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Chemical components and anti-tumor activities of Ceiba pentandra L.

ZHU Hongl , WANG Shemg-zhi1 s
PENG Jia-gi' ,CHEN Xu-yang®,ZHANG Xiao-po' ,CHEN De-li'"**

' Engineering Research Center of Tropical Medicine Innovation and
Transformation of Ministry of Education & Hainan Provincial Key Laboratory of Research
and Development on Tropical Herbs,School of Pharmacy ,Hainan Medical University/Hainan
Academy of Medical Sciences;*Key Laboratory of Tropical Translational Medicine of Minisiry of Education,
School of Basic Medicine and Life Sciences ,Hainan Medical University/Hainan Academy of Medical Sciences ,Haikou
571199, China;’ State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs , Beijing 100700 , China

Abstract: To investigate the chemical constituents and anti-tumor activities of the pharmacological effects of Ceiba pentandra
L. , the study was carried out to isolate and purify the chemical components from the ethyl acetate extract of the stem using sil-
ica gel and semi-preparative high-performance liquid chromatography and identify the structures of the compounds by modern
spectroscopic methods such as NMR,MS, and so on. Meanwhile, the cytotoxic activities of all compounds against BT549 and
4T1 tumor cells were evaluated using the CCK-8 assay. Nineteen compounds were isolated and identified as : hibiscusterpene 11
(1) ,hibiscone C (2),7-hydroxycadalene (3) ,7-hydroxycalamenene (4 ), (1S)-1-methoxylacinilene C(5) ,lacinilene C
(6),(7R,9R,10R)-3,9-di-hidroxicalameneno (7) , mansonone (8),3&-( 1&-hydroxyethyl ) -7-hydroxy-1-isobenzofuranone
(9) ,vavain (10) ,cleomiscosin B(11), ( + )-medioresinol (12) ,1-methoxy-2-methylbenzene (13) ,p-cresol (14 ) ,syring-
aldehyde (15), (R)-(-)-mellein methyl ether (16), chrysazin (17), ethyl syringate (18) and B-sitosterol (19). Com-

ek H 11 :2025-10-14 H23% H:2026-02-10
BATH  ERK A SRR RAE FIH (82473803 ) ; H s As 9 F KA W S I H 44 5 25 BRI T SR e D1 g e 5 H 7 (2060302 )
# WAFVEH E-mail:z_xpl412@ 163. com, chendeli9999@ 163. com
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pounds 1,2 ,4-9 11-18 were isolated for the first time from this genus. The results showed that compounds 1,2,3,4,6,8,and

10 exhibited inhibitory activity against the proliferation of both BT549 and 4T1 cells,,among which compounds 4 and 8 demon-

strated significant cytotoxicity. This study systematically elucidates for the first time that cadinane-type sesquiterpenoids are

the key antitumor constituents in C. pentandra ,thereby providing a scientific basis for its further application in anticancer drug

development.

Key words: Ceiba pentandra L. ;chemical constituents ; cytotoxic activities ; cadinane-type sesquiterpene

JNIEE AR ( Ceiba pentandra L. ) )& F AR EL
( Bombacaceae ) 11§ VL J& ( Ceiba ) 75 M R IFF AN 5=
TR SE YA ED BERE &, BL) 2 51 Fh T AR e I Je
TR S I TRV s M S X
HAR Bz M AR A FAEENEE e H A AR e 455
(R 0 I 2 v oy T SR AR, T TR T B B | 32
R R BRI PN . BTSRRI, T
AR B A R 2 IR 2 A 22 1 2R ARk 2 A
g3 IIRATSEUE S HAR IO A UM iR B
b BT IR IR M, A0 Kiran 2550 % S A7
T3 S 990 o) 9 PR R R SR BT R A, Fofie 451
UESEZE B S BCY) Al 2535 Bk DPPH. [ il A1 AR
PRIFFE T A 7K S | Raveeshankar 26051 BRI 9T 24 1 ,
JTCHE AR e (8 S B FEAR A A1 5256 v 34) Jre S 1S
HHPUIR TR, PRI, 7 SCRRATE A LA | PR
4 T & LG S Ak G A P ot R A 2 i R LA 405
ZERE AR O T 20 B B TCRE AR ) il 2 ot
RN B, AW 500 U AR AR R SRV IR 42 HX
Y 094k 2 1o BEAT AR 27 o BT, JF L) BTS549
AT 40 A RS AN 3 o 00 2 A W %ok 2L i s ik 9 4
JRLFREVE , 07 128 TCE AR BLAT S0 e 22 W 5 PR A8 AL
G, TR A R 5 (0 24 B TR AR 2 1
TH IS
1 MRI57E%®
1.1 #8

