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Chemical constituents from roots of Eupatorium chinense
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Hubei Key Laboratory of Natural Products Research and Development, College of Biological and Pharmaceutical Sciences, Three
Gorges University, Yichang 443002, China

Abstract: Objective To study chemical constituents of the roots of Eupatorium chinense. Methods The chemical constituents were
separated and purified by the normal phase silica gel column chromatography, preparative thin-layer chromatography, and preparative
HPLC. Their structures were determined by various spectral data. Results Nineteen compounds were isolated from the acetic ether
extract of E. chinense and the structures were identified as euparin (1), 1-[2-(1-acetoxymethyl-vinyl)-6-hydroxy-benzofuran-5-yl]-
ethanone (2), 6-hydroxy-3p-methoxytrematone (3), euparone (4), 8-methoxy-9-hydroxythymol (5), dehydroespeleton (6),
8-methoxy-9-hydroxythymol 3-O-angelate (7), 9-hydroxythymol (8), 4-hydroxy cinnamic acid methyl ester (9), p-hydroxy
benzaldehyde (10), 8,9-dehydro-10-hydroxythymol (11), diisobutyl phthalate (12), dibutyl phthalate (13), p-coumaric acid (14),
dihydrocoumarin (15), methylcaffeate (16), 2,5-dimethylphenol (17), 1H-indazole (18), and (Z)-3-(hydroxymethyl)-7-methylocta-
2,6-dienly1 acetate (19). Conclusion The chemical constituents are investigated and identified from the roots of E. chinense for the
first time. Among them, compounds 2, 3, 5—11 are isolated from E. chinense for the first time, and compounds 6, 9, 12, 14—19 are
isolated from the genus of Eupatorium for the first time. Compounds 1—4 are benzofurans, which are the characteristic constituents in
Eupatorium genus.
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( p-hydroxy benzaldehyde , 10 ) 8,9-dehydro-
10-hydroxythymol (11). AEK —H R — 7 T 35
(diisobutyl phthalate, 12). 4B2K —H R —1E T I
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Eupatorium chinense L.. TEYIFrA (2002ZW07408)
PURAE T =W K 22 R AR =it 5 0 AL 4 e
2 ERESE

EFEEIRR (8.11 k), THEERHE, R
R, H 95%. 0% 30 L 3= 48 h, BiEHEEL. Pk
ARG I QR EI7 T 7K (4L W, RJEHK
WHA M (4 1), BER B8 (4 L) FIETEE (4 1)
FEH 4 U B A T IRV A A0 LAAS 21 T kI (88
@), AT RS IR B i IE AR R i 43 B8
A - (100 & 1—1 1) ¥ehi, B35 1 4
45y (Fr.1~11). Fr. 3 (3 g) %4 TLC #l44ift (=
A BE-HEE 15 0 DS EMEEY 1(16 mg)2(6 mg)
13 (15 mg). Fr. 6 (9 g) KRG IEMAEER A
W CHMEE-TIER 5 0 1) K&l 47 HPLC (52%Z M%)
aitk, B{2HEY 4 (4mg). 5 (3mg). Fr.5 (14
g) KR IEARER AR (3 (=& be-HEE 16
1) K%M HPLC (58%Z M%) 4lith, B2EY
8 (4mg). 11 (3.5 mg). 16 (4.5mg). 17 (13 mg).
18 (9 mg). Fr. 4 (3 g) &Hill& % HPLC (48%ZJE)
aifk, #2EEY 6 (5mg). 9 (3mg). Fr.7 (13
g) MIRGHL &R O (AP R-FRE 14D
J il &8 HPLC (55% M%) 4litk, 13214E4 10
(3.5mg). 7 (4mg). 12 (5mg). 13 (6 mg). 14
(4mg). 15 (6 mg). 19 (4.5 mg).

3 HMETE

a1 WEOLERM AR, ELMS m/z
216.08 [M]", C13H1,0;5. 'H-NMR (400 MHz, CDCL)
5:2.05 (3H, s, H-12), 2.61 (3H, s, H-14), 5.15 (1H, s,
H-11b), 5.71 (1H, s, H-11a), 6.46 (1H, s, H-7), 6.90
(1H, s, H-3), 7.80 (H, s, H-4), 12.49 (1H, s, 6-OH);
BC-NMR (100 MHz, CDCL) 6: 19.0 (C-12), 26.6
(C-14), 99.2 (C-3), 102.3 (C-7), 113.5 (C-11), 116.6
(C-9), 121.7 (C-5), 123.4 (C-4), 132.0 (C-10), 157.7
(C-2), 159.4 (C-6), 161.4 (C-8), 203.8 (C-13). LA L%k
a5 scmkikiE—8, Stk A1 NEER.

