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Chemical constituents of Cirsium pendulum
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Abstract: Objective To study the chemical constituents of Cirsium pendulum. Methods The compounds were separated and
purified by column chromatography packed with silica gel, ODS, or Sephadex LH-20, and HPLC, and their structures were identified
on the basis of their physical and chemical properties and spectroscopic data. Results Thirty compounds were isolated and
identified as syringaresinol-4-O--D-glucoside (1), tracheloside (2), hispidulin-7-O-B-D-glucuronopyranoside (3), apigenin-7-O-
B-D-glucuronopyranoside (4), stachannin A (5), dimethyl maleate (6), 3-O-caffeoylquinic acid methyl ester (7), 4-O-caffeoylquinic
acid methyl ester (8), homoplantaginin (9), nepitrin (10), eleutheroside B (11), 3,5-dihydroxyphenethyl-alcohol-3-O--
glucopyranoside (12), dimethoxylapigenin (13), syringaresinol (14), lirioresinol A (15), 4-O-acetyl-caffeic acid (16), trachelogenin
(17), 5-O-caffeoyl quinic acid butyl ester (18), hispidulin (19), cirsimaritin (20), (7R,7'R,7"R,8S,8'S,8"S)-4',4"-dihydroxy-3,3',3",5-
tetramethoxy-7,9":7',9-diepoxy-4,8"-oxy-8,8"-sesquineolignan-7",9"-diol ~ (21), (7R,7'R,7"R.,8S,8'S,8"S)-4',4'-dihydroxy-3,3",3",5-
tetramethoxy-7,9":7',9-diepoxy-4,8"-oxy-8,8"-sesquineolignan-7",9’-diol (22), linaroside (23), pectolinarin (24), acacetin (25),
cirsimarin (26), B-daucosterol (27), betulin (28), pectolinarigenin (29) and tilianin (30). Conclusion Except for compounds 7, 26
and 27, all the other compounds were isolated from the plant for the first time. All compounds except compounds 2, 9, 18, 20, 24, 25
and 30 were isolated from this genus for the first time.
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il JE M) HA w b, AT IR, 1R
KRECHERKMZ M. BErRa], iz H
TR k. SR AE I ARUR. A
RN B A . MMRE & Cirsium
pendulum Fisch. %%} (Compositae) &iJ& Cirsium
Mill. #4¥), FEpAT ARG KNS WL,
P, Bep & HR S, ZHBREFE, HLIREL
EENY), WHL W, e, BAME. kAT
FERIThR, EERHTER. AME L. RSP,
FER A2 N o i H RIS T 0 TRIE 7 7 T AR
T8 T A 14 o B4R, R s i i AE- o i 1 FH 2
ARAZIE S35 il B AR AT 4 2K 0) . AR R G
) B MR AL S RSy, AR TR, (g
I GRS BT R, ARSI M 4 4 Bk
AT T R, SREFIH Z M ARMN
e 30 MEGH, 4% 'H-NMR. BC-NMR
Bll, 73 A% E AT B IE 2R -4-0-B-D- ML 76 4 B
1 (syringaresinol-4-O-B-D-glucoside, 1)+ #5471
(tracheloside, 2). 15 ZF % -7-0-B-D-F % M 5 IR
(hispidulin-7-O-B-D-glucuronopyranoside, 3). 3¢
% -7-O-B-D- %5 %) H% B BR  ( apigenin-7-O-B-D-
glucuronopyranoside, 4). stachannin A (5). Jiii' ]
i B8 —HlE (dimethyl maleate, 6). %k /&R I fig
(3-O-caffeoylquinic acid methyl ester, 7). 4-O-WnrE
P i 25 TR FlE  (4-O-caffeoylquinic acid methyl
ester, 8). MZAIE (homoplantaginin, 9). &l
¥ BT (nepitrin, 10D+ | FIH B (eleutheroside B,
11). 3.5- “F& 5K L BF-3-0-B-D- i % HE (3,5-
dihydroxyphenethyl-alcohol-3-O-B-glucopyranoside,
12). 7% Z& _H it (dimethoxylapigenin, 13). T
7 8% (syringaresinol, 14). #&FE MM AGEE A
(lirioresinol A, 15). 4-O-Z Bt FEEMIMEER (4-O-acetyl-
caffeic acid, 16). #4H G (trachelogenin, 17).
5-O-WIMEMEREZE TR T IS (5-O-caffeoyl quinic acid
butyl ester, 18). fmZEHiZ%& Chispidulin, 19). %K
% (cirsimaritin, 20). (7R,7'R,7"R.,8S,8'S.,8"S)-4'4"-
dihydroxy-3,3',3",5-tetramethoxy-7,9":7',9-diepoxy-4,
8"-0xy-8,8'-sesquineolignan-7",9"-diol (21). (7R,7'R,
7"R,88,8'S,8"S)-4' 4'-dihydroxy-3,3', 3", 5-tetramethoxy-
7,9":7',9-diepoxy-4,8"-oxy-8,8'-sesquineolignan-7",9’-
diol (22). linaroside (23). K& (pectolinarin,
24). & ¥ # (acacetin, 25) . =] 1 (cirsimarin,
26). B-#1% M (B-daucosterol, 27). [IHENEEE

(betulin, 28). MIZF 3 ZE (pectolinarigenin, 29)
AT (tilianin, 30). BRLAY 7+ 26 127 2
Gb, R IR A T S5 5. FRik
A2, 9. 18, 20, 24, 25 F130 24k, HAatks
YI¥E IR B 5 BT 2.
1 {EEMH

AVANCE 400 %, 600 %A1 700 ARG LIRAX
(#[E Bruker 2 7)); il £ %A (250 mmX21.2
mm, 10 pm, FRNATAEDRHAR AR 250
mmX 10 mm, 5 um, HA YMC A #]); {3 LC-100
Pt AR A (IR A TR A FD;
FRCRAR A LR PORRHEA R ARD . L.
TROKE FEE. AR B LB S P O
HAMEFME T, Tolkgk, HAEGMH; ket
(100~200~ 200~300 H) K& i# 2 EiGHER (GFoss,
W) s &AH C18 BER (RN REY)
BHAR A A ); Sephadex LH-20 (GE Healthcare
Bio-Sciences AB); MCI (75~150 um, —Z{b%);
KALWE (D101, KigRAMIEEHEA R A FD;
AT (32E Sigma-Aldrich A ] ).

