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Antitumor Agents

Zhang, Shenglie®” Li, Qian*’ Zhang, Lei*” Sun, Haopeng™*“* You, Qidong™*“>*
(“ State Key Laboratory of Natural Medicines, China Pharmaceutical University, Nanjing 210009)
¢ Department of Medicinal Chemstry, China Pharmaceutical University, Nanjing 210009)
(¢ Jiangsu Key Laboratory of Carcinogenesis and Intervention, China Pharmaceutical University, Nanjing 210009)

Abstract Seventeen new compounds were synthesized from gambogic acid (GA) with the structural modification of C-32.
The reaction steps included selective epoxidation, periodate oxidation, methylation, Jones oxidation, different conditions of
esterification, amidation, efc. The structures of target compounds were confirmed by NMR, IR and MS/ESI techniques. Their
antitumor activities were evaluated in vitro by MTT assay. The results showed that compounds 5, 7, 8 and 13 were more po-

tent than GA to human hepatoma cells (HepG2) and colon carcinoma cells (HCT-116).
Keywords gambogic acid; derivative; synthesis; antitumor; biological activity
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Figure 1 Structural modification of gambogic acid

Project supported by the National Natural Science Foundation of China (No. 90713038) and the National Key Program for New Drug Development (No.

20097X09501-003).

[ 5 A SRR 23 4 (No. 90713038) 1 AHT 24 6 B 5 K % 35 (No. 2009ZX09501-003) % 133 H .

1450 http://sioc-journal.cn/ - }\ © 2012 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2012, 32, 1450~1458

Sioc



Chinese Journal of Organic Chemistry

ARTICLE

ORI, He 2555 GA 11 C-30 £7 (1R ILSEA T HELL,
3B —RY] GA fT4EY), MESGE TKEME, —2fiiE
Yia Bon it GA BIFIAEYNETE. TR, A TEE
HABTE GA T BTk S AR S 5 A T
—UE T Feng VA b &4 33-SALFE A JHE H 1
FI 33,37- G AR SR PUM R T PEIE T GA; Wang
S — 0T, BRI T EH 5 S 38,40-
INEA-33- G AT R I IR, X R ROC R A T IR
(¥R Wang 2508550 GA 7AWt R B, &%t
C-35, C-39 {7 FR:A& M, C-32, C-33 Fil C-37, C-38 XL
i, AT LA S GA BUMIREE; Wang 201 GA S kL,
B ITEE BT WASFGED), TETES GA AN,
EABOTER R, W BOR R, I GA fiTAEIINA R
AL TR A BRI T

H T BRSO SR B A ) S A RO, 4
G BRI, ATER R T — &AM GA £k
Y, MRS RIS ST RCE W . R R SR
KRk EY), FEHE— DI GA MR, AT
TEAVEEARL B 51 NAS [R] B3 R 5 22 SO0 T s IR P Mg
TEPERE . B S T DU SRR 0 56 W), TR IR
32 (i R F(C-32) EREAT A B, 205 C-32 S FE k3R
Al mIRIRWTEATE . FFIEAL. Jones f k. A4
PRI BERAL S5 I NP B, A RT 17 AN IRATA:
). R4 W Scheme 1.
1 XIS
1.1 NE5RF

Bruker ARX-300 A% #4341 (CDCI; 2 DMSO-dj
V], TMS 9 #5); Nicolet Impact 410 4 37 45 #e
ZLANGIEIN 5 (KBr [k 7); Agilent 1946A-MSD 7 J5i4%
(ESIMS); Q-Tof micro VY Fl AT % AT I 7] 5 B 5T 1% A%
(HRMS). S50 AT AR A o0 T 4l 108 3 1 Ul 11 71
4li K 95% (HPLC).
1.2 32,33-HE-HERQ)BIEK

76 0 “C N4 50 mL (el A 20 mL [ CH,Cl,,
SRIGHIA 500 mg (0.80 mmol) ) BEHHR(1) % 165 mg
(0.96 mmol)[¥J AU A R, 1M f5 FAR TR, i~
BidE 8 h, W4E, FEENTVCAMEE) © (LR LR =4 -
1BE, S kiiY) 180 me, WE N 35%. '"H NMR
(CDCls, 300 MHz) d: 1.27 (s, 3H, 19-H), 1.29~1.33 (m,
3H, 24-H), 1.35~1.38 (m, 1H, 21b-H), 1.41 (s, 3H, 40-H),
1.48 (s, 3H, 35-H), 1.63 (s, 3H, 39-H), 1.66 (s, 2H, 20-H),
1.69 (s, 3H, 29-H), 1.76 (s, 3H, 25-H), 1.94 (s, 3H, 34-H),
2.05~2.07 (m, 2H, 36-H), 2.30~2.32 (m, 1H, 21a-H),
2.52 (d, J=9.0 Hz, 1H, 22-H), 2.81~2.84 (m, 1H, 32-H),
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2.97 (d, J=7.2 Hz, 2H, 26-H), 3.13~3.17 (m, 1H, 31b-H),
3.24~3.27 (m, 1H, 31a-H), 3.50~3.51 (m, 1H, 11-H),
5.08~5.10 (m, 1H, 37-H), 5.36 (d, J=10.2 Hz, 1H, 3-H),
6.13~6.17 (m, 1H, 27-H), 6.62 (d, J=10.2 Hz, 1H, 4-H),
7.56 (d, J=6.9 Hz, 1H, 10-H), 12.76 (s, 1H, 6-OH); "*C
NMR (75 MHz, CDCl3) d: 17.6 (C-40), 18.1 (C-34), 20.3
(C-29), 21.6 (C-36), 25.0 (C-21), 25.1 (C-35), 25.8 (C-39),
27.2 (C-36), 27.5 (C-19), 28.9 (C-24), 29.4 (C-26), 30.3
(C-25), 42.2 (C-20), 42.9 (C-33), 44.7 (C-32), 46.3 (C-11),
48.8 (C-22), 79.7 (C-2), 83.1 (C-13), 83.3 (C-23), 86.0
(C-14), 90.4 (C-7), 98.0 (C-5), 106.9 (C-17), 116.5 (C-4),
121.1 (C-37), 126.1 (C-3), 127.1 (C-28), 131.6 (C-38),
1332 (C-9), 1352 (C-10), 135.7 (C-27), 158.0 (C-16),
159.2 (C-6), 166.8 (C-18), 171.6 (C-30), 174.1 (C-8),
203.5 (C-12); IR (film) v: 3428, 2927, 1740, 1713, 1688,
1628, 1436, 1188, 884 cm ™ '; ESI-MS m/z: 645 [M+H]".
1.3 17-ERKG17-BHERE-FEROG)HNEK

