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Chemical constituents of Melaleuca alternifolia and its antitumor activities

CHAI Ling, CHEN Ming-sheng, LU Wen-jie, LIN Xiao, LIU Bu-ming
Guangxi Key Laboratory of Traditional Chinese Medicine Quality Standards, Guangxi Institute of Traditional Medical and
Pharmaceutical Sciences, Nanning 530022, China

Abstract: Objective To investigate the chemical constituents of the barks and stems of Melaleuca alternifolia and its antitumor
activities. Methods The chemical constituents were separated and purified consecutively by silica gel, Sephadex LH-20 column
chromatography, recrystallization as well as preparative HPLC. Their structures were determined by physicochemical properties and
spectral analyses. Furthermore, the cytotoxicity of some compounds against PC-9 (human non-small cell lung cancer cell line), HT29
(human colon cancer cell line) and MCF-7 (human breast cancer cell line) were tested by CCK8 method. Results Eleven
compounds were isolated and identified as ursolic acid 3-O-f-cis-caffeate (1), ursolic acid 3-O-B-trans-caffeate (2), tricontyl ferulates
(3), 3-O-acetyl-11(12)-en-urs-28,13p-olide (4), 3-O-acetyl-ursolic acid (5), tricontyl caffeate (6), ursolic acid (7), n-nonacosanol (8),
urs-12(13)-en-3-one-28-oic acid (9), 3p-O-acetyl-11a,12a-epoxy-oleanane-28,13p-olide (10), and betulin (11). Conclusion
Compound 1 and 2 are cis-trans isomers. Compound 1 is isolated from natural product for the first time, all the compounds are
isolated from this plant for the first time except for compound 11. Compound 1 exhibited moderate inhibited effect on the
proliferation of three human cancer cell lines.

Key words: Melaleuca alternifolia (Maiden et Betche) Cheel; ursolic acid 3-O-cis-caffeate; ursolic acid 3-O-trans-caffeate; ursolic
acid; antitumor activities
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L 5 A ORI A =W ST L. AR
RO 3T ER 7 S e 2t = e T
Moy 11 AN TR Bk Al

TR =R R TR S5k, Pk
HIORMEH, RN KD % 1) =R &
v, HEAHZMEZNZGIEEE. K, RERERK
HArAm T H BA sl 2 M E 5 B R R
A A AFATIESE I BE T, B R BB 1L
TR . kBRI A TR SR,
A SIS AE AT FCRBEA b, BB E M BT
JEZRIIAL A R AU MRS . JEIE R Gk
IIHETE, AT R 25 A T BRI IR £ I B

SEARE] 11 MEE, 5% E NS R IR-3-0-B-
Jii=C-MnEERR BE  Cursolic acid 3-O--cis-caffeate, 1)
5 3512 -3-0O-B- s 2\-MiHEER s Cursolic acid 3-O-B-
trans-caffeate, 2). B/ ZEE2 =+ 5 (tricontyl ferulates,
3). 3-0-ZWdk-11(12)-Ji- % #57-28,13p-—fig [3-O-
acetyl-11(12)-en-urs-28,13p-olide, 4]. 3-O-Z. M3t
7502 (3-O-acetyl-ursolic acid, 5). WinEfZ =1 Mg
(tricontyl caffeate, 6). %75l Cursolic acid, 7)
IEZ=JUkElE (n-nonacosanol, 8). = 75-12(13)-J-
3-fifi-28-#2 1 [urs-12(13)-en-3-one-28-oic acid, 9]+
3B-O- 4.1 - 110, 120- PR 4 - 55 3820 St -28,13B- — I
(3p-O-acetyl-110,12a-epoxy-oleanane-28,13p-olide,
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Fig. 1 Structures of compounds 1—11
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KA RBHE A D; Thermo Fisher Q Exactive Focus
PR A (GEE BRI R B A Bruker
AV-400. Dre-500. AVANCE-800 MHz ¥ 4R1X
(EE A& 75 A ] ; Agilent DD2 600 MHz #% i LR
1 (2R RH A R A F]D; Waters 1525-2998
o R A A i A 3B IR AR A F] D
TENSOR27 ZLAMGiEAY (EEMEwAT]); S
UV-2550 L4 i) WAt b iE Tt CHAREATD; &
JEFR Autopol VI FEeix (EEEERAT]D.
ERER AT S T 4E 7, Sephadex LH-20 #
Ji 4 Pharmacia 24 72577, ODS SRl A [ 2R 7 23
#4277, EnantioPack AD il & (i A (250 mm X
10 mm, 5 pum) At EKA Chemicals 2 &) 4E77.
FmEE. . BERR B8 95% LSRN i
ai, ok, FEEEA Ak,