MR R R Y NE AN S, SR B2
K EREHRE € N 8 HEY Mg & C
pendulum Fisch..
2 BRSNS

BT IR A 15 kg, Soja 4 EEAT 50%
FRE/KLE 60 C R HEHL 2 ¥R, FEIK 24 h, & FF-HEHUR,
R RS FNRE (12kg). ARMK 15LKIRE
SIEENE], IR AAHER. BER G, IE T AR
3, B 1S Lo UK IRGE 1S AR AL (150.8 g)-
BEHR ZLBR30 AL (217.6 g) IE T AL (134.8 g) Al
Al KB o Al KA KL i, HEE-K (O
100. 20 : 80, 40 : 60, 60 : 40) BEEEVEML, 2 mRk
WA M & IR 4 M5 (SA~SD). SC Bt (5.23
g) H Sephadex LH-20 #:il (HIEE-KMAEFR 30 :
700, 53] 6 N4 5 (SC1~SC6). SC3 (350 mg)
28 RS = OB A B, LLAg-K (23 177, 4K
FALER 30 mL/min) ARG &5 210G 1 (30
mg) 12 (92mg). SC4 (75 mg) LA F 2L
AR e, L2 E-/K (23 ¢ 77, AR R & 10 mL/min)
NIRBIAR T BRI A 3 (6 mg). SC5 (140
mg) & A& E AR g, LLOE-K (23
77, PRFE 10 mL/min) ARSI SRS
4 (12mg) A5 (4mg).
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E T B o 98 R W i FH R A 6 (200.2
mg), HRHHE MCI HAiE, FEE-/K 0100,
20 : 80 40 : 60 60 : 40, 80 :20. 100 : 0) FfEHk:
B, 2 TLC /& Ith 5 AN (ZA~ZE). ZB B
(13.8 g) SrEfckt thilk, DL L ke-FREAR SR b
i (20 11~0:1), & TLC &N 3 M
(ZB1~ZB3). ZB2 LLZJiFE-7K (15 & 85, #ARRIE 30
mL/min) AR EY) 7 (30 mg). 8 (18.5 mg)
F19 (40.1 mg). ZB3 (3.5 g) 4t H Sephadex LH-20
FEEE (RSN ARSI SRR R (Z056-
/K 18 82, AR R 30 mL/min) L A4 10(4 mg)-
11 (603 mg) F112 (122mg). ZC B (10.8 g) &hE
AT, DL - AR SRS C(1 © 0~0 ¢
D, & TLC 53 #r&HA 5 Mk (ZC1~ZC5). ZC3
(1.5g) Z5)5 F Sephadex LH-20 F: it CHHEESE )
SR oA 3 (285K 18 © 82, HFlRE
30 mL/min) 84L& 13 (120 mg). 14 (8 mg). 15
(11 mg) F116 (6 mg). ZC2 (300 mg) 1 ZC4 (125
mg) &R &R i, LLZJE-/K (35165,
AR 30 mL/min) AEsIARG &S EY 17 (12
mg), PAZME-/K (32168, AR 30 mL/min) K
AR &R AP 18 (8 mg).

B IR e 7> A RERAE (s, DA k- H
AR (1:0~2:1), & TLC & ith
5 MNEBSr (YA~YE). YA Hrifyitie (53 g) &
Sephadex LH-20 H:ail (& Ok-HEE1: 1) 15
k441 19(400.5 mg) F1 20(1.6 g). YA BLRFR(10.3
g) JE4 Sephadex LH-20 i ( & L ke-H
BE 1D D, A& SZORAE G, 2865-K (30
70, ARUAE 30 mL/min) ARSI HI SR EY)
21 (10.3mg). 22 (12.1mg) 123 (52.5mg). 24
(150.6 mg). YB B (30.4 g) /et tait,
Sephadex LH-20 F:tai (—&Ok-HEE1: 1) 15
Itk 5925 (2003 mg). YD Bt (44.3 g) &
FEETE, HIRE- KR RBEFEDENL (10 2 90~60 : 40),
3R] 5 A4 (YDI~YD5). YD2 (102 @)
MrifviiE B2 &4 26 (3.5g). YD4 B (7.5 g)
MrifdiiEd 259 27 (2.1 g), J5%4 Sephadex
LH-20 #EiE (& obe-HEE 10 D 3465 28
(1.7 2. YD5 Bt (15.6 @) o &rEm i, &
FRT & = AR i, ZF-/K (50 ¢ 50, AR
30 mL/min) RS 1F 2 &Y 29 (51.2 mg)
A130 (45.6mg).

3 HHEE

& 1. EEMIRY . ESI-MS m/z: 581.58
[M+H]"; 'H-NMR (400 MHz, D,0) &: 6.53 (2H, s,
H-2, 6), 6.45 (2H, s, H-2', 6'), 4.83 (1H, d, J=7.1 Hz,
Glu-H-1"), 4.56 (1H, brs, H-7), 4.49 (1H, brs, H-7"),
4.02 (2H, m, H-9a, 9'a), 3.87 (2H, m, H-9b, 9'b),
3.67(6H, brs, 3',5'-OCH3), 3.62 (6H, brs, 3 ,5-OCH3),
2.90 (2H, m, H-8, 8"); *C-NMR (100 MHz, D,0) ¢:
152.5 (C-3, 5), 147.7 (C-3', 5"), 137.9 (C-4), 133.7
(C-4"), 132.9 (C-1), 131.7 (C-1"), 103.4 (C-2, 6), 103.0
(C-2', 6"), 102.7 (C-1"), 85.7 (C-7), 85.4 (C-7", 5"),
76.2 (C-3"), 75.6 (C-2"), 73.6 (C-9, 9'), 69.1 (C-4"),
60.3 (C-6"), 56.1, 56.0 (3,3',5,5'-OCH3), 53.4 (C-8),
53.1 (C-8"). VA -¥ds 5 cikkiE —200), HegE il
EW 1R T EW R R -4-0-B-D-ML 0 4 BE L

