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Saponin constituents from roots and rhizomes of Caulophyllum robustum
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Abstract: Objective To separate the saponins from the roots and rhizomes of Caulophyllum robustum and determine their chemical
structures. Methods The chemical constituents were isolated by repeated silica gel chromatography, medium pressure column
chromatography, and semi-preparative liquid chromatography. Their structures were elucidated by the data of NMR and MS. Results
Ten compounds were isolated from the roots and rhizomes of C. robustum and the structures of compounds 1—10 were identified as
echinocystic acid-3-O-B-D-glucopyranosyl-(1—2)-a-L-arabinopyranoside (1), 3-O-a-L-arabinopyranosylhederagenin-28-O-f3-D-
glucopyranosyl-(1—6)-p-D-glucopyranoside (2), HN-saponin H (3), ciwujianosides A; (4), glycoside L-K; (5), 3-O-B-D-
glucopyranosyl-(1—3)-a-L-arabinopyranosyl-hederagenin-28-0-a-L-rhamnopyranosyl-(1—4)-p-D-glucopyranosyl-(1—6)-f-D-gluco-
pyranoside (6), leonticin F (7), 3-O-B-D-glucopyranosyl-(1—3) [B-D-glucopyranosyl-(1—2)] a-L-arabinopyranosyl-echinocystic
acid-28-0-a-L-rhamnopyranosyl-(1—4)-p-D-glucopyranosyl-(1—6)-p-D-glucopyranoside (8), leonticin A (9), and morroniside (10).
Conclusion Compound 10 is a iridoid. Compounds 1 and 10 are firstly isolated from the plants of Caulophyllum Maxim., compouds
2—9 are isolated from this plant for the first time.
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FK 4L} Caulophyllum robustum Maxim. &/
BEFRl(Berberidaceae) 21 E L& Caulophyllum Maxim.
MR PR AR ZE, A LB ™l
LM, AR Tz A T E R L, I
TOE AR WS HOR AP ) SR, LR LRI
3 RAEY, oy o T AR AR T R 2R A )
Caulophyllum robustum Maxim.. 7= AR L&) 22
K4 Py Caulophyllum thalictroi Des (L.) Michx.
(blue cohosh) FIKZEM-HF} Caulophyllum gianteum
Maxim., {ij 2 A A R TR]) 2 JH 3 RSG5
PR AT 80 AR A G . A (&
TR ) Pd B0 R BRI
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i, B IR A R LT R AR SCHR A
wY, ZAEY S R TR RSy . A
SIS AL PHR IO A 27 By HEATIIESE, 380 245
2 10 MEEW, 730 %E N R FEIR-3-0-B-D- i %
NEE T 4 -(1—2)-0i-L- FLE W5 7T 57 /F B 1 [echinocystic
acid-3-0-B-D-glucopyranosyl-(1 — 2)-a-L-arabinopy-
ranoside, 1)\ 3-O-o-L- MW B Hv A8 - 75 e 2
T6-28-0-B-D- ] % WL W -(1—6)-B-D-HHL I8 3 26 B 7
[3-O-0-L-arabinopyranosyl-hederagenin-28-O-3-D-
glucopyranosyl-(1—6)--D-glucopyranoside, 2]. HN-
saponin H (3). ciwujianosides A; (4). glycoside L-K;
(5D 3-O-B-D-MHE W H1 4 B -(1— 3 )-ou-L- AL Bl 471 -
W AR R R TC-28-0-a-L-FL I 5 25 H-(1—4)-B-D-1it
Wi 6] %5 B -(1—6)-B-D-ILL IR Bl A4 B - [3-O-B-D-gluco-
pyranosyl-(1—3)-a-L-arabinopyranosyl-hederagenin-28-
O-0-L-rhamnopyranosyl-(1—4)-p-D-glucopyranosyl-
(1—-6)-B-D-glucopyranoside, 6]. leonticin F (7).