2022 4F 12 A, JTHE AR R AR T 1 T 55 ¢ X
TR, 28 v e B2 2 Bl 2 e 245 F AR ) A0 52 e 8 e
FrZE R e BT 5 51 48 5 4 IR ( Ceiba pentandra
L) BIZERT, BREG A REAS DR AE T 16 g BE R R S 50
PERIREG YL TP ISR = BT14b =5,

BT-549 A LR T8 41 (45 . CL-0041, 20T
T T A AR A R ) 4T /N BRI 20
(#t5 . CL-0007 , i % TR R R A BR A ] ) |
1.2 KHE5MH

MR CIEIRERE G H GFo, (5 BRI A
PR ) 5 M €335 HIRE i (200 ~ 300 H, & 71

TAMRAF) Ak (54t 5. 20220705, 74
BBk e A1 BRA R ) L LR 2 TR (43 B 46, it 5
20221102, Fup Rt i A R A\ & B (5
Mréli, #t5-.20220527, P BB ey A PR A )
Pt (3% 4l 5 250530, 74 B Bl B A R 2
) s Ak (4145320037 HN, Bt N 1k i e 42 P A FR
23w 5 CCK-8 Al & (it . BS350C, Z R &
YR A PR F]) s DMSO (#E5-:35924984V | 221
FUE AR R R )  SAZ B (415 : 62508578,
EH MedChemexpress YR AT .

Bruker Avancelll600 7Y #% o 3 95 I 1% % ( 1l
Bruker A F]) ; ZF-7D WEHE 225053004 () JH 3 M2 B
A RAA) ; HPT224 B F 70 M K F (Mg 45 Ak
FABRA F]) 5 LC-52 1o 12 il £ i 2800 £ i Y
(FEIE B R R PR A ) 5 35 4 SB-Phenyl (250
mm x9. 4 mm,5 wm; ZFERFEHEAHRAA) ; RE-
5250 AU Jie 5 78 K AN (1 W oR A AR AR ) 5 IM-
20D-28 PR TR (BTN 22 R AR ) |
1.3 R#RIE5HE

B 1 TCE AR A 25 4T 2.5 ke 6T /5 HIRS AR
PUTEE JA% INEEAR AR Y R, ZE = IR T H R Rz
P23 R BUIREE S d, BRBORIUE k4 , 15 S AR IR
H274.5 g K AREUY T K R AU 0 Al
fit , —F T BE L LR TR AR, A5 A Bk R A (50. 1
o) HEH BN (25.6 ¢) MILBR ZHBEHBAL(17.9
g)o

BSUA 3 Tk A IRCEB AL 14 92 7 AT S A € 3%
B LA — S 5 (100 1—80: 1—60: 1—40: 1
—20: 1-10: 15: 153: 1—1: 1-0: 1) A 5 H &2-
FHE(100: 1—80: 1—60: 1—-20: 1—10: 1-5: 1—1: 1
—0: 1) BREEVEN, 75 KR AR PE. A ~ PE. L #{7 ,
PE. H 282 1 #5 5 S00OR (70% WIBE-7K ) 43 25 2k
BEMEAEY 1(1, =16.04 min,5. Img) ,2(1, =17.09
min,7.0 mg) 113 (¢, =17.64 min,8.4 mg) . PE. D
201l 25 AR (70% W K ) 43 S 4l Ak S )4k
B 3(t, =22.22 min, 6.7 mg) Fl 4 (1, =29.92
min,8.8 mg) ., PE.J £l 55 S RORAH (53% -
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) B AL S EL 54 6 (1, =32.02 min,7.7 mg)
M7 (t, =37.55 min,19.2 mg) ., PE. C Z2FH14
RO (88% HEE-/K ) 4 S 4lifb A3 B4 59 8 (1 =
9.06 min, 4.5 mg) . PE. T 225145 B S0 (70%
F 7K ) 43 B8 4l Ak 75 2046 54 10 (1, =21. 51 min,
6.3 mg) f 16(t, =16.83 min,5.0 mg) ,