BALE2 (100 mg, 0.155 mmol)¥ T~ 10 mL PYZ
W, 0 "C R I HIO42H,0 40 mg (0.175 mmol), $i
P, RV RIRFEEOEY], SN 1 hE, bk E
R, LR OB, ot CTR Clg)ZE, HEA&
HOKVE, ToK R T, ZA MR, HZHT V(A
fix) . (SR CER)=2 ¢ 190, A3 ariFiY 22 mg,
W% 24%. 'H NMR (CDCls, 300 MHz) J: 1.28 (s, 3H,
19-H), 1.39~1.43 (m, 1H, 21b-H), 1.45~1.48 (m, 3H,
24-H), 1.64~1.67 (m, 6H, 29-H, 40-H), 1.69 (s, 3H,
39-H), 1.79~1.82 (m, 5H, 20-H, 25-H), 2.10~2.12 (m,
2H, 36-H), 2.31~2.35 (m, 1H, 21a-H), 2.51 (d, J=9.0 Hz,
1H, 22-H), 2.95~2.97 (m, 2H, 26-H), 3.30 (d, J=7.6 Hz,
1H, 31b-H), 3.40~3.42 (m, 2H, 31a-H, 11-H), 5.20~5.23
(m, 1H, 37-H), 5.65 (d, J=10.2 Hz, 1H, 3-H), 5.92~5.97
(m, 1H, 27-H), 6.57 (d, J=10.1 Hz, 1H, 4-H), 7.51 (d, J=
6.9 Hz, 1H, 10-H), 9.62 (s, 1H, CHO), 12.74 (s, 1H,
6-OH); IR (KBr) v: 3408, 2935, 1716, 1630, 1587, 1452,
1425, 1380, 1296, 1229, 1129, 789 cm ™ '; ESI-MS m/z: 603
[M+H]".
14 17-X5 KRG 17-FHRERE--FEEFRERP
e (4)B9E X

FbE4 3 (50 mg, 0.083 mmol)¥% - 10 mL P,
HIATEK KoCO5 115 mg (0.83 mmol), N, {54 F = i i
$£, 2730 min J53%00 0.1 mL (2.0 mmol) CH;l, =i R
PRV 24 h, RN sEEE R, YRR 2 KCO;,, W4, FEE
MIVCA ) @ M(LTR CBR)=4 © 1V, 153K Bk
B4 50 mg, WK 96%. 'TH NMR (CDCls, 300 MHz) o
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COOH

CHs
7 R= —/

8 R= — 16 R= *NOOCHs
CH; 12 R= —N(j
H

CHz 13 R=—N  N-CH 17 R= *NO
9 R= —{CH, N 3
CH
° /~~CHj NO:
Y M RN < HO
10R=— 3 18 R= —
_/

19R= —H

CHj
20R= —

CHj
Cl 21R= /\/8\CH3

22R=-""SH

Reagents and conditions: (a) m-CPBA, CH,Cl,, 0 ‘C, 35%; (b) HIO4*2H,0, THF, r.t., 24%; (c) CHsl, K,CO;, CH3;COCHj, r.t., 96%; (d) Jones
reagent, CH;COCHj;, 68%; (e) DMAP, EDCI, EtOH, 35%~43%; (f) DMAP, EDCI, THF, 23%~43%; (g) NHS, DCC, CH.Cl,, 43%; (h) Amino

acids, Et;N, DMSO, 23%~33%

Scheme 1

1.28 (s, 3H, 19-H), 1.39~1.43 (m, 1H, 21b-H), 1.46~1.51
(m, 3H, 24-H), 1.64 (s, 6H, 29-H, 40-H), 1.69 (s, 3H,
39-H), 1.78~1.81 (m, 5H, 20-H, 25-H), 2.31 (d, J=4.8
Hz, 1H, 21a-H), 2.51 (d, J=9.0 Hz, 1H, 22-H), 2.58~2.61
(m, 2H, 36-H), 2.93 (d, J=7.23 Hz, 2H, 26-H), 3.10 (d,
J=17.6 Hz, 1H, 31b-H), 3.33~3.36 (m, 1H, 31a-H), 3.41
(s, 3H, COOCH3), 3.43~3.47 (m, 1H, 11-H), 3.82 (s, 3H,
6-OCHs), 5.05~5.07 (m, 1H, 37-H), 5.56 (d, J=10.2 Hz,
1H, 3-H), 6.06~6.08 (m, 1H, 27-H), 6.65 (d, J=10.7 Hz,

1452 http://sioc-journal.cn/
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1H, 4-H), 7.51 (d, J=6.8 Hz, 1H, 10-H), 9.60 (s, 1H,
CHO); IR (KBr) v: 2971, 1736, 1718, 1710, 1673, 1464,
1383, 1166, 1020 cm ™ '; ESI-MS m/z: 631 [M+H]".
1.5 17-EFKG-17T-REPE-6-PRFEFER PR
(B)RIE R

FALA Y 4 (20 mg, 0.032 mmol)iw T i 5 mL 1, 0
C R I Jones iX771(2.5 mol/L) 0.015 mL (0.038 mmol),
SN SR ORI, OV 0.5 h R R RN, /b A
TRIR AN KW R RN, LR CIEAHL, 43t LR

Chin. J. Org. Chem. 2012, 32, 1450~1458
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LWRE, MR oKk, JoKBRIREN T, Z5HEH,
FEEMT VA MEE) @ SRR TR =1 @ 1]9E, 13586
KB4 14 mg, WOE 68%. "H NMR (CDCls, 300 MHz) o
1.26 (s, 3H, 24-H), 1.29 (s, 3H, 19-H), 1.38~1.40 (m, 1H,
21b-H), 1.48 (s, 3H, 40-H), 1.65 (s, 3H, 39-H), 1.68 (s, 2H,
20-H), 1.69 (s, 3H, 29-H), 1.76 (s, 3H, 25-H), 2.07~2.11
(m, 2H, 36-H), 2.18 (s, 1H, 21a-H), 2.52 (d, J=9.3 Hz,
1H, 22-H), 2.96~2.98 (m, 2H, 26-H), 3.21~3.25 (m, 1H,
31a-H), 3.26~3.28 (m, 1H, 31b-H), 3.39 (s, 1H, 11-H),
3.42 (s, 3H, 6-OCHj3), 3.81 (s, 3H, COOCH;), 5.06~5.08
(m, 1H, 37-H), 5.50 (d, J=10.2 Hz, 1H, 3-H), 5.95~5.98
(m, 1H, 27-H), 6.71 (d, J=10.2 Hz, 1H, 4-H), 7.45 (d, J=
6.9 Hz, 1H, 10-H); IR (KBr) v: 3408, 2935, 1716, 1630,
1587, 1452, 1425, 1380, 1296, 1229, 1129, 789 cm ';
ESI-MS m/z: 646 [M—H] ; HRMS calcd for C;;H430,0
(M+H)" 647.2851, found 647.2835.
16 17-ERKRE17T-CEEFHERE-FEE-#%
BERERER(7)89E K

