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Chemical constituents from ethyl acetate extract of Eupatorium adenophorum

LI Yu-zhao'-2, WEN Yan-zhang?, YANG Xin-zhou?, CHEN Lu?, LIANG Xu* YUAN Jing-quan'-*
1. Shool of Chemistry and Materials, Nanning Normal University, Nanning 530001, China

2. Shool of Pharmacy, South-Central University for Nationalities, Wuhan 430074, China

3. Guangxi Institute of Medicinal Plant, Nanning 530023, China

4. Scientific Experimental Center of Guangxi University of Chinese Medicine, Nanning 530200, China

Abstract: Objective To study the chemical constituents of the Eupatorium adenophorum. Methods The chemical constituents
were isolated and purified by silica gel chromatography repeatedly from the ethyl acetate extract of E. adenophorum, and their
structures were identified by spectral analysis and chemical methods. Results Fourteen compounds were isolated from E.
adenophorum and identified as p-hydroxybenzoic acid ethyl ester (1), (1R,4R)-8aa-hydroxy-1-isopropyl-4,7-dimethyl-
1,2,3,4,6,8a-hexahydro-naphthalene-2,6-dione (2), daedalin A (3), 10-oxo-7-hydroxy-nordehydrotremetone (4), caffeoyl acetate (5),
syringic acid (6), 3-hydroxy-4-(1-oxo-ethane)-benzoic acid (7), ferulic acid (8), p-hydroxyphenylethyl alcohol (9), protocatechuic
acid ethyl ester (10), 4-hydroxy-3-isopropyl benzoic acid (11), balanophonin (12), indole-3-carboxylic acid (13), and 6-methoxy
kaempferol (14). Conclusion Compound 11 is obtained from natural products for the first time, compounds 1, 3, 6, 7, 9, 10, 12—14
are obtained from this genus for the first time, and compound 5 is obtained from this plant for the first time.

Key words: Eupatorium adenophorum Spreng.; caffeoyl acetate; syringic acid; 4-hydroxy-3-isopropyl benzoic acid; balanophonin;

indole-3-carboxylic acid; 6-methoxy kaempferol
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PR PUE . PrEEAL. PSSR 7 F
SRR, RG] L2252 PR, AR
YHAE HT AT T 58 2R 22 PO G R Al -1, JGT
FLBEIR SR ER LA L AT BE AT, MR IR £ B8 8
Ry AR T 14 MG, 53 058 X FR 5K
R 4l (p-hydroxybenzoic acid ethyl ester, 1),
(1RA4R)-8aa-F2 5E-1- ¢ N 2 -4,7- — H1 3£-1,2,3,4,6 8a-
INE-25-2,6- T [(1R,4R)-8ao-hydroxy-1-isopropyl-
4,7-dimethyl-1,2,3,4,6,8a-hexahydro-naphthalene-2,
6-dione, 2] daedalin A (3). 10-%-7-FHE-EHEEH
PARE R (10-0x0-7-hydroxy-nordehydro tremetone, 4)
WIHEER .18 (caffeoyl acetate, 5). T &R (syringic
acid , 6 )+ 3- F 4 2 B B OK H R
(3-hydroxy-4-[1-oxo-ethane]-benzoic acid, 7). FiZk
g (ferulic acid, 8). X2 LEE (p-hydroxy-
phenylethyl alcohol , 9 ) . Ji JL %% FR & Bg
(protocatechuic acid ethyl ester, 10). 4-F23£-3-F 4
FHIEHR (4-hydroxy-3-isopropyl benzoic acid, 11)+
i FK 7* ( balanophonin , 12 ) . 3- Mg B F iR
(indole-3-carboxylic acid, 13). 6-F % % 1l &M
(6-methoxy kaempferol, 14). HAHLEY 11 AE
RNKIRT= by B3, (&YW 1. 3. 6 7. 9.
10, 12~14 NERNEZB TSR3, WEm s H
RGN £t N C e
1 UHFESHH

Finnigan MAT-95 !5 #{% ({%[E Finnigan 2
"]); Waters ACQUITY SQD ¥AH i i (3 H
Waters A 7 ); Bruker Avance 111 600 MHz #% £ 4R
1 (E8[E Bruker 2~ F]); HEEAIET& RS (FH
Alga A F]); Waters 2535 -1l £ B4 w5 50U 354
Waters 2998 DAD il % . Waters 2707 H 2 FE &%
(EHE Wsters A7]); 344 Thermo Betasil Cis
I (150 mmX20 mm, 5 pm; 150 mmX 10
mm, 5 um, %[ Thermo AF]); D101 KA (F
BT s WE IR Hy 300~400 HAE