B G P ot R BB AT 1495 8 A T R A L 40
B DL T A - H (1002 1—80: 1—40: 1—-20: 1—
10:155: 1-2: 1—1: 150: 1) BREEPEE 75 T AR
Fr.1 ~Fr. 15 #8507, Fr. 6 2181458 508 A (60%
K ) 2 B 415 214k B9 5 (1 = 19. 50 min,
6.2 mg) . Fr.3 2Ll 5 5 0K AH (60% HEE-7K)
SR aifb g 2 &% 9 (1, =10.39 min, 8.5 mg) Al
11(t, =13.84 min,72.2 mg) , Fr.5 £ 4% 4%
AR (60% W EE-7K ) 4y B 4 b A3 2L A 12 (1, =
13.87 min,8.9 mg) f1 14 (¢, =17.22 min,7. 1 mg)
Fr. 2 22 45 R 80RO (60% HRE-/K ) 43 B8 4l ik 15
FMb AW 15(1, =9. 54 min,8. 4 mg) ,17 (1, =13. 69
min, 1.0 mg) 1 18 (¢, =23.55 min,2.6 mg), Fr.7
22 45 R R (55% W BE-/K) 4 S Al Ak 5 314k
BY19(1, =27.60 min, 4.8 mg)
1.4 FrphyEiE N E

K CCK-8 T4t i &5 ¥%t BT549 5 4T1 4
L8 L R R S BBCAE X S0 K U ) e A i
B 100 WL, LAEEFL 8 000 /2 Jfd (1) %5 B 452 7 T 96
FLAMIRR B F 24 h 240G BE | 5 A N TR
25 AR FR S, A e AL B 1 ~19 1Y
EUEFREL DR ON P B2, A 6 A
AL, E SRR TR R 24 h 5, AR
10% CCK-8 M B B 15 FR 5L 110 L, 75 T 40 i
LIRAAMEE RN 1 h JE T EEAR AL 450 nm 2RI Y
JEAE, VA B EOmfR B (1Cs,) o
2 HFR
2.1 ZEHEE

&1 LEMHA; Tk C3H,0,;'H
NMR (600 MHz, CDCL,)8:8.0 (1H, s, H-14) ,6.97
(1H,s,H-5),3.29(1H,dd,J =10.2,4.2 Hz,H4),
2.84(1H,dd,J =16.8,6.6 Hz,H-3a),2. 78 (1H,dd,
J=16.2,3.6 Hz, H-3b),2.41 (3H, s, H-15) 2. 07
(1H,m,H-11),0.88(3H,d,J =7.2 Hz,H-12) ,0. 82
(3H,d,J =7.2 Hz, H-13) ;" C NMR ( 150 MHz,
CDCI,)8:118.9(C-1),194.8 (C2),44.1(C3),
45.6(C4),124.9(C-5),121.8(C-6) ,137.2(C-7) ,

