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Sesquiterpenoids from Artemisia integrifolia

WANG Jin-lan, MA Yao-ling, WANG Mei-jiao, Y1 Zhi-cong, LI Jun, ZHAO Ming, ZHANG Shu-jun
Institute of Chemistry and Chemical Engineering, Qiqihar University, Qiqihar 161006, China

Abstract: Objective To study the chemical constituents of Artemisia integrifolia. Methods The chemical constituents were
separated and purified by column chromatographies and HPLC. Their structures were determined by spectroscopic analyses.
Guaiane-type sesquiterpenoids were tested for their anticancer activity against uterine cancer (HeLa) by MTT method. Results Ten
compounds were isolated from A. integrifolia with the structures identified as 3-methoxy-tanapartholide (1), dehydroleucodin (2),
4B-hydroxyguaia-2,10(14),11(13)-trien-12,60-olide (3), 4o-hydroxyguaia-2,10(14),11(13)-trien-12,6a-olide (4), 2p-hydroxyguaia-
3,10(14),11(13)-trien-12,60-olide (5), eartanomalide (6), 5-epi-seco-tanapartholide A (7), seco-tanapartholide B (8), iso-seco-
tanapartholide (9), and 3-epi-iso-seco-tanapartholide (10). Conclusion All compounds are isolated from this plant for the first time.
The results showed that all sesquiterpenoids had potent inhibiting effects on HeLa cells proliferation. The inhibitory effects of
compounds 1, 4, and 7 were the highest (ICs5, < 7.8 pg/mL).

Key words: Artemisia integrifolia Linn.; sesquiterpenoids; HeLa cells; proliferation; 4a-hydroxyguaia-2,10(14),11(13)-trien-12,6a-
olide; 5-epi-seco-tanapartholide A
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Fig. 1 Structure of sesquiterpenoids from A. integrifolia

olide, 3]. 4a-F2 I A A-2,10(14),11(13)- =/ -
12,60- A g [40-hydroxyguaia-2,10(14),11(13)-trien-
12,6a-olide, 4]. 2p-F2FE A AIA-3,10(14),11(13)-=
J#i-12,60- W EE [2B-hydroxyguaia-3,10(14),11(13)-trien-
12,6a-olide , 5]+ artanomalide (6 ). 5-epi-seco-
tanapartholide A (7). seco-tanapartholide B (8). iso-
seco-tanapartholide (9). 3-epi-iso-seco-tanapartholide
(100, 10 MEEWI N E IRHIE T3 2133, ¥
0 2 BRI EG R W HOO NS S HeLa 40356
RN
1 NES5R

X-6 WAE RIEAC (B R AR A R A
F]); f8[E Bruker AV-400 T A%+ Bruker AV-600
MRS (TMS N AR); Water Xevo G2
O-Tof MS i . Waters 2535 WU CHA 1|4 A
A GEEFRRF A D), AUTOPOL V ALjiE A
CREGERAF]D; P& B i (HA
HAZ /A% ): HITACHI L-7100 %1% . HITACHI
L-3350 7~ ZHT A 4% - GL SCIRNCES Inc. Inertsil
PREP-ODS ®250 mm X 10 mm AEAN G iEA:, Hfh
PR N SR L P55 (200~300 HDs
W Z BRI G40 T dhs A LE RN E
Py Bl e, AR Dy a4l

MIE T 2013 4E 6 H 27 HRH B RITEFTFHFE
IR TR, BUR S =BT, &5 RS 3E
HHEHIRLE N Artemisia integrifolia Linn., FrA
(LH-20130627) {RAF- T 5555 M5 IR R E RN I 7 25
2 REESENE

TIEMIE 2.2 kg, B 7.5 L HERVE, =il

3d G, HE 3R, SHFRBE, BERGE
0.5L, 7K 1.2 LiR&E, MKKAHIECK (1.20). B
Mgl (1200 FOETEE (1.20) ZEHC3 K, 430
BIECKE. BAIR OlG. 1F T BEAE BRI E 4 22 10
E R, REIECKAERY) 445 g, BERR LAY
Y499 g IETREAEY) 75.9 go

