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A new cadinane-type sesquiterpenoid from Eupatorium
adenophorum Spreng
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Abstract: Four cadinane-type sesquiterpenes were obtained from the petroleum ether of 95% ethanol extract
of Eupatorium adenophorum Spreng by using an HP-20 macroporous resin column, silica gel, and semi-prepara-
tive HPLC. Their structures were determined by physical, chemical and spectroscopic methods and identified as
eupatorinol (1), (+)-(5R,7S,9R,10S)-2-oxocadinan-3,6(11)-dien-12,7-olide (2), (1S,4R)-7-hydroxycalamenen-3-one
(3) and (-)-(5R,6R,7S,9R,10S)-cadinan-3-ene-6,7-diol (4). Among them, compound 1 is a new cadinane-type
sesquiterpene, and compound 3 was isolated from this genus for the first time. In bioassay, none of these compounds
displayed obvious cytotoxicity.

Key words: Eupatorium adenophorum Spreng; chemical constituent; cadinane-type sesquiterpenoid; alien

invasive plant

25 2K % > (Eupatorium adenophorum Spreng.) &
% Bl (Asteraceae) ¥ 22 )@ Z F AR FEAAEY), I =32
H) 85 70 B 2 AHA B I — 17, K20 T 20 42 40 E A
AL N B A, B 2 DR 8, e
TEFE SN DU T 78 P B A5 T2 o0 A W, 254k
Bk ok BERETH . HEREZBARZIRANRE

e H 399 2020-08-07;  f&[H1 H #1: 2020-08-26.
FEETUE K AR TITE (81660656).
*JEHAFE ¥ Tel: 86-771-3946492, E-mail: yjggx@163.com
DOI: 10.16438/j.0513-4870.2020-1302

o, ABAR POt 3 [ 55 2h N EGARAE T, 1975 F( =/
)Y 4 30 S is FY A R B RORE SR 22 2 B B
I PR L ke, RS S, B B KSR, 25 I, i #5
TR, 96 MR E IR IR 2 A8, A 2AVH,
P2 N, T4 MR, I, K2 iEER. Ak,
BUARHE U A DLER 25 P AR BORANAL 22 i o B R R
RIIE R PUR  DUALL DU R S5 PR 780 1 #E
ANA AP RNAR LWL T BIR, ARV E, WP IT A
T2 B2 AR 2 A T JEUR SR IO R A T TR

REFELE SRR 2 T2



- 2956 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(12): 2955 —2959

B3NS I B R B, & 15 AR T IS 2R
TS, S5 0 JE SR T AN H R s R i iR 21—
KO, BAHURE PUR PR PR BUE R AR
P I S5 g P2, oA FERA St (cadinane) £
i JaB XU 2 il B AR B ) —Ff, FE 59 R O Jm L
ZJEVREAAE VEIR VET R BOEEE 2R E R
J& B TR R & 2RI J& R BT R & e B
Wyrh A S AT, AR EEA O B A R R, Oy
i 2 T S R = s [P ey v
FRsr, WEZEEZ T 7 B3] 1 4 KR B 2 £ 2 il
(1), 43 5 AP 2% B (eupatorinol) (1) (+)-(5R,7S,9R,
10S)-2-oxocadinan-3,6(11)-dien-12,7-olide (2). (1S, 4R)-
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Figure 1  Structures of compounds 1-4

FER5R

wEWL WEHRY. [« -36.3 (c 0.07,
CH,OH), 543 (UV) & 78 7F 210.0 (1.40) nm &b FH
RIS, ZEAMEEE (IR) 75 3 375 cm A {7 7E 35 OH 11
fEEHRE), 76 1 655 cmet i iy fi AU B A 5 41k Bl $2 7 A7 Fk
FAPEAE . HR-ESI-MS 5t H Mt 7 1 5 1 I [M+Na]*
m/z: 271.130 5 (C,5H,,0;Na, 11 5AH : 271.130 5), e H
731 N CigHyy0s AMBAIE N 6, #£H NMR i (%
1) BRI X 24 & EAE 5 64 7.17 (1H, s, H-5).dy
6.63 (1H, s, H-8), #&/n H 451 N & F 1,2,4,5- DY HUAR R
BB A, mim Xk BoR 2 MR RAE T 6,
3.22 (1H, m, H-1).2.10 (1H, m, H-11), P§ /L H L5015
50, 2.77 (1H, dd, J = 14.4, 7.9 Hz, H-2).2.64 (1H, dd,
J=14.4,8.6 Hz, H-2) X 4MHEE(E 5 6, 2.17 (3H, s,
H-15).1.45 (3H, d, J = 7.0 Hz, H-14).0.94 (3H, d, J =
7.1 Hz, H-12).0.83 (3H, d, J = 6.8 Hz, H-13). =C NMR