EIEHER (HELKERIFRARAA);
CHP-20P MCI ¥t (75~150 um, HA=3E{020
7] ); Sephadex LH-20 Fi M AL (S6E GE A F]);
HPLC 2 (£ Tedia A#]): H XA N
ol CRE L TARD.
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Eupatorium adenophorum Spreng. 1425, Zifthr AR
(SC0862) A7THT P BRI K 524 2 B bn AT
2 REEENE

SKFEZ A 19.0 ke, I, B, LL95%4
REVAIR - IS TEGR, I8 MU 20, R4 2 T0E
bR, RENRE. BREMANBBKEBEGENE, K
WIINA MBS BSR L. B8 1E T R TR 439
FRBNFHNFAL . BEIR CPsiBAL (180 g) 42 D101 K
LR kA3 3 A~ As #55. W4E Ay #843 (102 )
SRR (300~400 H) FEEig) &, DL
Fe-NHEE (100 @ 1—2 0 DERFESEN, ¥ )2 G3% (TLCO)
forill, & IEBEMEAT 18 N3 Fr. 1~18. 457 Fr. 4
(413 mg) %&J5%4 HPLC *Fiill % 1%/ (Thermo
Betasil Cjs %, 250 mm X 10 mm, 5 um, ZJE-7K 19 :
81—>47.5 1 52.5, MIAHIIE 0.1%H ), Hl& =0
WENE CRMBE-REIR ABE 3 21, JBIF 2 O 153
&Y 1 (103 mg). 2145 Fr. 9 (832.3 mg) £&id
HPLC % (3% 73 B (Thermo Betasil Cis #, 250
mmX20 mm, 5pm, ZJF-7K 307068 132,
IS 01%F i) B24% Fr. 9-1~9-8, Fr. 9-1
(227.3 mg) &&= O35 ChilmE-BE R
R4 1, BIF 200, #3EY 2 (20.5 mg),
Fr. 9-8 (150.3 mg) &t HEEEL FEELEY) 3
(126.5 mg). 41753 Fr. 10 (405.3 mg) it LH-20 %
BHERRS R4 Fr. 10-1~10-3, 414 Fr. 10-3
(309.3 mg) £t HPLC il #1552 (Thermo
Betasil Cis £, 250 mm X 10 mm, 5 um, ZJ5-7K 16 :
84—30: 70, WHIIIE 0.1%HR), HE445); Fr.
10-3-1~10-3-7, &4y #7124} Fr. 10-3-3 1 Fr. 10-3-7
AR EY), B &4 4(13.1 mg)F15(13.8 mg),
47 Fr. 10-3-1 (35.9 mg) Zidhl&EE O Ch
THEE-BER 06 3 1 1, BT 3 O HRIEY 6(13.9
mg) M7 (153 mg). 4} Fr. 10-3-5 (57.1 mg) &
iT HPLC 2+l % 81 7% (Thermo Betasil Cis £,
250 mmX 10 mm, 5 um, ZMf-7K 12 88, FHAH
T 0.1%H ) HREMLAEY 8 (21.9mg). 4y Fr. 11
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(1.922 4 g) £t Sephadex LH-20 % S bkt 1 75 51
Moy Fr. 11-1~11-5. HAH 5 Fr. 11-4 (370.4 mg)
221 HPLC -l % tA.i 43 25 ( Thermo Betasil Cis £,
250 mm X 10 mm, 5 um, ZJE-7K 158528 : 72,
PIAEIAE 0.1% ) RRIWEY 9 (22.9 mg). 10
(21.9 mg). 11(82.3 mg)+ 12 (7.4 mg). L% Fr. 11-5
(77.1 mg) %t HPLC il % ik 432 (Thermo
Betasil Cis £, 250 mm X 10 mm, 5 um, ZJi§-7K 20 :
80—50 : 50, PiAHIE 0.1%HR), BEMLEY 13
(10.4 mg). 4% Fr. 12 (3.366 8 g) it Sephadex
LH-20 % SRHEL R A5 214k &4 14 (8.3 mg).
3 HEE

