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Chemical constituents from Inula helenium

BAI Li-ming, WANG Jian, FU Mei-ling, HAN Song, PANG Jing-hui, ZHANG Wen-zhi
School of Chemistry and Chemical Engineering, Qiqihar University, Qigihar 161006, China

Abstract: Objective To study the major chemical components from Inula helenium. Methods The compounds were separated and
purifid by using a variety of chromatographic techniques including silica gel column chromatography, thin layer chromatography, and
high performance liquid chromatography, and the structures of the compounds were verified by nuclear magnetic spectroscopy and
literature data. Results A total of 22 compounds were separated from petroleum ether extract of 1. helenium and identified separately
as alantolactone (1), isoalantolactone (2), 4,4-dimethylsterols (3), 11a./,13-dihydroisoalantolactone (4), 11aH,13-dihydroalantolactone
(5), 4(15)-epoxy-isoalantolactone (6), So,6a-epoxyalantolactone (7), alloalantolactone (8), isoalloalantolactone (9), friedelin (10),
friedelinol (11), erythrodiol (12), B-sitosterol-glucopyranoside (13), lupeol acetate (14), lupeone (15), lupeol (16), 5-amyrin (17), lupeol
palitate (18), 5,7,4'-trihydroxy-3',5"-dimethoxy flavane (19), (+)-syringaresinol (20), 3,5,3'-trihydroxy-6,7,4'-trimethoxy flavone (21),
and 3,5,6,7,3'-hydroxy-4’-methoxy dihydroflavones (22). Conclusion Compounds 21 and 22 are isolated from this genus for the first
time; Compounds 10—15, 17, and 18 are separated from the 1. helenium for the first time. After antibacterial test, compounds 1, 2, 4, 5,
7—9 have strong inhibitory effects on Escherichia coli, Staphylococcus aureus, and Bacillus subtilis.
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22 MEEW, 3 0 4 R LR A A i Calantolactone
1. #EAREFNEE (isoalantolactone, 2). 4,4-H
H K EE (4,4-dimethylsterols, 3). 11oH,13- &7
T ARFEWES (110H,13-dihydroisoalantolactone, 4)
110H,13- —H LARF AN (11aH,13-dihydroalanto-
lactone, 5)+ 4(15)-AE 7+ L AREFWEE [4(15)-epoxy-
isoalantolactone, 6] S0,6a-M & L ARE NI (5a,60-
epoxyalantolactone, 7). Hl-EAFHNEE (alloalanto-
lactone, 8)+ Al AR MEE (isoalloalantolactone,
9). AKeHH (friedelin, 100, AA2EE (friedelinol,
1), A FF Cerythrodiol, 12). B-7 & 5 %) b
F (B-sitosterol-glucopyranoside, 13). I Z 4
21 (lupeol acetate, 14)+ FJJw Z i (lupeone, 15).
P B (lupeol, 16) 3-FMZFR (§-amyrin, 17).
P S EEARAIIRES (lupeol palitate, 18). 5,7,4-=
P35 A E I (5,7,4-trihydroxy-3',5'-
dimethoxy flavane, 19). (+)- T HFWE & [(H-
syringaresinol, 20]. 3,5,3"-=F£%£-6,7,4'- = H 4H L ¥4
fili (3,5,3'- trihydroxy-6,7,4'-trimethoxy flavone, 21).
3,5,6,7,3- T F& FE -4~ W S K M (3,5,6,7,3-
hydroxy-4'-methoxy dihydroflavones, 22). tL&%)
21. 22 NERNZEED F Iy EE R, a1 10~
15, 17, 18 NEIRNEAREH 7 EEH.

1 X5

Bruker AV-600 #1344 (F&E Bruker A 7)),
YXQ-LS-50S11aters 32k /A& 1K By (L
RSV A PR~ B BT BT ), HP5988A GCMS
spectrometer 4 T A% (& H 24 A ] D); Waters
2489 AWM B R G, W R G R 20
cmsilicagel60 GFpsqs Cig il & it Al (250 mm X
10 mm, Spm, ZE[H kromsil A#]), Yanako }& 5
Ao B e RO AR B A T AV 70 R il Al A,
(RS AIB NI T PN 77k W I Wik (R B2 SN
Fili B8 2 SR B B ol 329 ) T o [ Nl R 5

SIS JE MR L AR ARLE 2015 959 H AT B piT
BICE AL E P M, & BRI T35
IR KA B IR AN A% % e N RHE ) LR
Inula helenium L.,