HHHTZT 2013 4 8 ARE T YN, &
TV R s 2RI AR R 24 SRR T TSR R AT AT DR
N A& WA Y E Y AT ZE Melaleuca
alternifolia (Maiden et Betche) Cheel.
2 RESSE

- ETEZE RN 3.0 kg, F 95% 2 B {4
FIEIAEEEL 3 WK, BRI 2 h, JEIT, & FF QR AR,
VR [ VA, 15 RS (286 @) fRKIK
FA A e (60~90 C). S~ BEIR L8 FRIAEEL,
FER AL A IF S BSOS, 15T EEET AL 14.5
g~ =EH AL 76 g BEFR L B6H 4T 87.5 9.

Bz e a A (87.59) SRERAEEGIE (100~
200 H) 4r&, & 45-HEE (100 : 050 : 50) B
Ve, T 188 NTimr. Fr. 52 &R ERERH
ik, PRH SRS (FFEE-/K 851 15) K
RSB B (AT k-7 NEE 80 & 20, AR
& 5mbL/min) 73 &, 3E4E&Y) 1 (10 mg, tk=12.0
min). 2 (20 mg, tz=9.0 min); Fr. 4~5 &) & hk
e i €3 (300~400 H) K Sephadex LH20 #EfX (4
W EEAY 3 (13mg). 4 (20mg); Fr.8 &%
SRERFE L (300~400 H) &4k &9 5 (40
mg); Fr.31~34 & FRER A 3% (300~400 H)D
e A 6 (23mg). 7 (30 mg).

A MBSO (14.5 @) @it ik oA (% (100~
200 H) 778, AimBE-BEER L (95 1 5—80 1 20D
BREEBEL, el T 328 NTiRLsr. HiHr, Fr. 15~
17 &/ -BE R OB 45 W s 15 &9 8 (15
mg); Fr. 116~129 751 HEE-BE R LB R 40 T 530

(300~400 H) 7> EfHLAY 9 (26 mg); Fr. 195~
205 7E A7 ik -BE IR £ 16 RS0 R LhE IR A (i (300~
400 H). Sephadex LH20 %tk t4i . ODS-HG S AH
BiE Iy B & 10 (20 mg); Fr. 265~271 45
AR A 11 (20 mg).
3 Hm%kxE

