I 19 SO 2 R i A A [F) 4
SERR, W& 3a A1 da, P IREERRAL, B EAH
1T, O I U RS F AT AR R R A S ).
1.2 kEMRES R

TELLAMER Y, L4 3a, 4a, 5a, Tb, 8b H1 11c 7
3300 cm ' A SR YL O—H Mg PRSI HE
Wi, b5 3a, 4a, 5a, 6a, 10c Al 11c £F 1735~1770
A 1012~1315 cm ' f A HLff) =0 fl C—O0—C
W e, RIS S A EREE. LA T, 8b F19b 7E
1170 cm™ ' fHIEFT 1368~1374 cm™ " i [ A 7 B89 () sk
Pl B PRV AE R T . 75 3010~3090 cm ™' 45 C=C HI%HF
HEUE, £E 1605 cm ™' BT 77 RRFHEN I, 76 "TH NMR
Tlrp IR R S X B R DA S N R A AR R
B BT, LMEEW 3a, 4a, 5a, 6a 4, 3a 4 0 9.81 F19.62
WA L O—H WU, da 1F 6 9.26 Ab A A7 B
(RPN R R L B 5a £E 0 9.89 Abfg — AN R
O—H (WL, T AL A5 6a A1 I T P AT IS Tk AL
PO AC UG, pbr I T S N R AR AR PR 3 L1 LKA
3a, 4a NP, /£ "H NMR #1654 3a 16 6 7.08 1 6.93
AR AR I, (G HO/E J=16.0 Hz /i4q, IR %
H1962 em ™ H B, Ui AL A 45 R rR RO S
PR, A& 4a 76 6 7.18 Kb —4L0 g, 545 BrE
J=10.0 Hz /AT I 4 IRCA 7. I PC NMR % 7] DU )
16 6 41.8 Kbk 0 A S B Js 7 R R AL, 6 158.0 Ab o #2
PR TG b 0 S 1 TR R ST 3k i i BH AL T AR A
3a~11c [H45H).

1.3 {LEYINHEIEMEE HeLa LRI E T

HARb &4 3a~11¢ XN 250 40 Hd bk (HeLa cells)
FIARSN ORI TE LR 1. 3 1 a5, (LAY 4a, 6a,
7b, 8b Al 11c X HeLa 4 (3l A T FH X B 2
YA FE P, HA4k 44 3a, 5a, 9b F1 10¢ X HeLa 41 ity
POHEAE TR, HALEY 6a F1 8b 7F 150 pmol/L #< &%
X HeLa 41 g 4001 %3k 95.5%F1 87.7%, L 1Cso {H 7
oA 22.7 #118.0 umol/L. HA 4644 8b X%f HeLa 41l iy
TP AR S, A& I 1Cso {8 114 pmol/L 17 6.3
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. WA TFEH o, S FOR RS A S SRR
AL AT AR A4 HeLa 40 My PR 2258 T35 00 F
R EEIE I ) R AT AR, B TR SRR IR
HE IR AEY R, WA RIS Y301 HeLa
A0 L R A= P S BRI AT PR AR I, ok Y AR
SR PP SR P g A P 7 2 7 T A 0 ) 2 A1
B, ey W, AEBCARCREAA A AR [ R e, I
X ORISR 50 ZEE, A5 40 6a T 8b X =
HU HaLe 4010 MR8 35 11450 1 22 e A W] e 3 .

F 1 Hisfbt? 3a~11c 00 HeLa 20 i JoRg v 845 R
(AHIR/%)

Table 1 Results of anti-tumor activities of the target com-
pounds 3a~11c on HeLa cells (inhibition ratio/%)

Compd. 1Cs¢/ y Concentration/(umoleL ")
(umol'L™) 0 25 375 50 75 100 150
3a —9 0 —77 11 —14 62 13.0 358
42 587 0 320 32.8 509 572 60.8 752
5a —a 0 261 385 328 37.7 360 252
6a 27 0 568 587 744 81.4 903 954
b 700 0 —9.7 2.4 181 59.0 89.0 95.5
8b 180 0 715 77.6 89.9 89.1 89.9 87.7
9 —a 0 50 145 11.8 12.8 156 13.6
10¢ —9 0 96 188 90—37 0 79
e 913 0 362 380 393 472 558 82.9
Retsrv(ira' 114 0 34 62 98 150 40.6 829

“ Inhibition effect was not obvious.
2 #ig

N T SRPUE S T R A S, X 3
PR TSR B, ST 9 P A R A,
HAH4 IR, 'TH NMR, “C NMR Al HR-MS Ji#EE; H
TE = LR AR, G B A 0 A 2 b s 4% 1 il
R B BUSCREE, YD IIHI S HeLa 40 B MIR g
PEMR 25 R W T e S A2 Rt b, Ay
4a, 6a, 7b, 8b Al 11c % HeLa M0 HIVE I m T
1.2~6.3 1%, L&) 3a, 5a, 9b 1 10¢ % HeLa 41 o 3%
AW S AmEIE R, R kA% 6a F1 8b X HeLa 41 fiy
()0 ) 2850 R e ) . A AR B A 1 7 A [ PR B,
SN OEFEA PRI, b 54 6a A1 8b 4114
U3 HeLa 40 Mg vs 24 A 22 P Ry Wl B de s, A
20 - $R AR B S0 1 AL S B S
.