&) 2. Totadh i (I . ESI-MS m/z: 551.35
[M+H]"; 'H-NMR (400 MHz, CD;0D) ¢: 7.10 (1H,
d, J = 8.2 Hz, H-5"), 6.88 (1H, d, J = 8.2 Hz, H-5),
6.81 (1H, d, J = 1.6 Hz, H-2'), 6.73 (1H, brs, H-6"),
6.70 (1H, d, J= 1.6 Hz, H-2), 6.69 (1H, d, J= 8.2 Hz,
H-6), 4.89 (1H, d, J = 7.1 Hz, H-1"), 3.82 (9H, s,
2,3,3'-OMe), 3.10~3.30 (4H, m, sugar-H); '*C-NMR
(100 MHz, CD;0D) §: 180.3 (C-9"), 150.6 (C-4"),
150.5 (C-4), 149.1 (C-3), 147.1 (C-3"), 133.3 (C-1),
131.7 (C-1"), 124.1 (C-6'), 122.2 (C-6), 117.7 (C-2"),
115.8 (C-5), 113.8 (C-2), 113.1 (C-5"), 102.8 (C-1"),
78.1 (C-3"), 77.8 (C-5"), 77.2 (C-8"), 74.8 (C-2"), 71.7
(C-9), 71.3 (C-4"), 62.4 (C-6"), 56.7 (3'-OMe), 56.5
(3-OMe), 56.5 (2-OMe), 44.4 (C-8), 41.8 (C-7"), 32.1
(C-7) VLB 5 SRR 8 B AR — 5007, e
& 2 ML

&9 3: B A . ESI-MS m/z: 477.12 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) d: 12.99 (1H, s,
5-OH), 7.96 (2H, d, J =8.7 Hz, H-2', 6), 7.07 (1H, s,
H-8), 6.95 (2H, d, J = 8.8 Hz, H-3', 5), 6.87 (1H, s,
H-3), 5.32 (1H, d, J = 7.1 Hz, H-1"), 3.76 (3H, s,
6-OMe), 3.14~3.50 (4H, m, sugar-H); 13C-NMR (100
MHz, DMSO-ds) d: 182.8 (C-4), 170.5 (C-6"), 164.8
(C-2), 161.8 (C-4'), 156.4 (C-7), 153.1 (C-5), 152.6
(C-9), 132.9 (C-6), 129.0 (C-2', 6), 121.5 (C-1"),
116.5 (C-3', 5", 106.3 (C-10), 103.1 (C-3), 99.9
(C-1"), 94.4 (C-8), 76.3 (C-3"), 75.9 (C-5"), 73.3
(C-2"), 71.7 (C-4"), 60.8 (6-OMe). LA %3 5 ik
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& 4. FAE K. ESI-MS m/z: 447.37 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) d: 12.98 (1H, s,
5-OH), 7.95 (2H, d, J = 8.5 Hz, H-2', 6'), 6.94 (2H, d,
J = 8.6 Hz, H-3, 5'), 6.86 (2H, brs, H-6, 3), 6.47 (1H,
s, H-8), 5.26 (1H, d, J = 6.9 Hz, H-1"), 3.26~3.50
(4H, m, sugar-H); '3C-NMR (100 MHz, DMSO-ds) ¢:
182.5 (C-4), 170.7 (C-6"), 164.8 (C-2), 162.9 (C-7),
161.9 (C-5), 161.6 (C-4"), 157.4 (C-9), 129.1 (C-2,
6'), 121.4 (C-1"), 116.5 (C-3', 5"), 105.9 (C-10), 103.6
(C-3),99.8 (C-1"), 99.6 (C-6), 95.1 (C-8), 76.1 (C-3"),
75.8 (C-5"), 73.2 (C-2"), 71.7 (C-4"). VL EH¥E 5T
WRARIE A — ), S RNAEY 4 NTER-
7-O-B-D-Hi E FERE TR -

&Y 5: AR, ESI-MS m/z: 463.40 [M+
H]*: 'H-NMR (400 MHz, DMSO-ds) d: 12.90 (1H, s,
5-OH), 8.08 (2H, d, J= 8.9 Hz, H-2', 6'), 7.21 (2H, d,
J = 8.9 Hz, H-3', 5"), 7.06 (1H, s, H-8), 7.00 (1H, s,
H-3), 5.04 (1H, d, J = 7.2 Hz, H-1"), 3.78 (3H, s,
4-OMe); '*C-NMR (100 MHz, DMSO-ds) 6: 182.4
(C-4), 163.6 (C-2), 162.3 (C-4), 151.4 (C-9), 149.1
(C-5), 146.6 (C-7), 130.5 (C-6), 128.3 (C-2', 6'), 122.9
(C-1"), 114.6 (C-3', 5"), 105.9 (C-10), 103.1 (C-3),
101.1 (C1"), 94.1 (C-8), 77.3 (C-3"), 75.8 (C-5"), 73.1
(C-2"), 69.7 (C-4"), 60.6 (C-6"), 55.6 (4'-OMe). DAL
i 5 SRR E B — 300, WS ENEY S R
stachannin A .

&9 6: AR, ESI-MS m/z: 145.12 [M+
H]*. 'H-NMR (400 MHz, CDCls) J: 6.87 (2H, s, H-2,
3), 3.82 (6H, s, OMe); *C-NMR (100 MHz, CDCl;) ¢:
167.8 (C-1, 4), 132.5 (C-2, 3), 52.3 (1’, 2-OMe). L _|E
et 5 SRR IE ) HdE — S0, S EEY) 6 A
MU T 45 — 1R — F i

WEW 7. KAMK K. ESI-MS m/z: 369.35
[M+H]*; 'H-NMR (400 MHz, D,0) d: 7.21 (1H, s,
H-7'), 6.89 (2H, brs, H-2', 6), 6.78 (1H, brs, H-5),
5.98 (1H, brs, H-8'), 5.05 (1H, brs, H-3), 4.05 (1H,
brs, H-5), 3.57 (1H, m, H-4), 3.56 (3H, s, OMe),
1.70~2.01 (4H, m, H-2, 6); '*C-NMR (100 MHz,
D,0) §: 175.2 (C-7), 168.2 (C-9"), 147.1 (C-4'), 146.2
(C-7"), 144.2 (C-3"), 126.6 (C-1"), 122.6 (C-6"), 115.9
(C-5"), 114.9 (C-2), 113.9 (C-8'), 74.6 (C-1), 70.7