2 RBSSE
M EARFZ M 10 kg, HTKOERIBET

o, IO, WEAWE R, RIFE
B2)1400 g. KR ERBHEMT/KE, HKIRHA M
k. BEIR OB 1E T EEA/KIATREL. 296 HH%
ERAL AR, Dok [T WA 7510, 75 2140 R A7 490 g
&R L BEERAL 275 g 1E T BERAL 433 g ZKEBAL 200
g. AMEEAILRERE (200~300 H) ik, DL
IECE-BREFR Sl R LS (10 2 1—>8 1 2—>1 1 1),
53] 123 M 4. Fr. 15, Fr. 19, Fr. 23, Fr. 31 %>
Mt E AR RIAEY) 1(27.5 mg). 2(45.4 mg).
11 (7.3 mg). 18 (9.8 mg); Fr. 61 LHERA: R E 4
EREMLEY) 3 (7.4 mg). 4 (8.4 mg). 5 (6.3 mg);
Fr. 28 4 HPLC WAHEIE > BERMLE 6 (7.4
mg). 7 (12.5mg). 10 (152 mg). 12 (324 mg). 16
(23.6 mg). BHIR ZEeEAI£erE: (200~300 HD Fta
W, DAIE Ce-BElR CBRR S (8 12—~1 113 ¢
7), 3% 87 M. Fr. 7. Fr. 15, 73R4 id s 4k
S EMLEY 19 (4.5 mg). 21 (11.5 mg); Fr. 19
SRR EEEMLAEY) 14 (5.2 mg). 20 (30.2
mg).; Fr.27. Fr. 56 SEMAT (3 7 2 H 4 HPLC
WAy B 2L 13 (11.6 mg). 15 (14.8
mg). 17 (8.3 mg). 8 (18.6 mg). 9 (25.3 mg);
AR BT BER I G i A ) B A B &4
LA EML A 22 (7.9 mg).
3 HmEE

WEW 1. LOPREGH (FEE, mp 78.6~
79 'C, EI-MS m/z: 232 [M]"; 'H-NMR (600 MHz,
CDCl3) 6: 6.20 (1H, d, J = 1.8 Hz, H-13a), 5.62 (1H,
d, J = 1.8 Hz, H-13b), 5.15 (1H, d, J = 3.9 Hz, H-6),
4.82 (1H, m, H-8), 3.57 (1H, m, H-7), 2.45 (1H, m,
H-4), 2.45 (1H, m, H-3b), 2.11 (1H, d, J = 15.5 Hz,
H-9a), 1.83 (1H, m, H-3a), 1.80 (1H, m, H-la), 1.60
(2H, m, H-2), 1.55 (1H, m, H-9b), 1.42 (1H, m, H-1b),
120 (3H, s, 14-CH3), 1.08 (3H, d, J = 8.0 Hz,
15-CH;); "*C-NMR (150 MHz, CDCl) &: 170.7
(C-12), 16.8 (C-1), 149.1 (C-5), 139.9 (C-11), 32.8
(C-2), 121.7 (C-13), 118.8 (C-6), 76.5 (C-8), 70.0
(C-9), 42.3 (C-10), 42.2 (C-3), 39.5 (C-7), 37.6 (C-4),
28.6 (C-14), 22.6 (C-15). HR#ECHkiED, %Ek
G 1 AEAREF N,

&Y 2: EHENRGS & (BERE B8, mp 112
‘C, EI-MS m/z: 232 [M]"; 'H-NMR (600 MHz,
CDCl;) d: 6.13 (1H, brs, H-13a), 5.58 (IH, brs,
H-13b), 4.77 (1H, brs, H-15a), 4.50 (1H, brs, H-8),
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4.44 (1H, brs, H-15b), 2.97 (1H, m, H-7), 2.34 (1H, d,
J =12.0 Hz, H-3b), 2.20 (1H, d, J = 16.0 Hz, H-9a),
2.01 (1H, m, H-3a), 1.85 (1H, J = 12.5 Hz, H-5), 1.75
(1H, m, H-6a), 1.71 (1H, m, H-9b), 1.59 (2H, m, H-2),
1.54 (1H, m, H-1a), 1.40 (1H, m, H-6b), 1.24 (1H, m,
H-1b), 0.829 (3H, s, 14-CH3); "C-NMR (150 MHz,
CDCl3) d: 170.6 (C-12), 149.0 (C-4), 142.2 (C-11),
120.1 (C-13), 106.6 (C-15), 41.4 (C-1), 76.8 (C-8),
46.2 (C-5), 42.2 (C-9), 40.6 (C-7), 36.8 (C-3), 34.3
(C-10), 27.5 (C-6), 22.7 (C-2), 17.7 (C-14). HRIECHR
WIE", S sw 2 AR EARFENRE.

a3 AR, ELMS m/z 468 [M]
'H-NMR (600 MHz, CDCls) d: 5.12 (1H, m, H-24),
475 (1H, s, H-21a), 4.73 (1H, s, H-21b), 4.12 (1H, dd,
J=3.2,3.2 Hz, H-3), 2.04 (3H, m, Me-CO), 1.68 (3H,
s, 26-CHz), 1.64 (3H, s, 27-CH3); "C-NMR (150
MHz, CDCl;) &: 170.0 (Me-CO), 152.7 (C-20), 131.4
(C-25), 124.4 (C-24), 107.4 (C-21), 80.9 (C-3), 55.9
(C-5), 50.8 (C-9), 49.4 (C-14), 47.8 (C-17), 45.2
(C-13), 40.5 (C-8), 37.9 (C-1), 37.9 (C-4), 37.1
(C-10), 34.1 (C-22), 35.3 (C-7), 31.3 (C-15), 28.9
(C-23), 28.9 (C-16), 27.9 (C-28), 25.7 (C-26), 24.9
(C-12), 23.7 (C-2), 21.4 (C-11), 21.3 (Me-CO), 18.1
(C-6), 17.7 (C-27), 162 (C-18), 16.5 (C-30), 15.9
(C-29), 15.6 (C-19). WRyECHkRIET, SEbay 3
N 4,4- " FIE S