3-O-B-D- ML i 7] % H -(1—3)  [B-D- Mtk I 5 %5 B -
(1—2)]-0-L- N 5 B o741 48 - 0] 28 12 -28- O- - L- WL T
B 2 0 -(1—4)-B-D- Wit i 4] % 8% -(1—6)-B-D- it
i & B (3-0-B-D-glucopyranosyl-(1—3) [B-D-
- 2)]
echinocystic acid-28-0-a-L-rhamnopyranosyl-(1 — 4)-

glucopyranosyl-(1 a-L-arabinopyranosyl-
B-D-glucopyranosyl-(1—6)-p-D-glucopyranosyl ester,
8). leonticin A (9). ZLiFf (morroniside, 10).
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RHHFFTHR K 10 kg, FH 70% BRI
WG, M3 ORI, Kb fE B2 XL Rt
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WK, 20 BB IR CEE A K RIE T REARE, BUE
TR 118 g, KIE TR (50 g) LARERSH:
EREIAT B, U - /KBR BE RIS 5 AN
5y Fr. 1~5, Hh Fro 1 CCEUFRE-HEE 10 & 1 PR
I3 HEMEAEY 1 (203 mg). 10 (7.2mg). Fr.2 (-
AR FEE-/K 4 2 10 0.1 PRI O Z A ODS
FE53 A HPLC Hils 1321549 2 (5.6 mg) 3 (6.2
mg). Fr.4 (5 FE-FEE-/K 65 135 1 10 PElliiss
2 ROHTF ODS M HPLC HI# 153k aY) 4 (7.7
mg). 5 (5.8 mg). 6 (5.5 mg). Fr5 (G HFHe-H
FE-7K 101003 Pl £ ODS Ml HPLC #il#%15
FIAEMT (63 mg). 8 (53mg). 9 (4.7mg),
3 HMEFE

&Y 1. Ak R (B, 478
C11HgsO15, Liebermann-Burchard I Molish J< V&
B . ESI-MS m/z: 789.6 [M+Na]', 1 555.4 [2M+
Na]". 'H-NMR (400 MHz, CsDsN) d: 3.21 (1H, dd,
J =116, 4.4 Hz, H-3), 0.73 (1H, brd, J = 11.6 Hz,
H-5), 5.63 (1H, brs, H-12), 5.23 (1H, brs, H-16), 3.61
(1H, dd, J = 13.7, 4.4 Hz, H-18), 1.19 (3H, s, H-23),
1.02 (3H, s, H-24), 0.86 (3H, s, H-25), 1.00 (3H, s,
H-26), 1.82 (3H, s, H-27), 1.05 (3H, s, H-29), 1.17
(3H, s, H-30), 4.94 (1H, d, J = 5.6 Hz, Ara H-1), 5.16
(1H, d, J = 7.6 Hz, Glc H-1); “C-NMR (100 MHz,
CsDsN) 0: 38.8 (C-1), 26.5 (C-2), 88.9 (C-3), 39.5
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(C-4), 55.9 (C-5), 18.5 (C-6), 33.5 (C-7), 39.9 (C-8),
472 (C-9), 37.0 (C-10), 23.8 (C-11), 122.3 (C-12),
145.2 (C-13), 42.1 (C-14), 36.2 (C-15), 74.8 (C-16),
48.9 (C-17), 41.5 (C-18), 47.3 (C-19), 31.1 (C-20),
36.1 (C-21), 32.8 (C-22), 28.2 (C-23), 16.8 (C-24),
15.6 (C-25), 17.5 (C-26), 27.2 (C-27), 180.3 (C-28),
33.4 (C-29), 24.8 (C-30); Ara: 104.8 (C-1), 80.9 (C-2),
73.4 (C-3), 68.3 (C-4), 64.9 (C-5); Glc: 105.9 (C-1),
76.4 (C-2), 782 (C-3), 71.5 (C-4), 782 (C-5), 62.5
(C-6). b5 SCHRECH L™, % th v 1 Aol
Fi%3-3-O-B-D- T2 MR B -(1—2)-0-L- B[R APTIE R