a1 eduREAE (FEE, ESI-MS miz:
165 [M—H], 167 [M+H]*, 4T3 CoHi00s.
'H-NMR (600 MHz, CD;OD) §: 1.36 (3H, t, J = 7.1
Hz, -OCH,CH3), 4.31 (2H, q, J = 7.1 Hz, -OCH,CH3),
6.83 (2H, d, J = 8.8 Hz, H-2, 6), 7.87 (2H, d, J = 8.8
Hz, H-3, 5); 13C-NMR (150 MHz, CD;0D) §: 122.4
(C-1), 132.7 (C-2, 6), 116.1 (C-3, 5), 163.6 (C-4),
168.3 (C-7), 61.7 (C-8), 14.7 (C-9). LA _E¥¥5 5 ik
RIEFEAR I, MR EY 1 AXTREIR R
LT

a2 e uREAE (HEL, ESI-MS m/z:
247 [M—H], 249 [M+H]", 4T3 CisH0;
'H-NMR (600 MHz, CDCl3) : 0.73 (3H, d, J = 6.8
Hz, 10-CH3), 0.91 (3H, d, J = 6.5 Hz, 11-CH3), 1.23
(3H, d, J= 6.5 Hz, 12-CH3), 1.50~1.58 (1H, m, H-9),
1.90 (3H, s, 13-CH3), 2.12 (1H, dd, J = 14.4, 12.7 Hz,
H-3a), 2.43 (1H, dd, J = 8.4, 1.4 Hz, H-1), 2.61 (1H,
ddd, J = 14.5, 6.4, 1.6 Hz, H-3b), 3.27 (1H, m, H-4),
6.22 (1H, d, J= 1.8 Hz, H-5), 6.51 (1H, d, J= 1.2 Hz,
H-8); BC-NMR (150 MHz, CDCl;) §: 68.2 (C-1),
209.0 (C-2), 46.3 (C-3), 32.1 (C-4), 161.9 (C-4a),
124.2 (C-5), 187.0 (C-6), 135.0 (C-7), 145.6 (C-8),
73.8 (C-8a), 27.2 (C-9), 20.8 (C-10), 24.5 (C-11), 17.2
(C-12), 15.4 (C-13). LA L% 5 SCikRIE A —
HOL, MEEEEY 2 8 (1RAR)-8ao-F22E-1-7: 4
He-4,7- " HHE-1,2,3,4,6,8a- /NEAZE-2,6- .

h&W) 3. EOMPUE, ESI-MS m/z: 191 [M—
H], 193 [M+H]", 4T3 C1iH1203. "H-NMR (600
MHz, CD;OD) 6: 1.26 (3H, s, 10-CH3), 3.46 (1H, d,
J = 11.6 Hz, H-9b), 3.55 (1H, d, J = 11.6 Hz, H-9a),
5.61 (1H, d, J=9.8 Hz, H-3), 6.34 (1H, d, /= 9.8 Hz,

H-4), 6.40 (1H, d, J = 2.8 Hz, H-8), 6.49 (1H, dd, J =
8.6, 2.9 Hz, H-7), 6.56 (1H, d, J = 8.6 Hz, H-5);
3C-NMR (150 MHz, CD;OD) 6: 79.6 (C-2), 129.2
(C-3), 125.4 (C-4), 123.2 (C-4a), 117.7 (C-5), 152.3
(C-6), 116.4 (C-7), 113.7 (C-8), 147.0 (C-8a), 68.2
(C-9),22.7 (C-10). LA EH s 5 3ChRHRIE A —F0),
WM EW AW 3 N daedalin A

&9 4: AR, ESI-MS m/z: 217 [M—H],
219 [M+H]*, 73738 C12H1004. 'TH-NMR (600 MHz,
CD;COCDs) 6: 2.59 (3H, s, 12-CH3), 2.61 (3H, s,
9-CH3), 7.60 (1H, brs, H-3), 7.80 (1H, brs, H-4), 8.00
(1H, brs, H-6); '3C-NMR (150 MHz, CD3;COCD3) 6:
154.7 (C-2), 114.8 (C-3), 113.3 (C-4), 129.8 (C-4a),
135.8 (C-5), 117.0 (C-6), 144.0 (C-7), 148.0 (C-7a),
197.1 (C-8), 26.8 (C-9), 188.3 (C-10), 26.6 (C-11). LA
RS SCERIRGE B A — 00, SR AEY 4N
10-58-7-F2 55 -2 FE L AU Wk FH R

&9 5. HE A E A, ESI-MS m/z: 207 [M—H],
209 [M+H]", 4 F 3 C11H1204. '"H-NMR (600 MHz,
CD;COCDs) 6: 1.26 (3H, t, J = 7.1 Hz, H-OCH,CH3),
4.18 (2H, q, J = 7.1 Hz, H-OCH,CHs), 6.28 (1H, d,
J=15.9 Hz, H-8), 6.88 (1H, d, J = 8.1 Hz, H-5), 7.04
(1H, dd, J= 8.1, 1.7 Hz, H-6), 7.16 (1H, d, J= 1.5 Hz,
H-2), 7.54 (1H, d, J = 15.9 Hz, H-7); BC-NMR (150
MHz, CD;COCD3) J: 122.5 (C-1), 116.3 (C-2), 148.5
(C-3), 146.1 (C-4), 115.7 (C-5), 127.6 (C-6), 145.5
(C-7), 115.1 (C-8), 167.4 (C-9), 60.5 (C-10), 14.6
(C-11). PA RHR 5 SRRl AR — 30, e
&Y 5 MIHERR 2.1 .