e 4: AR (FED, mp 171~172 C;
EI-MS m/z: 234 [M]"; '"H-NMR (600 MHz, CDCls) &
477 (1H, brs, H-15a), 4.48 (1H, brs, H-15b), 4.48
(1H, brs, H-8), 2.80 (1H, m, H-11), 2.35 (1H, m, H-7),
2.35 (1H, m, H-3a), 2.17 (1H, d, J = 15.3 Hz, H-9a),
2.01 (1H, m, H-3b), 1.80 (1H, d, J = 12.3 Hz, H-5),
1.58 (1 H, m, H-6a), 1.56 (2H, m, H-2), 1.55 (1H, m,
H-1a), 1.22 (3H, d, J = 6.9 Hz, 13-CH3), 1.13 (1H, m,
H-6b), 0.80 (3H, s, 14-CH3); "“C-NMR (150 MHz,
CDCls) d: 179.4 (C-12), 149.4 (C-4), 106.4 (C-15),
77.8 (C-8), 46.5 (C-5), 42.2 (C-9), 41.7 (C-1), 41.6
(C-7), 40.3 (C-11), 36.8 (C-3), 34.8 (C-10), 22.7
(C-6), 21.3 (C-2), 17.8 (C-14), 9.3 (C-13). ARIECHR
E®, Bt AN e, 13- SR EARENE.

&Y 5: A A (FED, mp 120~122 C;
EI-MS m/z: 234 [M]; '"H-NMR (600 MHz, CDCl;) §:
5.17 (1H, d, H-6), 4.74 (1H, m, H-8), 3.03 (1H, m,

H-7), 2.88 (1H, m, H-11), 2.49 (1H, m, H-4), 1.50
(1H, dd, J = 3.0, 3.0 Hz, H-9a), 1.56 (2H, m, H-2),
123 (3H, s, 14-CH3), 1.22 (3H, d, J = 6.9 Hz,
13-CHs), 1.21 (1H, m, H-1), 1.51 (2H, m, H-9b), 1.13
(3H, d, J = 7.5 Hz, 15-CH3); "“C-NMR (150 MHz,
CDCly) 6: 179.5 (C-12), 149.3 (C-4), 106.4 (C-15),
77.8 (C-8), 48.7 (C-1), 46.5 (C-5), 42.2 (C-9), 41.5
(C-7), 402 (C-11), 41.7 (C-3), 34.8 (C-10), 22.7
(C-6), 21.3 (C-2), 17.7 (C-14), 9.3 (C-13). ik
P, YE S S A 1a,13- AL ARFNE.

& 6: AERAK (FE, mp 126~128 C;
EI-MS m/z: 248 [M]; 'H-NMR (600 MHz, CDCl;) ¢:
6.10 (1H, d, J = 4.6 Hz, H-13), 5.55 (1H, d, J = 4.6
Hz, H-13), 4.47 (1H, m, H-8), 2.88 (1H, m, H-7), 2.67
(1H, dd, J = 1.2, 1.6 Hz, H-15), 2.51 (1H, d, J = 3.6
Hz, H-5), 2.18 (1H, m, H-15), 1.88 (1H, m, H-9), 1.66
(1H, m, H-6), 1.09~1.69 (6H, m, H-1~3), 1.30 (1H,
m, H-9), 1.17 (1H, m, H-6), 0.85 (3H, s, 14-CH;);
BC-NMR (150 MHz, CDCl3) &: 207.1 (C-12), 149.0
(C-5), 141.7 (C-11), 120.5 (C-13), 76.5 (C-8), 58.6
(C-4), 50.8 (C-15), 44.2 (C-7), 41.8 (C-1), 41.4 (C-9),
343 (C-3), 34.3 (C-10), 29.7 (C-14), 23.1 (C-6), 18.6
(C-2). R CHE!, LB 6 A 4a,15-3F
A AR WS

EY 7. Atk R (FED, mp 150~154 C;
EI-MS m/z: 248 [M]"; 'H-NMR (600 MHz, CDCls) &
6.42 (1H, brs, J = 4.6 Hz, H-13a), 5.78 (1H, brs, J =
4.6 Hz, H-13b), 4.69 (1H, m, H-8), 3.69 (1H, m, H-7),
1.09 (3H, d, J = 7.6 Hz, H-15), 2.92 (1H, m, J = 2.8
Hz, H-6), 1.88 (1H, dd, J = 1.9, 15.0 Hz, H-9), 1.55
(1H, dd, J = 4.5, 15.0 Hz, H-9), 1.13 (3H, s, H-14);
BC-NMR (150 MHz, CDCl3) &: 170.5 (C-12), 149.0
(C-5), 123.7 (C-13), 120.5 (C-6), 76.5 (C-8), 41.8
(C-1), 41.7 (C-11), 41.4 (C-9), 40.4 (C-7), 39.4 (C-4),
32.4 (C-3), 32.4 (C-10), 29.4 (C-14), 23.1 (C-15), 16.3
(C-2), MRAECHIGE"", %EEW T N 5a,60-2F
ATAKRENBE.

