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[(HE] B UK SIAIEE L Inula helianthus-aquatica WS B0 o 7 3% 38 F 1E/ R A fE IR AE: €438 | Sephadex HL-20
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Chemical Constituents from Inula helianthus-aquatica
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[ Abstract ] Objective: To investigate the chemical constituents of Inula helianthus-aquatica. Eleven
compounds were isolated from the title plant. Method: These compounds were isolated by various chromatography
methods such as silica gel, RP-18 silica gel, Sephadex LH-20 gel, HPLC, et al. Their structures were elucidated
by spectral analysis like MS, NMR. Result: Seven sesquiterpene lactones were isolated and elucidated as 11, 13-
dihydrotomentosin (1), sundiversifolide (2), 8-epi-xanthatin-18, 58-epoxide (3 ), ivaxillin (4), 11, 13-
dehydroivaxillin (5), 18-hydroxyalantolactone (6), carabrone (7). Four triterpenes were isolated and elucidated
as taraxasterol 3-O-acetate (8 ), maniladiol 3-O-palmitate (9), 168-hydroxylupeol 3-O-tetradecanoate (10),
arnidiol (11). Conclusion: All the compounds were isolated from I. helianthus-aquatica for the first time.
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TR, S < oK ) BE e B AE Ak 2 i T 5

FER 7> B AT A% L i N TR AL 5 ) ergolide (7K 81 FH Y
B ), JF Bl G 7K 5 BN iR SR T 1 — ZR SR SRR Y 47t
IR G R AF 5T, K S BH DY R X AR i R (Lu-l,
ED,, =0.2 mg-L™") I 3% B 40 9 (KB, ED;, =
0.5 mg - L"), vinblastine-resistant KB ( KB-V +
VLB, ED,, = 0.3 mg - L"), hormone-dependent
human prostate cancer (LNCaP, EDy, =0.5 mg-L™")
F1 hormone-dependent human breast cancer (ZR-75-1,
EDy, =0.3 mg-L™") ¥47 W1 8 1) 24010 75 75 4 , Ak
SE KB R A AR R P B PR T VL R i —
AT K WY B e L A6 10 4 27 780 o3 B AT I o o e, AR
W AW vh or B A 3] 7 A5 a5 WA 4 4> =
RS, 2 0 W ZAE Y h oy B R

1 &

Jii i ( EI-MS, FAB-MS, HR-ESI-MS) i VG
Autospec-3000 %Y 57 3% A I % , H: o EI-MS 7£ 70 eV
T E 5 A% wE 2L PR 3% B Bruker AM-400 F1 DRX-500
T AL AR AN 2 , TMS Sy AR 5 )22 €035 Al il (0
A B T8 TR AL T 4 7 Sephadex LH-20 4
Pharmacia 2 &) 42 7= ; RP-18 [z 48 fif &8 & Merck 2\ &)
Az s MCT A H A =38 27 2R 7 s HPLC 2 il 45
# (& YMC-Pack,0DS) ,

FEAh T 2004 SRR T o~ K, S4E# SirA
Xt B S8 52 N K 8 BHBE B A€ Inula helianthus-aquatica
2 RESE

JK ) PR AE 3t b ¥ o SR AR S R AE A 43 )
Mt 1o K I Y A2 58 T IR BB 3Tk R 4R
WG I A BUR . R L 200 H LR BAE, LUA
k- AR 10020 ~0: 100 P 5L, 28 TLC K 5 4 JF
RS A (A5r A~ E) o C A0 EREBHE DL A
BE-PNIR 1001 ~3: 1% J6, TLC A I 5 JF /9 3 N4 57,
C-1 = RP-18 JZ AH&E S HE LA 40% H 6 B0 15 216 &
¥ 6(110 mg) Ffb-&%) 7(5 mg),C-2 [ HPLC /3 &
&4 3(30 mg), C-3 fii ] HPLC 73 & 153 5 fk
“ W 4(50 mg) ML G 5(11 mg) .

Tl PR S BUR SRR T 5 R, Tk &
B R PRI 3 W, & O 3R O e 4 RUR B . MR
TR, CERFIE T AL, 5 2 A2
B T @0k WA A BOR . LR TR A B A 48
200 HrE B, A1 i BE-PN i 521 ~ 0 SR, TLC A5
BIFR 4 DN (F ~ 1), H5r F Zrk A LA -
PR 4: TR, 75 4 4143 F1 ~ F4,F2 48 HPLC 43 85

FEMEEY 8(15 mg) F19(45 mg) . 44 G 4 MCI
HE30% ~100% W B K W BE i, 75 2 42043 GL
G2,G1 I H R e bk DA I k- P9 R 5= 1 96 B 7 2
149 10(20 mg) ,G2 A RP-18 L H:LA 40% H /K
WIS 2L & 11(20 mg) . 204 H 282 MCI £
30% ~100% W EE7K 3 W Ve, 45 2 4140 HI F
H2  H1 i 455 TLC, DL A bk -TR B 40 1 15
FE AW 1(19 mg) ,H2 25 HPLC 2f il £+ 43 25 15 2]
&Y 2(5 mg) .