& 6. HEEHE (HED, ESI-MS m/z: 197
[M—H], 273 CoH100s. 'H-NMR (600 MHz,
CD;0D) §: 3.88 (6H, s, 8, 9-OCH3), 7.33 (2H, s, H-2,
6); BC-NMR (150 MHz, CD;OD) J: 139.8 (C-4),
148.5 (C-3, 5), 108.0 (C-2, 6), 126.9 (C-1), 170.2
(C-7), 56.6 (C-8, 9)o LA b2 45 5 SRR IE Fa A — 5412,
WS B EY) 6 T &K

&4 7. FAE K, ESI-MS m/z: 179 [M—H],
181 [M+H]", 4T3\ CoHsO4o 'H-NMR (600 MHz,
CD;0D) ¢: 2.69 (3H, s, H-9), 7.52 (1H, brs, H-2), 7.55
(1H, dd, J= 8.2, 1.3 Hz, H-6), 7.98 (1H, d, J = 8.2 Hz,
H-5); BC-NMR (150 MHz, CD;OD) ¢: 206.3 (C-8),
168.5 (C-7), 162.7 (C-3), 138.8 (C-1), 132.5 (C-5),
123.8 (C-4), 120.7 (C-6), 120.1 (C-2), 27.4 (C-9). LA
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YRS SCERE B A Y, SR A TN
3-FRHE-A- KRR

&Y 8: Atdiik (HEE), ESI-MS m/z: 193
[M_H]_, 195 [M+H]+, /\¥iﬁ Ci10H1004- TH-NMR
(600 MHz, CD;OD) ¢: 3.89 (3H, s, 8-OCH3), 6.31
(1H, d, J = 15.9 Hz, H-8), 6.81 (1H, d, J = 8.1 Hz,
H-5), 7.06 (1H, dd, J = 8.2, 1.8 Hz, H-6), 7.18 (1H, d,
J = 1.8 Hz, H-2), 7.60 (1H, d, J = 15.9 Hz, H-7);
BC-NMR (150 MHz, CD;0OD) &: 127.8 (C-1), 111.6
(C-2), 150.5 (C-3), 149.4 (C-4), 116.4 (C-5), 124.0
(C-6), 146.9 (C-7), 115.9 (C-8), 171.0 (C-9), 56.4
(C-10) DL EEHE 5 iR AR — 304, i E
&) 8 NFTELIE -

&Y 9: KAEiieRAR, ESI-MS m/z: 137 [M—
H], 139 [M+H]*, 43730 CsHi002. 'H-NMR (600
MHz, CD;OD) §: 2.71 (2H, t, J = 7.2 Hz, H-7), 3.68
(2H, t, J = 7.2 Hz, H-8), 6.70 (2H, d, J = 8.4 Hz, H-3,
5), 7.03 (2H, brd, J = 8.4 Hz, H-2, 6); '3C-NMR (150
MHz, CD;0D) d: 130.9 (C-1, 2, 6), 116.1 (C-3, 5),
156.7 (C-4), 64.6 (C-7), 39.4 (C-8). LA _F¥¥5 5 ik
8 F AR — U, USSR A Y 9 AR ER 1 .

&Y 10: HAOEEK, ESI-MS m/z: 181 [M—
H] ', 4 F X GCHi0s » 'H-NMR (600 MHz,
CD;COCDs) d: 1.33 (3H, t, J = 7.1 Hz, H-9), 4.30
(2H, q, J=7.1 Hz, H-8), 6.90 (1H, d, J = 8.2 Hz, H-5),
7.45 (1H, brd, J = 8.2 Hz, H-6), 7.50 (1H, brs, H-2);
BC-NMR (150 MHz, CD;COCD3) 6: 123.1 (C-1),
117.1 (C-2), 145.5 (C-3), 150.6 (C-4), 115.7 (C-5),
123.2 (C-6), 166.5 (C-7), 60.9 (C-8), 14.6 (C-9). LA I
s 5 ORI IE B A —F 00, W EREY) 10 R
JR ) LZRTR 2.1 -