a8 TEIRY, EL-MS m/z 232 [M]';
'H-NMR (600 MHz, CDCLy) 6: 6.23 (1H, d, J = 2.4
Hz, H-13a), 5.61 (1H, d, J = 1.6 Hz, H-13b), 4.50 (1H,
m, H-8), 3.05 (1H, m, H-7), 2.80 (1H, m, H-6), 1.95
(3H, m, H-6, 3), 1.74 (2H, d, J = 6.8 Hz, H-9), 1.66
(3H, 15-CH;3), 1.48 (2H, m, H-1), 1.08 (3H, s,
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14-CH;): "“C-NMR (600 MHz, CDCLy) &: 170.7
(C-12), 140.2 (C-11), 131.1 (C-5), 127.0 (C-4), 121.3
(C-13), 36.9 (C-1), 76.3 (C-8), 42.4 (C-9), 39.4 (C-7),
33.4 (C-10), 31.6 (C-3), 27.5 (C-6), 26.7 (C-15), 19.1
(C-14), 18.7 (C-2). ¥ CHRIRIE", %Etbh &4 8
N AT NS

AW 9: TOWARYI, EI-MS m/z: 232 [M];
'H-NMR (600 MHz, CDCl3) é: 6.31 (1H, s, H-13a),
5.61 (1H, s, H-13b), 4.74 (1H, m, H-8), 3.14 (1H, m,
H-7), 5.39 (1H, m, H-3), 1.66 (3H, s, 15-CH3), 0.93
(3H, s, 14-CH3): "“C-NMR (150 MHz, CDCl;) &:
170.2 (C-12), 138.6 (C-11), 134.3 (C-4), 121.3 (C-13),
120.3 (C-3), 76.6 (C-8), 54.2 (C-5), 40.4 (C-1), 40.2
(C-7), 37.9 (C-9), 31.2 (C-10), 26.4 (C-6), 21.8 (C-2),
21.8 (C-15), 16.3 (C-14). R rmikiE™, %Eik
EW9 N ARE NS

A& 10 CEEREE (BERR 4B, mp
254~256 ‘C; EI-MS m/z: 426 [M]": "H-NMR (600
MHz, CDCly) d: 121 (3H, s, H-28), 1.08 (3H, s,
H-27), 1.05 (3H, s, H-30), 1.04 (3H, s, H-26), 0.93
(3H, s, H-29), 0.85 (3H, d, J = 6.4 Hz, H-25), 0.71
(3H, s, H-24); C-NMR (150 MHz, CDCl5) &: 213.3
(C-3), 59.4 (C-10), 58.2 (C-4), 52.9 (C-8), 42.8
(C-18), 422 (C-5), 41.5 (C-2), 41.2 (C-6), 39.7
(C-13), 39.3 (C-22), 37.5 (C-9), 383 (C-14), 37.2
(C-30), 35.4 (C-19), 35.9 (C-16), 35.6 (C-11), 35.0
(C-29), 32.7 (C-21), 32.4 (C-15), 32.0 (C-28), 30.6
(C-12), 30.0 (C-17), 28.2 (C-20), 22.2 (C-1), 20.3
(C-26), 18.5 (C-27), 18.2 (C-7), 17.8 (C-25), 145
(C-24), 6.7 (C-23). MRHAECHRIRIE"Y, %Etb &
10 AARKEH .

tEY 1. AR (BERAEE), mp 263~
265 °C; EI-MS m/z: 428 [M]": 'H-NMR (600 MHz,
CDCls) 6: 3.76 (1H, brs, H-3), 1.19 (3H, s, H-28), 1.05
(3H, s, H-27), 1.01 (3H, s, H-29), 0.98 (3H, s, H-26),
0.99 (3H, s, H-30), 0.95 (3H, s, H-24), 0.94 (3H, s,
H-23), 0.88 (3H, s, H-25); "C-NMR (150 MHz,
CDCl3) &: 83.4 (C-14), 80.0 (C-3), 61.4 (C-10), 53.3
(C-8), 49.4 (C-5), 49.2 (C-4), 42.8 (C-18), 39.7
(C-22), 37.8 (C-13), 372 (C-9), 36.1 (C-2), 35.6
(C-16), 35.5 (C-30), 35.4 (C-11), 32.8 (C-21), 32.5
(C-15), 32.1 (C-28), 31.7 (C-29), 30.7 (C-12), 30.1
(C-17), 28.3 (C-20), 20.1 (C-27), 18.7 (C-26), 18.3

(C-25), 17.6 (C-7), 16.4 (C-24), 15.8 (C-1), 11.6
(C-23), 5.5 (C-19). MR CHkIRIE", %Etb &
11 ARKERE.