(C-4), 70.6 (C-3), 68.5 (C-5), 51.7 (OMe), 36.2 (C-6),
34.8 (C-2). LA EHR 5 SClfE 2dm — 502, i
EAEY T NERIR P

&Y 8: WRIAK. ESI-MS m/z: 369.34
[M+H]": 'H NMR (400 MHz, DMSO-ds) 0: 7.49
(1H, d, J = 15.9 Hz, H-7"), 7.04 (1H, brs, H-2'), 6.99
(1H, d, J = 7.9 Hz, H-6'), 6.78 (1H, d, J = 7.9 Hz,
H-5'), 6.26 (1H, d, J = 15.9 Hz, H-8"), 4.72 (1H, dd,
J=6.8,2.8 Hz, H-4), 4.07 (1H, m, H-5), 3.95 (1H, m,
H-3), 3.61 (3H, s, OMe), 1.77~2.11 (4H, m, H-2, 6);
3C-NMR (100 MHz, DMSO-ds) J: 174.2 (C-7), 166.7
(C-9"), 148.9 (C-4'), 146.1 (C-7"), 145.4 (C-3"), 125.9
(C-1"), 121.7 (C-6"), 115.8 (C-5'), 114.7 (C-2"), 114.5
(C-8"), 75.6 (C-4), 73.5 (C-1), 65.2 (C-5), 64.4 (C-3),
51.7 (OMe), 40.5 (C-2), 38.0 (C-6). LA _F¥idf 5 ik
I s — 23, WA 8 S 4-O-Minfk i
FE TR,

B 9: B TCE TEN K - ESI-MS m/z: 461.40
[M—H]"; 'H-NMR (700 MHz, DMSO-ds) J: 12.96
(1H, s, 5-OH), 7.95 (2H, d, J = 8.8 Hz, H-2, 6'), 7.02
(1H, s, H-8), 6.93 (2H, d, J = 8.8 Hz, H-3, 5'), 6.86
(1H, s, H-3), 5.11 (1H, d, J= 7.3 Hz, H-1""), 3.90 (3H,
s, 6-OMe), 3.31~3.53 (4H, m, sugar-H); '3C-NMR
(175 MHz, DMSO-ds) 6: 182.3 (C-4), 164.2 (C-2),
161.3 (C-4'), 156.4 (C-9), 152.4 (C-5), 152.4 (C-7),
132.5 (C-6), 128.5 (C-2', 6), 121.1 (C-1), 116.0 (C-3’,
5", 105.7 (C-10), 102.7 (C-3)100.1 (C-1"), 94.3 (C-8),
77.2 (C-5"), 76.7 (C-3"), 73.1 (C-2"), 69.6 (C-4"),
60.6 (C-6"), 60.3 (6-OMe). LAl %¥i 5 CRiRkiE L
P30, MR EY 9 MR G .

EY 10: EETLELMAK. ESI-MS m/z:
479.40 [M+H]*; 'H-NMR (700 MHz, DMSO-ds) &
7.44 (1H, d, J = 9.7 Hz, H-5"), 7.41 (1H, brs, H-2"),
6.96 (1H, s, H-3), 6.88 (1H, d, J = 9.4 Hz, H-6'), 6.72
(1H, s, H-8), 5.13 (1H, d, J= 7.9 Hz, H-1"), 3.75 (3H,
s, 6-OMe), 3.41~3.58 (4H, m, sugar-H); '*C-NMR
(176 MHz, DMSO-ds) §: 182.1 (C-4), 172.6 (C-2),
156.4 (C-9), 153.2 (C-7), 152.6 (C-5), 150.9 (C-4"),
146.0 (C-3"), 133.0 (C-6), 1214 (C-1", 119.1,
(C-6), 116.0 (C-5"), 113.3 (C-2'), 106.6 (C-10), 102.5
(C-3), 100.1 (C-1"), 94.6 (C-8), 77.26 (C-5"), 76.70
(C-4"), 73.2 (C-2"), 69.5 (C-3"), 60.6 (C-6"), 60.3
(6-OMe). LA b %¥m 5 STk i 8l — 205, Wi
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YA 10 NEGRIT B

&Y 1 [fEik. ESI-MS m/z: 373.37 M+
H]*: 'H-NMR (400 MHz, DMSO-ds) &: 6.77 (2H, s,
H-3, 5), 6.56 (1H, d, J = 15.9 Hz, H-1"), 6.3 (1H, dt,
J =158, 5.61 Hz, H-2'), 4.66 (1H, d, J = 7.1 Hz,
H-1"), 3.87 (6H, s, 3, 5-OMe), 3.01~3.32 (4H, m,
sugar-H); '3C-NMR (100 MHz, DMSO-de) d: 152.9
(C-2, 6), 134.4 (C-1), 133.9 (C-4), 129.8 (C-1"), 128.6
(C-2'), 103.9 (C-3, 5), 103.9 (C-1"), 76.9 (C-5"), 76.4
(C-3"), 74.3 (C-2"), 69.9 (C-4"), 62.1 (C-6"), 61.1
(C-3"), 55.6 (3, 5-OMe). LA ¥ d 5 SCik i ia 1) 5
— 802, WS E A 1 R RN B.

wEY 12: ABTLERMAK. ESI-MS m/z:
299.10 [M—H]; 'H-NMR (700 MHz, DMSO-ds) o:
6.96 (1H, s, H-2), 6.70 (2H, s, H-4, 6), 2.59 (2H, t, J =
7.2 Hz, H-7); '3C-NMR (176 MHz, DMSO-ds) o:
1453 (C-5), 145.0 (C-3), 130.7 (C-1), 124.1 (C-6),
117.9 (C-2), 115.6 (C-4), 102.7 (C-1"), 77.8 (C-3"),
76.6 (C-5"), 73.9 (C-2'), 70.4 (C-4'), 63.0 (C-8), 61.6
(C-6"), 38.9 (C-7)o UL L %4 5 SOk 1) B gl —
Huel, WU ELEY 12 R 3,5- S REFK K-
3-0-B-D-Fi % .