(% 1) F1DEPT 45t 15 Mk (E 5, BL4E 14N Wd Pl B e

75 0. 213.3 (C-3), 6 175 H A= 5 156.3 (C-7).138.9
(C-9).132.5 (C-10).124.3 (C-6).130.6 (C-5).113.2 (C-
8), 4N I L5 5 6 24.7 (C-14).17.8 (C-12).16.3 (C-
13).16.1 (C-15). MEEIE it — Stk &a — 4
VUBUAR IR B G4 o Rz Ab & P ) 1 £ 4E 5 1,6-dihy-
droxy-1-isopropyl-4,7-dimethyl-3,4-dihydronaphthalen-2
(1H)-onelILL#E, KRB H 454 5 J5 & A AL, =38 X2
T C-1.C-4 {7 (¥ # BUAS [A], b 450 38 i *H-*H COSY .
HMBC 1 NOESY i th 15 I 56 1F .

Tablel NMR spectral dataof compound 1 (CD,0D, 600/150 MHz)

Position Iy Oc
1 3.22 (1H, m) 36.4
2 2.77 (1H,dd,J=7.9, 14.4 Hz) 44.1

2.64 (1H, dd, J = 8.6, 14.4 Hz)
3 2133
4 82.0
5 7.17 (1H,s) 130.6
6 1243
7 156.3
8 6.63 (1H, s) 113.2
9 138.9
10 132.5
1 2.10 (1H, m) 40.3
12 0.94 (3H,d, J=7.1Hz) 17.8
13 0.83 (3H, d, J=6.8 Hz) 16.3
14 1.45 (3H,d, J=7.0 Hz) 24.7
15 2.17 (3H,s) 16.1

JE I H-1H COSY 1] LU F H-1 A1 H-2 F #H 5%, iiE
B C-15 C-2#i#. 7 HMBC 1, H-2 5 C-3.C-4 #
%, 38 C-2 5 C-3Mi%, C-3 5 C-4Hi#; H-5 5 C-4.
C-9 M3, 155 C-4 A1 C-10 #Hi%; Me-12 F1 C-11.C-13,
C-4 #15%, Me-13 11 C-11.C-12 L & C-4 #15%, 15 % C-
12-C-11-C-13 1 v B, ik — P H/R C-11 fI C-4 AHiZE . Ik
4, 0y 2.17 (3H, s, H-15) 5 6 130.6 (C-5).124.3 (C-6).
156.3 (C-7) #H2%, 45 & A 13 B 4518, i € Me-15 1
C-6 I; H-8 5 36.4 (C-1) #11132.5 (C-10) A %, 1551
C-1 A1 C-9 #H1i%; Me-14 F1 C-2.C-9.C-1 #1%, 53 C-1
F1C-2, Me-14 F1 C-1AHI%E . FLAHXS # LB 1L NOESY #f
5, Me-14 (1A 2 5 H-2 (5, 2.64) #15%, H-2 (5, 2.64)
N5 H-11H# 2 (B 2), &€ Me-14 5 H-11 J7 714
6], A A PP T S5 B 2 s

N T E A LR 4t kR B A Gaussian 09
(B3LYP/TZVP) 17 ECD i 51, iz Ff| SpecDisl*®*7]
B S5 6 A TH O IE HEAT T LGS, (1R, 4S)-1 1
TH5 ECD 2k 564 1 (15555 ECD i 4 56 A — 3,
DRl IG5 A& 1) LI 400 14 1 Oy (1R,4S)-1 (&13). i
UL AT, AT A G IS (K1), B2 A
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Figure 2 Key 'H-'H COSY, HMBC and NOESY correlations of
compound 1
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Figure 3  Experimental ECD spectrum of 1 and calculated ECD
spectra of (1S,4R)-1 and (1R,4S)-1 (UV correction = —10 nm, band
width o = 0.3 eV)

(1R, 4S)-1,6-dihydroxy-1-isopropyl-4, 7-dimethyl-3, 4-di-
hydronaphthalen-2(1H) -one, fiv % A ¥ >4 ) (eupatori-
nol).