& 12: AEEE (B 4BE), mp 230~
231 'C; EI-MS m/z: 442 [M]"; "H-NMR (600 MHz,
CDCLy) &: 5.20 (1H, t, J = 3.6 Hz, H-12), 3.61 (1H, d,
J=11.2 Hz, H-28), 3.25 (1H, t, J = 6.0 Hz, H-3), 1.18
(3H, s, H-27), 1.01 (3H, s, H-24), 0.97 (3H, s, H-26),
0.95 (3H, s, H-25), 0.92 (3H, s, H-30), 0.93 (3H, s,
H-29), 0.80 (3H, s, H-23); "“C-NMR (150 MHz,
CDCls) 6: 144.2 (C-13), 122.3 (C-12), 79.0 (C-3), 55.2
(C-5), 47.6 (C-9), 47.5 (C-17), 46.4 (C-19), 42.3
(C-18), 41.5 (C-14), 38.5 (C-1), 27.3 (C-2), 38.7
(C-4), 36.8 (C-10), 34.1 (C-21), 33.2 (C-29), 32.6
(C-7), 31.9 (C-28), 31.3 (C-22), 18.4 (C-6), 29.7
(C-8), 28.2 (C-20), 28.1 (C-23), 25.7 (C-27), 25.4
(C-15), 23.4 (C-11), 23.2 (C-30), 21.9 (C-16), 16.8
(C-26), 15.6 (C-25), 15.5 (C-24). AR4ECHkiRiE!e,
YEALE W) 14 gt .

&) 13: A EBFRCRG & (FREE), mp 277~
279 ‘C; EI-MS m/z: 576 [M]": 'H-NMR (600 MHz,
DMSO-dg) J: 5.53 (1H, t, J = 2.4 Hz, H-6), 4.23 (1H,
d, J = 8.0 Hz, Gle-H-1), 3.64 (1H, d, J = 10.2 Hz Glec-
H-6b), 3.52 (1H, m, H-3), 3.47 (1H, m, Glc-H-6a),
3.12 (1H, dd, J = 8.6, 8.3 Hz, Glc-H-3), 3.01 (1H, d,
J = 8.6 Hz, Glc-H-4), 3.06 (1H, m, Glc-H-5), 2.89
(1H, dd, J = 8.3, 8.3 Hz, Glc-H-2), 2.29 (1H, ddd, J =
13.0, 4.5, 2.0 Hz, H-4), 1.26 (1H, m, 23-CH3), 0.96
(3H, s, 19-CH3), 0.92 (3H, d, J = 6.8 Hz, 21-CHj),
0.84 (3H, d, J = 7.2 Hz, 29-CH3), 0.83 3H, d, J = 6.8
Hz, 26-CHs), 0.81 (3H, d, J = 6.8 Hz, 27-CH3), 0.65
(3H, s, 18-CH3); “C-NMR (150 MHz, CDCl;) o
140.4 (C-5), 122.0 (C-6), 101.3 (C-1'), 79.8 (C-3),
76.3 (C-3'), 73.7 (C-5"), 73.4 (C-2"), 70.6 (C-4"), 63.7
(C-6'), 56.8 (C-14), 56.3 (C-17), 50.3 (C-9), 45.9
(C-24), 42.4 (C-4), 42.3 (C-13), 39.8 (C-12), 37.4
(C-1), 36.9 (C-10), 36.2 (C-20), 34.0 (C-22), 32.2
(C-7), 32.0 (C-8), 30.2 (C-2), 29.2 (C-25), 28.3
(C-16), 26.3 (C-23), 24.3 (C-15), 23.0 (C-28), 22.7
(C-17), 21.3 (C-11), 19.8 (C-26), 19.4 (C-19), 19.1
(C-27), 18.8 (C-21), 14.2 (C-18"), 12.0 (C-18, 29). #§
P cmviaE! ", SE A 13 N -1 S A A
o
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EY 14: TEEREE (BEER LR, mp
213~215 °C; EI-MS m/z: 468 [M]" ; 'H-NMR (600
MHz, CDCls) d: 2.22 (3H, s, COCH3), 1.67 (3H, s,
H-26), 1.05 (3H, s, H-30), 0.99 (3H, s, H-27), 0.93
(3H, s, H-22), 0.88 (3H, s, H-23), 0.87 (3H, s, H-25),
0.86 (3H, s, H-24), 0.85 (3H, s, H-28); *C-NMR (150
MHz, CDCl3) d: 170.7 (CH;CO), 150.4 (C-20), 109.5
(C-29), 80.8 (C-3), 552 (C-5), 50.3 (C-9), 48.7
(C-18), 48.7 (C-19), 42.7 (C-14), 40.8 (C-22), 39.4
(C-8), 384 (C-1), 384 (C-13), 37.8 (C-4), 37.1
(C-10), 36.4 (C-16), 34.5 (C-7), 32.7 (C-17), 29.5
(C-21), 28.0 (C-23), 27.5 (C-15), 25.5 (C-12), 23.4
(C-2), 21.5 (C-11), 21.4 (CH5CO), 19.4 (C-30), 18.3
(C-28), 18.2 (C-6), 16.8 (C-25), 16.5 (C-26), 16.4
(C-24), 14.7 (C-27). AR ClrIRE", %etb &
14 4P i 5 TR -