& 2: Atk R (FED, 701N
C47H76013, Liebermann-Burchard A1 Molish J V&
FH1E. ESI-MS m/z: 951.3 [M+Na]™. 'H-NMR (400
MHz, CsDsN) &: 5.46 (1H, brs, H-12), 3.22 (1H, brd,
J =132 Hz, H-18), 1.02 (3H, s, H-24), 0.98 (3H, s,
H-25), 1.17 (3H, s, H-26), 1.21 (3H, s, H-27), 0.90
(3H, s, H-29), 0.90 (3H, s, H-30), 5.03 (1H, d, J = 6.4
Hz, Ara H-1), 6.32 (1H, d, J = 8.0 Hz, Glc H-1"), 5.09
(1H, d, J = 7.2 Hz, Glc H-1"); “C-NMR (100 MHz,
CsDsN) &: 37.4 (C-1), 24.7 (C-2), 80.5 (C-3), 42.1
(C-4), 46.4 (C-5), 16.8 (C-6), 31.4 (C-7), 38.5 (C-8),
46.8 (C-9), 35.5 (C-10), 22.5 (C-11), 121.5 (C-12),
142.7 (C-13), 40.7 (C-14), 26.9 (C-15), 21.9 (C-16),
45.6 (C-17), 40.2 (C-18), 44.8 (C-19), 29.3 (C-20),
32.5 (C-21), 31.1 (C-22), 63.0 (C-23), 12.2 (C-24),
14.8 (C-25), 16.2 (C-26), 24.6 (C-27), 175.1 (C-28),
31.7 (C-29), 22.3 (C-30); Ara: 105.3 (C-1), 71.7 (C-2),
733 (C-3), 68.3 (C-4), 65.6 (C-5); 28-O-inner Glc:
94.3 (C-1'), 72.5 (C-2'), 76.9 (C-3'), 69.5 (C-4"), 76.6
(C-5"), 67.9 (C-6'); terminal Glc: 103.9 (C-1"), 73.8
(C-2"), 77.1 (C-3"), 70.1 (C-4"), 77.3 (C-5"), 61.2
(C-6"). 45 CmRBE L, BEthaw 2 b
3-O-ot-L- B 37 A1 ik e 5 - 5 2 g 2 1 76 -28-0-B-D- i
B NH R - (1—6)-B-D- 76 A HEL PR £

&M 3: Atk R (HE, 701N
CusH73013, Liebermann-Burchard A1 Molish J V&
FHPE. ESI-MS m/z: 941.3 [M—H] . 'H-NMR (400
MHz, CsDsN) &: 5.43 (1H, brs, H-12), 1.08 (3H, s,
H-24), 1.02 (3H, s, H-25), 1.16 (3H, s, H-26), 1.19
(3H, s, H-27), 0.87 (3H, s, H-29), 0.89 (3H, s, H-30),
1.72 3H, d, J = 6.2 Hz, Rha-6-CH3); '*C-NMR (100
MHz, CsDsN) 6: 38.8 (C-1), 27.7 (C-2), 73.3 (C-3),

42.9 (C-4), 48.2 (C-5), 18.6 (C-6), 32.9 (C-7), 39.9
(C-8), 48.5 (C-9), 37.2 (C-10), 23.9 (C-11), 122.8
(C-12), 144.2 (C-13), 42.2 (C-14), 28.3 (C-15), 23.4
(C-16), 47.0 (C-17), 41.7 (C-18), 46.2 (C-19), 30.8
(C-20), 34.0 (C-21), 32.5 (C-22), 67.8 (C-23), 13.2
(C-24), 16.1 (C-25), 17.6 (C-26), 26.1 (C-27), 176.6
(C-28), 33.1 (C-29), 23.7 (C-30); 28-O-inner Glc: 95.7
(C-1), 74.0 (C-2), 78.8 (C-3"), 70.9 (C-4"), 78.1
(C-5", 69.2 (C-6"); 6'-Glc: 104.9 (C-1"), 75.4 (C-2"),
76.5 (C-3"), 782 (C-4"), 77.2 (C-5"), 61.3 (C-6");
Rha: 102.8 (C-1), 72.6 (C-2), 72.8 (C-3), 73.9 (C-4),
70.3 (C-5), 18.6 (C-6). £ 5 CHREUR LY, %5E
4% 3 5 HN-saponin H.