T BE R 2L B ALY 48.0 g FTRE A (i 4y
B, R C-BERR 2B 5 15 (8.5 L)y 100%0
% Clg (6.3 L), BElR CFR-FEE 8 1 2 (6.4 L) Whllit,
WHE TLC rirds R, B IFAEELA S, 193] 8 Mo
(F1~F8). F2 (0.6 g) FRERAEEE 5B, MKIxH
CUE-BEIR .16 6 & 4(2.7 L) 100%05 R 2.5 (0.3 L)
Ve, fk4E TLC a5, GIFMEA Sy, H357
ANy (F2-1~F2-7). F2-5 (351.0 mg) 7EE0H
HHEE-K (61 4), HRFRE 4.0 mL/min 244~
17 AH HPLC 408, 33IEY 1 (26.1 mg).

F1 (8.7 g HRERFEIESE, KK k-
FEBE 206 6 - 4 (10.50L). 4:6 (20L). 2:8 (3.5
L). 100%E48: 2.1 (1.0 L) e, &5 TLC 4047
SR, MRS, 1527 A5 (F1-1~F1-7),
F1-3 (3.3 g) FRERAEGRE B, KK O hi-BSiR
ZHE7:3 (39L). 2:8 (1.0 L). 100%E5H: 2.1
(LOL) Pelt, fkHls TLC pras s, S IFMEA S,
55 5 AN ERSy (F1-3-1~F1-3-5), F1-3-3 (380.0 mg)
FEREE-/K (61 4), AFIAE 4.0 mL/min 261 T i
17 AH HPLC 775, REIAEY 2 (8.6 mg). Fl1-4
(1.3 g) HEERMEES &, KR Cle-BiRE 2B
8:2 (1.OL). 5:5 (23L). BER LM 100% (1.0
L) Pefii, W& TLC o #rgs R, A IR,
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T35 5 A% (F1-4-1~F1-4-5), F1-4-3 (627.0
mg) FESBNAH N I BE-/K 8 & 2, AR & 4.0 mL/min
%A F#EAT )Ml HPLC 7085, 8% 4 NEs o
(F1-4-3-1~F1-4-3-4), F1-4-3-3 (70.3 mg) fEifish
FHAHEE-K 75 0 25, ARFALER 4.0 mL/min 67F T
AT A HPLC 43 55, 1931 3 M4 (F1-4-3-3-1~
F1-4-3-3-3), F1-4-3-2 (58.0 mg) {EVRBNAH Jy FH FE-
K 505, EBFE 4.0 mL/min 24 KT SOAH
HPLC 43 &, B2AY 3 (5.0 mg) 14 (4.1 mg).
F1-4-3-1 (300.3 mg) 7EREE-/K 505, EBULE 4.0
mL/min 254 R 347 AH HPLC 255, 52L& 5
(14.0 mg). 6 (2.6 mg).

F3 (5.2 g) FIRERHE S8, R Sbe-
BEER 206 5 - 5(3.70L).2:8(3.50L).2:8(3.5L),
100%MEE R B (1.2 L) ¥efli, k¥ TLC 7 Hrgs R,
HIAHFIA Sy, 155] 5 N5 (F3-1~F3-5). F3-3
(0.5 g) HEERAE A&, KR k- B
218 (1.5L). BEMR LR 100% (1.5L) ¥efi, #HE
TLC iR, &HMEH S, B2 5 Ny
(F3-3-1~F3-3-5), F3-3-2 (371.0 mg) fEWzNH N
HEE-/K 8 1 2, MRFIME 4.0 mL/min 2514 F T
FHPLC 73 &, 132 4 N4> (F3-3-2-1~F3-3-2-4).
F3-3-2-1 (190.0 mg) fEJBIAH N HEE-/K 45 © 55,
PRAE 4.0 mL/min 26F T 3847 ) 4 HPLC 4 &5,
BEULEY T (33.1 mg) 18 (15.0mg).