&Y 15 AEEHREE (FED, mp 165~
167 ‘C; EI-MS m/z: 424 [M]"; 'H-NMR (600 MHz,
CDCly) HiEsR 7 NHEA(ES 6:0.78 (BH, s)- 0.92
(3H, s). 0.95 (3H, s). 1.02 (3H, s). 1.06 (3H, s)- 1.08
(3H, s). 1.67 (3H, s), § 4.69 1 4.57 kb B 2 A 8
TR e, R EES S, PC-NMR
(150 MHz, CDCl;) 6: 218.1 (C-3), 150.8 (C-20), 109.5
(C-29), 54.9 (C-9), 55.3 (C-5), 49.8 (C-18), 48.2
(C-19), 48.0 (C-14), 47.3 (C-22), 39.4 (C-8), 38.4
(C-1), 384 (C-13), 37.7 (C-4), 37.1 (C-10), 36.3
(C-16), 34.4 (C-7), 32.8 (C-17), 29.5 (C-21), 27.8
(C-23), 27.6 (C-15), 27.5 (C-11), 25.5 (C-12), 25.4
(C-2), 21.4 (C-26), 21.4 (C-25), 21.2 (C-24), 21.1
(C-27), 19.7 (C-28), 19.4 (C-30), 19.3 (C-6). IR
BRIRIED, %A 15 P S

&P 16: AERK (HEE, EI-MS m/z: 426
M]": '"H-NMR (600 MHz, CDCl3) J: 4.73 (1H, brs,
H-29), 4.49 (1H, brs, H-29), 3.25 (1H, dd, J = 11.6,
5.1 Hz, H-3), 1.83 (3H, s, H-30), 1.01 (3H, s, H-26),
0.98 (3H, s, H-23), 0.93 (3H, s, H-27), 0.84 (3H, s,
H-25), 0.81 (3H, s, H-28), 0.80 (3H, s, H-24);
BC-NMR (150 MHz, CDCl;) &: 151.1 (C-20), 109.1
(C-29), 78.8 (C-3), 55.2 (C-5), 50.3 (C-9), 48.2
(C-18), 48.1 (C-19), 43.4 (C-17), 42.7 (C-14), 40.7
(C-8), 40.1 (C-22), 38.8 (C-4), 38.5 (C-1), 37.9 (C-13),
37.1 (C-10), 35.5 (C-16), 34.2 (C-7), 29.7 (C-21), 28.0
(C-23), 27.3 (C-2), 27.3 (C-15), 25.1 (C-12), 20.5 (C-11),

19.3 (C-30), 18.2 (C-6), 18.0 (C-28), 162 (C-25), 16.1
(C-26), 15.3 (C-24), 14.6 (C-27). HE CHriIE, %
SEEY 16 I3 SR

WEW17: ABTEEATH AR PR, EI-MS m/z:
426 [M]"; 'H-NMR (600 MHz, MeOD) §: 3.21 (1H,
m), 1.15 (3H, s, H-26), 1.01 (3H, s, H-23), 0.97 (3H, s,
H-28), 0.91 (3H, s, H-25), 0.85 (6H, s, H-26), 0.75
(3H, s, H-27), 0.69 (3H, s, H-24); "*C-NMR (150
MHz, MeOD) §: 134.7 (C-13), 133.1 (C-18), 78.3
(C-3), 55.5 (C-5), 50.7 (C-9), 44.3 (C-14), 40.9 (C-8),
39.4 (C-19), 38.8 (C-4), 38.8 (C-1), 38.7 (C-22), 37.3
(C-10), 36.4 (C-16), 35.4 (C-21), 34.9 (C-7), 343
(C-17), 32.8 (C-20), 31.4 (C-30), 28.1 (C-24), 27.3
(C-2), 263 (C-12), 24.8 (C-15), 23.1 (C-28), 22.8
(C-29), 21.4 (C-11), 20.4 (C-27), 18.2 (C-6), 16.9
(C-23), 15.4 (C-26), 14.8 (C-25). ARHECHkiRERY,
KA1 N S-FEWE

&P 18: AR K, mp 95~96 C; EI-MS
miz: 664 [M]": "H-NMR (600 MHz, CDCls) J: 4.62,
4.54 (% 1H, s, H-29), 4.39 (1H, dd, J = 6.0, 10.4 Hz,
H-3), 2.32 (IH, m, H-19); “C-NMR (600 MHz,
CDCls) d: 173.1 (C = 0), 151.1 (C-20), 109.3 (C-29),
80.6 (C-3), 55.3 (C-5), 50.5 (C-9), 48.4 (C-18), 48.0
(C-19), 43.0 (C-17), 42.9 (C-14), 40.9 (C-8), 40.1
(C-22), 38.4 (C-1), 38.1 (C-13), 37.9 (C-4), 37.1
(C-10), 35.6 (C-16), 34.9 (C-2'), 34.3 (C-7), 29.9
(C-21), 29.8~29.3 (C-15, 20, 29), 28.1 (C-23), 27.5
(C-5), 25.3 (C-2), 25.2 (C-12), 21.0 (C-11), 19.4
(C-30), 18.3 (C-6), 18.1 (C-28), 16.7 (C-25), 16.3
(C-26), 16.1 (C-24), 14.9 (C-27), 14.2 CRuiH ),
W SR IE, S 18 9k B AR
PRI .