tEY 4. AR (HED, 21N
CsoHosO2s, Liebermann-Burchard #1 Molish Jx iV &
APk . ESI-MS m/z: 1 243.3 [M+Na]". "H-NMR (400
MHz, CD;0D) &: 3.17 (1H, overlap, H-3), 0.69 (1H,
brd, J = 11.2 Hz, H-5), 1.58 (1H, t, J = 8.6 Hz, H-9),
5.40 (1H, brs, H-12), 3.17 (1H, o, H-18), 1.20 3H, s,
H-23), 1.03 (3H, s, H-24), 0.86 (3H, s, H-25), 1.08
(3H, s, H-26), 1.21 (3H, s, H-27), 0.88 (3H, s, H-29),
0.87 (3H, s, H-30), 4.94 (1H, d, J = 5.6 Hz, Ara H-1),
5.17 (1H, d, J = 7.6 Hz, Glc H-1), 6.23 (1H, d, J= 8.0
Hz, Glc H-1'), 4.98 (1H, d, J = 7.6 Hz, Glc H-1"), 5.84
(1H, s, Rha H-1), 1.69 (3H, d, J = 6.0 Hz, Rha 6-CHs),
BC.NMR (100 MHz, CsDsN) &: 39.9 (C-1), 27.6
(C-2), 90.0 (C-3), 40.6 (C-4), 56.9 (C-5), 19.7 (C-6),
34.3 (C-7), 41.0 (C-8), 49.2 (C-9), 38.1 (C-10), 24.9
(C-11), 124.0 (C-12), 145.3 (C-13), 43.2 (C-14), 29.3
(C-15), 24.5 (C-16), 48.2 (C-17), 42.8 (C-18), 47.4
(C-19), 31.9 (C-20), 35.1 (C-21), 33.6 (C-22), 29.3
(C-23), 17.9 (C-24), 16.7 (C-25), 18.6 (C-26), 27.2
(C-27), 177.7 (C-28), 34.3 (C-29), 24.8 (C-30); Ara:
105.9 (C-1), 82.0 (C-2), 74.6 (C-3), 69.4 (C-4), 66.1
(C-5); Gle:107.1 (C-1), 77.5 (C-2), 79.3 (C-3), 72.7
(C-4), 79.3 (C-5), 63.7 (C-6); 28-O-inner Glc: 96.8
(C-1), 75.1 (C-2), 79.8 (C-3"), 71.9 (C-4"), 79.1
(C-5", 70.3 (C-6"); 6'-Gle: 105.9 (C-1"), 76.4 (C-2"),
77.6 (C-3"), 79.3 (C-4"), 78.3 (C-5"), 62.4 (C-6");
Rha: 103.8 (C-1), 73.7 (C-2), 73.9 (C-3), 75.0 (C-4),
71.4 (C-5), 19.7 (C-6). £45ChkEcds LA, %sg
AW 4 2 ciwujianosides A

&Y 5. AR (HED, 21N
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CsoHosOs5, Liebermann-Burchard 1 Molish J 3%
LY. ESI-MS m/z: 1 243.3 [M+Na]'. 'H-NMR
(400 MHz, CD;0D) 6: 3.33 (1H, dd, J = 11.6, 4.0 Hz,
H-3), 0.79 (1H, brd, J = 11.6 Hz, H-5), 1.62 (1H, t, J =
8.8 Hz, H-9), 5.40 (1H, brs, H-12), 3.17 (1H, dd, J =
13.4, 3.4 Hz, H-18), 1.29 (3H, s, H-23), 0.97 (3H, s,
H-24), 0.86 (3H, s, H-25), 1.08 (3H, s, H-26), 1.24
(3H, s, H-27), 0.88 (3H, s, H-29), 0.88 (3H, s, H-30),
474 (1H, d,J=7.2 Hz, Ara H-1), 5.39 (1H, d, J= 7.9
Hz, Glc H-1), 6.24 (1H, d, J = 8.1 Hz, Glc H-1"), 4.98