&M 2: TEARY), EI-MS m/z: 274.08 [M],
CsH1405. 'H-NMR (400 MHz, CDCl;) 8: 13.02 (1H,
s, 6-OH), 7.75 (1H, s, H-4), 6.44 (1H, s, H-7), 5.08
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(1H, d, J = 1.8 Hz, H-14), 5.05 (1H, d, J = 0.6 Hz,
H-14), 494 (1H, s, H-3), 4.70 (1H, d, J = 2.3 Hz,
H-2), 3.41 (3H, s, -OMe), 2.57 (3H, s, H-11), 1.71
(3H, s, H-13); C-NMR (100 MHz, CDCls) 6: 203.7
(C-13), 170.6 (C-I'), 158.8 (C-5), 158.4 (C-2), 147.7
(C-8), 136.5 (C-9), 132.3 (C-6), 118.8 (C-11), 116.9
(C-10), 111.9 (C-7), 108.0 (C-4), 103.4 (C-3), 63.7
(C-12), 26.8 (C-14), 20.9 (C-2"). LA L#¥E 5 Rk
", %EEY 2 N 1-[2-(1-acetoxymethyl-
vinyl)-6-hydroxy-benzofuran-5-yl]-ethanone.

&4 3: T HPIRYD , EI-MS m/z: 248.10 [M],
CisH1604. "H-NMR (400 MHz, CDCl;) 6: 1.71 (3H, s,
H-13), 2.57 (3H, s, H-11), 3.41 (3H, s, -OMe), 4.70
(1H, d, J = 2.3 Hz, H-2), 4.94 (1H, s, H-3), 5.05 (1H,
d, J = 0.6 Hz, H-14), 5.08 (1H, d, J = 1.8 Hz, H-14),
6.44 (1H, s, H-7), 7.75 (1H, s, H-4), 13.02 (1H, s,
6-OH); "*C-NMR (100 MHz, CDCLy) 6: 18.1 (C-13),
26.9 (C-11), 56.0 (OMe), 83.8 (C-3), 92.8 (C-2), 99.2
(C-7), 113.8 (C-14), 115.0 (C-5), 118.4 (C-9), 129.9
(C-4), 141.7 (C-12), 167.1 (C-8), 167.7 (C-6), 203.0
(C-10). LA_F%d 5 cikapiE — 5", %ethsd 3
A 6-hydroxy-3B-methoxytrematone .

&Y 4. BEETEEK AR, EI-MS m/z: 218.06
[M]", Ci2H¢04. "H-NMR (400 MHz, CDCls) J: 2.58
(3H, s, H-13), 2.72 (3H, s, H-11), 7.08 (1H, s, H-7),
745 (1H, s, H-3), 8.16 (1H, s, H-4), 12.54 (1H, s,
6-OH); "“C-NMR (100 MHz, CDCls) d: 26.6 (C-13),
27.0 (C-11), 100.5 (C-7), 113.3 (C-3), 118.5 (C-5),
119.9 (C-9), 127.1 (C-4), 153.8 (C-2), 160.1 (C-6),
163.5 (C-8), 188.1 (C-12), 204.2 (C-10). YA ¥k S
SCiRARIE 3, %AW 4 4 euparone.

b &Y 5: TEMARY), EI-MS m/z: 196.11 [M]',
C11H605. 'H-NMR (400 MHz, CDCl;) 6: 1.71 (3H, s,
H-10), 2.33 (3H, s, H-7), 3.33 (1H, s, 8-OMe), 3.61
(1H, d, J = 11.5 Hz, H-9a), 3.90 (1H, d, J = 11.5 Hz,
H-9b), 6.72 (1H, d, J= 1.7 Hz, H-2), 6.74 (1H, dd, J =
8.0, 1.7 Hz, H-6), 6.99 (I1H, d, J = 7.9 Hz, H-5);
BC-NMR (100 MHz, CDCl;) &: 19.3 (C-10), 21.0
(C-7), 50.8 (OCHj3), 68.8 (C-9), 87.0 (C-8), 117.8
(C-2), 120.9 (C-6), 121.2 (C-4), 127.9 (C-5), 140.2
(C-1), 156.1 (C-3). PA_E¥¥s 5 scwikapig —s", %
EWAEW) 5 N 8-methoxy-9-hydroxythymol .