141.7(C-8),127.8(C9),124.0(C-10),33.9 ( C-
11),20.2(C-12),18.7(C-13) ,142.6 (C-14),15.9
(C-15) , SOCHR" BE*T e, AL B W % E N hi-
biscusterpene 11,

wEam2 HEKMAKR; TN C,H0,;'H
NMR (600 MHz, CDCl,)6:8. 10 (1H, s, H-14) ,3. 05
(1H,td, J =11.4,4.8 Hz,H-10),2.82 (1H, m, H-
6),2.61 (1H,dd, J =16.8,3.0 Hz, H3a),2.35
(1H,dd,J =16.8,13.2 Hz,H-3b),2.20(1H,ddd, J
=13.2,4.8,2.4 Hz,H4)2.06 (1H,m,H-11),1.90
(m,H-5),1.36(3H,d,J =7.8 Hz,H-15) ,1. 01 (3H,
d,J =7.2 Hz,H-12),0.95(3H,d, J =6.6 Hz, H-
13);"” C NMR (150 MHz, CDCl,)§:123.2(C-1),
193.5(C2),40.0(C-3),47.9(C4),36.0(C-5),
42.8(C-6),188.7(C-7),144.9(C-8),144.5(C9)
30.0(C-10),26.6 (C-11),20.9 (C-12),16.4 ( C-
13),147.8(C-14),15.5(C-15) . 5 3CHk" Bdi %t
e, AL A W) % 5 A hibiscone C

HEW3 HOEREEH (R ;707208 G,
H,0;'H NMR (600 MHz, CDCl,)5:7.89 (1H, s, H-
5),7.26 (1H,s,H-8),7.19(1H,d, J =7.2 Hz, H-
2),7.14(1H,d,J =7.2 Hz,H-3),3.67 (1H, m, H-
11),2.56 (3H, s, H-14),2.47 (3H, s, H-15) , 1. 37
(3H,d,J =7.2 Hz,H-12) ,1.37(3H,d,J =7.2 Hz,
H-13);°C NMR (150 MHz, CDCl,)8:133.2(C-1),
125.8(C-2),119.3(C-3),142.3(C4),126.4 ( C-
5),125.3(C-6),152.2(C-7),107.0(C-8),130.3
(C9),127.0(C-10),28.6 (C-11),23.9(C-12),
23.9(C-13),19.7(C-14),17.0(C-15) , 53k
BN L ZA A % A T-hydroxycadalene

ka4 EEWR; 5+ M C5H,0;'H
NMR (600 MHz, CDCl, ) 8:6.95 (1H, s, H-5) ,6.65
(1H,s,H-8) ,4.51(1H,br s,-OH) ,2. 71 (1H,m, H-
1),2.63(1H, m,H4),2.23 (1H, m, H-11),2.21
(3H,s,H-15),1.93(1H,m,H-2a) ,1. 81 (1H,m, H-
3a),1.54(1H, m,H-3b),1.31 (1H, m, H2b) , 1. 24
(3H,d,J =7.2 Hz,H-14) ,0.99(3H,d, ] =6.6 Hz,
H-13),0.70 (3H,d, J =7.2 Hz, H-12) ;" C NMR
(150 MHz,CDCl, ) 8:32.8 (C-1),31.0(C2),21.7
(C-3),43.2(C4),130.7(C-5),120.7(C-6) ,151.5
(C7),113.1(C-8),142.3(C9),132.4(C-10),
32.0(C-11),17.4(C-12),21.4 (C-13),22.4 ( C-
14),15.7(C-15) . 530" Bedixd e, b S %
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#E A 7-hydroxycalamenene,

wEwms wEMHA; 5 FXN CH,y0,'H
NMR (600 MHz, CDCL,)8:7.40 (1H,s, H-5),7.10
(1H,s,H-8),6.06 (1H,s, H3),3.20 (1H, m, H-
11),3.06(3H,s,-OCH, ) ,2.31(3H,s,H-14),1. 49
(3H,s,H-15),1.28(3H,d,J =6.6 Hz,H-12),1.26
(3H,d,J =6.6 Hz, H-13);"” C NMR (150 MHz,
CDCL,)8:82.2(C-1),202.3(C-2),118.5(C-3),
163.0(C4),128.6(C-5),123.8(C-6),156.2(C-
7),113.1(C-8),144.1(C9),123.8(C-10),29.3
(C-11),22.5(C-12),22.2(C-13),16.0 (C-14),
31.9(C-15),54.0(-OCH, ) . 5 3CHR"™ Bdi X L,
A E W YERE M (18) -1-methoxylacinilene C.,