(1H, d, J = 8.0 Hz, Glc H-1"), 5.85 (1H, s, Rha H-1),
1.69 (3H, d, J = 6.0 Hz, Rha 6-CHs); '>C-NMR (100
MHz, CsDsN) d: 38.8 (C-1), 26.7 (C-2), 88.7 (C-3),
39.6 (C-4), 55.9 (C-5), 18.5 (C-6), 33.1 (C-7), 39.9
(C-8), 48.1 (C-9), 37.0 (C-10), 23.8 (C-11), 122.9
(C-12), 144.1 (C-13), 42.1 (C-14), 28.3 (C-15), 23.4
(C-16), 47.1 (C-17), 41.7 (C-18), 46.2 (C-19), 30.8
(C-20), 34.0 (C-21), 32.5 (C-22), 28.1 (C-23), 16.9
(C-24), 15.6 (C-25), 17.5 (C-26), 26.1 (C-27), 176.5
(C-28), 33.1 (C-29), 23.7 (C-30); Ara: 107.4 (C-1),
71.6 (C-2), 84.1 (C-3), 69.3 (C-4), 66.9 (C-5); Glc:
106.3 (C-1), 75.7 (C-2), 78.3 (C-3), 71.9 (C-4), 78.4
(C-5), 62.7 (C-6); 28-O-inner Gle: 95.7 (C-1'), 73.9
(C-2), 78.7 (C-3"), 70.8 (C-4'), 78.0 (C-5), 69.2
(C-6'); 6'-Glc: 104.8 (C-17), 75.3 (C-2"), 76.5 (C-3"),
78.7 (C-4"), 77.2 (C-5"), 61.3 (C-6"); Rha: 102.8
(C-1), 72.6 (C-2), 72.8 (C-3), 74.0 (C-4), 70.3 (C-5),
18.5 (C-6). £ 3CHRB L, %t s b
glycoside L-K;»

wEY 6: AR (HE-BERLED, 5T
o CsoHogO,7, Liebermann-Burchard 1 Molish /%
NS BHYE . ESI-MS m/z: 1 259.2 [M+Na]', 1 235.0
[M—H] . "H-NMR (400 MHz, CsDsN) 6: 5.39 (1H,
brs, H-12), 3.14 (1H, dd, J = 13.2, 3.8 Hz, H-18), 0.92
(3H, s, H-24), 0.95 (3H, s, H-25), 1.09 (3H, s, H-26),
1.17 3H, s, H-27), 0.85 (3H, s, H-29), 0.86 (3H, s,
H-30), 4.96 (1H, d, J = 6.5 Hz, Ara H-1), 5.30 (1H, d,
J =179 Hz, Glec H-1), 6.22 (1H, d, J = 8.1 Hz, Glc
H-1'), 4.98 (1H, d, J = 7.6 Hz, Glc H-1"), 5.84 (1H, s,
Rha H-1), 1.68 (3H, d, J = 6.0 Hz, Rha 6-CHj);
BC-NMR (100 Hz, CsDsN) 6: 40.3 (C-1), 22.7 (C-2),
83.3 (C-3), 45.0 (C-4), 49.0 (C-5), 19.6 (C-6), 34.0
(C-7), 41.4 (C-8), 49.7 (C-9), 38.4 (C-10), 25.4

(C-11), 124.4 (C-12), 145.6 (C-13), 43.6 (C-14), 29.8
(C-15), 24.8 (C-16), 48.5 (C-17), 43.1 (C-18), 47.7
(C-19), 32.2 (C-20), 35.4 (C-21), 34.3 (C-22), 65.7
(C-23), 15.2 (C-24), 17.7 (C-25), 19.1 (C-26), 27.6
(C-27), 178.1 (C-28), 34.6 (C-29), 25.2 (C-30); Ara:
108.0 (C-1), 73.0 (C-2), 85.7 (C-3), 70.8 (C-4), 68.5
(C-5); Gle: 107.7 (C-1), 77.2 (C-2), 79.7 (C-3), 73.5
