BRABERUIB SR EIESZHEETERAR
Lsa'?, EH U, AR, LR R, KM T (L ML, FON 31003152, LA BE 2 FHE R, B 310013)

HE. B RiHA R G 8 B M, AT FARE IR, F3E RACEF L8R, 456 BLT A 513 B 475
F(19), - AAFUIRE @A 2 X3 2 ARsPE R A E ., BR IS S RSHIE LM, o FRL
WAt B TR R AR EM, AP L 4,4 2B L R UH(2)RG. MM ARLERR T AORP .2 od H¥inFE
ZARG AN T 3,78 F2 9 HMERFE RIS BI A, 1,5 Fo 6 AWM E T RITHSH A . HBiL BRIRE G R B LM
W IR S R AR M R — AR A B

KR AR P B R S MR EARE R

B 4525 TQ467. 92; TQ460. 31 RKFRIRED: A X EHS:1007-7693(2007)05-0362-04
Synthesis and estrogen-like activity of resveratrol analogues

MA Zhen'?, WANG Zun-yuan’, ZHENG Xiao-liang”, SHEN Zheng-rong”, HU Yong-zhou'" (1. Zhejiang University
College of Pharmaceutical Sciences, Hangzhou 310031, China;2. Zhejiang Academy of Medical Sciences, Hangzhow 310013, China)

ABSTRACT: OBJECTIVE To synthesize resveratrol analogues, and evaluate their estrogen-like activity in vitro. METHODS  The
target compounds (1-9) were prepared from substituted benzyl bromide via phosphorylation; condensatiom and demethylation, then
their estrogen-like activities on sensitive human mammary cancer (MCF-7) cell were determined by MTT assay. RESULTS All tar-
get compounds were confirmed by mp and 'HNMR. All resveratrol analogues had different estrogenic activity. The results of relative
proliferative effect ( RPE) suggested that resveratrol, 2, 4 were full-agonists of estrogen receptor;3, 7, 8, 9 were partial-agonists of es-
trogen receptor, 1, 5, 6 were weakly-agonists of estrogen receptor. Of the total, 2 showed the strongest effect in promoting MCF-7 cell
growth. CONCLUSION

estrogenic agent.

It was the first report that resveratrol analogues had estrogen-like activity and they could be a new source of

KEY WORDS: resveratrol; analogues; synthesis; estrogen-like activity
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Compd. R R
RES 3, 5-OH 4-0H
1 4-OH H
2 4-OH 4-0H
3 3,5-OH H
4 3,5-OH 355-0H
5 3,4-OH H
6 3,4-OH 4-0OH
7 3,4-0H 355-0H
8 3,4,5-0H 355<0H
9 3,4,5-OH 4-0OH

1 1~9 &
Fig 1 Structure of 1-9

@CHZOH _HBE @—CHQBr
Ri1 R1
P{OEt), 7
@CHZP{OEIJZ

_— -
Ri1

CH,ONa/DMF A N

B Q &
: 1-9

2 1~9 Wb EAL
Fig 2 Synthetic route of 1-9

R B R AT AR I R S T TN LR
P MCF-7 41 a4 &0 388 5E 2 56 F 9 R DA M 3R VT ik
1 WEMMER(ALEY 4 ERAHD

J%5 55 F Fisher-Joins Melting Apparatus Wl 52, ¥ BV R &
K IE; "H-NMR J] Bruker Avanced 400 Jll 5,400 MHz, TMS
PI A%, DMSO-dg 5.( CD; ), CO A7
1.1 3,5-Z R IR R 5 L

SN F AN NaBH, (0.76 g, 20 mmol) , 75 /K PY &R i
(THF, 20 mL); T4 T, #% 3,5-Z HAE R F R
(1.82 g, 10 mmol) [ TG7K THF ¥ (20 mL) , I I 2 o
M, HAAREE . WL, (1,90 g, 7.5 mmol) ¥ T o 7/K
THF(20 mL) , i I 2 [ S, AR 7 k. W 5,
HIR RN 3he SRR HCL 2 TS0 A4, R G5B &
THF, F Z. B A6V 6 NaOH W VE 7K U6, T8, W45,
BHL B R A G 151 g I 90% , mp 44 ~ 46°C ( XL
Bk mp 46 ~47°C) .
1.2 3, 5-ZHEI RN G K

#3,5- " S IE R FEL(8. 40 g,0.05 mol) ¥ T 2 (75
mL) % T ROV, #E4E S A 40% HBr(20 mL,
rp BN 242 2% 7 2007 4F 10 H 58 24 3555 5 31