EWe EEKK; TN CsHL0,;'H
NMR (600 MHz, CDCL,)8:7.35 (1H,s, H-5),7. 14
(1H,s,H-8),6.02(1H,s, H3),3.20 (1H, m, H-
11),2.28(3H,s,H-15),1.51 (3H, s, H-14) ,1.27
(3H,dd,J =9.6,6.6 Hz,H-12),1.27(3H,dd, J =
9.6,6.6 Hz, H-13) ;" C NMR (150 MHz,CDCI,)$§:
76.7(C-1),205.5(C-2),115.1(C-3),164.3(C4),
128.6(C-5),123.1(C-6),155.9(C-7),112.6 (C-
8),145.6(C9),121.6(C-10),29.4 (C-11),22.5
(C-12),22.2(C-13),34.0(C-14),16.0(C-15) , 5
SCHRY OV B X L iZ A0S ) 4% 5E N lacinilene C,

EWMT JTERAAHEK; 7+ CsH,
0,;'H NMR(600 MHz,CDCl,)8:6.98(1H,s,H-5),
6.71(1H,s,H-8) ,5.44(1H, br s,7-OH) ,3.51 (1H,
m,H-2),2.88(1H,m,H4) ,2.61(1H,s,H-1),2.40
(1H,s,H-11),2.21(3H,s,H-15),2.06 (1H, m, H-
3a),1.47(1H,q,H-3b),1.37(3H,d, ] =6. 6 Hz, H-
14),1.02(3H,d,J =6.6 Hz,H-12)0.63(3H,d, J =
6.6 Hz,H-13) ;" C NMR (150 MHz,CDCI,)8:41.6
(C-1),74.1(C2),31.8(C-3),42.4(C4),129.2
(C5),121.8(C-6),152.2(C-7),113.1(C-8),
139.5(C-9),130.9(C-10),31.0(C-11),15.8 (C-
12),21.0(C-13),17.0(C-14) ,15.8(C-15), 53X
kU BT L A A S (TR, 9R,10R) -3 ,9-
di-hidroxicalameneno,,

EWms wEMA; TN C3HL0,;'H
NMR (600 MHz, CDCl;)6:7.65(1H,d,J =0.6 Hz,
H-6),7.43(1H,d,J=7.8 Hz,H4),7.19(1H,d, J
=8.4 Hz,H-7),3.38(1H,m,H-12) ,2.63(1H,s,H-
11),2.08(3H,d,J =1.2 Hz,H-15),1.29(3H,d,J

=7.2 Hz,H-13),1.29(3H,d,J =7.2 Hz,H-14);
“C NMR (150 MHz, CDCl, ) 8:182.5(C-1),182.5
(C2),135.2(C-3),138.2(C4),145.5 (C-5),
132.2(C-6),134.3(C-7),143.2(C-8),132.6 (C-
10),28.5(C-12),23.9(C-13),23.1(C-14),16.2
(C-15) . 5 3CHR"™ W B %t b, e B 9 % N
mansonone C,

wEWY H\BELH(PEE) ;21308 CH,
0,;'H NMR (600 MHz, CDCl,) §:11.01 (1H, s,-
OH),7.55(1H,dd,J=8.4,7.2 Hz,H-5) ,7.03(1H,
d,/=7.8 Hz,H4),7.01(1H,d,J =9.0 Hz,H-6) ,
4.65(1H,m,H-3) ,4.61(1H,m,H-1"),1.53(3H,d,
J=6.0 Hz, H2");"” C NMR (150 MHz, CDCI,) §:
168.6(C-1),69.4(C-3),116.4(C4),137.1(C-5),
118.1(C-6),162.2(C-7),106.8 (C-8),141.3 (C-
9),80.1(C-1"),18.1(C2") . S3CHk'™ HHxrit,
PG W S 3E-(1€-F8 5 ) -7-F2 Ba-1- 28 0 5 ik
L