&M 6: HETCEEMAK, EI-MS m/z: 232.11

M]", Ci4sH1605. 'H-NMR (400 MHz, CDCl) 8: 2.03
(3H, s, H-11), 2.29 (3H, s, H-10), 2.62 (3H, s, H-2'),
3.98 (3H, s, 2-OCHj3), 6.63 (1H, s, H-8), 7.06 (1H, d,
J=8.7Hz, H-3), 8.12 (1H, dd, J = 8.7, 2.5 Hz, H-4),
8.19 (1H, d, J = 2.5 Hz, H-6); “C-NMR (100 MHz,
CDCl3) d: 21.5 (C-2'), 26.5 (C-11), 28.2 (C-10), 56.1
(OCH3), 111.4 (C-8), 124.9 (C-3), 130.1 (C-5), 130.7
(C-2), 1312 (C-6), 132.7 (C-4), 156.8 (C-1), 161.2
(C-9), 192.0 (C-1'), 196.6 (C-7). LA b#¥E 5 Rk
E—, %E A 6 9 dehydroespeleton.

A& 7 TR Y), EI-MS m/z: 278.15 [M],
C16H204. 'H-NMR (400 MHz, CDCl;) 6: 1.60 (3H, s,
H-10), 2.05 (3H, dq, J = 1.2, 1.0 Hz, H-5"), 2.08 (3H,
dg, J=17.3, 1.2 Hz, H-4'), 2.35 (3H, s, H-7), 3.13 (3H,
s, 8-OMe), 3.60~3.86 (3H, m, H-9), 6.27 (1H, qq, J =
7.2, 1.0 Hz, H-3"), 6.86 (1H, brs, H-2), 7.06 (1H, brs,
H-6), 7.32 (1H, d, J = 8.1 Hz, H-5); "*C-NMR (100
MHz, CDCl;) 6: 20.3 (C-5"), 20.8 (C-10), 20.8 (C-7),
51.0 (OCH3), 69.2 (C-9), 79.4 (C-8), 125.2 (C-2),
127.0 (C-6), 127.2 (C-2'), 129.0 (C-5), 139.2 (C-1),
141.3 (C-3"), 148.0 (C-3), 166.4 (C-1"). LL_E#¥5 5
mhiE — &, %A 7 N 8-methoxy-9-
hydroxythymol 3-O-angelate.

&% 8: TR, EI-MS m/z: 166.10 [M],
C10H140,. "H-NMR (400 MHz, CDCl;) 6: 1.17 (3H, d,
J=1.2 Hz, H-10), 2.15 (3H, s, H-7), 3.16 (1H, dd, J =
3.6, 13.1 Hz, H-8), 3.44 (1H, dd, J = 7.3, 9.8 Hz,
H-9a), 3.65 (1H, dd, J = 3.6, 9.8 Hz, H-9a), 6.51 (1H,
brs, H-2), 6.53 (1H, brd, J = 8.2 Hz, H-6), 6.89 (1H, d,
J=17.5Hz, H-5); *C-NMR (100 MHz, CDCl;) &: 17.1
(C-10), 21.1 (C-7), 36.6 (C-8), 68.1 (C-9), 116.8
(C-2), 121.3 (C-6), 128.3 (C-5), 128.6 (C-4), 137.8
(C-1), 156.0 (C-3). LA ¥ 5 Scihdhon — 5, %
TEHAY) 8 N 9-hydroxythymol .

th&¥ 9: AR, EI-MS m/z: 118.05 [M]',
C;HgN,. 'H-NMR (400 MHz, CDCL) ¢: 3.72 (3H, s,
9-OCHs), 7.58 (1H, d, J = 15.6 Hz, H-7), 6.27 (1H, d,
J=15.6 Hz, H-8), 6.75 (1H, dd, J = 8.4, 2.4 Hz, H-3,
5), 7.41 (1H, dd, J = 8.4, 2.4 Hz, H-2, 6); *C-NMR
(100 MHz, CDCl3) d: 52.0 (OCH3), 114.3 (C-8), 117.2
(C-3, 5), 1265 (C-1), 131.2 (C-2, 6), 146.8 (C-7), 162.5
(C-4), 169.9 (C-9). VI F¥diE ks —s", %
EAEY) 9 N 4-hydroxycinnamic acid methyl ester.
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A 10: TEEHARY), EI-MS m/z: 122.04
[M]", C;H¢O,. 'H-NMR (400 MHz, CDCl;) &: 6.85
(2H, d, J = 8.4 Hz, H-3, 5), 7.75 (2H, d, J = 8.4 Hz,
H-2, 6), 9.70 (1H, s, -CHO); "*C-NMR (100 MHz,
CDCl;) 6: 118.0 (C-3, 5), 128.5 (C-1), 133.7 (C-2,
6), 169.1 (C-4), 192.5 (CHO). LA L% 5 SCik i
W8, KA 10 X RIS R