e 1: AL EEM K. ESI-MS m/z: 641
[M+Na]*. HR-ESI-MS m/z 641.381 4 [M+Na]* (3
118 641.381 8, CaoHs:0¢Na) F1 NMR i M %
B 738 CagHs406, AMHE N 3.
UV e (nm): 328 (4.2). [a]2 +62.0° (c 0.10,
CH;OH). IR v > (cm™): 3 544, 1 695, 1 600, 1 521,
1 453, IR Ml @Rtk &Y) 1 HAA{ERRE (3 544
em D HRIE(L 695 cm D R C-H H4EHREN(1 453~
1600 cm ) ZEHHIEH BEHE 506 H-NMR i (£
D #BIEER 7 MHEAES 64 0.76 (3H, s, H-26),
0.78 (3H, s, H-24), 0.82 (3H, overlapped, H-23), 0.83
(3H, overlapped, H-29), 0.91 (3H, overlapped, H-25),
0.91 (3H, overlapped, H-30), 1.06 (3H, s, H-27); 14
W 7155 64 5.13 (1H, t, J = 3.8 Hz, H-12); 3 3%
W55 oy 7.32 (1H, d, J = 2.2 Hz, H-2), 7.00
(1H, dd, J = 8.3, 2.1 Hz, H-6'), 6.70 (1H, d, J = 8.2
Hz, H-5"); L& 1 X 7155 on 6.75 (1H,
d, J =129 Hz, H-7) 1 5.73 (1H, d, J =128 Hz,
H-8"). C-NMR i (¥ 1) 1 DEPT & ~4 39
AMfES, 12 MFIE, 9 AR, 12 AN KH
FAHE 1 AMEEIR TR 6 80.0 (C-3) A1 11 MFEfk
A5 2 NRIERR{E S oc 178.3 (C-28), 165.9 (C-9').
FREERAEY) 1 2 1 MRS TR =
. a1 H- F1 BC-NMR 1E5# 5 15 75 -
3-0-p- -l (2) PHER AL, AR abeE
T H-7"H1 H-8" (5 A Hi BH 1 U R IR 2
#E—3 1% 2D NMR (HSQC. HMBC. 'H-'H COSY)
PERHE D HTIE A L PS5 2 Fis.
FHREISL AR ZEA T 0] LU NOESY 3 R85 4L
FAFHEWT R, HAf H-3 (0n 4.45) 5 H-1a (dn
1.04). H-23 (6 0.82). H-5 (6 0.86), H-25 (54 0.91)
5 H-24 (8, 0.78). H-26 (64 0.76), H-9 (6, 1.54) 5
H-5 (dy 0.86). H-27 (6 1.06), H-27 (64 1.06) 5
H-19 (64 1.31), H-18 (04 2.11) 5 H-20 (64 0.92) #H
%, FsZ H-3. H-23. H-5. H-9. H-27 LA K& H-19
A1 HoN o #9759, 1 H-24. H-25. H-26. H-18 Al
H-20 )y p # A, H-7'F1 H-8' (12.8 Hz) IAEAI1EE
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£1 k& 1H H-NMR 1 BC-NMR #1#& (600/150 MHz, DMSO-ds)
Table1l 'H-NMR and *C-NMR data of compound 1 (600/150 MHz, DMSO-dg)

AL O oc A on Jc
1 1.62 (m), 1.04 (m) 37.8 21 1.43 (overlapped), 1.28 (overlapped) 30.2
2 1.61 (m) 23.2 22 1.58 (overlapped), 1.51 (overlapped) 36.4
3 4.45 (dd, J=10.4,5.5 Hz) 80.0 23 0.82 (s) 27.9
4 37.3 24 0.78 (5) 16.7
5  0.86 (overlapped) 54.7 25 0.91 (overlapped) 15.2
6  1.48(m), 1.33 (m) 17.8 26 0.76 (5) 16.9
7 1.48 (overlapped), 1.27 (overlapped) 32.6 27 1.06 (s) 23.3
8 39.1 28 178.3
9 1.54 (overlapped) 46.8 29 0.83 (overlapped) 171

10 36.5 30 0.91 (overlapped) 21.1
11 1.86 (m), 1.61 (m) 22.9 i 126.1
12 513(tJ=38Hz) 1245 | 2 7.32(d, J=2.1Hz) 17.7
13 138.3 3! 144.6
14 41.7 4! 147.2
15  1.81(m), 1.00 (m) 27.6 5’ 6.70 (d, J= 8.2 Hz) 115.0
16 1.94 (m), 1.53 (m) 238 6 7.00 (dd, J = 8.3, 2.1 Hz) 123.4
17 46.9 7 6.75 (d, J= 12.9 Hz) 143.1
18 2.11(d, J=11.3Hz) 52.4 8’ 5.73 (d, J=12.9 Hz) 115.9
19  1.31 (overlapped) 385 9’ 165.9
20  0.92 (overlapped) 385

7.23 (2H, m, H-8', 9'), 6.69 (1H, d, J = 15.7 Hz, H-2"),
5.47 (1H, brs, H-12), 4.88 (1H, dd, J = 11.5, 4.7 Hz,
H-3), 7 MAHE(ES 1.24 (3H, s, H-27), 1.02 (6H,
overlapped, H-25, 30), 0.96 (9H, overlapped, H-23,
24, 29), 0.85 (3H, s, H-26); *C-NMR (125 MHz,
Pyridine-dg) : 38.4 (C-1), 23.6 (C-2), 80.5 (C-3), 38.2
(C-4), 55.7 (C-5), 18.5 (C-6), 33.4 (C-7), 40.0 (C-8),
47.9 (C-9), 37.1 (C-10), 24.2 (C-11), 1255 (C-12),