Kb 54 5 (40 mg, 0.062 mmol)iE T 5 mL Z i,
I DMAP 9 mg (0.074 mmol)f1 EDCI 14 mg (0.074
mmol) 5 IRV 8 h, I A NH,ClZKE -4
H 5 min, LIRCEEFIL, 73 SRR CWRIZE, WA EhK
Vb, JCKBRIREN T8, 2RISR, HEENT V(A )
V(LR LR =4 @ 110N, ety 18 mg, &
43%. '"H NMR (CDCls, 300 MHz) 6: 1.24~1.25 (m, 3H,
OCH,CHj3), 1.26~1.28 (m, 3H, 24-H), 1.29 (s, 3H, 19-H),
1.38~1.40 (m, 1H, 21b-H), 1.48 (s, 3H, 40-H), 1.65 (s,
3H, 39-H), 1.68 (s, 2H, 20-H), 1.69 (s, 3H, 29-H), 1.76 (s,
3H, 25-H), 2.08~2.10 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H),
2.52 (d, J=9.0 Hz, 1H, 22-H), 2.96~2.98 (m, 2H, 26-H),
3.20~3.22 (m, 1H, 31a-H), 3.25~3.29 (m, 1H, 31b-H),
3.43 (s, 3H, 6-OCH;), 3.44 (s, 1H, 11-H), 3.81 (s, 3H,
COOCHj;), 4.11~5.13 (m, 2H, OCH,CH3), 5.04~5.08
(m, 1H, 37-H), 5.50 (d, J=10.2 Hz, 1H, 3-H), 5.92~5.95
(m, 1H, 27-H), 6.69 (d, J=10.2 Hz, 1H, 4-H), 7.44 (d, J=
6.9 Hz, 1H, 10-H); IR (KBr) v: 3383, 2928, 2863, 2714,
2567, 2393, 2215, 1772, 1715, 1564, 1586, 1454, 1425,
1380, 1225, 1126, 1030, 752 cm ™ '; ESI-MS m/z: 675 [M+
H]"; HRMS caled for C3H;0,0 (M+H)" 675.3164,
found 675.3152.
1.7 17T-2RKG-17-ZSREERHERE-6-FRE-
RERPEEB)ME K

8 A IR 7, JsURE A 5 RN S N IE, 15 23 Al
R 18 mg, W 42%. 'H NMR (CDCls, 300 MHz) o:
1.15~1.18 [m, 6H, OCH(CH;),], 1.19 (s, 3H, 19-H),
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1.21~1.23 (m, 3H, 24-H), 1.32~1.34 (m, 1H, 21b-H),
1.38 (s, 3H, 40-H), 1.54 (s, 3H, 39-H), 1.59 (s, 2H, 20-H),
1.62 (s, 3H, 29-H), 1.69 (s, 3H, 25-H), 1.94~1.97 (m, 2H,
36-H), 2.11 (s, 1H, 21a-H), 2.45 (d, J=9.3 Hz, 1H, 22-H),
2.89~2.91 (m, 2H, 26-H), 3.15~3.18 (m, 1H, 31a-H),
3.28~3.30 (m, 1H, 31b-H), 3.36 (s, 3H, 6-OCHj), 3.40 (s,
1H, 11-H), 3.74 (s, 3H, COOCHj3), 4.90~4.92 [m, 1H,
OCH(CHjs),], 4.95~4.97 (m, 1H, 37-H), 5.43 (d, J=10.2
Hz, 1H, 3-H), 5.83~5.85 (m, 1H, 27-H), 6.62 (d, J=10.2
Hz, 1H, 4-H), 7.37 (d, J=6.9 Hz, 1H, 10-H); IR (KBr) v:
3404, 2932, 2866, 2564, 2469, 2394, 2296, 2115, 1775,
1711, 1658, 1587, 1452, 1420, 1381, 1266, 1081, 1030,
754 c¢cm”'; ESI-MS m/z: 689 [M+H]"; HRMS calcd for
C4H16010 (M+H)" 689.3326, found 689.3312.
1.8 17T-EFKGE-17-MT REFHERE-6-FRE-
RERFEEOQ)MEK

9 [ IR 7, SRR A S FIRUT WE, 15 23 i
R 15 mg, WF 35%. 'H NMR (CDCls;, 300 MHz) o:
1.17 (s, 3H, 19-H), 1.18~1.20 (m, 3H, 24-H), 1.36 [s, 9H,
OC(CH;);], 1.35~1.37 (m, 1H, 21b-H), 1.40 (s, 3H,
40-H), 1.50 (s, 3H, 39-H), 1.61 (s, 2H, 20-H), 1.63 (s, 3H,
29-H), 1.70 (s, 3H, 25-H), 1.90~1.93 (m, 2H, 36-H), 2.10
(s, 1H, 21a-H), 2.44 (d, J=9.3 Hz, 1H, 22-H), 2.89~2.91
(m, 2H, 26-H), 3.12~3.15 (m, 1H, 31a-H), 3.26~28 (m,
1H, 31b-H), 3.36 (s, 3H, 6-OCHj), 3.52 (s, 1H, 11-H), 3.74
(s, 3H, COOCHj), 4.97~5.01 (m, 1H, 37-H), 5.43 (d, J=
10.2 Hz, 1H, 3-H), 5.86~5.89 (m, 1H, 27-H), 6.61 (d, J=
10.2 Hz, 1H, 4-H), 7.37 (d, J=7.2 Hz, 1H, 10-H); IR
(KBr) v: 3341, 2932, 2687, 2294, 2116, 1772, 1716, 1650,
1588, 1452, 1419, 1381, 1266, 1108, 1075, 754 cm ';
ESI-MS m/z: 703 [M~+H]"; HRMS calcd for C4Hs 00
(M+H)" 703.3477, found 703.3465.
1.9 17-EKFKE-17-(1-BHE) BB ERE-6-FR
H-BEABRBEE(I0)MEK