EW19: AERK, mp 273.2~275.1 C;
EI-MS m/z: 330 [M]"; "H-NMR (600 MHz, CDCl;) ¢:
12.79 (1H, s, H-5), 10.70 (1H, s, H-7), 9.20 (1H, s,
H-4"), 7.43 (2H, s, H-2'), 7.39 (2H, s, H-6'), 6.91 (1H,
s, H-3), 6.23 (1H, d, J = 2.1 Hz, H-6), 6.46 (1H, d, J =
2.1 Hz, H-8), 3.78 (6H, s, H-3', 5'); 3C-NMR (150
MHz, CDCly) 6: 180.9 (C-4), 164.5 (C-7), 162.7
(C-2), 161.6 (C-9), 157.6 (C-5), 149.4 (C-3"), 149.4
(C-5"), 140.0 (C-4"), 120.4 (C-1"), 105.6 (C-6), 104.9
(C-2'), 103.8 (C-10), 103.7 (C-3), 98.5 (C-6), 94.3
(C-8), 56.8 (C-OCH3). A CHkiRiED, %wibs
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Y19 2 5,74 - =5 5E-3",5"- — H AL TR .

&Y 20: B&ﬁ%%%(%@aﬁxrm
173.1~175.0 ‘C; EI-MS m/z: 418 [M]"; 'H-NMR
(600 MHz, CDCl;) &: 6.57 (4H, s, H-1', 6/, 1", 6"),
5.52 (2H, m, 2, 2'-OH), 4.74 (2H, d, J = 1.8 Hz, H-2,
6), 4.29 (2H, dd, J = 2.4, 6.6 Hz, H-4a, 8a), 3.90 (12H,
s, 4X CH3), 3.90 (2H, s, H-4b, 8b), 3.10 (2H, s, H-1,
5); *C-NMR (150 MHz, CDCl;) 6: 147.2 (C-3', 5', 3",
5"), 134.3 (C-4', 4), 132.1 (C-1', 1"), 102.7 (C-2, 6/,
2", 6"), 86.1 (C-2, 6), 71.8 (C-4, 8), 56.4 (4X CHs),
54.3 (C-1, 5). R CHRIRIEDY, %t 20 A
(H)-TEW G .

A& 21: BEARIRE A (FFED, EI-MS m/z: 360
M]": "H-NMR (600 MHz, DMSO-dg) J: 12.52 (1H, s,
H-4), 9.63 (1H, s, H-2), 9.59 (1H, d, J =2.4 Hz, H-3'),
7.99 (1H, d, J= 1.9 Hz, H-2"), 7.42 (1H, dd, J = 2.0, 8.5
Hz, H-6"), 6.75 (1H, d, J =8.5 Hz, H-5'), 6.71 (1H, s,
H-8), 3.99 (3H, s, H-7), 3.76 (3H, s, H-4"), 3.45 (3H, s,
H-6); *C-NMR (150 MHz, DMSO-dy) 6: 174.8 (C-4),
157.2 (C-7), 151.9 (C-9), 150.3 (C-5), 148.5 (C-4"),
147.8 (C-2), 147.1 (C-3), 132.7 (C-3), 131.8 (C-6),
121.6 (C-6"), 120.6 (C-1', 6'), 117.5 (C-5"), 92.2 (C-8),
111.5 (C-2), 107.7 (C-10), 59.8 (6-OCHs), 56.9
(4-OCHs), 56.4 (7-OCHs). HRHECHRIRED, %5
&Y 21 4 3,5,3"- =72 3-6,7,4'- = FH S L B I

%A%n O AR (FEE), EI-MS m/z: 332
[M]: 'H-NMR (600 MHz, DMSO-d;) J: 7.72 (1H, dd,
J =84, 2.0 Hz, H-6'), 7.68 (1H, dd, J = 2.0, 8.4 Hz,
H-2'), 6.57 (1H, s, H-8), 6.12 (1H, d, J = 8.4 Hz,
H-5"), 5.21 (5H, s, 5XOH), 3.79 (3H, s, -OCH3);
BC-NMR (150 MHz, DMSO-dq) J: 185.4 (C-4), 152.5
(C-8a), 151.7 (C-7), 148.6 (C-5), 147.4 (C-4'), 141.4
(C-3"), 132.4 (C-2), 127.7 (C-1'), 125.4 (C-6), 122.5
(C-3), 117.4 (C-6"), 113.6 (C-5"), 109.2 (C-2'), 105.6
(C-4a), 99.6 (C-8), 54.7 (-OCHz). Hi# kiR iEl,
YA 22 9 3,5,6,7,3- HLFR -4 - AR L W .
4 g