OH
HO

— IglHcosy 77 Y HMBC

B2 wA¥1MEE 'H-'HCOSY. HMBC #% 139.3 (C-13), 42.6 (C-14), 28.7 (C-15), 24.9 (C-16),
Fig. 2 Key 'H-'H COSY and HMBC orrelations of 48.1 (C-17), 53.6 (C-18), 39.5 (C-19), 39.5 (C-20),
compound 1 31.1 (C-21), 37.5 (C-22), 28.3 (C-23), 17.4 (C-24),

WHOESLAY) 1 N 3-O-MiHERREs Bty 2 =iy 15.6 (C-25), 17.2 (C-26), 24.0 (C-27), 79.9 (C-28),
B &Y 1 AR RLE e P 17.5 (C-29), 21.5 (C-30), 167.4 (C-1"), 115.9 (C-2'),

NEEHR (SHRR [o]y +62.05 ¢0.10 CH;O0H) 145.7 (C-3'), 127.1 (C-4"), 116.8 (C-5"), 149.5 (C-6'),

B WEENEY 1 NZIE-3-0-p-IX-1  147.8 (C-7), 115.7 (C-8'), 122.1 (C-9"). L\ E¥ES

MERZ G - SRR A B, W EREY 2 N IR-
b &Y 2: Totakt i (HEE), mp 250~252 C.  3-O-B-/x 2\-MnERZ Ak .

EI-MS m/z: 618 [M]". "H-NMR (500 MHz, Pyridine-dg) &Y 3: HERREER, 5 THER L.

0:8.03 (1H, d, J = 15.4 Hz, H-3"), 7.67 (1H, s, H-5"),  &f{hi, WHETHE. /K. EI-MS m/z: 614 [M]".
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'H-NMR (500 MHz, Pyridine-dg) J: 8.04 (1H, d, J =
15.9 Hz, H-7), 7.37 (1H, brs, H-2), 7.31 (1H, dd, J =
8.2, 1.9 Hz, H-6), 7.24 (1H, d, J = 8.2 Hz, H-5), 6.74
(1H, d, J = 15.9 Hz, H-8), 4.35 (2H, t, J = 6.6 Hz,
H-17), 3.81 (3H, s -OCHs), 0.88 (3H, t, J = 6.9 Hz
H-30"); *C-NMR (125 MHz, Pyridine-dg) o: 127.1
(C-1), 112.1 (C-2), 151.6 (C-3), 149.5 (C-4), 117.3
(C-5), 124.1 (C-6), 145.9 (C-7), 116.0 (C-8), 168.0
(C-9), 65.0 (C-1"), 56.4 (OCH3), 14.7 (C-30"). 45&
WAL B RO RARES, % etk A 3 NBTELR
=1,

tEw 4. BB AR, mp 230~233 C,
Gy THEER CWa - 07, s T HBE L /K . EI-MS m/z:
496 [M]", 452 [M—CO,]". 'H-NMR (500 MHz,
CDCls) §: 5.94 (1H, d, J = 10.4 Hz, H-11), 5.53 (1H,
dd, J =10.3, 3.0 Hz, H-12), 4.49 (1H, dd, J = 10.8, 5.6
Hz, H-3), 2.05 (3H, s, H-2"), 1.15 (3H, s, H-27), 1.04
(3H, s, H-26), 0.99 (3H, d, J = 6.1 Hz, H-29), 0.94
(3H, d, J = 6.1 Hz, H-30), 0.93 (3H, s, H-25), 0.86
(6H, s, H-23/24); *C-NMR (125 MHz, CDCls) &: 37.9
(C-1), 23.3 (C-2), 80.6 (C-3), 38.2 (C-4), 54.9 (C-5),
17.6 (C-6), 31.4 (C-7), 41.7 (C-8), 53.0 (C-9), 36.3
(C-10), 133.3 (C-11), 129.0 (C-12), 89.6 (C-13), 42.0
(C-14), 25.6 (C-15), 22.8 (C-16), 45.1 (C-17), 60.6
(C-18), 38.0 (C-19), 40.3 (C-20), 30.8 (C-21), 31.2
(C-22), 27.7 (C-23), 16.1 (C-24), 16.0 (C-25), 18.9
(C-26), 18.0 (C-27), 179.8 (C-28), 17.8 (C-29), 19.1
(C-30), 21.2 (COCHs), 170.9 (COCH3). £ ik
VKR J SCiRARIED, %AW 4 9 3-0- 2 BEAE-
11(12)-#%- 5 75 4t-28,13B- s -