F4 (1.2 g) HEERMAEGIE S, KK kk-
FEER ZFE 4 26 (1.0 L), 2:8 (1.0 L). BE&E2 4
100% (1.2 L) ¥efii, 1&K#E TLC g5 ®, &IFAH
[F4H 5y, 155 5 NS> (F4-1~F4-5), F4-4 (4327
mg) fEFENA A EE-/K 2 ¢ 8, /AR & 4.0 mL/min
%M F T A HPLC 40, B3EMbEY 9 (7.5
mg). 10 (40.3 mg).

3 LT

AW 1: LEARRY . ESI-MS m/z: 292 [M];
'H-NMR (600 MHz, CDCl3) é: 6.36 (1H, d, J = 2.4
Hz, H-13a), 5.67 (1H, d, J= 2.4 Hz, H-13b), 4.97 (1H,
d, J=4.8 Hz, H-6), 4.31 (1H, d, J = 4.8 Hz, H-3), 3.42
(3H, s, 3-OCH3), 3.07 (1H, m, H-7), 2.70 (1H, dd, J =
18.0, 6.0 Hz, H-2a), 2.60 (2H, m, H-9), 2.33 (1H, brd,
J = 18.0 Hz, H-2b), 2.15 (3H, s, H-14), 2.13 (3H, s,
H-15), 1.96 (1H, m, H-8a), 1.88 (1H, m, H-8b);
BC-NMR (150 MHz, CDCls) d: 207.3 (C-10), 202.6
(C-1), 171.2 (C-5), 170.0 (C-12), 138.7 (C-4), 138.1

(C-11), 123.1 (C-13), 80.0 (C-3), 76.0 (C-6), 57.6
(3-OCHs3), 43.3 (C-7), 40.7 (C-2), 39.4 (C-9), 30.0
(C-14), 27.5 (C-8), 14.4 (C-15). LA ¥ ¥s 5 SCik i iE
A —-HY, WEELEW 1 AN 3-methoxy-
tanapartholide.

& 2. LIRS & (TR, mp 204~205
‘C. ESI-MS m/z: 245 [M+H]"; 'H-NMR (600 MHz,
CDCly) 6: 6.18 (1H, d, J = 3.3 Hz, H-13a), 6.17 (1H,
brs, H-3), 5.45 (1H, d, J = 3.3 Hz, H-13b), 3.61 (1H,
brt, J = 10.2 Hz, H-6), 3.50 (1H, brd, J = 10.2 Hz,
H-5), 2.87 (1H, m, H-7), 2.48 (1H, m, H-9a), 2.44
(3H, s, H-14), 2.38 (1H, m, H-9b), 2.33 (3H, s, H-15),
2.21 (1H, m, H-8a), 1.43 (1H, m, H-8b); “C-NMR
(150 MHz, CDCls) &: 195.8 (C-2), 169.5 (C-12), 169.2
(C-4), 151.9 (C-10), 138.6 (C-11), 135.7 (C-3), 132.0
(C-1), 118.9 (C-13), 84.4 (C-6), 53.1 (C-5), 52.9
(C-7), 37.3 (C-9), 24.4 (C-8), 21.8 (C-14), 19.8
(C-15). LA i 5 3cikipoE A — 501, e i
&%) 2 A dehydroleucodin.