&Y 11: R tliliAk, ESI-MS mi/z: 179 [M—
H], 181 [M+H]", 7373 CioH1203. 'H-NMR (600
MHz, CD;COCDs) d: 1.24 (6H, d, J = 7.0 Hz, 9,
10-CH3), 3.36 (1H, m, H-8), 6.93 (1H, d, J = 8.3 Hz,
H-5), 7.77 (1H, dd, J = 8.3, 1.9 Hz, H-6), 7.92 (1H, d,
J=1.7 Hz, H-2); 3C-NMR (150 MHz, CD3COCD3)
5: 122.3 (C-1), 129.9 (C-2), 135.4 (C-3), 159.7 (C-4),
115.5 (C-5), 129.1 (C-6), 168.6 (C-7), 27.5 (C-8), 22.6
(C-9, 10). VA FE 5 SClRRE F A — 017, s
TEE 11 R 4-533E-3- R EE R .

AP 12: BEEHHREIE, ESI-MS m/z: 355 [M—
H], 357 [M+H]", 433 C20H2006. "H-NMR (600

MHz, CD3COCD:s) ¢: 3.64 (1H, q, J = 6.2 Hz, H-8),
3.83 (3H, brs, 10-OCH3), 3.91 (2H, m, H-9), 3.93 (3H,
s, 10'-CH3), 5.67 (1H, d, J = 6.7 Hz, H-7), 6.67 (1H,
dd, J=15.8, 7.7 Hz, H-8"), 6.83 (1H, d, J = 8.1 Hz,
H-5), 6.89 (1H, dd, J = 8.1, 1.8 Hz, H-6), 7.06 (1H, d,
J = 1.7 Hz, H-2), 7.31 (1H, brs, H-2'), 7.33 (1H, brs,
H-6"), 7.60 (1H, d, J = 15.8 Hz, H-7'), 9.64 (1H, d, J =
7.7 Hz, H-9'); 13C-NMR (150 MHz, CD;COCD3) d:
133.7 (C-1), 110.5 (C-2), 148.4 (C-3), 147.5 (C-4),
115.7 (C-5), 119.7 (C-6), 89.4 (C-7), 54.2 (C-8), 64.3
(C-9), 56.2 (C-10), 129.0 (C-1), 113.4 (C-2'), 145.6
(C-3"), 152.4 (C-4"), 131.2 (C-5"), 119.7 (C-6'), 154.2
(C-7"), 127.1 (C-8'), 193.9 (C-9"), 56.4 (C-10"). Ll E
B 5 R E A — S, S ENAEY 12 R
FEHT

WA 13: TREHPIRBE, ESI-MS m/z: 160 [M—
H], 162 [M+H]", 73 CoHNOz. 'H-NMR (600
MHz, CD;COCD;) §: 7.19~7.24 (2H, m, H-5, 6),
7.53 (1H, dd, J= 6.3, 2.1 Hz, H-7), 8.07 (1H, brd, J =
2.9 Hz, H-2), 8.18 (1H, m, H-4); 3C-NMR (150 MHz,
CD;COCD3) 6: 133.0 (C-2), 108.5 (C-3), 121.9 (C-4),
122.1 (C-5), 123.3 (C-6), 112.9 (C-7), 137.8 (C-8),
127.4 (C-9), 166.6 (C-10). LA_L-ZH 5 SCERHfE A
— 0, WS E A 13 R 3-M R R

&) 14: BERARRE A, ESI-MS m/z: 315
[M_H]f, 317 [M+H]+, /\¥iﬁ Ci6H1207, TH-NMR
(600 MHz, CD;COCDs) 6: 3.88 (3H, s, 11-OCH3),
6.63 (1H, s, H-8), 7.02 (2H, d, J = 8.7 Hz, H-3, 5),
8.17 (2H, d, J = 8.6 Hz, H-2, 6'); 13C-NMR (150
MHz, CD;COCD3) d: 136.2 (C-2), 147.1 (C-3), 176.8
(C-4), 152.4 (C-5), 131.6 (C-6), 157.7 (C-7), 94.5
(C-8), 153.1 (C-9), 104.5 (C-10), 60.8 (C-11), 123.3
(C-1"), 116.2 (C-2', 6"), 130.5 (C-3', 5"), 160.1 (C-4").
DA 30 5 SRR AR — S0, s e LAY 14
N 6-HUEE L 25

&3k
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