tEY 11: BEMRY, EI-MS m/z: 166.10
[M]", C1oH40,. 'H-NMR (400 MHz, CDCL3) d: 2.21
(3H, s, H-7), 4.32 (2H, brs, H-10), 5.13 (1H, d, J=2.1
Hz, H-9), 5.32 (1H, d, J = 2.1 Hz, H-9), 6.57 (1H, brs,
H-2), 6.59 (1H, brd, J = 8.2 Hz, H-6), 6.97 (1H, d, J =
8.2 Hz, H-5); "*C-NMR (100 MHz, CDCl;) d: 21.1
(C-7), 65.9 (C-9), 114.5 (C-10), 117.3 (C-2), 121.2
(C-6), 125.9 (C-4), 130.8 (C-5), 139.9 (C-1), 149.3
(C-8), 155.4 (C-3). LA ¥ 5 capiroE —s", %
ENAEY) 11 4 8,9-dehydro-10-hydroxythymol.

A 12: BEMHRY, EI-MS m/z: 278.15
M]", CigH2»04. 'H-NMR (400 MHz, MeOD) J: 0.88
(6H, d, J = 6.6 Hz, H-4', 5"), 2.52 (1H, m, H-3"), 3.97
(2H, d, J = 6.9 Hz, H-2"), 7.66 (2H, m, H-4, 5), 7.70
(2H, m, H-3, 6); "C-NMR (100 MHz, MeOD) 4: 19.1
(C-4', 5"), 27.6 (C-3"), 71.9 (C-2"), 129.1 (C-4, 5),
131.9 (C-3, 6), 132.2 (C-1, 2), 168.0 (COO-). Ll F%k
o5 cmkiE — 2, SRt A 12 NARE
e — 5 T B

&Y 13: LEMPIRY), EL-MS m/z: 278.15
[M]", Ci6H204. 'H-NMR (400 MHz, MeOD) J: 0.86
(6H, t, J = 7.6 Hz, H-5", 5"), 1.32 (4H, m, H-4', 4"),
1.62 (4H, dq, J = 6.5, 12.6 Hz H-3', 3"), 3.50 (4H, t,
J =63 Hz, H-2", 2"), 7.63 (2H, dd, J = 5.4, 3.3 Hz,
H-4, 5), 7.71 (2H, dd, J = 5.4, 3.3 Hz, H-3, 6);
C-NMR (100 MHz, MeOD) &: 13.8 (C-5', 5), 19.0
(C-4', 4"), 30.3 (C-3', 3"), 65.8 (C-2', 2"), 129.1 (C-4,
5), 131.9 (C-3, 6), 132.2 (C-1, 2), 168.0 (COO-). VL L
Mol 5 scmioE — 5", SR a 13 AR
R —1E T Eg.

th&Y 14: AEF A, EI-MS m/z: 164.05 [M]',
CoHs03. 'H-NMR (400 MHz, DMSO-dq) d: 6.28 (1H,
d, J =15 Hz, H-0), 6.78 (2H, d, J = 8.0 Hz, H-3, 5),
7.48 (2H, d, J = 8.0 Hz, H-2, 6), 7.50 (1H, d, J = 15.0
Hz, H-B); ""C-NMR (100 MHz, DMSO-d;) J: 116.1
(C-a), 116.9 (C-2, 6), 126.3 (C-1), 131.2 (C-3, 5),

145.6 (C-P), 160.3 (C-4), 169.9 (COOH). LA - ¥i¥E 5
SCERARE B, S A 14 AN .