wEW10 wHHALEH(TE) ;207N C,
H,,0,;'H NMR (600 MHz,CDCl;)8:12.83(1H,s,5-
OH),7.88(1H,s,H-2),6.73(1H,d,J=1.8 Hz, H-
6'),6.69(1H,d,J=1.8 Hz,H-2") ,6.41(1H,d,J =
2.4 Hz,H-8),6.39(1H,d,J =2.4 Hz,H-6),5.88
(1H,s,3-0H),3.93(3H,s,4'-0OCH,) ,3.91(3H,s,
5'-OCH,), 3.88 (3H, s, 7-OCH, ) ;" C NMR ( 150
MHz,CDCI,)8:153.4(C-2),123.9(C-3),180. 8 (C-
4),162.9(C-5),98.5(C-6),165.8(C-7),92.7(C-
8),158.0(C9),106.4(C-10),126.8(C-1"),108.7
(C-2"),149.5(C-3"),135.9(C4"),152.5(C-5"),
105.6 (C-6"),61.2 (4’-OCH, ), 56.2 (5'-OCH, ),
56.0(7-0CH,) . 5 3CHR"™ #dls Xt 1o, %6 & 9 %
BN vavain,

wEM 11 RE AR K TN Cy Hy
Og;'H NMR(600 MHz, DMSO-d,)&8:9.24 (1H,s,4'-
OH),7.90(1H,d,J=9.6 Hz,H4),7.03(d,/J=1.8
Hz,H-2"),6.87 (1H,dd,J =7.8,1.8 Hz, H-6"),
6.85(1H,s,H-5),6.82(1H,d,J=7.8 Hz,H-5"),
6.30(1H,d,J=9.6 Hz,H-3),5. 12(1H,t,J =5.4
Hz,9’-OH),4.96 (1H,d, J =8.4 Hz, H-7"),4.29
(1H,m,H-8"),3.76 (3H,s,6-0CH, ) ,3.76 (3H,s,
3’-0CH,),3.67(1H,ddd, J =12.6,5.4,2.4 Hz, H-
9'a),3.37(1H,ddd, J =18.6,10.2,4.2 Hz, H9'
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b);"” C NMR (150 MHz, CDCL, ) §:160.3 (C-2),
113.4(C-3),145.0(C4),100.9(C-5),145.5(C-
6),137.3(C-7),138.2(C-8),131.9(C-9),111.5
(C-10),126.9(C-1"),112.2(C2"),147.9(C-3"),
147.5(C4"),115.6(C-5"),121.1(C-6") ,76.6 ( C-
7'),78.1(C-8"),60.1(C-9"),56.0(6-OCH,),55.9
(3'-0CH,) , S3CHR" $edxt b, %k W% E N
cleomiscosin B,

Mﬁ%u E@*ﬁ*,ﬁ’%ﬁj’ﬂ C21H24O7;1H
NMR (600 MHz, CDCL, )8:6.89 (1H,d,J =3.0 Hz,
H-2),6.88(1H,d,J =2.4 Hz,H-5),6.82(1H,s,H-
6),6.58(2H,s,H-2" ,H6"),5.59 (1H, s,4-0H) ,
5.49(1H,s,4'-OH) ,4.73 (2H,d,J =4.2 Hz,H-7,
H-7") ,4.28 (2H, m, H9a, H9"a),3.90 (9H, s, 3-
OCH,,3'-0CH,,5’-OCH,) ,3. 86 (2H, m,H9b ,H- 9’
b),3.10(2H, m, H-8, H-8") ;" C NMR (150 MHz,
CDC1,)8:133.1(C-1),108.7(C-2),146.9(C-3),
145.4(C4),114.4(C-5),119.1(C-6) ,86.0(C-7),
54.3(C-8),72.0(C9),132.2(C-1"),102.8 ( C-
2'),147.3 (C-3"), 134.4 (C4'), 147.3 (C-5'),
102.8(C-6"),86.3(C-7"),54.5(C-8"),71.8 (C-
9"),56.1 (3-0CH; ), 56.5 (3',5'-0CH; ), 5 X
R BRI S E N ( + ) -medioresinol ,