&Y 5. AEMREER, 5 TERE 8.
S, BETHEE. K. IRy (cm™): 2 961, 2 855,
1720, 1 460, 1 368, 1 271. EI-MS m/z: 498 [M]".
'H-NMR (500 MHz, CDCl3) 6: 5.23 (1H, brs, H-12),
450 (1H, dd, J = 9.7, 6.2 Hz, H-3), 2.17 (1H, d, J =
11.3 Hz, H-18), 2.03 (3H, s, CO-CH3), 1.07 (3H, s,
H-27), 0.96 (3H, s, H-25), 0.96 (3H, s, H-30), 0.85
(3H, s, H-29), 0.84 (6H, overlapped, H-23, 24), 0.76
(3H, s, H-26); *C-NMR (125 MHz, CDCls) §: 38.3
(C-1), 23.6 (C-2), 81.0 (C-3), 37.7 (C-4), 55.3 (C-5),
18.2 (C-6), 32.9 (C-7), 39.5 (C-8), 47.5 (C-9), 36.9
(C-10), 23.3 (C-11), 125.8 (C-12), 138.0 (C-13), 41.9
(C-14), 28.0 (C-15), 24.1 (C-16), 48.0 (C-17), 52.6

(C-18), 39.0 (C-19), 38.8 (C-20), 30.6 (C-21), 6.7
(C-22), 28.1 (C-23), 16.7 (C-24), 15.5 (C-25), 17.0
(C-26), 23.6 (C-27), 183.3 (C-28), 17.1 (C-29), 21.1
(C-30), 21.3 (CO-CHj3), 170.95 (CO-CH3). 45i& Lk
P RO B OCERIGE™, %tk A 5 N 3-0-4.
TN

EY 6: AEMKE A, AT TEN . R,
AT K. IR v (cm™): 3493, 3320 (-OH fHi4E#E
1), 1688(C =0 43 . EI-MS m/z: 600 [M]".
'H-NMR (500 MHz, Pyridine-dg) J: 8.05 (1H, d, J =
15.9 Hz, H-7), 7.67 (1H, brs, H-2), 7.24 (2H, m, H-6),
6.69 (1H, d, J = 15.9 Hz, H-8), 4.31 (2H, 1, J = 6.7 Hz,
H-1%), 1.76~1.63 (2H, m, H-2), 0.88 (3H, t, J = 6.8
Hz, H-30"); *C-NMR (125 MHz, Pyridine-d) o: 127.4
(C-1), 115.6 (C-2), 150.8 (C-3), 148.1 (C-4), 117.1
(C-5), 122.4 (C-6), 146.1 (C-7), 116.2 (C-8), 167.9
(C-9), 64.8 (C-1"), 14.6 (C-30"). 4 & ik itk B K
SCHRARE, %A 6 nmEERR =+

WE T AER AR, mp 250~252 C,
AT AU R, A TK. IR vy, cm™): 3438
(-OH fh4iREN), 2 940 (-CH, {H4itRzh), 1693 (C= O
WgEHRSh). EI-MS miz: 456 [M]". 'H-NMR (500
MHz, CDCls) &: 5.18 (1H, t, J = 3.4 Hz, H-12), 3.14
(1H, dd, J = 11.6, 4.8 Hz, H-3), 2.11 (1H, d, J = 11.1
Hz, H-18), 1.19 (3H, s, H-27), 1.02 (3H, s, H-26), 0.92
(3H, s, H-23), 0.86 (3H, s, H-30), 0.79 (3H, d, J = 6.4
Hz, H-29), 0.74 (3H, s, H-25), 0.71 (3H, s, H-24);
BC-NMR (125 MHz, CDCls;) &: 38.6 (C-1), 26.8
(C-2), 78.8 (C-3), 38.8 (C-4), 55.2 (C-5), 18.2 (C-6),
32.9 (C-7), 39.4 (C-8), 47.5 (C-9), 36.8 (C-10), 24.1
(C-11), 125.4 (C-12), 138.1 (C-13), 42.0 (C-14), 29.5
(C-15), 23.2 (C-16), 47.7 (C-17), 52.7 (C-18), 39.0
(C-19), 38.8 (C-20), 30.6 (C-21), 36.7 (C-22), 28.0
(C-23), 15.3 (C-24), 15.4 (C-25), 16.8 (C-26), 23.4
(C-27), 180.5 (C-28), 16.8 (C-29), 21.0 (C-30). 4i&r
PR S SCERIET, S e A T NS TR .