(C-4), 80.2 (C-5), 64.2 (C-6); 28-O-inner Glc: 97.1
(C-1"), 753 (C-2"), 80.2 (C-3'), 72.3 (C-4), 79.5
(C-5"), 70.6 (C-6"); 6'-Glc: 106.3 (C-1"), 76.8 (C-2"),
78.0 (C-3"), 79.8 (C-4"), 78.6 (C-5"), 62.7 (C-6");
Rha: 104.2 (C-1), 74.1 (C-2), 74.2 (C-3), 75.5 (C-4),
71.8 (C-5), 20.0 (C-6). £:45 ik#dn b, %z
WA 6 4 3-O-B-D-H1 2 IR -(1—3)-0-L-F $7411
it T B - A 2 T T -28-0-0-L- FR ZE it R B -
(1—>4)-B-D-i 2 ML IR B -(1—6)-B-D-F 2 L I B
WEYT: TERMAKRFED, 75T H CesHis0305
Liebermann-Burchard 1 Molish Jz W 5 FH 1% . ESI-MS
miz: 1 4212 [M+Na], 1 397.0 [M—H] . 'H-NMR
(400 MHz, CsDsN) d: 5.38 (1H, brs, H-12), 3.14 (1H,
dd, J = 13.2, 4.0 Hz, H-18), 1.06 (3H, s, H-24), 0.92
(3H, s, H-25), 1.08 (3H, s, H-26), 1.14 (3H, s, H-27),
0.85 (3H, s, H-29), 0.86 (3H, s, H-30), 5.00 (1H, d, J =
5.6 Hz, Ara H-1), 5.52 (1H, d, J = 7.7 Hz, Glc H-1),
5.25 (1H, d, J = 7.7 Hz, Glc H-1""), 6.23 (1H, d, J =
7.9 Hz, Glc H-1'), 4.98 (1H, d, J = 8.4 Hz, Glc H-1"),
5.85 (1H, s, Rha H-1), 1.69 (3H, d, J = 6.0 Hz, Rha
6-CH;); "“C-NMR (100 Hz, CsDsN) d: 38.8 (C-1),
26.0 (C-2), 82.4 (C-3), 43.6 (C-4), 47.9 (C-5), 18.2
(C-6), 32.8 (C-7), 39.9 (C-8), 48.2 (C-9), 36.9 (C-10),
23.8 (C-11), 123.0 (C-12), 144.1 (C-13), 42.1 (C-14),
28.3 (C-15), 23.4 (C-16), 47.0 (C-17), 41.7 (C-18),
46.2 (C-19), 30.7 (C-20), 33.9 (C-21), 32.5 (C-22),
64.7 (C-23), 13.4 (C-24), 162 (C-25), 17.5 (C-26),
26.0 (C-27), 176.5 (C-28), 33.1 (C-29), 23.7 (C-30);
Ara: 104.3 (C-1), 77.6 (C-2), 83.5 (C-3), 68.6 (C-4),
65.8 (C-5); Glc (2-position of Ara): 104.3 (C-1), 76.1
(C-2), 78.5 (C-3), 72.0 (C-4), 77.4 (C-5), 62.9 (C-6);
Glc (3-position of Ara): 104.8 (C-1"), 75.2 (C-2"), 78.7
(C-3"), 71.5 (C-4), 78.3 (C-5'), 62.5 (C-6'); 28-O-inner
Gle: 95.6 (C-1"), 74.0 (C-2"), 78.7 (C-3"), 70.9
(C-4"), 78.0 (C-5"), 69.2 (C-6"); 6"-Glc: 104.9
(C-1""), 75.3 (C-2""), 76.5 (C-3""), 78.3 (C-4""), 77.2
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(C-5"), 61.3 (C-6""); Rha: 102.7 (C-1), 72.6 (C-2),
72.8 (C-3), 73.9 (C-4), 70.3 (C-5), 18.5 (C-6). £ 5
TR A L™, %E A 7 A leonticin F.