3 ZEIH
31 E5RA

WPS-2A #7448 mA, ST RS, itk
it Hit: Bruker Avance 111 500M T AZ A4 L 9R1%, TMS
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MR, EAMGREA (B 2 AT 6700, 32
Nicolet 7~ ], KBr Hs F; A €83 Ji 1% 55¢ A :
LCMS-2020, H A B A w]; w5 # 5l SolariX-
70FT-MS i LA & v A wl; B I 0 i 85 16 23 A
aliffh 224l

32 BirtkEY 3a~11c IERK

LME &) 3a & A1, FREX 1.0 g (4.4 mmol) [
R T 20 mL 1 S ke, A1 mL =4, i
PR 205 218N 2.9 g (4.4 mmol)5H W5 (2a), Eilk
FFE 4 h, TLC R RS, NS G, WORk4ibe %%
REH, BRRWE LR OBEAT . WA K PEE,
EANLZ, HICKRBREA T, TR 5 D50 i
SR EHTPEMER: VORI @ M CIROER)=6 © 1157
ARG 3a. SCERORHLLG, [RIFER T R
YY) 4a~11c.

(E)-3-F2 FE-5-(FR H K 205 H6)-2- 5 & 1% 2K 16 (3a)
M(EZE L) @ n(ACBE)=1 1 1]: Ak 4333
mg, 7° % 324%. mp. 167.0~1684 C; 'H NMR
(DMSO- ds, 500 MHz) d: 9.81 (s, 1H), 9.62 (s, 1H), 7.43
(d, J=8.5 Hz, 2H), 7.08 (d, J=16.3 Hz, 1H), 6.93 (d, J=
16.4 Hz, 1H), 6.83 (d, J=12.4 Hz, 2H), 6.77 (d, J=8.5
Hz, 2H), 6.45 (t, J=1.9 Hz, 1H), 4.68 (s, 2H); *C NMR
(DMSO-d;, 125 MHz) 6: 166.7, 158.8, 158.0, 151.8, 140.3,
129.9, 128.5, 124.7, 116.0, 111.5, 109.8, 107.7, 41.8; IR
(KBr) v: 3386, 3020, 2936, 2853, 1738, 1605, 1513, 1449,
1319, 1192, 1121, 991, 962, 839, 812 cm™'; ESI-MS m/z:
305.1 [M+H]"; HRMS caled for Ci¢H,3ClO4 305.0590,
found 305.0575.

(2)-4-F83E-(3,5- R IR L5 9)-2- 5 LR 2K T (da)
n(FIZE PR - n(HOWE)=1:1]: Atk 3344
mg, 7% 25.0%, mp. 1552~1568 C; 'H NMR
(DMSO-d,, 500 MHz) 6: 9.29 (s, 2H), 7.65 (d, J=10 Hz,
2H), 7.18 (d, J=10 Hz, 2H), 7.06 (s, 2H), 6.45 (d, J=2
Hz, 2H), 6.17 (s, 1H), 4.70 (s, 2H); *C NMR (DMSO-d,
125 MHz) J: 166.8, 159.0, 149.8, 135.7, 129.9, 128.0,
127.2, 122.2, 105.2, 102.9, 41.8; IR (KBr) v: 3338, 3019,
2958, 1740, 1593, 1506, 1456, 1242, 1161, 1012, 957, 825,
765, 673 cm ™ '; ESIMS m/z: 305.1 [M+H]"; HRMS calcd
for C14H 3Cl04 305.0589, found 305.0575.

(2)-5-(4-F2 2K L4 H8)-1,3- R e 2- 5 £ R A< T
(5a) [n(FZFRE) @ n(AOEER)=1 1 1] F R AE
380.0 mg, /7% 23.0%. m.p. 1143~116.2 ‘C; 'H NMR
(DMSO-ds, 500 MHz) 6: 9.89 (s, 1H), 7.68 (d, J=8.4 Hz,
2H), 7.26~7.14 (m, 4H), 6.90 (d, J=10.1 Hz, 2H), 6.52
(s, 1H), 4.70 (d, J=5.9 Hz, 4H); >C NMR (DMSO-d;, 125

http://sioc-journal.cn/ 1281
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MHz) 6: 166.8, 158.9, 151.8, 150.1, 139.6, 135.4, 128.8,
1222, 112.1, 110.2, 108.5, 41.8; IR (KBr) v: 3468, 3025,
2956, 2853, 1769, 1622, 1588, 1507, 1463, 1408, 1315,
1252, 1147, 994, 843, 807, 760 cm™'; ESI-MS m/z: 381.0
[M+H]"; HRMS calcd for C,sH,4C1,05 381.0318, found
381.0291.