0.136 mol), 7~ 80 CMIVAH R MY 3 ho AV B, Wil R 9 4, [l
WO 2R SR IRCHT HH I [ 44, FH 7K U e 22 v e, 49 0 £ ] 4
9.00 g, W #E 78% . HH FH I #E 45 i, 19 B8 8 1 IR 44, mp 69
~71°C ™ 271 ~72°C)

1.3 3,355, 5 JYHEE 2R O A %

SRR 3,5-Z A JEIR (9,24 ¢,0.04 mol )
WAL = 2. K5 (15.41 g,0.09 mol), T-MIA 130 ~ 140 °C Hit ¢
RV 2 ho JRVEE, YR Z8 B0 B 1 R = L, A 2 =
Jei» B VKK F RO TEK DMF(20 mLL) < FREEA4(2. 16 g,
0.04 mol )l 3,5- = AR FER (6. 64 ¢,0. 04 mol ), UK/K
WYL b G, ERRE A ROV 500 mL 7KK
b PERE, U, K, TR 1528 A B AR 14 10,56 ¢,
#.:88% , mp 135 ~ 136 C( CHER"’ : mp 136 ~ 138 °C) .

1.4 B RN

RN I AR 565 mL) <3, 37, 5,57 -PUH4R
H TR ZHC0.30 g, 1 mmol), FEFEE . 3 I BBry (1 mol -
L & REAO 10 mL, Z 3 PR RN, TLC Rl e Jy £¢
Mo RN 30 mL 9K7KH, H 2R 2B # (20 mL x
20, G HANLE, JOKBR IR EE T M, v 28 W), 1R T 6
[ 7= 4 0. 21 g, 0K 86% o A - LR LGHEC1: 1) k2
B, 753 IR 45 4 45 mp 300 C Cdee) (3CHK™: mp 320 C
(dec)) .

FENE TSR 1 ~9, AL BE R R 1 ~ 9 (B
o B S HOE WAk 1.

2 HEXHREHY
2.1 A5

OS2 R I N FL R 4 bR MCF=7 0 13 b [ R} 2% B
A, DMEM £5 37 F 70 4 18§ Coypsin) M H Gib-
co 2 ] B AR ML T B BTN DY =R T AR TR R R A
T, TEY4T DMEM 35 %34 H HyClone 23 7, 35 14 75/ %61 26 B
102 VR AR BT A A T I 1 A2 HLK S I8 B A,
M 3 (3-[ 4, 5-Dimethylthiazol-2-yl -2, 5-diphenyltetrazolium
bromide, MTT) 4 H Sigma 2 ] .

ZiRY): RES, RES 2441 ~9, FEMEXS . 173-MfF —
(17p-E2), MM (DES) o
2.2 ANFLIYE 4 MG iR (E-screen Assay)[(’]

LR R0 MCF-7 40 f LA JBE 2 (1 B Ak 5, 1% 40 i
(1.5 x 10* A~/mL x 100uL/fL) Bl A 96 5L 40 fi 5 F= 4% A
(Nunclon),37°C WEH 24 h [G#JCEY 2 DMEM ¥i 77 (&
10% V& P2/ 7 50 Wl 5 25 W08 A B AR 2B LT ) AR R B IR
48 h, RJE 4 TSR, 53 d il 1 Ik, H59R 6 d JG
DA MTT v 0 2 Al 184 5 4

PIHESE J1 Cproliferative potency, PE) F1AH X} 38 5 3 %
(relative proliferative effect, RPE) V4 4k 15 4 il 35 25 v 14 119
T

PE = (BZiRY) 512 J5 K19 58 I 1) 40 i 40 7/ C I 4 % e 11
G0k

RPE = (32 PE - 1)/(E2 ¥ PE = 1) x 100%
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Tab 1 The physical-chemical contents and the ' HNMR spectra data of target compounds