EW13 gk, 54708 CGH,0;'H
NMR (600 MHz, CDCL,)8:7.24 (1H,d,J =9.0 Hz,
H-3),7.10(1H,d,J =9.0 Hz,H-5),7.10(1H,d,J
=9.0 Hz,H-6) ,6.76(1H,d,J =9.0 Hz,H4) 3.92
(3H,s,-OCH;),1.67 (3H,s,-CH,) ;" C NMR (150
MHz,CDCL,)8:154. 6(C-1),128.1(C-2),128.2( C-
3),120.5(C4),128.0(C-5),114.9(C-6) ,31.2(C-
7),55.4(C-8) . SICHR "™ Blmxt Lt b AW %
R H R H i

tEW 14 HEOEHK; »TXHh CHO0;'H
NMR (600 MHz, CDCl,)8:7.09 (2H,d,J =8.4 Hz,
H-2,H-6),6.73(2H,d,J =9.0 Hz,H-3,H-5),1. 62
(3H,s,-CH,) ;" C NMR (150 MHz, CDCL, )8:143.5
(C-1),114.9(C2),128.1(C-3),153.4(C4) ,31.2
(C-6) . F3CHR" Bamxt kb, b & 4 % 5 gt
8

wEWm1s weiREgEm(FE) ;217X Hh
C,H,,0,;'H NMR (600 MHz, CDCl,)&8:9.82(1H,s,
H-7),7.16(2H,s,H-2,H-6) ,3.98(6H,s,H,-8, H,-
9);” C NMR (150 MHz, CDCl,) &:128.6 (C-1),

106.8(C-2),147.5(C-3),140.9(C4),147.5(C-
5),106.8(C-6),191.0(C-7),56.7(C-8),56.7(C-
9), SICHRBAEXT I, Z S Y S N T AR,

wEm 16 W&k, XK C H,
0,;'H NMR (600 MHz,CDCL,)8:7.45(1H,dd,J =
9.0,7.8 Hz,H-6) ,6.92(1H,d,J =8.4 Hz,H-7),
6.80(1H,d,J =6.6 Hz,H-5),4.55(1H, m,H-3),
3.95(3H,s,-OCH,) ,2.88 (2H, m,H4),1.48 (3H,
d,J=6.6 Hz,-CH,) ;" C NMR (150 MHz, CDCL, ) §:
162.8(C-1),74.1(C-3),36.1(C4),119.2(C-5),
134.4(C-6),110.8(C-7),161.2(C-8),113.6(C-
9),142.0(C-10),20.7(3- CH,),56.2 (8-OCH,)
53R B L, AR A % R (R) (<) -mel-
lein methyl ether,

EW 17T BOTERBK; X Hh C,
H,0,;'H NMR (600 MHz, CDCl,)&:7.85(2H,dd, J
=7.2,1.2 Hz,H-3 ,H-6) ,7. 70(2H,t,J =7. 2 Hz,H-
2,H-7),7.32(2H,dd,J =8.4,1.2 Hz,H4 H-5),
12.1(2H, s, 1-OH, 8-OH) ;" C NMR ( 150 MHz,
CDCL,)8:162.7(C-1,8),124.9(C-2,7),137.5(C-
3,6),120.3(C4,5),193.3(C9),182.0(C-10),
116.0(C-1a,8a) ,133.8(C4a,5a) . 5 k> ¥
XL IZ A G S P R

wEWI8 HEs (PEE) ;0 G H,
O,;'H NMR (600 MHz,CDCl,)8:7.32(2H,s,H-=2,
H-6),5.89(1H,s,4-OH) ,4.36(2H,q,J =6.6 Hz,
H-1"),3.95(6H,s,3-OCH,,5-0CH,) ,1.40(3H,t, /]
=7.2 Hz, H-2');” C NMR (150 MHz, CDCL,) &
121.6(C-1),106.7(C-2),146.6 (C-3),139.2(C-
4) ,146.7(C-5),106.7(C-6),166.6(C-7) ,61.2(C-
1'),14.6(C=2"),56.6(3,5-0CH, ) , 5 3CHR"> $d
X ZAE W E N T B IR R