Bk &4 5 (40 mg, 0.062 mmol)¥% T 5 mL THF H,
A DMAP 9 mg (0.074 mmol)A! EDCI 14 mg (0.074
mmol)fiFE 0.5 h, VK& NI IATBE 6 uL (0.069
mmol), M 8 h, TIAEH NH,Cl /KR IH-HEFE 5 min,
LR LBERIL, 43 LR LR JZ, MR sk, K
TRIREA T, Z& WMV, HEEI VA ME) @ MRS
Fig)=2 @ 1JZeM, #9385 kY 16 mg, WK 36%. 'H
NMR (CDCls, 300 MHz) 8: 1.29 (s, 3H, 19-H), 1.37~1.39
(m, 1H, 21b-H), 1.41~1.44 (m, 1H, 24-H), 1.48 (s, 3H,
40-H), 1.65 (s, 3H, 39-H), 1.69 (s, 3H, 20-H), 1.71 (s, 3H,

http://sioc-journal.cn/ 1453
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29-H), 1.74 (s, 3H, 25-H ), 2.08~2.10 (m, 2H, 36-H), 2.18
(s, 1H, 21a-H), 2.35~2.37 (m, 4H, 3',5'-CH,), 2.51 (d, J=
9.3 Hz, 1H, 22-H), 2.97~3.01 (m, 2H, 26-H), 3.22~3.24
(m, 1H, 31a-H), 3.31~3.33 (m, 1H, 31b-H), 3.42~3.45
(m, 1H, 11-H), 3.44 (s, 3H, 6-OCHj,), 3.57~3.59 (m, 4H,
2',6'-CH,), 3.82 (s, 3H, COOCHj;), 5.03~5.06 (m, 1H,
37-H), 5.52 (d, J=10.2 Hz, 1H, 3-H), 5.97~5.99 (m, 1H,
27-H), 6.69 (d, J=10.2 Hz, 1H, 4-H), 7.44 (d, J=6.9 Hz,
1H, 10-H); IR (KBr) v: 3342, 2964, 2927, 2303, 1721,
1657, 1587, 1516, 1456, 1426, 1380, 1233, 1174, 1133,
1105, 1036, 755 ¢cm™'; ESI-MS 716 [M+H]"; HRMS
caled for C,;H40;(NNa (M—|—Na)+ 738.3249, found
738.3227.
110 17-(HFXKE17-(1-REE)RBHERE-6-BR
E-HEBRBEIE()EK

11 A BT 10, [R5 FINREE, 1530 5 (i
RY) 11 mg, W& 25%. '"H NMR (CDCls, 300 MHz) o:
1.25~1.27 (m, 2H, 4-CH,), 1.29 (s, 3H, 19-H), 1.37~
1.39 (m, 1H, 21b-H), 1.41~1.44 (m, 1H, 24-H), 1.47~
1.49 (m, 4H, 3',5'-CH,), 1.60 (s, 3H, 40-H), 1.65 (s, 3H,
39-H), 1.67 (s, 3H, 20-H), 1.69 (s, 3H, 29-H), 1.74 (s, 3H,
25-H ), 2.07~2.10 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H),
2.34~236 (m, 4H, 2'.6-H), 2.51 (d, J=9.3 Hz, 1H,
22-H), 2.97~2.99 (m, 2H, 26-H), 3.22~3.24 (m, 1H,
31a-H), 3.32~3.35 (m, 1H, 31b-H), 3.37~3.39 (m, 1H,
11-H), 3.43 (s, 3H, 6-OCH3), 3.82 (s, 3H, COOCH,),
5.05~5.07 (m, 1H, 37-H), 5.54 (d, J=10.2 Hz, 1H, 3-H),
5.97~5.99 (m, 1H, 27-H), 6.69 (d, J=10.2 Hz, 1H, 4-H),
7.44 (d, J=6.6 Hz, 1H, 10-H); IR (KBr) v: 3406, 2974,
2929, 2363, 1731, 1660, 1585, 1458, 1430, 1379, 1309,
1266, 1225, 1180, 1138, 1038, 754 cm™'; ESI-MS m/z: 714
[M+H]"; HRMS caled for C4Hs;0sNNa (M + Na) "
736.3456, found 736.3437.
111 17-EFRE17-(1-M g &) H Bt E R E-6-H
SE-HERPE(12)ME K

12 16 BT 10, J5UR A 5 FIMERg b, 75930 5 €4
TR 10 mg, WK 23%. 'TH NMR (CDCls, 300 MHz) 6:
1.29 (s, 3H, 19-H), 1.37~1.39 (m, 1H, 21b-H), 1.42~1.44
(m, 1H, 24-H), 1.48 (s, 3H, 40-H), 1.64 (s, 3H, 39-H), 1.69
(s, 3H, 20-H), 1.72 (s, 3H, 29-H), 1.75 (s, 3H, 25-H ),
1.83~1.85 (m, 4H, 3'4'-CH,), 2.09~2.12 (m, 2H, 36-H),
2.18 (s, 1H, 21a-H), 2.26~2,.68 (m, 4H, 2',5'-CH,), 2.51
(d, J=9.3 Hz, 1H, 22-H), 2.97~2.98 (m, 2H, 26-H),
3.21~3.24 (m, 1H, 31a-H), 3.26~3.28 (m, 1H, 31b-H),
3.36~3.38 (m, 1H, 11-H), 3.43 (s, 3H, 6-OCH3), 3.87 (s,
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3H, COOCHj3), 5.04~5.07 (m, 1H, 37-H), 5.45~5.47 (m,
1H, 27-H), 5.53 (d, J=10.2 Hz, 1H, 3-H), 6.67 (d, J=4.8
Hz, 1H, 4-H), 7.44 (d, J=6.9 Hz, 1H, 10-H); IR (KBr) v:
3406, 2973, 2928, 2380, 1731, 1661, 1585, 1458, 1430,
1379, 1309, 1225, 1180, 1138, 1038, 755 cm™'; ESI-MS
m/z: 700 [M+H]"; HRMS calcd for C4HyOoNNa (M+
Na)" 722.3305, found 722.3277.