3 4HERE

&1 Tk . H-NMR (CDCl,, 500
MHz) §:5.44 (1H, brd, 7.3 Hz, H-5), 4.60 (1H,
m, H-8),2.79 (1H, m, H-11), 1.14 (3H, d, 7.8
Hz, H-13), 1.12 (3H, d, 7.2 Hz, H-14), 2.13
(3H, s, H-15), "C-NMR (CDCl,, 125 MHz) §:
144.1 (s, C-1), 31.0 (t, C2), 42.6 (t, C3),
208.2 (s, C4), 122.6 (d, C-5), 21.8 (t, C-6),
42.2 (d, C-7), 80.5 (d, C-8), 36.9 (t, C9),
32.8 (d, C-10), 38.9 (d, C-11), 179.1 (s, C-
12),10.8 (q, C-13), 21.2 (q, C-14), 29.8 (q,
C-15), FAB*-MS.: 251 [M+H]"(3), M S
SCHRL6 ] E k&% 11 o, 13-dihydrotomentosin %
WA B M gAY LA Ta, 13-
dihydrotomentosin ,

&2 Ktk . H-NMR (CDCl,, 400
MHz)§: 2.17, 2.42 (1H each, m, H2), 3.59 ~
3.71 (2H, m, H-3), 5.55 (1H, br. dd, 8.4, 1.4
Hz, H-5),1.92 (1H, ddd, 15.8, 9.3, 2.7 Hz, H-
6a), 2.26 (1H, m, H-68), 2.70 (1H, m, H-7),
4.63 (1H, dt, 10.0, 6.0 Hz, H-8), 2,06 (2H, dd,
5.6, 4.4 Hz, H9), 2.36 (1H, m, H-10), 2.81
(1H, m, H-11), 1.16 (3H, d, 7.4 Hz, H-13),
1.15 (3H, d, 7.0 Hz, H-14),” C-NMR (CDCl,,
100 MHz) §:141.9 (s, C-1), 40.0 (t, C-2), 60.9
(t, C3), 124.8 (d, C-5), 22.0 (1, C-6), 42.4
(d, C7), 80.5 (d, C-8), 36.9 (t, C-9), 32.6
(d, C-10), 38.9 (d, C-11), 179.1 (s, C-12),
10.8 (q, C-13), 21.5 (q, C-14), FAB'-MS; 225
[M+H]"(46), D B 53k [ 7 ] #iE k&
¥ sundiversilolide I &4 HE — 2, WS &Y 2 H
sundiversifolide o

&Y 3 Jeaueiky . H-NMR (CDCI,, 400
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MHz) §:6.74 (1H, d, 15.7 Hz, H-2), 6.25 (1H,
d, 15.6 Hz, H-3), 3.07 (1H, dd, 7.7, 4.9 Hz, H-
5),3.31 (1H, m, H-7), 4.62 (1H, ddd, 11.7,
7.5, 4.1 Hz, H-8), 5.67 (1H, d, 1.8 Hz, H-
13a), 6.27 (1H, s, H-13b), 1.11 (3H, d, 6.9
Hz, H-14), 2.25 (3H, s, H-15), "C-NMR
(CDCl,, 100 MHz)$§: 62.7 (s, C-1), 146.6 (d, C-
2), 129.4 (d, C3),197.6 (s, C4), 65.8 (d, C-
5),31.1 (t, C6), 39.2 (d, C7), 79.2 (d, C-
8),31.9 (t, C9),31.4 (d, C-10), 138.9 (s, C-
11), 169.0 (s, C-12), 123.3 (t, C-13), 18.6 (q,
C-14), 28.1 (q, C-15), EI-MS: 262 [M ]~ (3),
DL E%HE 5 SCmk [ 8 ] #2319 1k & ¥ 8-epi-xanthatin-
18,5B-epoxide i & —2, FrwfiE &Y 3 1Y
2t 4N 8-epi-xanthatin-18,58-epoxide,,