& 3: TEEIRYI . ESI-MS m/z: 246 [M]';
'H-NMR (600 MHz, CDCl;) 6: 6.27 (1H, d, J = 3.6
Hz, H-13a), 5.92 (1H, dd, J = 5.4, 1.2 Hz, H-3), 5.75
(1H, dd, J= 5.4, 2.4 Hz, H-2), 5.54 (1H, d, J = 3.6 Hz,
H-13b), 4.98 (1H, brs, H-14a), 4.81 (1H, brs, H-14b),
4.42 (1H, dd, J = 10.8, 9.0 Hz, H-6), 3.36 (1H, d, J =
9.0 Hz, H-1), 2.93 (1H, m, H-7), 2.67 (1H, m, H-9a),
2.40 (1H, t, J = 19.8 Hz, H-5), 2.27 (1H, m, H-8a),
2.07 (1H, m, H-9b), 1.55 (3H, s, H-15), 1.45 (1H, m,
H-8b): "*C-NMR (150 MHz, CDCls) 6: 170.2 (C-12),
148.8 (C-10), 139.2 (C-3), 139.1 (C-11), 138.6 (C-2),
120.7 (C-13), 114.5 (C-14), 83.2 (C-6), 82.6 (C-4),
543 (C-5), 52.4 (C-1), 452 (C-7), 38.3 (C-9), 31.8
(C-8), 28.5 (C-15). LA LH¥s 5 30k F A —
F, MBS 3 J9 AB-FR R BIR-2,10(14),11
(13)-=4#%5-12,60-PI il »

WEY 4: TEEIRY) . ESI-MS m/z: 246 [M]';
'H-NMR (600 MHz, CDCL3) 6: 6.29 (1H, d, J = 3.6
Hz, H-13a), 5.86 (1H, dd, J = 6.0, 2.4 Hz, H-3), 5.64
(1H, dd, J = 6.0, 2.4 Hz, H-2), 5.57 (1H, d, J = 3.6 Hz,
H-13b), 4.91 (1H, brs, H-14a), 4.72 (1H, brs, H-14b),
4.16 (1H, dd, J = 10.8, 8.4 Hz, H-6), 3.55 (1H, d, J =
10.8 Hz, H-1), 2.88 (1H, m, H-7), 2.66 (1H, m, H-9a),
2.66 (1H, brd, J = 10.8 Hz, H-5), 2.29 (1H, m, H-8a),
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2.10 (1H, m, H-9b), 1.44 (1H, m, H-8b), 1.40 (3H, s,
H-15); "C-NMR (150 MHz, CDCl;) 6: 170.1 (C-12),
147.0 (C-10), 139.2 (C-3), 139.1 (C-11), 138.9 (C-2),
121.2 (C-13), 113.7 (C-14), 83.9 (C-6), 83.8 (C-4),
56.6 (C-5), 52.4 (C-1), 44.9 (C-7), 31.9 (C-8), 38.4
(C-9), 26.1 (C-15). L E%¥a 5 SCmk4kiE A —
O, WEELEY 4 8 40-FIERAIAR-2,10(14),
11(13)-=)%-12,60- N Eig .

&Y 5: LERIRY) . ESI-MS m/z: 246 [M]';
'H-NMR (600 MHz, CDCl3) é: 6.23 (1H, d, J = 3.6
Hz, H-13a), 5.70 (1H, d, J= 1.8 Hz, H-3), 5.51 (1H, d,
J = 3.6 Hz, H-13b), 4.92 (1H, brs, H-14a), 4.84 (1H,
brs, H-14b), 4.78 (1H, d, J = 1.8 Hz, H-2), 4.02 (1H, t,
J =10.2 Hz, H-6), 3.06 (1H, brt, J = 18.6 Hz, H-1),
2.91 (1H, dd, J = 7.8, 3.6 Hz, H-5), 2.85 (1H, m, H-7),
2.47 (1H, m, H-9a), 2.10 (1H, m, H-9b), 2.23 (1H, m,
H-8a), 1.93 (3H, d, J = 1.2 Hz, H-15), 1.48 (1H, m,
H-8b); "C-NMR (150 MHz, CDCl;) d: 169.0 (C-12),
147.3 (C-10), 145.4 (C-4), 140.3 (C-11), 130.4 (C-3),
118.9 (C-13), 113.6 (C-14), 84.1 (C-6), 79.7 (C-2),
57.9 (C-1), 55.0 (C-5), 44.8 (C-7), 34.9 (C-9), 30.6
(C-8), 17.1 (C-15). LA L %uds 5 Sk o 2 A —
OV, W e AL S 5 o 2B R A AR-3,10(14),11
(13)-=J7-12,60- M i