(2)-5-[4-Q2-3 L BAAIE) K LI FE]-1,3- W R -2-
LIEHNE(6a) [n(FIEEFIY) @ n(ALMEF)=1:5]: At
Wik 1.4 g 77% 67.0%. mp. 92~94 ‘C; 'H NMR
(DMSO-d,, 500 MHz) d: 7.69 (d, J=8.4 Hz, 2H), 7.41 (s,
2H), 7.34 (d, J=31.0 Hz, 2H), 7.23 (d, J=8.4 Hz, 2H),
7.06 (s, 1H), 4.74 (s, 4H), 4.72 (s, 2H); *C NMR
(DMSO-d, 125 MHz) 6: 166.7, 151.3, 150.4, 140.2, 135.1,
130.3, 128.4, 127.3, 122.3, 117.7, 114.9, 41.7; IR (KBr) v:
3050, 3010, 2954, 1759, 1611, 1583, 1506, 1430, 1291,
1147, 996, 968, 857, 806, 671 cm '; ESI-MS m/z: 478.1
[M+Na]"; HRMS calcd for C,0H,5C1;04 457.0070, found
457.0042.

(Z)-3- 383 -5-(F2 HE IR L0 55 )-4- FF L R Tk 1 2K g
(7b) [n(FZEFEE) o nON AR S)=1  1]: FIELE
& 420.0 mg, 7&K 25.0%. m.p. 127.5~1289 C; 'H
NMR (DMSO-d,, 500 MHz) 6: 9.87 (s, 1H), 9.64 (s, 1H),
7.78 (d, J=8.2 Hz, 2H), 7.50 (d, J=8.1 Hz, 2H), 7.40 (d,
J=8.4 Hz, 2H), 6.95 (s, 1H), 6.88 (s, 1H), 6.84 (s, 1H),
6.77 (d, J=8.4 Hz, 2H), 6.66 (s, 1H), 6.27 (s, 1H), 3.36 (s,
2H), 2.43 (s, 3H); *C NMR (DMSO-d; ,125 MHz) o:
158.9, 158.1, 150.6, 146.1, 140.6, 132.1, 130.6, 130.3,
128.6 (d, J=7.2 Hz), 128.0, 124.4, 116.0, 112.3, 110.4,
107.8, 21.6; IR (KBr) v: 3184, 2955, 2691, 1601, 1513,
1445, 1368, 1270, 1175, 980, 812, 777, 678 cm '; ESI-MS
m/z: 383.1 [M+ H]"; HRMS caled for C,H;305S
383.0974, found 383.0974.

(E)-5-(4-F2HEOK I 55)-1,3- 3 2K e 4- F L ORI IR
AKNE(8b) [n(HZE ) - n(HLHEF)=1 © 1]: Ak
354.0 mg, 7% 15.0%, m.p. 116.7~118.7 “C; 'H NMR
(DMSO-d,, 500 MHz) 6: 9.73 (d, J=10.5 Hz, 1H), 7.72
(d, J=8.0 Hz, 4H), 7.50 (d, J=7.9 Hz, 4H), 7.39 (d, J=
8.2 Hz, 2H), 7.18 (s, 2H), 7.03 (d, J=16.3 Hz, 1H), 6.91
(d, J=16.4 Hz, 1H), 6.78 (d, J=8.3 Hz, 2H), 6.53 (s, 1H),
2.43 (s, 6H); *C NMR (DMSO-d,, 125 MHz) &: 158.5,
149.8, 146.6, 141.6, 132.3, 131.3, 130.7, 128.9, 128.7,
127.5, 122.7, 118.7, 116.1, 114.0, 21.6; IR (KBr) v: 3452,
3066, 2923, 2854, 1599, 1501, 1445, 1370.5, 1293, 1118,
980, 858, 742, 674 cm '; ESI-MS m/z: 537.1 [M+ H]";
HRMS calcd for CosH,40S, 537.1071, found 537.1038.