k& 4 KAk Y. H-NMR (CDCl,, 400
MHz) §: 2.77 (1H, m, H-1), 2.15 (1H, m, H-
3a), 2.26 (1H, dt, 13.2, 3.4 Hz, H-3b)2.79
(1H, m, H-5), 2.42 (1H, m, H-7), 4.32 (1H,
ddd, 10.7, 9.1, 1.6 Hz, H-8), 1.47, 2.78 (1H
each, m, H9), 2.78 (1H, m, H-11), 1.25 (3H,
d, 7.8 Hz, H-13), 1.39 (3H, s, H-14), 1.29
(3H, s, H-15), "C-NMR (CDCl,, 100 MHz) §:
65.1 (d, C-1), 24.0 (. C2), 35.6 (t, C3),
61.1 (s, C4), 64.3 (d, C-5), 26.2 (t, C-6),
45.5 (d, C-7), 82.0 (d, C-8), 45.0 (t, C9),
57.7 (s, C-10), 40.6 (d, C-11), 178.0 (s, C-
12), 11.5 (q, C-13), 18.2 (q, C-14), 16.3 (q,
C-15), EI-MS: 266 [M] " (0.2) . LI &5 3Cik
[9 1 Hi3E M ALG 9 ivaxillin 37 3% %4 — 350, B DL
L&Y 4 WZE R ivaxilling

&Y 5 LAk . H-NMR (CDCI,, 400
MHz)6: 2.80 (1H, m, H-1),2.82 (1H, m, H-5),
2.84 (1H, m, H-7), 4.19 (1H, m, H-8), 5.69
(1H, d, 3.0 Hz, H-13a), 6.36 (1H, d, 3.4 Hz,
H-13b), 1.44 (3H, s, H-14), 1.29 (3H, s, H-
15), "C-NMR (CDCl,, 100 MHz)§8: 64.3 (d, C-
1), 23.4 (t,C2),35.7 (1, C3),60.9 (s, C4),
63.4 (d, C-5), 31.8 (t, C-6), 45.8 (d, C-7),
82.1 (d, C-8), 46.1 (t, C9), 57.7 (s, C-10),
138.5 (s, C-11), 168.6 (s, C-12), 122.5 (t, C-
13), 17.9 (q, C-14), 15.8 (q, C-15), LI I %3
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Sy [10] IkiEWLEH 11, 13-
dehydroivaxillin i 3% £ 48 — 2, fr L2 LG8 5 10
ZERY R 11,13-dehydro ivaxillin,

a4 6 [k AR, H-NMR (CDCl,, 400
MHz)§: 3.28 (1H, dd, 11.5, 3.5 Hz, H-1), 1.52,
1.62 (2H, m, H2), 1.62, 1.83 (2H, m, H-3),
2.40 (1H, m, H4),5.22 (1H, d, 3.9 Hz, H-6),
3.55 (1H, dt, 4.3, 1.9 Hz, H-7), 4.85 (1H, m,
H-8), 1.53 (1H, m, H9«a), 2.57 (1H, d, 15.0,
2.9 Hz, H9B), 5.63 (1H, d, 1.4 Hz, H-13a),
6.20 (1H, d, 1.6 Hz, H-13b), 1.17 (3H, s, H-
14), 1.08 (3H, d, 7.6 Hz, H-15), “C-NMR
(CDCl,, 100 MHz)§: 80.2 (d, C-1), 29.7 (t, C-
2),25.9 (t, C3),37.3 (d, C4), 147.8 (s, C-
5),120.5 (d, C-6), 39.4 (d, C-7), 75.8 (d, C-
8),39.2 (t, C9),38.0 (s, C-10), 139.5 (s, C-
11),170.3 (s, C-12), 121.9 (t, C-13), 21.8 (q,
C-14),22.5 (q, C-15), EI-MS: 248 [M] " (13),
LBy 5 3cmk [11] i 9 4k & 4 18-hydroxy
alantolactone I 1% 508 — 30, AT IS E 1L &4 6 145
¥4~ 1B-hydroxy alantolactone,