wEam19 HEBAR; 7T CyH,0;'H
NMR (600 MHz, CDCl,)8:5.34 (1H,br d,J =5.4
Hz,H-6),3.52(1H, m,H-3),1.00 (1H, s, H-19),
0.91(3H,d,J=6.6 Hz,H-21),0.83(3H,m,H-29) ,
0.82(3H,m,H-26),0.80(3H,m,H-25),0. 67 (3H,
s,H-18) ;°C NMR( 150 MHz, CDCl,)8:37.2(C-1),
31.9(C-2),71.8(C-3),42.2(C4),140.7 (C-5),
121.7(C-6),31.8(C-7),31.6(C-8),50.1(C9),
36.6(C-10),21.0(C-11),39.7 (C-12),42.3 (C-
13),56.7(C-14),24.3(C-15),28.2(C-16),56.0
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(C-17),11.8 (C-18),19.0 (C-19),36.1 (C20),
18.7(C21),33.9(C-22),25.9(C23),45.7 ( C-
24),29.1((:-25) 19.8(C26),19.4(C27),23.0

12 13
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Fig.1 Structures of compound 1-19

2.2 HIPhETEERR

XA 1 ~19 #E4T BT549 4T1 4 i 3 5 41
%JSE@A MHAAAL A Y ARSI 16 P, 25 58 Wk

o PHYEZY A2 EEX) BTS49 4T1 401K IC,, 435 A
0.51 +0.02.1.21 + 0.09 wmol/L, {5123 4.
6.8 .10 Xf BT549 4T1 LI 5 A — & A 5 1
Hrfb 591 4 8 i A X 4T, 1C, B 4351 15.9
+0.6.17.9 £0.4 13.8 +0.5.15.2 £ 1.3 pmol/L,
L&Y 5.7.9 11 ~ 19 {40 M 75 15 P 5 2 (10, >
50pmol/L) ,

x1 AW ~19 3t BT549 4T1 EEEY IC,, (&
Table 1 IC,,values of compounds 1-19
against BT549 and 4T1 cells

s ICsy ( umol/L)
Compound BT549 411
1 26.3 2.1 35.3£3.5
2 >50 40.9£3.9
3 30.0 1.2 31.3x1.1
4 15.9+0.6 17.9 £0.4
6 31.2+1.5 26.4 0.8
8 13.8 0.5 15.2£1.3
10 30.9£2.3 >50
W Paclitaxel 0.51 +0.02 1.21 £0.09

3 itigE54iR
AHIFGE R GE T TTUEE AR 1) R £ R Uik
137 g alif, B 2h DA i ik A% G A7 1 — 58 FF o
WAL E 19 MEBEY, i dE 8 kb
RfE R (LA 1 ~8) 1 S FEE (L&Y
10),1 MARBEREF (G 11 12) 1 A ZEBRIE (b
W) 3 ANENRELEY 15 16 F118) 1 4
HEE(EEW19) HAMZE (kG 9.13 F114)
RSN IR TR IS SRR B 1.2.3.4.6,
8 110 X} BTS49 1 4T1 20 A3 58 HA I/
Hrhfb &% 4.8 R A X BT, H 1C, (5 43 50
15.9+0.6,17.9 0. 4 pmol/L ( BT549 éﬁzlﬂ@) il
13.8 £0.5.15.2 +1.3 wmol/L(4T1 4Hfif1) , XkLbgk
AR T NEARMRAE R DT KSR 7= P A TR 1)
Al ARG G B 2E R i N AR AL TR 2K
JICHE AR AE B B2 A% 48 Hh T35 97 1 g, A 4
FERHAE R 2N E S TR AR . Rl 2 it
BERUE R R G W), XA Y TE A T R
SRTRE A , S OCERIGE T R B SR
FEPUIEEE PUR ST s A — 2, e Ern
AEYNETE S A A B U OC LB 4 F1 8 HA
AERT L 1) 48 B 5 1 T B 5 3 o B AN T BT T PN
ARG FRHIEAT G, MRS TR Y
2z Ry, 0 H o T G YRR AL T ) A
T2 RIE 25— 20T A AR TR 2R
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