112 17-EFXKE17-4-BE1-IRIEE)FEEH
E-6-BEE-FRERFE(I13)MEK

13 16 BTV 10, Rk § 8T N-FEJRIRIGE, 4533
PEHARY 17 mg, Y% 35%. '"H NMR (CDCl;, 300
MHz) d: 1.29 (s, 3H, 19-H), 1.37~1.39 (m, 1H, 21b-H),
1.41~1.44 (m, 1H, 24-H), 1.48 (s, 3H, 40-H), 1.64 (s, 3H,
39-H), 1.69 (s, 3H, 20-H), 1.70 (s, 3H, 29-H), 1.74 (s, 3H,
25-H ), 2.06~2.08 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H),
2.32 (s, 3H, 4-CH3), 2.34~2.37 (m, 8H, 2'3,5',6'-CH,),
2.52 (d, J=9.3 Hz, 1H, 22-H), 2.96~2.98 (m, 2H, 26-H),
3.25~3.27 (m, 1H, 31a-H), 3.33~3.35 (m, 1H, 31b-H),
3.38~3.40 (m, 1H, 11-H), 3.43 (s, 3H, 6-OCH), 3.83 (s,
3H, COOCHj3), 5.03~5.05 (m, 1H, 37-H), 5.52 (d, J=2.1
Hz, 1H, 3-H), 5.57~5.99 (m, 1H, 27-H), 6.70 (d, J=10.2
Hz, 1H, 4-H), 7.44 (d, J=6.9 Hz, 1H, 10-H); IR (KBr) v:
3405, 2968, 2926, 2362, 1726, 1660, 1586, 1455, 1425,
1381, 1265, 1223, 1144, 1097, 1036, 755 cm”'; ESI-MS
m/z: 729 [M+H]"; HRMS caled for C4Hs;00N, (M+
H)" 729.3746, found 729.3728.
113 17-EFREKE-17-(NN-Z T H e )PEE R R E-
6-HRE-HRERPRE(14)MEK

14 15 TR 10, J50R A 5 RN N-"— 4%, 135
HOMIRY 10 mg, R 23%. '"H NMR (CDCls, 300
MHz) 6: 1.17~1.19 (m, 6H, 3'3"-CHs), 1.29 (s, 3H,
19-H), 1.38~1.40 (m, 1H, 21b-H), 1.41~1.44 (m, 1H,
24-H), 1.48 (s, 3H, 40-H), 1.64 (s, 3H, 39-H), 1.69 (s, 3H,
20-H), 1.71 (s, 3H, 29-H), 1.75 (s, 3H, 25-H ), 2.12 (m,
2H, 36-H), 2.18 (s, 1H, 2la-H), 2.33~2.35 (m, 4H,
2'2"-CH,), 2.51 (d, J=9.3 Hz, 1H, 22-H), 2.97~2.99 (m,
2H, 26-H), 3.21~3.24 (m, 1H, 31a-H), 3.31~3.34 (m,
1H, 31b-H), 3.36~3.28 (m, 1H, 11-H), 3.43 (s, 3H,
6-OCH;), 3.81 (s, 3H, COOCH3), 5.04~5.06 (m, 1H,
37-H), 5.54 (d, J=10.2 Hz, 1H, 3-H), 5.97~5.99 (m, 1H,
27-H), 6.68 (d, J=10.2 Hz, 1H, 4-H), 7.44 (d, J=6.9 Hz,
1H, 10-H); IR (KBr) v: 3404, 3342, 2964, 2928, 2371,
1726, 1658, 1587, 1455, 1431, 1381, 1265, 1145, 1106,
754 c¢cm'; ESI-MS m/z: 702 [M+H]"; HRMS calcd for
C4Hs;0sNNa (M+Na)* 724.3456, found 724.3433.
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114 17-EFXKE1T7T-G-FEFBRE)FHEFE-6-
AEE-HERPE(S)MNEK

15 [0 775 A 10, J50RF 8 5 R0 4-FRORR T, 433
FOMPIRY 16 mg, WK 35%. 'H NMR (CDCls, 300
MHz) 6: 1.26 (s, 3H, 4-CH3), 1.29 (s, 3H, 19-H), 1.39~
1.42 (m, 2H, 21b-H, 24-H), 1.51 (s, 3H, 40-H), 1.66 (s, 3H,
39-H), 1.66 (s, 3H, 20-H), 1.68 (s, 3H, 29-H), 1.78 (s, 3H,
25-H), 2.07~2.09 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H),
2.48 (d, J=9.3 Hz, 1H, 22-H), 2.96~2.98 (m, 2H, 26-H),
3.24~3.26 (m, 1H, 31a-H), 3.34~3.37 (m, 1H, 31b-H),
3.38(s, 1H, 11-H), 3.43 (s, 3H, 6-OCH;), 3.84 (s, 3H,
COOCHj;), 5.08~5.11 (m, 1H, 37-H), 5.53 (d, J=10.2
Hz, 1H, 3-H), 5.94~5.96 (m, 1H, 27-H), 6.70 (d, J=10.2
Hz, 1H, 4-H), 6.96 (s, 1H, NH), 7.09 (d, J/=8.4 Hz, 2H,
3',5-H), 7.30 (d, J=8.4 Hz, 2H, 2',6-H), 7.44 (d, J=6.9
Hz, 1H, 10-H); IR (KBr) v: 3325, 2965, 2925, 2860, 2535,
2393, 2225, 2079, 1970, 1894, 1725, 1659, 1588, 1524,
1455, 1431, 1378, 1311, 1229, 1179, 1135, 1039, 754
em 'y ESI-MS m/z: 736 [M—+H]"; HRMS calcd for
CuHso0N (M+H)" 736.3486, found 736.3474.

115 17-KBRE17-4-BREEFRE)FBHERE-
6-FHEE-FHRERFRE(16)ME K

16 14 7 10, J50RE k) 5 T 4- AR R, 19
F i ERFIRY) 15 mg, R 32%. "H NMR (CDCls, 300
MHz) &: 1.29 (s, 3H, 19-H), 1.37~1.40 (m, 1H, 21b-H),
1.44~1.47 (m, 1H, 24-H), 1.51 (s, 3H, 40-H), 1.62 (s, 3H,
39-H), 1.67 (s, 3H, 20-H), 1.68 (s, 3H, 29-H), 1.78 (s, 3H,
25-H), 2.08~2.10 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H),
2.49 (d, J=9.3 Hz, 1H, 22-H), 2.96~2.98 (m, 2H, 26-H),
3.12 (m, 1H, 31a-H), 3.25~3.27 (m, 1H, 31b-H), 3.34 (s,
1H, 11-H), 3.43 (s, 3H, 6-OCH3), 3.77 (s, 3H, 4-OCH;),
3.81 (s, 3H, COOCH3), 5.07~5.09 (m, 1H, 37-H), 5.54 (d,
J=10.2 Hz, 1H, 3-H), 5.94~5.97 (m, 1H, 27-H), 6.71 (d,
J=10.2 Hz, 1H, 4-H), 6.82 (d, J=9.0 Hz, 2H, 3',5-H),
6.92 (s, 1H, NH), 7.32 (d, J=9.0 Hz, 2H, 2',6'-H), 7.44 (d,
J=6.9 Hz, 1H, 10-H); IR (KBr) v: 3324, 2965, 2925,
2859, 2528, 2364, 2227, 2089, 1725, 1658, 1588, 1524,
1455, 1431, 1378, 1311, 1229, 1179, 1135, 1039, 755
em 'y ESI-MS m/z: 752 [M+H]"; HRMS calcd for
CuHs0010N (M+H)" 752.3429, found 752.3424.
116 17-EFXKE-17-G-SFRE)FEBERE-6-F
SE-HERPE7)MEK