LI ERSY

Finnigan MAT-95 ¢ Jii 1% {X (4% [H Finnigan 2 #]);
Waters ACQUITY SQD Wi #H Jii 4% (35 [E Waters 23 &]);
Nicolet 380 f# 3721 4h i 4% (32 [ Thermo Nicolet 24
)); ZF-6 B = HIER AN Al (LS ISR HE A TR A]);
Bruker Avance |11 600 MHz #% L3R (75 [E Bruker 24
Al); HER S % RS (F 5 Alga A #]); Waters 2535
- i) 2% TR v ROTORH % X . Waters 2998 DAD £ 3 #5
Waters 2707 5 2l #EA£ 35 (32 [E Waters A 7]); iAo
YMC-Pack ODS-AM -] %41 (5 um, 250 mmx20 mm,
H A YE 5 5 A wl); BHEE M C184E, (5 um, 250 mmx
10 mm, H A< COSMOSIL A &)); 7 )2 il ik g H
WEHER (300~400 H, M & YL A HE IR IF KA R 2 7))
HP-20 & 7 22 M iR (H A8 =25 4% A 7). HPLC %
LJE (3 Tedia 2 w)); 5 B 2 2 23 A 4 (R B 1
AL TAF).

SO SR LM T 2006 F 7 HRH ) i
T, &) RS KA Y O E A AR

SE N A R Y 48 25 3 2% (Eupatorium adenophorum
Spreng.) (45, 258 kR A (No.SC0862) 177 T+ rd [
WK 25 2 AR AR T

1 ERSSE

BEF TR AR 19 kg, B e, ] 95% Z AR
MR RNEE, BEMNZEWKEG Y S 5 #UE KK
TN Tk 2 B8 U8 < IE T B R AT 2R Y, RIS ok &
WRARAT BN AH LA, o A I Bk ER A7 170 g 48 HP-20 K
FUM HE AL (i 2> B 15 9 N 2 Fr.l~Fr.9, SR 5 45 &5 F
FHIE AR (03 5 OB (B 25 0 VE AT 0 1 L4tk

PLA T k- 2.8 2. B8 (1002 1—0:100) fie il it 70 %F
Fr.4 JEA4T 1 A €238 4> 25 (300~400 H), & iR & It
Ja13 3 Fr4-1~Fr.4-8 4L 8 /N4 41, Hodt Fr.4-5 2 Xk
1% 43 55 (300~400 H), LAA il ik - 20 R 2,16 R it
7 (100: 1—1:1) AT B FE B, RAR & 9F J5 3L 15 2
Fr.4-5-1~Fr.4-5-8 3t 8 N 4143, H b Fr.4-5-3 4% (4
2 g), A RERAE 1 7 B (300~400 H), PAA k- 2.
% £, (100 1—0:100) Ay i 750 147 86 5 P I, AR
& 9%, 15 5] Fr.4-5-3-1~Fr.4-5-3-9 3 9 M 4H 4y, Hop
%5 5 4 Fr.4-5-3-5 (0.6 g) & 3 il & =5 2O AH (YMC-
Pack ODS-AM #¥, 250 mmx20 mm, 5 um, Z Ji§-7K 37:
63—70:30, FAH#ER & 0.1% F R, Jiid N 9 mL-min)
BEMAEYL (5.9 mg).

Fr.4-3 £ 5 B AE €1 2 25, DUA T Bk - 2R £ B
(100:1—0:100) >3k i 771t 47 ik i A Ak 73 25 (300~
400 H), stk & 9f, 215 8 Fr.4-3-1~Fr.4-3-8 3 8 M4
43, Hob Fr.4-3-3 (41 1.4 g) 221 4% = 20AH (YMC-
Pack ODS-AM #%, 250 mmx20 mm, 5 um, Z. 57K 52:
48—49:51, PiAHE & 45 0.1% H IR, 5% 9 mL-min)
3 2] Fr.4-3-3-1 (%1 40 mg), FI- X Z8 -1 2% 3 J0 A (B
BT C o, 250 mmx10 mm, 5 um, Z -7k 35:65—
50:50, M AH#B & A 0.1 % H R, il 3% v 4 mL-min?) 43
HEREMLAY 2 (7.0 mg).