WEY 13: EEILERMAK. ESI-MS m/z
297.29 [M—H]; 'H-NMR (400 MHz, DMSO-ds) ¢:
13.08 (1H, s, 5-OH), 7.93 (2H, d, J = 8.3 Hz, H-2', 6'),
7.20 (1H, s, H-3), 6.92 (2H, d, J = 8.3 Hz, H-3', 5'),
6.79 (1H, s, H-8), 6.60 (1H, s, H-6), 3.80 (3H, s,
7-OMe), 3.75 (3H, s, 4-OMe); '*C-NMR (100 MHz,
DMSO-ds) 0: 182.1 (C-4), 167.3 (C-7), 163.6 (C-2),
161.4 (C-5), 159.8 (C-4"), 158.4 (C-9), 128.8 (C-2',
6'), 122.6 (C-1), 114.2 (C-3', 5"), 104.8 (C-10), 103.1
(C-3), 98.8 (C-6), 92.8 (C-8), 55.8 (4', 7-OMe). Ll L
o 5 SOk AR IE A — 20, WS A 13
NIRRT,

twEY 14: L6 (FEE. ESI-MS m/z:
417.15 [M—H]; 'H-NMR (700 MHz, CD;OD) :
6.60 (4H, s, H-2", 2", 6', 6"), 4.61 (2H, s, H-2, 6), 4.16
(2H, m, H-4a, 8a), 3.86 (12H, s, 3', 3", 5', 5"-OMe),
3.16 (2H, brs, H-1, 5); *C-NMR (176 MHz, CD;0D)
5: 1482 (C-3', 3", 5', 5"), 1352 (C-4', 4"), 132.0
(C-1", 1), 104.2 (C-2, 2", 6, 6, 85.9 (C-2, 6), 71.4
(C-4, 8), 56.5 (3',3", 5', 5"-OMe), 54.0 (C-1, 5). PA L
i 5 SOk IE AR — 508, WS EAAY) 14

NTHEMRE.

&Y 15: AERAK. ESI-MS m/z: 417.20 [M—
H]: 'H-NMR (700 MHz, DMSO-ds) : 6.61 (2H, s,
H-2, 6), 6.59 (2H, s, H-2', 6'), 4.76 (1H, d, J= 6.1 Hz,
H-7'a), 4.31 (1H, d, J= 6.8Hz, H-7'b), 4.09 (1H, d, J =
9.1 Hz, H-9a), 3.68~3.80 (3H, m, H-9b, 9'a, 9'b),
3.75 (12H, s, 3, 5, 3', 5-OMe), 3.09 (1H, m, H-8'),
2.82 (1H, m, H-8); *C-NMR (176 MHz, DMSO-ds) 6:
148.6 (C-3, 5), 148.5 (C-3', 5"), 135.4 (C-1), 134.7
(C-4), 131.7 (C-4"), 129.5 (C-1"), 104.4 (C-2, 6), 103.4
(C-2', 6'), 87.7 (C-7), 82.0 (C-7"), 70.7 (C-9), 69.2
(C-9"), 58.1 (3, 5, 3', 5'-OMe), 54.8 (C-8), 49.5 (C-8).
DL E s 5 Sk aE B8 s — 200, S EEY)
15 ARG SR IEEE A

&Y 16 AEEE (FEE). ESI-MS m/z:
221.10 [M—H]"; 'H-NMR (600 MHz, DMSO-dj) o:
7.40 (1H, d, J = 15.9 Hz, H-7), 7.02 (1H, d, J = 1.9
Hz, H-2), 6.96 (1H, dd, J = 8.2, 1.91 Hz, H-6), 6.74
(1H, d, J = 8.1 Hz, H-5), 6.14 (1H, d, J = 15.9 Hz,
H-8), 1.98 (3H, s, -CH3); '3C-NMR (150 MHz,
DMSO-ds) 0: 175.2 (-OAc), 165.8 (C-9), 148.3 (C-3),
145.5 (C-4), 144.9 (C-7), 125.5 (C-1), 123.0 (C-6),
121.3 (C-5), 115.7 (C-8), 114.7 (C-2), 22.8 (-CH3). A
AR S SR GE R — B0, MR R A Y 16
N 4-O- T HEWMHERS .

tE 17: Ltshd (FEE). ESIMS m/z
387.41 [M—H]; 'H-NMR (400 MHz, CD;OD) o:
6.83 (1H, d, J = 8.6 Hz, H-5), 6.74 (1H, d, J= 1.7 Hz,
H-2"), 6.67 (1H, d, J = 1.7 Hz, H-2), 6.67 (1H, d, J =
7.8 Hz, H-5"), 6.64 (1H, dd, J = 8.0, 1.7 Hz, H-6), 6.54
(1H, dd, J = 8.0, 1.7 Hz, H-6'), 3.95 (2H, d, J = 9.1
Hz, H-9), 3.77 (6H, s, 3, 4-OMe), 3.75 (3H, s,
3'-OMe), 3.10 (1H, d, J = 13.6 Hz, H-7'a), 2.83 (1H,
d, J=13.6 Hz, H-7'b) 2.62 (1H, dd, J = 13.5, 4.1 Hz,
H-7a), 2.40 (1H, dd, J = 13.5, 10.2 Hz, H-7b), 2.35
(1H, m, H-8); '3C-NMR (100 MHz, CD;OD) d: 179.2
(C-9"), 149.1 (C-3), 147.7 (C-4), 147.4 (C-3"), 145.3
(C-4), 132.1 (C-1), 126.8 (C-1"), 122.7 (C-6'), 120.8
(C-6), 114.7 (C-5"), 113.5 (C-2"), 112.4 (C-2), 111.7
(C-5), 76.0 (C-8"), 70.4 (C-9), 55.1 (3’-OMe), 55.1
(4-OMe), 55.0 (3-OMe), 43.1 (C-8), 40.5 (C-7"), 30.8
(C-7)o VA -HR 5 SOl HaE i s — 521, e
WA 1T RE AT TC.
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&) 18: IRE R K. ESI-MS m/z: 411.16
[M+H]"; 'H-NMR (400 MHz, CD;0D) é: 7.51 (1H,
d, J=15.7 Hz, H-3"), 7.03 (1H, brs, H-5"), 6.93 (1H, d,
J=6.4Hz H-9'), 6.77 (1H, d, J = 8.1 Hz, H-8'), 6.21
(1H, d, J = 15.9 Hz, H-2"), 5.28 (1H, m, H-5), 4.15
(1H, brs, H-3), 4.08 (2H, d, J = 7.0 Hz, H-8), 3.76
(1H, brs, H-4), 2.18 (3H, m, H-2a, 6), 2.15 (1H, dd,
J=6.3, 13.5 Hz, H-2b), 1.58 (2H, m, H-9), 1.34 (2H,
m, H-10), 0.87 (3H, m, H-11); 3C-NMR (100 MHz,
CD;0D) d: 175.0 (C-7), 168.2 (C-1"), 149.7 (C-7"),
147.2 (C-3"), 146.7 (C-6"), 127.5 (C-4"), 122.9 (C-9"),
116.4 (C-8'), 115.2 (C-2'), 114.9 (C-5"), 75.9 (C-1),
72.5 (C-4), 72.0 (C-5), 70.3 (C-3), 66.4 (C-8), 37.9
(C-6), 37.7 (C-2), 31.5 (C-9), 20.0 (C-10), 13.9
(C-11). LA -3l 5 SOk dE i s — 3022, s
TENAY 18 2N 5-O-MNmHERE 22 /R T i