Compd mp /C "H-NMR ( DMSO-dg ) 8ppm
9.54 (1H,s, 40H), 9.19 (2H,s, 3,5-0H), 7.39 (2H,d, J=8.6Hz, 256<H), 6.81,6.93 (eachlH,d, J =
RES 253 ~255 16.3Hz, -CH =CH-), 6.75 (2H,d, J=8.6Hz,3,5:H), 6.38 (2H,d, J=2.1Hz, 2,6-H), 6.11 (1H,t,J =
2.1Hz,4-H)
9.64 (1H, s, 4-OH), 7.54 (2H,d, J=7.7Hz, 2,6-H), 7.44 (2H, d, J=8.2Hz, 2,6-H), 7.35 (2H, t, J =
1 185 ~ 187 7.6Hz, 3,5<H), 7.22 (1H, t, J=6.8Hz, 42H), 7.02, 7.16 Ceach 1H, d, J=16.4Hz, -CH =H-), 6.79
(2H, d, J=8.0Hz, 3,5-H)
5 288 280 9.51(2H, s, 4,4:0H), 7.36 (4H, d, J=7.6Hz, 2,6,2,6-H), 6.91 (2H, s, -CH=CH-), 6.76 (4H, d, J
=8.4Hz, 3,5,3,5:H)
8.86 (2H, s, 3,5-0H),7.54 (2H, d, J=7.6Hz, 2,6H), 7.33 (2H, t, J=7.6Hz, 355<H), 7.22 (1H, t,
3 157 ~158 J=7.6Hz, 42H), 7.04,7.09 Ceach 1H, d, J=16.5Hz, -CH =CH-), 6.57 (2H, d, J=2.0Hz, 2,6-H), 6.29
(1H, t, J=2.0Hz, 4-H) %: (CD;),CO
4 300 9.22 (4H, s, 3,5,355-0H), 6.82 (2H, s, -CH=CH-), 6.39 (4H,d, J=2.1Hz, 2,6,2,6-H), 6.14 (2H,
(dec. ) s, 4,4<H)
7.48 (2H, d, J=7.4Hz, 2,6-H), 7.34 (2H, t, J=7.5Hz, 3,5<H), 7.24(C1H, t, 4:H), 7.08 (1H, s, 2-
5 132 ~134 H), 7.05,6.93 Ceach 1H, d, J=16.4Hz, CH=CH-), 6.96 (1H, d, J=7.1Hz, 6-H), 6.85 (1H, d, J=8.2
Hz, 5-H)
7.46 (2H, d, J=8.4Hz, 256<H), 7.17 (1H, s, 2-H), 7.03,6.97 Ceach 1H, d, J=16.2Hz, -CH = CH-),
6 193 ~ 195 6.98 (1H, d, J=8.2Hz, 6-H), 6.88 (1H, d, J=8.0Hz, 5-H), 6.87 (2H, d, J=8.8Hz, 3,5H), % jfl:
(CD;),COo
9.17 (2H, s, 2 xO0H),9.07 (1H, s, OH), 8.89 (1H, s, OH), 6.96 (1H, d, J=1.8Hz, 2-H), 6.85,6.71
7 231 ~232 Ceach 1H, d, J=16.7Hz, -CH=CH-), 6.82 (1H, dd, J=1.96Hz, J=8.1Hz, 6-H), 6.71 (1H, d, J=8.1
Hz, 5-H), 6.37 (2H, s, 2562H), 6.11 (1H, t, J=1.9Hz, 4:H) ¥ #]: (CD;),CO
g 245 9.16 (2H, s, 2 x OH),8.85 (2H, 5,2 x OH), 8.27 (1H, s, OH), 6.74,6.65 Ceach 1H, d, J=16.7Hz, -CH
(dec.) =CH-), 6.48 (2H, s, 2,6-H), 6.36 (2H, d, J=1.8Hz, 256%H), 6.11 (1H, s, 4:H)
boo 9.17 (2H, s, 2 xOH),9.07 (1H, s, OH), 8.2 8(1H, s, OH), 7.30 (2H, d, J=8.4Hz, 256-H), 6.80,
9 y..\ 6.72 Ceach 1H, d, J=16.0Hz, -CH = CH-), 6.74 (2H, d, J =8.4Hz, 3,5<H), 6.50 (2H, s, 2,6-H), % 7l:
dec.

(CDy),CO

3 R

2 BRI I AR W R T 21T

AHFFEHE I E-screen V£ & —Fh £ SR A& SR VR A6 & IR EE ) 173-E2DES. 4 327 B S I AU % MCF-
VIEBCR RS P VA . MCF-7 4H 2 AFURRIR AN M bk, B2 7 dh IR fE 3k 2, % 3.
S P 5 R B B R T TV E R S 4 . MCF-T AN B 178-E2, DES 0] 5 |2 MCF-7 40 g . 2 B4 4.,

FR2 BEFEREMNA MCF-7 4 8 3% 781 A
Tab 2 Cell proliferation of MCF-7 cells affected by Resveratrol and its analogues

Proliferation Concentration (mol * L)