17 BE 75 10, J508E k) 5 R 4-508R ik, 159303
OREHRY) 20 mg, Y% 43%. '"H NMR (CDCls, 300
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MHz) d: 1.26 (s, 3H, 19-H), 1.28~1.29 (m, 3H, 24-H),
1.38~1.40 (m, 1H, 21b-H), 1.51 (s, 3H, 40-H), 1.65 (s,
3H, 39-H), 1.66 (s, 2H, 20-H), 1.68 (s, 3H, 29-H), 1.77 (s,
3H, 25-H), 2.08~2.11 (m, 2H, 36-H), 2.17 (s, 1H, 21a-H),
2.46 (d, J=9.0 Hz, 1H, 22-H), 2.94~2.96 (m, 2H, 26-H),
3.23~3.25 (m, 1H, 31a-H), 3.27~3.30 (m, 1H, 31b-H),
3.42 (s, 3H, 6-OCH3), 3.44 (s, 1H, 11-H), 3.81 (s, 3H,
COOCH;), 5.07~5.09 (m, 1H, 37-H), 5.52 (d, J=10.2
Hz, 1H, 3-H), 5.94~5.97 (m, 1H, 27-H), 6.72 (d, J=10.5
Hz, 1H, 4-H), 7.05 (s, 1H, NH), 7.22 (d, J=8.7 Hz, 2H,
3',5-H), 7.36 (d, J=8.7 Hz, 2H, 2',6-H), 7.43 (d, J=6.9
Hz, 1H, 10-H); °*C NMR (CDCls, 75 MHz) d: 17.7 (C-40),
20.3 (C-29), 21.6 (C-36), 24.9 (C-21), 25.2 (C-39), 28.8
(C-19), 28.9 (C-24), 29.4 (C-26), 30.4 (C-25), 31.9 (C-31),
36.9 (C-20), 46.3 (C-11), 48.5 (C-22), 50.4 (30-COOMe),
61.7 (6-OMe), 79.8 (C-2), 83.0 (C-13), 83.2 (C-23), 90.5
(C-14), 107.0 (C-7), 108.6 (C-5), 112.1 (C-17), 117.0
(C-4), 120.2 (Ph-C), 121.2 (C-37), 125.6 (Ph-C), 127.0
(C-3), 128.4 (C-28), 131.6 (Ph-C), 133.5 (C-38), 1352
(C-9), 135.8 (C-10), 135.9 (C-27), 154.9 (C-16), 157.7
(C-6), 159.4 (C-18), 166.8 (C-32), 169.9 (C-30), 174.2
(C-8), 203.3 (C-12); IR (KBr) v: 3325, 3194, 2970, 2928,
2246, 1777, 1707, 1658, 1588, 1530, 1456, 1431, 1383,
1312, 1230, 1178, 1136, 1102, 1046, 726 cm '; ESI-MS
m/z: 756 [M+H]"; HRMS caled for C43Hy70oNCl (M4
H)" 756.2934, found 756.2928.
117 A7T-KRKE-17-3-HE-FREE) PR E H E-6-
REE-HERPIE(18)ME K

18 KA BT A 10, JREA 5 R 3-fAE 8%, 133
WEEREFPRY 15 mg, W% 32%. 'H NMR (CDCl;, 300
MHz) d: 1.26 (s, 3H, 19-H), 1.27~1.29 (m, 1H, 24-H),
1.42~1.44 (m, 1H, 21b-H), 1.52 (s, 3H, 40-H), 1.64 (s,
3H, 39-H), 1.66 (s, 2H, 20-H), 1.69 (s, 3H, 29-H), 1.78 (s,
3H, 25-H), 2.08~2.10 (m, 2H, 36-H), 2.17 (s, 1H, 21a-H),
2.46~2.48 (m, 1H, 22-H), 2.95~2.97 (m, 2H, 26-H),
3.23~3.25 (m, 1H, 31a-H), 3.29~3.31 (m, 1H, 31b-H),
3.41(s, 1H, 11-H), 3.43 (s, 3H, 6-OCH3), 3.78 (s, 3H,
COOCH;), 5.08~5.10 (m, 1H, 37-H), 5.53 (d, J=10.2
Hz, 1H, 3-H), 5.95~5.97 (m, 1H, 27-H), 6.71 (d, J=10.2
Hz, 1H, 4-H), 7.43~7.45 (m, 1H, 10-H), 7.46~7.48 (m,
2H, 4',5'-H), 7.91 (d, J=8.1 Hz, 2H, 2',6'-H), 8.18 (s, 1H,
NH); IR (KBr) v: 3325, 3127, 3084, 2968, 2928, 2364,
2248, 1707, 1656, 1588, 1533, 1457, 1429, 1378, 1353,
1314, 1229, 1178, 1135, 1106, 1043, 729 cm '; ESI-MS
m/z: 767 [M+H]"; HRMS caled for C4;3sHy701 N, (M+
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H)" 767.3174, found 767.3177.
118 17-RFRENT(TZEBTREEREGHE)R
£-6-HEE-HAEBEROG)MEM

K5 5 (40 mg, 0.062 mmol)¥A - 5 mL Z i,
I DMAP 9 mg (0.074 mmol)fl DCC 15 mg (0.074
mmol), ik 0.5 h J&, A NFRIEHEHIWEW AL 9 mg
(0.078 mmol), ZHLHEFE 3 h, FHIIAMLAT NH,Cl /K
HHiHE 5 min, H LR COERRH, 70 SRR W), R
I EhKUE, JoKBRIRAN T, ZAHWN, 193] Al
IR 20 mg, WCE 43%. ESI-MS m/z: 744 [M+H]".
119 17-(2BRKBE17T-(N-RERE)REFABER
E6-FEE-FERPEE(9)MNEK