WEY 6: kAR CFEL . ESI-MS m/z: 279
[M-+H]"; [a]h —8.0° (¢ 0.13, MeOH). 'H-NMR (600
MHz, CDCl;) §: 6.21 (1H, d, J = 3.0 Hz, H-13a), 6.06
(1H, d, J = 1.2 Hz, H-3), 5.24 (1H, d, J = 3.0 Hz,
H-13b), 4.41 (1H, d, J = 10.2 Hz, H-6), 3.41 (1H, m,
H-7), 2.65 (1H, s, H-1), 2.29 3H, d, J = 1.2 Hz,
H-15), 1.96 (2H, m, H-9), 1.87 (2H, m, H-8), 1.60
(3H, s, H-14); "*C-NMR (150 MHz, CDCl;) 6: 203.8
(C-2), 177.8 (C-4), 169.5 (C-12), 139.1 (C-11), 131.8
(C-3), 120.1 (C-13), 86.0 (C-6), 82.4 (C-5), 71.6
(C-10), 68.0 (C-1), 41.0 (C-7), 38.6 (C-9), 32.7
(C-14),22.5 (C-8), 16.2 (C-15). A L d 5 SR HRiE
Bk —3l0, % g 5% 6 9 artanomalide C.

& 7: TLEEARY). ESI-MS m/z: 279 [M+
H]": 'H-NMR (600 MHz, CDCls) &: 7.50 (1H, d, J =
5.4 Hz, H-3), 6.29 (1H, d, J = 3.0 Hz, H-13a), 6.12
(1H, d, J = 5.4 Hz, H-2), 5.64 (1H, d, J = 3.0 Hz,
H-13b), 4.58 (1H, m, H-6), 3.69 (1H, m, H-7), 2.57
(2H, m, H-9), 2.55 (1H, m, H-5), 2.17 (3H, s, H-14),

1.94 (2H, m, H-8), 1.53 (3H, s, H-15); "*C-NMR (150
MHz, CDCLy) &: 207.3 (C-10), 204.9 (C-1), 169.2
(C-12), 167.2 (C-3), 137.8 (C-11), 133.3 (C-2), 122.8
(C-13), 79.8 (C-6), 77.4 (C-4), 56.7 (C-5), 39.8 (C-7),
39.5 (C-9), 30.1 (C-14), 27.2 (C-15), 26.1 (C-8). LA L
i 5 ScidoE A g, M e s 1 oA
S-epi-seco-tanapartholide A,

&) 8: LAY . ESI-MS m/z: 279 [M+
H]": 'H-NMR (600 MHz, CDCls) 6: 7.47 (1H, d, J =
5.4 Hz, H-3), 6.35 (1H, d, J = 3.0 Hz, H-13a), 6.12
(1H, d, J = 5.4 Hz, H-2), 5.76 (1H, d, J = 3.0 Hz,
H-13b), 4.57 (1H, m, H-6), 3.54 (1H, m, H-7), 2.57
(2H, m, H-9), 2.32 (1H, m, H-5), 2.19 (3H, s, H-14),
1.89 (2H, m, H-8), 1.60 (3H, s, H-15); '*C-NMR (150
MHz, CDCly) &: 207.7 (C-10), 204.7 (C-1), 169.5
(C-12), 165.7 (C-3), 137.8 (C-11), 133.1 (C-2), 122.4
(C-13), 80.6 (C-6), 78.1 (C-4), 58.2 (C-5), 40.9 (C-7),
39.5 (C-9), 30.0 (C-14), 28.9 (C-15), 28.4 (C-8). Ak
HE 5 ckE R A -, WA 8 A
seco-tanapartholide B.