&Y 15: AERA, EI-MS m/z: 148.05 [M],
CoHs0,. 'H-NMR (400 MHz, DMSO-dq) 6: 2.57~
3.34 (4H, m, H-3, 4), 6.76~7.11 (4H, m, H-5~8);
BC-NMR (100 MHz, DMSO-ds) & 25.9 (C-4), 34.7
(C-3), 114.9 (C-8), 119.2 (C-6), 126.9 (C-10), 127.4
(C-5), 129.7 (C-7), 155.0 (C-9), 177.1 (C-2). LA_L-%
S5 ekl %, S$EEw 15 A
dihydrocoumarin.

A 16: TEWARY), EI-MS m/z: 194.06
[M]", CioH10Os. 'H-NMR (400 MHz, DMSO-dj)
7.46 (1H, d, J = 15.6 Hz, H-7), 7.04 (1H, d, J = 2.0
Hz, H-2), 6.98 (1H, dd, J = 2.0, 8.0 Hz, H-6), 6.78
(1H, d, J = 8.0 Hz, H-5), 6.28 (1H, d, J = 15.5 Hz,
H-8), 3.66 (3H, s, OCH;); "“C-NMR (100 MHz,
DMSO-dg) 6: 52.0 (OCH3), 114.2 (C-8), 114.7 (C-2),
116.3 (C-5), 122.4 (C-6), 126.0 (C-1), 145.7 (C-7),
146.4 (C-3), 148.6 (C-4), 168.3 (C-9). VL E#¥E 5T
mkIRIE — 2P, %A 16 9 methylcaffeate .

&Y 17 LEMIRY, EI-MS m/z: 122.07
[M]", CsH;0O. 'H-NMR (400 MHz, MeOD) &: 2.26
(3H, s, 2-CH3), 3.34 (3H, s, 5-CH3), 4.7 (1H, s, 1-OH),
6.62, 6.92 (2H, d, J = 7.2 Hz, H-3, 4), 6.99 (1H, s,
H-6); "*C-NMR (100 MHz, MeOD) 6: 16.5 (2-CH3),
19.7 (5-CHs), 116.0 (C-6), 119.9 (C-2), 125.0 (C-4),
127.6 (C-3), 137.3 (C-5), 154.7 (C-1). LA %35 5
WA B — @, %St am 17 N 25
dimethylphenol.

&P 18: TLEMRY), EI-MS m/z: 118.05
[M]", C;H¢N,. 'H-NMR (400 MHz, CDCl3) &: 7.13
(1H, m, H-6), 7.13 (1H, m, H-7), 7.38 (1H, d, J = 7.3
Hz, H-8), 7.88 (1H, s, H-5), 8.01~8.04 (1H, m, H-3);
BC-NMR (100 MHz, CDCl3) d: 112.8 (C-8), 122.1
(C-6), 122.3 (C-5), 123.5 (C-4), 127.6 (C-7), 133.3
(C-3), 138.2 (C-9). L ¥ 5 Scihdfon — 80>, %
EAY) 18 N 1H-B5 M,

A& 19: TEMERY, EI-MS m/z 212.14
[M]", Ci2H203. "H-NMR (400 MHz, CDCl3) d: 1.60
(3H, s, 7-CH3), 1.67 (3H, s, 7-CHs), 2.02 (3H, s,
1-AcO), 2.14 (2H, m, H-4), 2.22 (2H, m, H-5), 2.63
(1H, brs, 3-OH), 4.16 (2H, s, 3-CH,), 4.67 (2H, d, J =
7.2 Hz, H-1), 5.08 (1H, brs, H-6), 5.40 (1H, t, J = 7.2
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Hz, H-2); "C-NMR (100 MHz, CDCLy) 6: 17.7 (7-CHs),
25.7 (C-8), 272 (C-5), 284 (C-4), 60.8 (C-1), 66.2
(3-CH,), 1193 (C-6), 123.3 (C-2), 132.2 (C-7), 144.7
(C-3), 171.1, 21.1 (-AcO). AL %¥¥s 5 sk iiE —
P, BFELEW 19 A (2)-3-(hydroxymethyl)-
7-methylocta-2,6-dienlyl acetate.
4 itie

ARSI VO I8 T B [X A 2 AR PR 2 B 43
BT 7RI, M 4r B8 30 19 AMEED, B8 SCHkHR
T8 L R 22 OB 3 R AR 980 BRI AR R
RN E (ECso) 40514 047, 0.12. 0.15 pg/mL,
HEREVESR B B ik 284.9. 1 068.0. 854.7%0, fk,
E Y5 X LH-60 248 i~ 2k B2 (1Cs) 4 48.16
ng/mL, LI SR R AN RIAE T, A
I RIRAE T — 2 P A
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