BAbEY 6 (40 mg, 0.054 mmol)¥E T 2 mL DMSO
o, IMAHZEE 4 mg (0.054 mmol) M1 = Z.#% 0.4 mL, #it
PR 8 h, FEANAMIAT NH,Cl AWt HEE, 2R
BRAH, 43 CFR CGlRJZE, B HKEE, KRR
BT, AL, RO OER) @ V(TR =
16 © 10EME, £33 ek 11 mg, W% 29%. 'H NMR
(CDCls, 300 MHz) d: 1.27 (s, 3H, 19-H), 1.29~1.31 (m,
3H, 24-H), 1.37~1.39 (m, 1H, 21b-H), 1.47 (s, 3H, 40-H),
1.66 (s, 3H, 39-H), 1.68 (s, 2H, 20-H), 1.70 (s, 3H, 29-H),
1.76 (s, 3H, 25-H), 2.05~2.07 (m, 2H, 36-H), 2.29 (s, 1H,
21a-H), 2.55 (d, J=9.3 Hz, 1H, 22-H), 2.95~2.98 (m, 2H,
26-H), 3.06~3.08 (m, 2H, NHCH,COOH), 3.14~3.16
(m, 1H, 31a-H), 3.28~3.30 (m, 1H, 31b-H), 3.42 (s, 3H,
6-OCH3), 3.60 (s, 1H, 11-H), 3.81 (s, 3H, COOCHj3),
5.07~5.09 (m, 1H, 37-H), 5.53 (d, J=10.2 Hz, 1H, 3-H),
5.92~5.94 (m, 1H, 27-H), 6.45 (s, 1H, NH), 6.66 (d, J=
10.2 Hz, 1H, 4-H), 7.44 (d, J=6.9 Hz, 1H, 10-H); IR
(KBr) v: 3325, 3191, 2972, 2928, 2364, 2245, 2089, 1893,
1722, 1707, 1658, 1588, 1530, 1456, 1383, 1312, 1228,
1177, 1135, 1097, 1042, 752 cm ™ '; ESI-MS m/z: 704 [M+
H]+; HRMS calcd for CsoHy0( N (M+H)+: 704.3065,
found 704.3053.
120 17-EFRE-17-IN-(1- B E-2-BE )RR E R
fit B R E-6- S B R B BRI AR (20) R & B

20 W& AR 19, J50R R 6 FAHZIR, 7435 (ks
B4 13 mg, Y% 33%. '"H NMR (CDCls;, 300 MHz) o:
0.85~0.86 [m, 7H, CH(CHs),], 1.26 (s, 3H, 19-H), 1.27~
1.29 (m, 3H, 24-H), 1.38~1.39 (m, 1H, 21b-H), 1.45 (s,
3H, 40-H), 1.66 (s, 3H, 39-H), 1.69 (s, 2H, 20-H), 1.75 (s,
3H, 29-H), 1.79 (s, 3H, 25-H), 2.01~2.03 (m, 2H, 36-H),
2.18 (s, 1H, 21a-H), 2.53 (d, J=9.0 Hz, 1H, 22-H), 2.94~
2.96 (m, 2H, 26-H), 3.19~3.21 (m, 1H, 31a-H), 3.26~
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3.28 (m, 1H, 31b-H), 3.42 (s, 3H, 6-OCH;), 3.59 (s, 1H,
11-H), 3.78 (s, 3H, COOCHs), 4.11 (s, 1H, CH), 5.09~
5.11 (m, 1H, 37-H), 5.52 (d, J=10.2 Hz, 1H, 3-H), 5.95~
5.97 (m, 1H, 27-H), 6.32 (s, 1H, NH), 6.65 (d, /=102 Hz,
1H, 4-H), 7.42 (d, J=6.6 Hz, 1H, 10-H); IR (KBr) v: 3325,
3127, 3084, 2970, 2928, 2364, 2246, 1708, 1656, 1588,
1532, 1457, 1430, 1378, 1353, 1314, 1227, 1178, 1135,
1106, 1042, 750 cm™'; ESI-MS m/z: 746 [M+H]"; HRMS
caled for CypHsOpN (M + H) ©: 7463535, found
746.3532.

121 M17-EFRE-1T-IN-(1- B E-3-BFmE) AR E
HEARE-6-HARE-HRERPER)MNENK

21 (& TR 19, J50E R 6 TR IR, A3
i 10 mg, WF 24%. '"H NMR (CDCl;, 300 MHz) 6:
1.26 (s, 3H, 19-H), 1.27~1.28 (m, 3H, 24-H), 1.37~1.39
(m, 1H, 21b-H), 1.45 (s, 3H, 40-H), 1.65 (s, 3H, 39-H),
1.69 (s, 2H, 20-H), 1.75 (s, 3H, 29-H), 1.80 (s, 3H, 25-H),
1.93~1.95 (m, 7H, CH,CH,SCH3), 2.02~2.03 (m, 2H,
36-H), 2.18 (s, 1H, 21a-H), 2.54 (d, J=9.3 Hz, 1H, 22-H),
2.95~2.97 (m, 2H, 26-H), 3.22~3.24 (m, 1H, 31a-H),
3.30~3.32 (m, 1H, 31b-H), 3.42 (s, 3H, 6-OCHj3), 3.59 (s,
1H, 11-H), 3.78 (s, 3H, COOCH;), 4.21 (s, 1H, CH),
5.10~5.12 (m, 1H, 37-H), 5.53 (d, J=10.2 Hz, 1H, 3-H),
5.96~5.97 (m, 1H, 27-H), 6.65 (d, J=10.2 Hz, 1H, 4-H),
6.87 (s, 1H, NH), 7.42 (d, J=6.9 Hz, 1H, 10-H); IR (KBr)
v: 3402, 2971, 2933, 2744, 2674, 2490, 1716, 1654, 1587,
1458, 1424, 1307, 1230, 1180, 1136, 1037, 755 cm
ESI-MS m/z: 778 [M+H]"; HRMS calcd for C4Hs,01;NS
(M+H)" 778.3256, found 778.3246.
122 17-EFKE1T-[IN-(1-3H-2-57 8 ) Z H e EH
B RE-6- PR E-HFAEBRPEREQMEK