WEY 19: EEITLERMAK. ESI-MS m/z
299.26 [M—H]; 'H-NMR (400 MHz, DMSO-ds) o:
12.95 (1H, s, 5-OH), 7.92 (2H, d, J = 8.7 Hz, H-2', 6'),
6.92 (2H, d, J = 8.7 Hz, H-3', 5"), 6.77 (1H, s, H-8),
6.59 (1H, s, H-3), 3.75 (3H, s, 6-OMe); '*C-NMR
(100 MHz, DMSO-ds) J: 182.1 (C-4), 163.8 (C-2),
161.3 (C-4'), 157.2 (C-7), 152.6 (C-5), 152.4 (C-9),
131.5 (C-6), 128.4 (C-2', 6), 121.3 (C-1"), 116.1 (C-3',
5, 106.2 (C-10), 102.4 (C-3), 94.3 (C-8), 59.7
(6-OMe). LA b %¥m 5 STk i 80 — 2023, Wi
Y EAGE 19 NE R

EY 20: EEITLERMAK. ESIMS m/z
315.29 [M+H]"; 'H-NMR (400 MHz, DMSO-ds) o:
12.92 (1H, s, 5-OH), 7.96 (2H, d, J= 8.7 Hz, H-2', 6'),
6.93 (2H, d, J = 8.7 Hz, H-3', 5"), 6.92 (1H, s, H-3),
6.85 (1H, s, H-8), 3.93 (3H, s, 7-OMe), 3.73 (3H, s,
6-OMe); '3C-NMR (100 MHz, DMSO-ds) o: 182.1
(C-4), 164.0 (C-2), 161.3 (C-4"), 158.3 (C-7), 152.6
(C-9), 152.0 (C-5), 131.9 (C-6), 128.4 (C-2, 6'), 121.0
(C-1"), 116.1 (C-3', 5'), 105.9 (C-10), 102.6 (C-3),
91.6 (C-8), 60.0 (6-OMe), 56.4 (7-OMe). L\ %3k 5
SCHRIRGEEE — 8024, WS e a) 20 HEEE .

&Y 21 ATERMAR. ESI-MS m/z:
585.23 [M+H]"; 'H-NMR (600 MHz, DMSO-ds) o
6.86 (1H, brs, H-2"), 6.84 (1H, brs, H-2'), 6.71 (1H, d,
J =173 Hz, H-6'), 6.67 (1H, J = 8.6 Hz, H-5'), 6.66
(1H, s, H-5"), 6.63 (1H, d, J = 8.4 Hz, H-6"), 6.59

(2H, s, H-2, 6), 4.74 (1H, q, J = 3.5 Hz, H-7"), 4.60
(1H, d, J = 4.4 Hz, H-7) 4.56 (1H, d, J = 4.2 Hz, H-7"),
4.10 (2H, m, H-9a, 9'a), 4.05 (1H, m, H-8"), 3.76 (3H, s,
H-3"), 3.74 (6H, s, H-3, 5), 3.72 (3H, s, H-3"), 3.34 (1H,
m, H-9"b); *C-NMR (150 MHz, DMSO-ds) J: 153.1
(C-3), 153.1 (C-5), 148.0 (C-3"), 147.4 (C-3"), 1464
(C-4"), 145.8 (C-4"), 1373 (C-1), 135.2 (C-4), 1338
(C-1), 132.6 (C-1"), 119.8 (C-6"), 119.1 (C-6), 115.6
(C-5"), 115.1 (C-5"), 1144 (C-2"), 1109 (C-2"), 103.7
(C-2, 6), 87.5 (C-8"), 85.6 (C-7"), 85.6 (C-7), 72.5 (C-7"),
71.7 (C-9), 71.4 (C-9"), 60.3 (C-9"), 564 (3, 5-OMe),
56.1 (3'-OMe), 55.9 (3"-OMe), 54.3 (C-8), 53.9 (C-8").

PA_E S 5 SOk E R B — B0, SR E Y
21 24 (7R,7'R,7"R,8S,8'S,8"S)-4' 4"-dihydroxy-3,3',3",5-
tetramethoxy-7,9":7',9-diepoxy-4,8"-0xy-8,8'"-sesquineo-

lignan-7",9"-diol.