EY 9: LEERY). ESI-MS m/z: 301 [M+
Na]": [a]3 +2.0° (¢ 0.13, CHCl;); 'H-NMR (600
MHz, CDCly) 6: 6.34 (1H, d, J = 3.0 Hz, H-13a), 5.65
(1H, d, J = 3.0 Hz, H-13b), 4.93 (1H, d, J = 4.8 Hz,
H-6), 4.73 (1H, d, J = 4.8 Hz, H-3), 3.14 (1H, m, H-7),
2.78 (1H, dd, J = 18.6, 6.0 Hz, H-2a), 2.55 (2H, m,
H-9), 2.32 (1H, d, J = 18.6 Hz, H-2b), 2.18 (3H, s,
H-15), 2.14 (3H, s, H-14), 1.97 (1H, m, H-8a), 1.85
(1H, m, H-8b); "*C-NMR (150 MHz, CDCl) 8: 207.7
(C-10), 203.2 (C-1), 172.9 (C-4), 169.9 (C-12), 138.2
(C-5), 137.6 (C-11), 122.8 (C-13), 76.3 (C-6), 71.6
(C-3), 44.3 (C-2), 42.7 (C-7), 39.6 (C-9), 29.9 (C-14),
27.5 (C-8), 14.1 (C-15). LA E0d 5 SCRk ARG FE A —
U, L EAY 9 N iso-seco-tanapartholide.

AP 10: LEEIRYI. ESI-MS m/z: 279 [M+
H]"; [a]3 —7.0° (¢ 0.25, CHCL); "H-NMR (600 MHz,
CDCl3) 6: 6.33 (1H, d, J = 2.4 Hz, H-13a), 5.66 (1H,
d, J = 2.4 Hz, H-13b), 4.95 (1H, d, J = 4.8 Hz, H-6),
470 (1H, d, J = 4.8 Hz, H-3), 3.08 (1H, m, H-7), 2.80
(1H, dd, J = 18.6, 6.0 Hz, H-2a), 2.55 (2H, m, H-9),
2.32 (1H, d, J = 18.6 Hz, H-2b), 2.17 (3H, s, H-15),
2.14 (3H, s, H-14), 1.94 (1H, m, H-8a), 1.86 (1H, m,
H-8b); "“C-NMR (150 MHz, CDCl5) d: 207.7 (C-10),
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203.1 (C-1), 172.9 (C-4), 170.0 (C-12), 1382 (C-5),
137.7 (C-11), 122.9 (C-13), 76.0 (C-6), 71.6 (C-3),
443 (C-2), 42.9 (C-7), 39.5 (C-9), 30.0 (C-14), 27.3
(C-8), 14.1 (C-15). M4l LA - Hdhixd RSk,
W B/IAY) 10 N 3-epi-iso-seco-tanapartholide .
4 RIMBRETEMS

MG E 7, IAIE TS 10 MEEak i E

g TRk, Hhiay 1. 7-10 BT
L10- @ BRI . 9D 2 D RISV Y
WTE, K MTT 3%, 20 A E A4 HeLa 4R 1A
HMERT 48+ 72 h ISEFE IR CREAL il
SEG 3 U0, AR NE 1.
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Table 1 Anti-Hela activity of sesquiterpenoids from A. integrifolia

leo/(ug’mL’l)

leo/(ug’mL’l)

aEm aEm
48 h 72h 48 h 72h
1 <7.8 <78 6 24.7 18.9
2 26.8 16.2 7 <7.8 <78
3 23.8 18.1 8 49.8 15.0
4 <7.8 <78 9 26.5 <7.38
5 504 50.2 10 20.7 13.1

1,10-24 7 ) A 5 ) 15 347 38 A ) A Jo R 65 2 il e
W2, Hah S 1. 4. 7 RINEYERGR, EAD
YEFIT HeLa 401 48, 72 h (MR (ICs0)
EHHARTE 7.8 pg/mL LA, (HILEBENHAEM3I 54,75
8 PRI 45 M A E L 22 ) AT S, 15-A0 ) RS B-FY B4 -
FIRGTEME R SR, EBL A 15 9. 10 IS5 RN
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