22 & OTVER 19, J5UR Y 6 A RAIR, i
KB 9 mg, WK 23%. 'H NMR (CDCls, 300 MHz) o:
1.26 (s, 3H, 19-H), 1.27~1.29 (m, 3H, 24-H), 1.38~1.39
(m, 1H, 21b-H), 1.45 (s, 3H, 40-H), 1.65 (s, 3H, 39-H),
1.69 (s, 2H, 20-H), 1.75 (s, 3H, 29-H), 1.79 (s, 3H, 25-H),
2.02~2.04 (m, 2H, 36-H), 2.18 (s, 1H, 21a-H), 2.52 (d,
J=9.3 Hz, 1H, 22-H), 2.94~2.95 (m, 2H, 26-H), 3.20~
3.22 (m, 1H, 31a-H), 3.26~3.27 (m, 1H, 31b-H), 3.42 (s,
3H, 6-OCH3), 3.59 (s, 1H, 11-H), 3.78 (s, 3H, COOCHj),
4.19 (s, 1H, CH), 4.92 (s, 1H, NH), 5.06~5.07 (m, 1H,
37-H), 5.50 (d, J=10.2 Hz, 1H, 3-H), 5.95~5.96 (m, 1H,
27-H), 6.64 (d, J=10.2 Hz, 1H, 4-H), 7.42 (d, J=6.9 Hz,
1H, 10-H); IR (KBr) v: 3384, 2970, 2933, 2799, 2744,
2674, 2529, 2489, 1717, 1654, 1587, 1457, 1424, 1360,
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1229, 1178, 1135, 1038, 755 cm'; ESI-MS m/z: 750 [M+
H]"; HRMS caled for C4HysNOj; S (M+H)" 750.2870,
found 750.2891.
1.23 (L EMREMEENR

K MTT V55606 it 17 NS RATAEY) 5, 7~22
PEAT AR MU 40 i HepG2( A\ 40 )« HCT-116(A
Sb g A0 ) (P A= DS PE IR e, AR SRR AE Jhy B P ) HEL.

STV WONEAE K IRA MuRE IR T 96 FLEFFRIR
W, FFL 100 pL(7 1000~2000 MR 4IH). K H, %4
HAMNETARFRENEY), B 4~5 DT,
R 2D 3 APATAL. MR S G ST
WA BT 5% CO AR T-37 “CHiFR, 4 d Ja 38 L1 9
W, FEFLIA 200 pL 0.2% MTT %(RPMI1640 F 7).
L 37 C MR 4 h, 5% BiEW, #LINA DMSO
150 pL ¥5ff H RN, 32 S8 e, R, £5%
WK 450 nm. KUK 570 nm 4 RN E e A
(OD). AMRFE A R4, 4 Mufrid 2 P mhzshiih gz, H
P 1595 (Reed and Muench 75) 115 1Cso fH, 45 R IR 1.
=2 B NG R o7/ PONURE iR e i 08 7 I o i 15 791
[ICso/(umolsL™1)]

Table 1 Half-inhibitory concentration of different compounds
to two tumor cell lines [ICso/(umolsL™")]

Compound HepG2 HCT-116
GA 2.9 2.8
5 1.1 2.3
7 1.1 1.9
8 1.7 2.0
9 33 5.4
10 16.5 4.8
11 3.8 3.9
12 6.5 4.1
13 2.7 1.5
14 7.7 3.7
15 6.4 1.8
16 6.5 1.4
17 1.9 3.8
18 4.9 1.5
19 >100 >100
20 10.3 5.5
21 >100 >100
22 234 21.9

2 ZR5WE

ASCUATE SR N Skt &t 5~7 B RNEA T 17
NIRRT Y. TR 2 AR, DR R
HiAE 32, 33 AT AR AR AR I OCHE. [ I S K R
(m-CPBA) il & PR AU i s 4 (¥ 5% v B ik
P, — ek ke 7> 1 A 20 i 1 IR RE (et S i
AT SRS, A ST R R AT R AL SV, 3E
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B LG BN, il R AAE 1 BRI, A LRI
AL A HE R A A 5 R ) X SR e, BAT]
SE B0 IF S DA ) Sk S8R IR by B S8 A 5910 1 7 S 1R 1) B
SR N FEER AR C-32, C-33 M C-37, C-38 fifiit,
AN A AT BAT WL S A DA K A BELP) C-27, C-28 F
C-9, C-10 fryMss b, A EHLEY 2 5 C-32,
C-33 J& C-37, C-38 AWM EM L S = L
Jy 2 3).

SCHR[I31HRIE T HH B B RS 2] 36 7 JR I AN 6 1 5%
R A 11 Y S 8 110 v, B0 T S RV T N I
o IR R BRI R, OV 1 SRR (R
FE, BATRBOXFOIERA TS 5 &k, RIS N
ISR TFEE 1 J, TR 3R s N EAT T ik, s
a1 T REG, SRR e N b, e
0.5 h 5 PRI I bE, OR4aHE T e M INFTA], {H] 24 h,
KT 95%.

ARG 10~14 [l e, dTFEMEie S
WIAELERS, o~ ANV RNl 5y 5 A Jiie A A2 3 5 IR N s
I DR I A R 2 Ak A P R i ) s Y ) 2
BATEBEY) 5 % PUERIE +, i EDCI fl DMAP
PiFE0.5 h ), fEVKERT AR T, SRS N4 BE 7R (1) A fr
e EDI VYA, REF 0 ‘CIRMY 8 h, 12| Hbx
A 10~14, WCE A 23%~36%, TLC Ry & Bp />
TR P AR

ARG 19~22 Wik, HTER%RS 5
RN — M Je B BRI AR 5 AR, FRATT% 18 2
ST M ORI B Y P R ek o 4% 1 T e 2 5 U
WM PR S5 AR E . I IRATTR A 55— Pl sk ms,
& 5 v &M, A DCC iEfb)E, FinA
N-ZILIEHRW e, R32bE 1. (et 7 &M )5,
W R, FINAZIERR A = O, R3]
HAx =49 19~22, EEK 23%~33%.

TR 2 R, BERR C-32 ALHUARAT AR
JIT 0 (140 P AR I 4t 6 0 B LR R PR S B A v . Heeh
W& S, 7, 8, 13, 17 X5 A JHHE 40 il (HepG2) i 14 G 40 i
TR TR, AW S, 7, 8, 13, 16, 18 X}
NG5 Wi A O (HCT- 116) R 186 B 0 s L T 8 1 o .
HE TR AL 22 AR P C-32, C-33 XYW 5| NFRFE S, FR
FABMG 1) — RV AW A S D P e v v T
FHAEST I GA B2, B0 B 38 L 53 S 0T R o iR
(BB ARG PR AT A PANEE S 2, e A .

HETEIR C-32 ARFEE AW ST ARG, R
HH S 5 T R S R PRIV M 5 O R G e, XA
45 g 40 WL (HC T-116) 149 398 5 410 1ty M A A i, 3
] C-32 A5 | NSRBI L A e b i GA I AETEPE. 1T ke

http://sioc-journal.cn/ 1457



BHlLE

IR C-32 PRI NSRRGSR A, Ktk
EPEIRIL 55T GA AERE T, BV C-32 0751 Ak
IKPERE B A B S S R, BRI DU RIS 1.
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