PLA B - 218 2018 (1001 1—0:100) 1F ¥ it 77
Xt Fr.5 3E 47 i A % (300~400 H ) B B BE i, 15
£ Fr.5-1~Fr.5-10 3t 10 N4 43, F XXt Fr.5-5 (3 g) LA
M- 2 B8 £ B (100 1—0: 100) 3k 4T fifk i AT 0 3
(300~400 H) # BE P, st & I 5 545 3 Fr.5-5-1~
Fr.5-5-10 2 10 N4l 43, H , Fr.5-5-6 (200 mg) £ - il
2 = RO (BHEZEMT CaE, 250 mmx10 mm, 5 um Z

i5—7K 42:58—70:30, M AH#AS & A 0.1% H R, ik N
4 mL-min?) 43 85, H A Fr.5-5-6-5 1 Fr.5-5-6-7 43 5l A
b9 3 (8.3 mg) Flfk &4 4 (118.0 mg).

2 “HExE
&L BEIRY. [o]y°-36.3(c0.07,CH,0OH).
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UV e (CH,OH): 210.0 (1.40) nm. IR (KBr): 3 375,
2 947.2 835.1 655.1 450.1 113 #11 032 cm®. ECD
(CH,OH)/nm: 239 (A¢ -13.66).295 (A¢ 11.09); HR-ESI-
MS 45 H L HE 4> 7 25 7 0§ [M+Na]* 04 m/z: 271.130 5
(Cy1sH500,Na, TH5E: 271.1305), HiE TN C 15H,00s,
'H NMR (CD,0D, 600 MHz) A1 *C NMR (CD,0D, 150
MHz) 45 W3 1.

a2 EEMIRY . ESI-MS m/z: 245 [M-H],
247 [M+H]*. H NMR (CDCI,, 600 MHz) ¢ 6.25 (1H,
m, H-4), 4.71 (1H, dd, J = 5.7, 11.0 Hz, H-7), 4.02 (1H,
m, H-5), 2.83 (1H, dd, J = 2.4, 16.4 Hz, H-1), 2.61 (1H,
dd, J = 4.7, 16.4 Hz, H-1), 2.39 (1H, ddd, J = 3.2, 5.9,
12.3 Hz, H-8),1.90 (3H, d, J = 1.7 Hz, H-13), 1.88 (1H, m,
H-9), 1.83 (1H, m, H-10), 1.80 (3H, dd, J = 1.4, 2.5 Hz,
H-15), 1.04 (1H, m, H-8), 1.00 (3H, d, J = 6.4 Hz, H-
14); 3C NMR (CDCl,, 150 MHz) ¢ 41.0 (C-1), 197.5 (C-
2), 137.4 (C-3), 141.2 (C-4), 38.8 (C-5), 162.0 (C-6),
78.4 (C-7), 41.5 (C-8), 27.7 (C-9), 45.0 (C-10), 121.4 (C-
11), 174.3 (C-12), 8.6 (C-13), 19.1 (C-14), 15.8 (C-15).
DA b 98 1% A 5 SRR TE PR A A eIt HE e AR — B
WA LB 2 4 (+)-(5R, 7S, 9R, 10S)-2-oxocadinan-
3,6(11)-dien-12,7-olide