& 8. BtsHIRE g, mp 94~96 C, %
W AMEE. & . BEER NS, R TER
HEE, 28, RETK. IRvie (cm™): 3 316 (-OH
ZEIRS)), 2 918, 2 849 (-CH; HI-CH, fH4EHREZ)),
1 464 (-CH3 Fi1-CH, 25 i ¥R 5h), 1 062 (C-O # i1 4
PRZNAN O-H [N HhR2)), 720 (Fon & 4 kLA
REWi%E). EI-MS m/z: 424 [M]", 396 [M—C,H,]", 368
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[M—2XC,H,]*. *H-NMR (500 MHz, CDCls) &: 3.60
(2H, t, J = 6.7 Hz, -CH,0H), 1.20 (46H, brs, CH,),
0.88 (3H, t, J = 7.0 Hz, -CH3). *C-NMR (125 MHz,
CDCly) 6: 63.3 (C-1), 33.9~22.9 (ZANIEHHGE
), 14.3 (CHa). &t Fab it Kormrgrast™, %
SEWEY) 8 NIE—+ Ukl .

A 9: A EFRDIR 25 i CH I BE-BS R 2.18) ,
mp>270 ‘C, ZiHETHEERR LBR. PIEE, 7T H .
I, AETK. IRvSD (em™): 1730 (C = O 4
PR=5h), 1705 (R C = O {H4E4k3h), 1 645 (C = C fii
#ifR3h), 1 370, 1 320, 1 275, 1 238, 1 145, 970.
EI-MS m/z: 454 [M]". "H-NMR (500 MHz, CDCl5) ¢:
5.27 (1H, t, J = 3.6 Hz, H-12), 1.10 (3H, s, CH3), 1.09
(3H, s, CH3), 1.06 (3H, s, CHs), 1.03 (3H, s, CH3),
0.95 (3H, d, J = 6.4 Hz, CH5), 0.87 (3H, d, J = 6.5 Hz,
CHs), 0.84 (3H, s, CH3); *C-NMR (125 MHz, CDCl5)
d:39.7 (C-1), 34.3 (C-2), 217.9 (C-3), 47.6 (C-4), 55.5
(C-5), 19.7 (C-6), 32.7 (C-7), 39.5 (C-8), 46.9 (C-9),
36.8 (C-10), 23.7 (C-11), 125.8 (C-12), 138.2 (C-13),
42.3 (C-14), 28.2 (C-15), 24.3 (C-16), 48.2 (C-17),
52.9 (C-18), 39.2 (C-19), 39.0 (C-20), 30.8 (C-21),
36.9 (C-22), 26.7 (C-23), 21.6 (C-24), 15.4 (C-25),
17.2 (C-26), 23.6 (C-27), 182.5 (C-28), 17.2 (C-29),
21.3 (C-30). &5&r iRt $s focmraiist™™, %
EEY) 9 NI TR-12(13)-45-3-H-28-FR & .