&Y 7T IR & A H-NMR ( CDCIy,
500 MHz)8: 0.44 (1H, m, H-1), 1.51-1.64 (2H,
m, H-2), 2.51 (2H, t, 7.5 Hz, H-3), 0.37 (1H,
m, H-5), 0.89 (1H, m, H-6a), 2.32 (1H, dd,
14.0, 7.0 Hz, H-6b), 3.16 (1H, m, H-7), 4.77
(1H, ddd, 11.4, 8.9, 6.1 Hz, H-8), 0.97 (1H,
dd, 13.4, 11.4 Hz, H9a), 2.30 (1H, dd, 13.7,
6.1 Hz, H9b), 5.53 (1H, d, 2.4 Hz, H-13a),
6.17 (1H, d, 2.8 Hz, H-13b), 1.07 (3H, s, H-
14), 2. 14 (3H, s, H-15), "C-NMR (CDCL,, 100
MHz)§: 34.2 (d, C-1), 23.3 (t, C-2), 43.6 (t,
C-3),208.7 (s, C4),22.9 (d, C-5),30.7 (t, C-
6),37.7 (d, C-7), 75.6 (d, C-8), 37.3 (t, C-
9),17.2 (s, C-10), 138.9 (s, C-11), 170.5 (s,
C-12), 122.6 (t, C-13), 18.2 (q, C-14), 30.1
(q, C-15), EI-MS; 248 [M]*(3), 190 (60), 145
(100), 79 (83) . LA F%ds 5 3cmk [12 ] 4 my fk
¥ carabrone U RS EHE — B0, BT LA E LG T 19
45 ¥4 A carabrone,

&Y 8 [E R K H-NMR  ( CDCl,,
500 MHz)8: 1.06, 1.73 (1H each, m, H-1), 1.64
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(2H, m, H-2), 4.49 (1H, dd, 10.5, 6.0 Hz, H-
3),0.81 (1H, m, H-5), 1.39, 1.51 (1H each, m,
H-6), 1.40 (2H, m, H-7), 1.33 (1H, d, 2.1 Hz,
H9), 1.28, 1.53 (1H each, m, H-11), 1.09,
1.66 (1H each, m, H-12), 1.59 (1H, m, H-13),
0.94 (1H, d, 3.4 Hz, H-15a), 1.68 (1H, dd,
6.0, 3.4 Hz, H-15b) , 1.16 (1H, dd, 4.4, 3.1 Hz,
H-16a), 1.23 (1H, m, H-16b), 0.97 (1H, t, 3.8
Hz, H-18), 2.10 (1H, m, H-19), 2.21, 2.45 (1H
each, m, H-21), 1.36, 1.42 (1H, each, m, H-
22), 0.85 (3H, s, H-23), 0.84 (3H, s, H-24),
0.88 (3H, s, H25), 1.03 (3H, s, H-26), 0.93
(3H, s, H27), 0.85 (3H, s, H-28), 1.02 (3H,
d, 3.3 Hz, H-29), 4.61 (2H, m, H-30), 2.05
(3H, s, CH,CO).,” C-NMR (CDCl,, 100 MHz) §:
38.4 (1, C-1), 23.7 (i, C-2), 81.0 (d, C3),
37.8 (s, C4), 55.4 (d, C-5), 18.2 (t, C-6),
34.0 (t, C-7), 40.9 (s, C8), 50.4 (d, C9),
37.0 (s, C-10), 21.4 (1, C-11), 26.1 (t, C-12),
39.1 (d, C-13), 42.0 (s, C-14), 26.6 (t, C-15),
38.3 (t, C-16), 34.5 (s, C-17), 48.6 (d, C-18),
39.4 (d, C-19), 154.6 (s, C-20), 25.6 (t, C-
21),38.8 (t, C22),27.9 (q, C23),15.9 (q, C-
24),16.5 (q, C-25), 16.3 (q, C-26), 14.7 (q,
C-27), 19.5 (q, C-28), 25.5 (q, C-29), 107.1
(t, C-30), 171.0 (s, CH,CO), 21.3 (q, CH,CO),
EI-MS: 468 [M] " (8). L\ R4 53¢k [ 13 ] Hizif
Ak & W) taraxasterol 3-O-acetate i 13 % 3 — 2k, L
L&Y 8 Y 5E SN taraxasterol 3-O-acetate o

A9 JLtauk ¥, H-NMR (CDCI,, 400
MHz)6: 4.49 (1H, dd, 9.5, 6.2 Hz, H-3), 5.24
(1H, t, 3.3 Hz, H-12), 4.19 (1H, dd, 11.4, 4.7
Hz, H-16), 0.87 (3H, s, H-23), 0.87 (3H, s, H-
24), 0.96 (H, s, H25), 0.98 (3H, s, H-26),
1.21 (3H, s, H27), 0.79 (3H, s, H-28), 0.89
(3H, s, H-29), 0.90 (3H, s, H-30), 2.28 (2H,
t, 7.5 Hz, -CH,CO-) , "C-NMR (CDCI,, 100 MHz)
5:38.2 (1, C-1),23.6 (t, C2), 80.5 (d, C-3),
37.7 (s, C4), 55.2 (d, C-5), 18.2 (t, C-6),
32.6 (t, C-7), 39.9 (s, C8), 46.7 (d, C9),
37.3 (s, C-10), 23.5 (t, C-11), 122.2(d, C-12),
143.5 (s, C-13), 43.8 (s, C-14),35.5 (t, C-15),