KT EARFR P B HE TR 22 Mb
B, AR N B AR SRS R
BT B 1S B S AT A DI R i . SRS R
BEATILVE, AP KA 45 (] & Bk
PR AN R SRR B PR, (R A TR A K
WIRI T, BT AR Y R R A AR C I S

mg/mL ¥ 2457 . 41118 Pl B 4% 1 /N mT DAFH SR Bt B AS
FA G B 5R 55, X IR 9 ali il . g
WELEEES, KIEW 1. 2. 4. 5. 7~9
ST R BT B 4 (0 8 2 BR 1 DA Sl 2 S AT T 1
HAMEIER, I3k 3] 60%LA . %Y
FALEY 1R 2 IS RROR, 154 5 BRI A
TP A LR FR e S M1, DISRISHE ZFh2k
ISR, 0 8 ZAEY I A0S PR FE 1 A 25

S 3Lk

[1] HEZH [S]. —¥6. 2015.

(2] FERUPEEZAIRAEE. hEREEM (B (M) B B
FH iR AL, 2006.

[3]1 i ‘&, 7 W, BEED. EARFNE RS KRR
MGG [J]. HRZ, 2015, 37(6): 1313-1316.

[4] # M, VOCE. SAREWERSITEL [J]. E%5E
5%, 1997, 19(1): 85-91.

[5] ®UKHEA, R8N, BRI, %5 TARELZERS TR
(1. RER“WIHEFEETT R, 2009, 21(4): 616-618.

(6] %= . LARFERMZAED BTG A0 A i
WL FMEN [D]. A E: WAEFRIREE, 2010.

[7] Bianchini J P, Gaydou E M, Rafaralahitsimba G, et al.
Dammarane derivatives in the fruit lipids of Olea
madagascariensis [J]. Phytochemistry, 1988, 27(7):
2301-2304.

[8] Yan H, Shi H, Cheng G, ef al. Chemical constituents of
the roots of Inula helenium [J]. Chem Nat Compds, 2012,
48(3): 522-524.

[9] Kaur B, Kalsi P S. Stereostructures of inunal and

active

isoalloalantolactone, two biologically

sesquiterpene lactones from Jnula
Phytochemistry, 1985, 24(9): 2007-2010.

[10] Goyal R, Chhabra B R, Kalsi P S. Three oxygenated
alantolides from Inula racemosa [J]. Phytochemistry,
1990, 29(7): 2341-2343.

[11] Cantrell C L, Abate L, Fronczek F R,
Antimycobacterial eudesmanolides from Inula helenium
and Rudbeckia subtomentosa [J]. Planta Med, 1999,
65(4): 351-355.

[12] Marco J A, Carda M. C NMR
eudesmanolides. II. Eudesman-12,8-olides [J]. Mag Res
Chem, 1987, 25(12): 1087-1090.

[13] Blay G, Cardona L, Garcia B, et al. Synthesis of
(+)-isoalantolactone and (+)-isoalloalantolactone from
(-)-santonin [J]. Cheminform, 2010, 23(41): 5265-5272.

[14] SKI%4H, X ok, “EZWE, 5 AHERLE R T
[J]. HBEZY, 2014, 45(2): 175-180.

racemosa [J].

et al.

spectra  of



* 2518

¢ £ % Chinese Traditional and Herbal Drugs

H49% E 118 20184E 6 H

[15]

[16]

[17]

[18]

[19]

[20]

[21]

PREEP, FF/SL, SCRANE, 25, g RE LLE 25 (1 4k 2 ak
SPREFET[I]. R E 224, 2006, 31(6): 477-479.
PN, FOCE, MR, & BREGE 1 N =0
KA [1]. EEZY, 2014, 45(9): 1207-1210.

ERE, K&, ok fE H FERT RS TR
[7]. "FEZY, 2013, 44(6): 665-670.

T, BEs. FERIAERSIR (1] RE,
2005, 36(3): 350-351.

TEE, 2 M, E . I AR L R
Ft [J]. HEZRRE AR, 2001, 32(5): 336-338.
XUFEHE, FALNI, 2R, % BURR P aIEAmi ik
SRAHEIC [J]. HHEZG, 2015, 46(6): 798-802.

AEOE, FRROAR, 20, 2 EAREMEESR S
SE [J]. P ESER ISR, 2017, 23(4): 76-80.

(22]

(23]

(24]

(23]

[26]

EmeAR, BRI, A b AL B BT AT
(1) [J]. #EVEZG#A4E, 1995, 10(1): 1-3.

i, SET, WER, & RN E RN
PURIEPERT U [J]. ZZMERZA4R: BARBHERR, 2004,
40(4): 68-71.

EER, 2 W, R SR ik Bl KRR
WK P T HIRR (1] &SRB, 2011,
37(5): 186-188.

Vanhaecke T, Rogiers V. Hepatocyte cultures in drug
metabolism and toxicological research and testing [J].
Methods Mol Biol, 2006, 320(107): 209-227.

Gutierrez A N D, Sigstad E E, Catdlan C A N, et al.
Guaianolides

from  Kaunia  lasiophthalma  [J].

Phytochemistry, 1990, 29(4): 1219-1225.