1282 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

(2)-5-[4-Chf FF 2R A ) 2K £ 45 3K 1-1,3- 30 2R Fk-4- 1 5
AR AR 9b) [n(EBEFTIE) © n(OR A S IRl 50 =
1:5]: AEEE 2.8 g P54 92.2%. mp. 125.8~126.0
‘C; '"H NMR (DMSO-d;, 500 MHz) §: 7.75 (d, J=8.2 Hz,
2H), 7.71 (d, J=8.2 Hz, 4H), 7.56 (d, J=8.6 Hz, 2H), 7.49
(t, J=8.5 Hz, 6H), 7.26 (d, J=1.9 Hz, 2H), 7.15 (s, 2H),
7.04 (d, J=8.6 Hz, 2H), 6.58 (s, 1H), 2.43 (s, 9H); "°C
NMR (DMSO-dq, 125 MHz) J: 149.9, 149.2, 146.6, 146.3,
140.7, 135.8, 131.3, 130.7 (d, J=12.1 Hz), 129.2~128.6
(m), 127.3, 122.9, 119.3, 115.0, 21.6; IR (KBr) v: 3092,
2923, 2854, 1601, 1498, 1436, 1374, 1354, 1177, 974, 868,
750, 681 cm '; ESIMS m/z: 713.1 [M+Na]"; HRMS
calced for Cs35sH3009S; 713.0981, found 713.0944.

(E)-5-{4-[(4- FF 325 PR R S R R S AR 1 -1,3- 0
AR F-4-FEIR IR EE (10¢) [n( FAZEFIE) & n(h
FHBEZE)=1:1]: AEEAE 896.0 mg, /™% 35.0%.
m.p. 156.7~158.3 ‘C; 'H NMR (CDCl;, 500 MHz) ¢: 8.13
(d, J=17.8 Hz, 6H), 7.58 (d, J=8.4 Hz, 2H), 7.35 (d, J=
7.8 Hz, 8H), 7.25 (d, J=8.3 Hz, 2H), 7.18 (d, J=16.2 Hz,
1H), 7.11 (d, J=3.6 Hz, 2H), 2.49 (s, 9H); *C NMR
(CDCls, 125 MHz) 8: 164.9, 151.7, 150.8, 144.6, 139.6,
134.5, 130.2, 129.7, 129.3, 127.7, 127.3, 126.7, 126.5,
122.1, 117.1, 114.8, 21.8; IR (KBr) v: 3124, 3029, 2920,
1738, 1609, 1577, 1505, 1438, 1408, 1249, 1125, 962, 838,
746, 679 cm '; ESIMS m/z: 6052 [M+Na]*; HRMS
calcd for C;3H3006 605.1986, found 605.1943.

(2)-5-(4- I IR 2975 55)-1,3- W 8 Fh-4- F L 2K T R
ZKME(11e) [n(HZEFEE) @ nC KR BEE) =1 1]:
{0 [E A 408.0 mg, 7% 20.0%. m.p. 173.8~175.3 C;
'H NMR (DMSO-d,, 500 MHz) o: 9.84 (s, 1H), 8.04 (t,
J=8.0 Hz, 4H), 7.69 (d, J=8.3 Hz, 2H), 7.42 (d, J=7.9
Hz, 5H), 7.29 (d, J=8.4 Hz, 2H), 7.24 (d, J=23.9 Hz,
1H), 7.01 (s, 1H), 6.94 (s, 1H), 6.60 (s, 1H), 2.44 (s, 6H);
BC NMR (DMSO-d,, 125 MHz) 6: 165.0, 158.9, 152.3,
144.9, 139.6, 130.47~130.17 (m), 130.0, 128.8, 128.4,
128.1, 122.6, 116.1, 111.8, 110.7, 21.7; IR (KBr) v: 3387,
3030, 2922, 1738, 1610, 1507, 1262, 1017, 962, 839, 747,
679 cm'; ESIMS m/z: 465.2 [M+H]"; HRMS calcd for
C30H,405 465.1730, found 465.1696.

3.3 FIEHsE Hela A F 1N E

F MTT V00 5E & B H bRA &2t s 2500 41 i
PR(HeLa 4 Mutk) (SR s ok, W 20040 iy, i
FEAN B RRR S, BEFLINA 100 pL, FliARAE £330 40 i
2 JE K 1000~10000 fL, (LZSLALH PBS i), T
37 CHIRDECA 5% COFEF-AH T 1575 24 h 241 )=
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R FLIR96 FLPIRAR), IANIREEREE 291, & 7 A
BEEZIRE 0, 25, 37.5, 50, 75, 100, 150 umol/L, £#4L 100
ul, 3 ATATIL. 18 37 CHRFUSECN 5% CO, B 7740
SR 24 h, FIEBAE P, L RIEWR, RN
A 20 uL MTT ¥ #(5 mg/mL, Bl 0.5% MTT), 4k&:8%5%
4h. FFEF LI, FEALIN 150 pL - FIEEAR, BRI
AR IR 10 min, LIRS ERE. (A2 A82 T
REBEEAR AR I 7E OD570 1630 nm A2 &L f1 W A8

BOGH R A TR 25 e 0 el SO RS A X
AT PRI R 23 10 S FF
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