WA 10 TEERIRG S (E5-FED, mp>
270 C, HUE TSR e &, AT K. EI-MS
m/z: 512 [M]*. 'H-NMR (500 MHz, CDCls) &: 4.52
(1H, dd, J = 11.1, 5.3 Hz, H-3), 3.03 (1H, d, J = 3.8
Hz, H-12), 3.01 (1H, dd, J = 3.8, 1.5 Hz, H-11), 2.06
(3H, s, -O=C-CH3), 1.09 (3H, s, H-27), 1.06 (3H, s,
H-26), 1.04 (3H, s, H-25), 0.99 (3H, s, H-29), 0.92
(3H, s, H-30), 0.87 (3H, s, H-23), 0.87 (3H, s, H-24);
¥C-NMR (125 MHz, CDCls) 6: 37.8 (C-1), 23.1
(C-2), 80.4 (C-3), 37.8 (C-4), 54.6 (C-5), 17.4 (C-6),
31.0 (C-7), 41.3 (C-8), 50.5 (C-9), 36.3 (C-10), 52.6
(C-11), 57.0 (C-12), 87.5 (C-13), 40.4 (C-14), 26.9
(C-15), 21.2 (C-16), 43.8 (C-17), 49.5 (C-18), 37.7
(C-19), 31.4 (C-20), 34.2 (C-21), 26.6 (C-22), 27.7
(C-23), 16.2 (C-24), 17.2 (C-25), 20.0 (C-26), 18.8
(C-27), 179.4 (C-28), 33.2 (C-29), 23.6 (C-30), 21.3
(C-31), 170.9 (C-32). 4G il ik v B S SCiik A
W8, %AW 10 N 38-0-ZBEHE-11a,12a-3F

AT E-28,13B- 5

&P 11 A ER R4, mp230~232 C,
S Ta0, Win A mE. FE. K. EI-MS m/z:
442 M]*. H-NMR (600 MHz, CDCls) §: 4.68 (1H,
brs, H-29b), 4.58 (1H, brs, H-29a), 3.80 (1H, d, J =
10.9 Hz, H-28b), 3.33 (1H, d, J = 10.8 Hz, H-28a),
3.18 (1H, dd, J = 11.4, 4.6 Hz, H-3), 1.68 (3H, s,
CHs), 1.02 (3H, s, CH3), 0.98 (3H, s, CH3), 0.97 (3H,
s, CHs), 0.82 (3H, s, CHs), 0.76 (3H, s, CH3):
BC-NMR (150 MHz, CDCls) §: 38.9 (C-1), 27.7
(C-2), 79.2 (C-3), 39.0 (C-4), 55.5 (C-5), 18.5 (C-6),
34.4 (C-7), 41.1 (C-8), 50.6 (C-9), 37.3 (C-10), 21.0
(C-11), 25.4 (C-12), 37.5 (C-13), 42.9 (C-14), 27.2
(C-15), 29.3 (C-16), 48.0 (C-17), 48.9 (C-18), 48.0
(C-19), 150.6 (C-20), 29.9 (C-21), 34.1 (C-22), 28.1
(C-23), 15.5 (C-24), 116.3 (C-25), 16.1 (C-26), 4.9
(C-27), 60.7 (C-28), 109.8 (C-29), 19.2 (C-30). 4i&r
IR R R ociRaED Y, SEieat 11 A
HERETE .

4 RIMTBRIEETE

K F CCK-8 VAT ML A4 1 A0 2 55 N AE/Nat
i PC-9 4Hf. AN 45 B is HT-29 41 Fi AL
JE MCF-7 2HRRRI4EM sy, PC-9. HT-29 #
MCF-7 4l 5 3% T & 10%]fifi 2F 135 i) DMEM ¢ 4%
Ri#3E (100 U/mL H 2 2. 100 pg/mL 882 F,
T 37 C. 5% CO, K5 F-4f il & X H A K . il
EXFHE KN, Ll 3 000 NALEERERNT 96
UM, KI5 R BURAE 37 C 5% CO, B F- i h i 9%
24 h, WBR¥EFREE, IIAARIHEE (0.1~40 pmol/L)
(3282590 100 pl T 37 “C4kS:859% 48 h, ARG )
FFFLINA 10 L CCK-8 A 137 C4k4EK:572.0 h,
FABEARACI 5 & FLLE 450 nm ALEIWOEE (A) .
FRPEMAF 1 A (B THE A 22, 3 H Graphpad Prism 8
BAFLA LAY 1Cs fH -

SEIRLE R IR, WA 1 X PC-9. HT-29 Al
MCF-7 4 fifu 35 B A &5 s FE 4 i 595 M, 1Cso 7011
9 17.55. 31.46. 30.79 umol/L, th&4 2 %} Lik 3
Foh 240 P 15 G B 2 AW (1Cs0>50 pmol/L) o

SE
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