65.9 (d, C-16), 36.8 (s, C-17),49.1 (d, C-18),
46.5 (t, C-19), 30.9 (s, C20), 34.2 (t, C-21),
30.5 (t, C-22),28.0 (q, C-23), 16.8 (q, C-24),
15.6 (q, C25),16.7 (q, C26),27.1 (q, C27),
21.5 (q, C-28),33.2 (q, C-29), 23.9 (q, C-30).
FAB"-MS. 681 [M+H]*(2), 680 [M]"(6), Lk
EEE S SCHR [ 14 ] 408 19 /LB ¥ maniladiol 3-0-
palmitate J¢ i ¥ 45 — B, sk b 5% 9 £ 2 A
maniladiol 3-0-palmitate

&Y 10 @8 K, H-NMR (CDCL,, 400
MHz)§: 4.46 (1H, dd, 10.9, 5.4 Hz, H-3), 3.61
(1H, dd, 11.2, 4.7 Hz, H-16), 0.83 (3H, s, H-
23),0.84 (3H, s, H24), 0.85 (3H, s, H25),
1.03 (3H, s, H26), 0.98 (3H, s, H27), 0.79
(3H, s, H28), 4.59, 4.70 (1H each, s, H-29),
1.68 (3H, s, H-30), 2.28 (2H, t, 7.4 Hz, -
CH,CO00-), 0.87 (3H, t, 7.5 Hz, CH,CH,-), "“C-
NMR (CDCI,, 100 MHz)6§: 38.4 (t, C-1),23.7 (t,
C-2),80.5 (d, C-3),37.8 (s, C4),55.4 (d, C-
5),18.2 (t, C-6), 34.2 (t, C-7),40.9 (s, C-8),
49.9 (d, C9), 37.0 (s, C-10), 20.9 (t, C-11),
24.7 (t, C-12), 37.2 (d, C-13), 44.1 (s, C-14),
36.8 (t, C-15), 77.0 (d, C-16), 48.6 (s, C-17),
47.6 (d, C-18), 47.7 (d, C-19), 150.0 (s, C-
20), 29.9 (t, C-21),37.7 (t, C22),27.9 (q, C-
23),16.0 (q, C24), 16.5 (q, C-25), 16.2 (q,
C-26), 16.2 (q, C27), 11.7 (q, C-28), 109.8
(t, C29), 19.3 (q, C30), 34.8 (t, -CH,C00),
173.7 (s, -COO-), 31.9 (t, -CH,-), 25.2 (t,
CH,-), 14.1 (q, CH,CH,) ., EI-MS. 653[M +H]*
(4) Lh - %o 5 3CiR D15 ] i 1 k& 4 168-
hydroxylupeol 3-O-tetradecanoate f9 % 1% £ 3 — 2, #

& & ¥ 10 % % & 168-hydroxylupeol 3-0-
tetradecanoate ,,
k&M 11 KEZFRY . H-NMR (CDC;,

400 MHz) ; 3.50 (1H, dd, 5.5, 11 Hz, H-3), 3.32
(1H, dd, 11.4, 4.8 Hz, H-16), 4.75 (1H, d, 2.4
Hz, H-30a), 4.76 (1H, d, 2.4 Hz)., “C-NMR
(CDCl,, 100 MHz)&: 38.7 (t, C-1), 27.3 (t, C-
2),78.9 (d, C-3), 38.9 (s, C4), 55.3 (d, C-
5),18.2 (t, C-6), 33.9 (t, C-7),39.9 (s, C-8),
49.9 (d, C9), 37.0 (s, C-10), 21.3 (t, C-11),
- 109 -
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25.8 (t, C-12), 38.6 (d, C-13), 42.2 (s, C-14),
35.9 (t, C-15), 77.3 (d, C-16), 40.8 (s, C-17),
47.5 (d, C-18), 38.9 (d, C-19), 153.6 (s, C-
20), 24.9 (t, C21), 35.2 (t, C22),27.9 (g, C-
23),15.3 (q, C-24), 16.3 (q, C25), 16.2 (q,
C-26), 15.8 (q, C27), 12.8 (q, C-28),25.2 (q,
€-29),107.3 (1, C30) . FAB*-MS.; 443 [M+H] "
(7)o VA L%ds 5 SCik [ 14 ] 238 /9 4k & 9 arnidiol
) T 15 B — B, o A5 W 11 2y arnidiol
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