WwEY 22: AGEER K. ESIMS m/z:
585.23 [M+H]"; 'H-NMR (600 MHz, DMSO-ds) J:
6.96 (1H, brs, H-2") 6.89 (1H, brs, H-2"), 6.78 (1H, d,
J=1.3 Hz, H-6'), 6.74 (1H, d, J = 8.6 Hz, H-5"), 6.72
(1H, s, H-5"), 6.68 (1H, d, J = 8.4 Hz, H-6"), 6.64
(2H, s, H-2, 6), 4.74 (1H, t, J = 4.3 Hz, H-7"), 4.65
(1H, d,J=7.0 Hz, H-7) 4.61 (1H, d, J = 3.8 Hz, H-7"),
4.15 (2H, m, H-9a, 9'a), 4.09 (1H, m, H-8"), 3.76 (3H,
s, H-3"), 3.74 (6H, s, H-3, 5), 3.72 (3H, s, H-3"), 3.62
(IH, m, H-9"a); '3C-NMR (150 MHz, DMSO-ds) J:
152.5 (C-3), 152.5 (C-5), 147.5 (C-3"), 146.9 (C-3"),
146.0 (C-4"), 145.3 (C-4"), 136.9 (C-1), 135.3 (C-4),
133.0 (C-1"), 132.2 (C-1"), 119.1 (C-6"), 118.7 (C-6"),
115.1 (C-5", 114.6 (C- (C-5"), 110.9 (C-2"), 1104
(C-2", 103.2 (C-2, 6), 87.1 (C-8"), 85.1 (C-7"), 85.1
(C-7), 71.4 (C-7"), 71.2 (C-9), 71.0 (C-9"), 60.2
(C-9"), 56.0 (3, 5-OMe), 55.6 (3'-OMe), 55.5
(3"-OMe), 53.8 (C-8), 53.4 (C-8"). LL % ¥5 5 ik
i JE B B — P, Mg EREY 22 0N
(7R, 7R,7"S,8S,8'S,8"S)-4",4'-dihydroxy-3,3',3",5-tetra-
methoxy-7,9":7',9-diepoxy-4,8"-oxy-8,8'-sesquineol-
ignan-7",9'-diol,

WaEY 23: WOLERH K. ESIMS miz
477.41 [M+H]"; 'H-NMR (400 MHz, DMSO-d) J:
12.91 (1H, s, 5-OH), 8.05 (2H, d, J = 8.7 Hz, H-2', 6),
7.12 (2H, d, J = 8.7 Hz, H-3", 5"), 7.03 (1H, s, H-8),
6.94 (1H, s, H-3), 5.12 (1H, d, J = 6.5 Hz, H-1"), 3.86
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(3H, s, 4-OMe), 3.75 (3H, s, 6-OMe), 3.71 (1H, d, J =
4.5 Hz, H-6""a), 3.51 (1H, m, H-6"b), 3.21~3.49 (4H,
m, sugar-H); '3C-NMR (100 MHz, DMSO-dc) J: 182
(C-4), 163.7 (C-2), 162.4 (C-4'), 156.2 (C-7), 152.4
(C-5), 152.0 (C-9), 132.5 (C-6), 128.8 (C-2', 6'), 122.6
(C-1"), 114.5 (C-3', 5"), 105.8 (C-10), 103.3 (C-3),
99.9 (C-1"), 94.3 (C-8), 76.3 (C-3"), 73.8 (C-5"), 73.0
(C-2"), 69.7 (C-4"), 63.3 (C-6") 60.2 (6-OMe) 55.5
(4-OMe). L 3 5 SOl aE i s — 8000, ik
KB EY) 23 N linaroside.

tEY 24: WETLELMAK. ESI-MS m/z:
623.56 [M+H]"; 'H-NMR (400 MHz, DMSO-ds)
5:12.96 (1H, s, 5-OH), 8.04 (2H, d, J = 8.9 Hz, H-2',
6'), 7.16 (2H, d, J = 8.9 Hz, H-3, 5'), 6.95 (1H, s,
H-3), 6.94 (1H, s, H-8), 5.12 (1H, d, J = 7.1 Hz,
H-1"), 4.56 (1H, m, H-1""), 3.86 (3H, s, 4-OMe), 3.76
(3H, s, 6-OMe), 1.05 (3H, d, J = 6.2 Hz, H-6"");
13C-NMR (100 MHz, DMSO-ds) J: 182.4 (C-4), 164.1
(C-2), 162.5 (C-4"), 156.6 (C-9), 152.6 (C-7), 152.3
(C-5), 132.8 (C-6), 128.5 (C-2', 6'), 122.8 (C-1'),
115.0 (C-3', 5), 106.1 (C-10), 103.5 (C-3), 100.1
(C-17, 1", 94.5 (C-8), 76.6 (C-3"), 76.5 (C-5"), 73.4
(C-2"), 72.1 (C-4"), 71.1 (C-3""), 70.8 (C-2""), 69.7
(C-4"), 68.3 (C-5"), 66.1 (C-6"), 60.3 (6-OMe), 55.8
(4'-OMe), 18.1 (C-6"")o LA b-%i#5 15 SClikHiE 1) £
— 027, M e A 24 NOKHETT

&Y 25: WELEEHAK. ESI-MS m/z:
285.25 [M+H]*; 'H-NMR (400 MHz, DMSO-ds) &
12.92 (1H, s, 5-OH), 8.03 (2H, d, J = 8.8 Hz, H-2', 6'),
7.10 (2H, d, J = 8.8 Hz, H-3', 5'), 6.87 (1H, s, H-3),
6.50 (1H, d, J= 1.9 Hz, H-8), 6.20 (1H, d, /= 1.8 Hz,
H-6), 3.86 (3H, s, 4-OMe); '*C-NMR (100 MHz,
DMSO-ds) 0: 180.6 (C-4), 169.7 (C-7), 162.3 (C-2),
162.0 (C-4"), 161.3 (C-5), 157.8 (C-9), 128.1 (C-2,
6'), 121.4 (C-1"), 114.4 (C-3', 5"), 103.2 (C-3), 101.6
(C-10), 100.0 (C-6), 95.0 (C-8), 55.4 (4-OMe). Ll I
o 5 SOk R IE A — B, WA 25
NEBENE.

EY 26: EETLELMAK. ESI-MS m/z:
477.43 [M+H]*; 'H-NMR (400 MHz, DMSO-ds) &
12.86 (1H, s, 5-OH), 8.08 (2H, d, J = 8.9 Hz, H-2', 6'),
7.20 (2H, d, J = 8.9 Hz, H-3', 5), 6.99 (1H, s, H-8),
6.97 (1H, s, H-3), 5.39 (1H, d, J = 4.7 Hz, H-1"), 3.93