a3 FW AR . ESI-MS m/z: 231 [M-
H] ", 233 [M+H]*. H NMR (CDCI,, 600 MHz) ¢ 6.81
(1H, s, H-5), 6.75 (1H, s, H-8), 3.32 (1H, m, H-1), 2.98
(1H, d, J = 8.2 Hz, H-4), 2.70 (1H, dd, J = 5.4, 17.7 Hz,
H-2), 2.23 (1H, s, H-15), 2.19 (1H, m, H-11), 2.12 (1H,
dd, J = 10.8, 17.7 Hz, H-2), 1.30 (3H, d, J = 6.8 Hz, H-
14), 0.98 (3H, d, J = 6.8 Hz, H-12), 0.85 (3H, d, J = 6.7
Hz, H-13); 3C NMR (CDCl,, 150 MHz) § 31.4 (C-1),
46.4 (C-2), 213.5 (C-3), 62.1 (C-4), 132.2 (C-5), 121.8
(C-6), 153.1 (C-7), 111.9 (C-8), 140.1 (C-9), 128.6 (C-
10), 30.6 (C-11), 19.2 (C-12), 21.1 (C-13), 21.2 (C-14),
15.6 (C-15). LA b9l H 4l 15 SC ik 38 1 4k A ) 1elxf
MR R — 2, W% e 1k &% 34 (1S,4R)-7-hydroxycal-
amenen-3-one.

&4 ABK K. ESI-MS m/z: 237 [M-H],
239 [M+H]*. H NMR (CDCl,, 600 MHz) ¢ 5.31 (1H,
s, H-4), 3.66 (1H, dd, J = 4.7, 11.3 Hz, H-7), 2.53 (1H,
brs, H-5), 2.07 (1H, dt, J = 7.0, 14.1 Hz, H-11), 1.90
(1H, m, H-2), 1.87 (1H, m, H-1), 1.76 (1H, m, H-2), 1.64
(1H, m, H-10), 1.61 (1H, m, H-9), 1.59 (1H, m, H-8),
1.51 (1H, m, H-1), 1.43 (1H, dd, J = 12.6, 24.0 Hz, H-8),
1.14 (3H, d, J = 7.0 Hz, H-13), 1.07 (3H, d, J = 7.1 Hz,
H-12), 0.90 (3H, d, J = 6.0 Hz, H-14); *C NMR (CDCl,,

150 MHz) § 24.5 (C-1), 26.2 (C-2), 135.7 (C-3), 119.7
(C-4), 45.0 (C-5), 76.7 (C-6), 72.3 (C-7), 40.2 (C-8),
26.5 (C-9), 36.4 (C-10), 35.2 (C-11), 17.9 (C-12), 19.1
(C-13), 19.5 (C-14), 24.2 (C-15); LA L3k it K4 5 SCiik
I 1k B A Uetset B A — 3, M et & 48 ()-
(5R,6R,7S,9R,10S)-cadinan-3-ene-6,7-diol .
3 HEMEMNK

OGS 50 K I 4 bk, 40 ol # P 2R AN 9] 11 96 AL
FFRR, 4L 100 pl, T35 7246 i & 22 40 I Bl s FL R
K F 80%. K FE SR T A (DMSO) i, fii
WPE 50 mg-mLt. H:35 F DMEM #5 7% B4 4% 5 F6
BE 2 48 8 W G B AL 43 I N RE 5 200 pl 4k 2R Ky
Ff, Horh 3 (R A R RE i, e BRSO IeE
SRR AR E R ]G, KRR, AL A
5mg-mL1f) MTT 20 uL il DMEM 200 pL. 4k&:5%5 9%
30 min, ¥ 2 BiEW, F LN A2 DMSO 150 pL, 1R &
BI5] G, 7055 VS AR A0 B P A BT R R R s R B, SR E
FEERRAX 1562 nm K AW e B FLIROGFE .

A AT 75 (%) = [(OD j =0 40)/(OD sy~
OD . 1,54)] X100%2%, Jf-F| H Graphpad Prism i1 5 - £
IR IE (1ICs) . 45 BIRIL G W) 1~ 4% N 40 i
HepG 2 %A B 241 2 7E PE (1C5>10 pmol-L ).

B B KA 2 A B R [ MR | 202 AE ECD F 57
BTSN,

{EE TTMR: R ASCEE &, 73T 2 F 2 0
FRAL AL 22 Ay B 23 B 4 LR B Ml S 5T &
o0 K E TAR LR AR T OB 55T 2503 1k 1 0
s ARG BT M AT AL FE O LIRS RABLE AL
RO AR &, 97 DTS BT AT 5C V18 STHEZR A A 3 2 A 1F
e

M AW TE A AR TAR T A 2 2R
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