/% 10" 1071 107° 10 7% 1077 10-° 10~°

E2 107.4 1.7 116.6 +1.4 193.4 +2.8 182.8 £3.1 179.6 +4.9 — —

RES — — 123.3+£14.0 128.8 10.1 134.1+7.8 147.1 £12.7 168.1 £14.7
1 — — 102.7 £2.0 109.0+1.9 121.3 1.8 117.5 3.1 109.2 +2.8
2 — — 104.4 4.5 109.2 £2.5 121.2 £2.2 186.7 £5.2 107.4 4.6
3 — — 123.9£3.9 124.6 +3.3 129.5 +3.2 136.7 +4.4 157.0 £9.8
4 — — 164.9 £5.6 178.0£9.6 179.4 +12.8 174.2 £10.9 170.3 £3.1
5 — — 102.9+£2.0 109.5 +2.8 110.8 1.6 119.2 +3.0 124.6 +4.0
6 — — 104.7 £3.3 109.0 1.9 116.9 £2.8 120.3 +1.3 123.2 +£9.5
7 — — 106.6 £3.3 109.2 £5.9 114.5 +4.3 156.1 +£12.5 93.4+1.7
8 — — 114.6 £5.3 122.1+2.2 128.0 3.4 146.6 5.2 138.7 £5.0
9 — — 109.9 4.4 112.5+3.4 122.9 +4.1 135.0 +4.4 143.7 £5.5
DES — — 188.3 +11.2 195.4 9.4 188.1+12.5 180.5 +15.5 148.7 8.1
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=3 BRFBRRRNGRKAEES PE X RPE
Tab 3 PE and RPE of Resveratrol and its analogues in the E-

screen Assay of maximal proliferation

Test Material PE RPE/ %
E2 1.93 100.0
RES 1.68 72.9

1 1.21 22.8
2 1.87 92.8
3 1.57 61.0
4 1.79 85.1
5 1.25 26.3
6 1.23 24.8
7 1.56 60.1
8 1.47 49.9
9 1.44 46.8
DES 1.95 102.2

5 R fe R TR I FE 43530 0 10 P mol = ~' 110 P mol = 7'
ANTRIVR BE TR 15 2 P i J HE SR 3 ] A [R) 2 B 1) 5 12 MCF-
7 40 s, AL AE A RES,3,5,6 F19 710 "mol * L™
~10 "mol * L™";2,7 F18 #£ 10 "mol » L™" ~10 ®mol « L™";
1M 47510  mol » L™" ~10 "mol « L~" I i v &5 458 vy 1y 4
s 5 g K I A 1 B 4 5108 RES, 3,5,6,9:10 “mol -
L7":2,7,8:10 ®mol * L™';1,4:10 "mol « L',

SEG A BB IR RIS AU 38 B A R R BE I
MRS o AR I S 25 AR R, RES, 2,4 J DES by i
WE 2R A L5071, 3,7,8 F19 g M3 2= 52 4 110 346 53 5
#1,1,5 F1 6 A MER R ZARM 59T, Hob SR 2,4 19
ARSI G R T 2 R, 9 L 2 dg e, JUAH R B R R
FH XS IR 259 178 — ME A OO e, 32 A7 20— B0 &
A .

PR SV IR

17 8 - —RF

TR Z A

KRR 1 ~9 55 173-ME —RE S5 M A LE AL, v
PR BUE A T#RAT 1 K 05 SR S5 4, HLOG 3R B /A7 — AN e dk
WA SRS A BAAT B MR BE 178-ME —HE A —HF,
ELRE S R MERCER 36 PR 0 B R R A B — . IR I

i EELAR N FH 22 2 3 2007 4E 10 H 55 24 4555 5 W)

KA B IR L 4<0H Xt N F 178-M — B 3-OH, ‘& 5 % 44
TE AU, HE I 2R 45 s B 2R PR3 e 5, X i
W IF TR AT B 227 s S 2R AU 4-OH Xt % T
178-MEZFE 17-OH, A 3 LI ILAL B A — & 1 &g, 7T LA
S 3-8 5-0 BRULZ AN A KB R AL FEZ S 1.2 nm,
S P MR T AR L, W LA AT e T
U4 1-9 WiFeFEIR B, Jorp 2 P FR LA 1. 199 nm, 5
AT, 9206 45 S R 2 MR E IS M s o, 48R, XY
ASCRE A Ao — Tl e B % U A bR R W) 2 . A BN R
AR5y h ERo A ERB WA E 2R o AT 15 AR i ot 35 3% A2 1
IEFRPELE G S0, 3 — B IR AT, DLHATF R — Pk # 4 10
WEB R AR, X —TARIEER T2 .

1 P AR Sy — Tl ol A 0 R A R I B s s 4 R T
FEYIMERIEE , 208 S0 TR AT I3 2% B 50 S8 s RO I 9005
B T AANE  MEWR AR O IR AR AR 2 AL R L
PR DU B AT 5 e (BRI, IR AF T B
T T AP T ME R R TR 2 3k g A P A [) M B0 3 32 A4
A T T B A B BT, R B RO AF A A
Wy TR R0 IE T O ML 0 ~ B OB A 5 3 A o g
AR 247 i A BT R (0 Y FH T 5
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