(3H, s, 7-OMe), 3.73 (3H, s, 6-OMe), 3.51~3.70 (4H,
m, sugar-H); *C-NMR (100 MHz, DMSO-ds) d:
182.3 (C-4), 163.4 (C-2), 160.2 (C-4'), 158.7 (C-7),
152.6 (C-9), 152.0 (C-5), 131.9 (C-6), 128.2 (C-2, 6'),
123.9 (C-1), 116.6 (C-3', 5'), 105.2 (C-10), 103.6
(C-3), 99.8 (C-1"), 91.1 (C-8), 77.2 (C-5"), 76.5 (C-3"),
73.2 (C-2"), 69.7 (C-4"), 60.6 (C-6"), 60.0 (6-OMe), 56.5
(7-OMe). LA FER5 SClRGE — 802, MUE e &
V) 26 AT o

th& 27: AR, ESI-MS m/z: 577.84 M+
H]*; 'H-NMR (400 MHz, DMSO-de) &: 5.32 (1H, m,
H-6), 420 (1H, d, J = 7.7 Hz, H-1"), 3.64 (1H, d, J =
10.01 Hz, H-6a), 3.52 (1H, td, J = 8.2, 5.22 Hz, H-3),
3.47 (1H, m, H-6b), 3.14 (1H, dd, J = 8.6, 8.3 Hz,
H-3'), 3.06 (1H, m, H-5"), 3.01 (1H, d, J = 8.6 Hz,
H-4), 2.93 (1H, m, H-2'), 2.33 (1H, m, H-4), 1.26
(1H, m, H-23), 0.94 (3H, s, H-19), 0.89 (3H, d, /= 6.3
Hz, H-21), 0.80 (9H, t, J = 6.9 Hz, H-26, 27, 29), 0.64
(3H, s, H-18); 13C-NMR (100 MHz, DMSO-ds) o:
142.0 (C-5), 122.8 (C-6), 102.4 (C-1'), 79.5 (C-3),
78.9 (C-3"), 78.3 (C-5"), 75.8 (C-2'), 72.4 (C-4'), 63.5
(C-6"), 57.4 (C-14), 56.6 (C-17), 50.9 (C-9), 46.6
(C-24), 42.8 (C-13), 40.6 (C-12), 39.8 (C-4), 37.9
(C-1), 37.5 (C-10), 36.8 (C-20), 34.6 (C-22), 32.6
(C-7), 32.5 (C-8), 30.7 (C-2), 29.8 (C-25), 28.7
(C-16), 26.8 (C-23), 24.9 (C-15), 23.8 (C-28), 21.7
(C-11), 20.4 (C-26), 19.7 (C-27), 19.5 (C-19), 19.4
(C-21), 12.6 (C-18), 12.4 (C-29). LA %35 5 kIR
T [PEE — 2050, S EAEY) 27 N B-EHE M.

&Y 28: ABTLEMAK. ESI-MS m/z:
427.70 [M+H]*; 'H-NMR (400 MHz, CDCl;) ¢: 4.68
(1H, s, H-29a), 4.58 (1H, s, H-29b), 3.80 (1H, d, J =
10.9 Hz, H-3), 3.18 (1H, dd, J = 11.2, 4.9 Hz, H-3),
1.68 (3H, brs, H-30), 1.02 (3H, s, H-26), 0.98 (3H, s,
H-23), 0.97 (3H, s, H-24), 0.82 (3H, s, H-25), 0.76
(3H, s, H-27); 3C-NMR (400 MHz, CDCl;) §: 150.7
(C-20), 110.2 (C-29), 84.3 (C-3), 60.1 (C-28), 55.9
(C-5), 50.9 (C-9), 49.3 (C-19), 49.3 (C-17), 49.1
(C-18), 42.9 (C-14), 41.2 (C-8), 42.1 (C-1), 40.5
(C-4), 39.9 (C-10), 38.9 (C-13), 34.6 (C-7), 32.3
(C-22), 31.0 (C-21), 30.8 (C-16), 30.5 (C-23), 28.3
(C-2), 27.8 (C-15), 25.8 (C-12), 21.3 (C-11), 19.6
(C-30), 18.8 (C-6), 16.9 (C-25), 16.8 (C-26), 16.4
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(C-24), 14.7 (C-27) LA 3545 5 SRR IE 2dls —# B,
M A A 28 N I HERREE .

EY 29: EELERMAK. ESIMS m/z
315.28 [M+H]"; 'H-NMR (400 MHz, DMSO-ds) ¢:
13.02 (1H, s, 5-OH), 8.03 (2H, d, J = 8.9 Hz, H-2', 6'),
7.11 (2H, d, J = 8.9 Hz, H-3', 5), 6.87 (1H, s, H-3),
6.64 (1H, s, H-8), 3.86 (3H, s, 4-OMe), 3.75 (3H, s,
6-OMe); 3C-NMR (100 MHz, DMSO-ds) o: 181.5
(C-4), 163.0 (C-2), 161.7 (C-4'), 158.3 (C-7), 152.0
(C-9), 151.7 (C-5), 132.8 (C-6), 128.6 (C-2', 6)124.1
(C-1"), 114.9 (C-3', 5", 105.4 (C-10), 102.9 (C-3),
94.2 (C-8), 60.3 (6-OMe), 55.5 (4'-OMe). LA % 5
SCHRIRIE s — 20, S E A 29 NI
I E .

&Y 30: EOTERMAR. ESIMS m/z:
447.43 [M+H]*; 'H-NMR (400 MHz, DMSO-ds) o:
13.07 (1H, s, 5-OH), 7.95 (2H, d, J = 8.7 Hz, H-2', 6'),
6.95 (2H, d, J = 8.2 Hz, H-3', 5"), 6.90 (1H, s, H-3),
6.87 (1H, s, H-8), 6.86 (1H, s, H-6), 5.35 (1H, d, J =
6.8 Hz, H-1"), 3.75 (3H, s, 4-OMe), 3.52~3.69 (4H,
m, sugar-H); *C-NMR (100 MHz, DMSO-ds) d:
182.3 (C-4), 163.8 (C-7), 163.0 (C-2), 162.7 (C-9),
161.1 (C-4"), 1562 (C-5), 128.9 (C-2/, 6'), 122.7
(C-1'), 114.9 (C-3', 5'), 105.3 (C-10), 103.8 (C-3),
99.9 (C-1"), 99.8 (C-6), 94.5 (C-8), 77.1 (C-3"), 77.0
(C-5"), 72.9 (C-2"), 69.3 (C-4"), 60.4 (C-6"), 55.5
(4-OMe). LA EHE 5 SCaRHiIE 18l — 302, i
Y EAL AW 30 N HE]EF,

RBAFR AR FERNRAEF B R
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