tEY 8: AR (HE-BIR AN, 2+
FuHN CesH 06032, Liebermann-Burchard 11 Molish %
% S BAYE . ESI-MS m/z: 1421.2 [M+Na]™. '"H-NMR
(400 MHz, CsDsN) &: 3.26 (1H, dd, J = 11.2, 3.4 Hz,
H-3), 0.78 (1H, brd, J = 11.6 Hz, H-5), 5.59 (brs,
H-12), 5.30 (1H, brs, H-16), 3.50 (1H, dd, J = 14.0,
2.9 Hz, H-18), 1.24 (3H, s, H-23), 1.09 (3H, s, H-24),
0.89 (3H, s, H-25), 1.12 (3H, s, H-26), 1.82 (3H, s,
H-27), 0.99 (3H, s, H-29), 1.05 (3H, s, H-30), 4.80
(1H, d, J = 6.7 Hz, Ara H-1), 5.52 (1H, d, J = 7.7 Hz,
Glc H-1), 5.31 (1H, d, J = 7.6 Hz, Glc H-1""), 6.25
(1H, d, J= 8.1 Hz, Glc H-1"), 4.98 (1H, d, J = 8.0 Hz,
Glc H-1"), 5.86 (1H, s, Rha H-1), 1.71 (3H, d, J = 6.1
Hz, Rha 6-CHs); >C-NMR (100 MHz, CsDsN) 6: 38.9
(C-1), 26.7 (C-2), 89.0 (C-3), 39.7 (C-4), 55.9 (C-5),
18.5 (C-6), 33.5 (C-7), 40.1 (C-8), 47.2 (C-9), 37.0
(C-10), 23.8 (C-11), 122.7 (C-12), 144.4 (C-13), 42.1
(C-14), 36.1 (C-15), 74.3 (C-16), 49.2 (C-17), 41.2
(C-18), 47.2 (C-19), 30.8 (C-20), 35.9 (C-21), 32.2
(C-22), 28.0 (C-23), 16.8 (C-24), 15.7 (C-25), 17.6
(C-26), 27.2 (C-27), 176.0 (C-28), 33.2 (C-29), 24.6
(H-30); Ara: 105.4 (C-1), 77.5 (C-2), 82.9 (C-3), 68.8
(C-4), 659 (C-5); Glc (2-position of Ara): 104.4
(C-1), 76.1 (C-2), 78.3 (C-3), 72.3 (C-4), 77.4 (C-5),
63.2 (C-6); Glc (3-position of Ara): 105.0 (C-1"), 75.3
(C-2), 78.6 (C-3"), 71.5 (C-4"), 78.2 (C-5"), 62.5 (C-6');
28-O-inner Glc: 95.8 (C-1"), 73.9 (C-2"), 78.7 (C-3"),
70.8 (C-4"), 78.0 (C-5"), 69.2 (C-6"); 6"-Glc: 105.0
(C-1"), 75.3 (C-2""), 76.5 (C-3"), 78.5 (C-4""), 77.1
(C-5""), 61.4 (C-6"); Rha: 102.7 (C-1), 72.6 (C-2),
72.7 (C-3), 73.9 (C-4), 70.3 (C-5), 18.5 (C-6), &5
REH L™, %E ik 8 O 3-0-B-D-A it iR
BE-(1—3) [B-D-Hi A5 ML B -(1—2)]-o-L -l R AFT AL IR
B - ) 3 PR -28-O-a-L- R, 4= WL IR B -(1—4)-B-D- ] %
ML R (1 —6)-B-D- i 22 L B 7

tEY 9: Ak R (HE-BSR L), 01
A C77H 260415 Liebermann-Burchard 11 Molish /%
NS B . ESI-MS mi/z: 1 749.7 [M+Na]™. '"H-NMR
(400 MHz, CsDsN) J: 5.41 (1H, brs, H-12), 3.17 (1H,
brd, J = 12.3 Hz, H-18), 1.05 (3H, s, H-24), 0.97 (3H,

s, H-25), 1.13 (3H, s, H-26), 1.16 (3H, s, H-27), 0.86
(3H, s, H-29), 0.87 (3H, s, H-30), 5.20 (1H, d, J=5.7
Hz, Ara H-1), 5.22 (1H, d, J = 7.6 Hz, Glc H-1), 6.26
(1H, d, J = 8.0 Hz, Glc H-1"), 4.99 (1H, d, J = 7.5 Hz,
Glc H-1"), 5.88 (1H, brs, Rha H-1), 1.85 (1H, d, J =
6.1 Hz, Rha H-6), 5.23 (1H, d, J = 7.5 Hz, Glc H-1""),
5.01 (1H, d, J = 7.8 Hz, Glc H-1""), 5.88 (1H, brs,
Rha H-1'), 1.73 (1H, d, J = 6.1 Hz, Rha H-6');
BC-NMR (100 MHz, CsDsN) &: 38.8 (C-1), 26.0
(C-2), 82.1 (C-3), 43.5 (C-4), 47.8 (C-5), 18.2 (C-6),
32.7 (C-7), 39.9 (C-8), 48.1 (C-9), 36.9 (C-10), 23.8
(C-11), 122.9 (C-12), 144.1 (C-13), 42.1 (C-14), 28.3
(C-15), 23.3 (C-16), 46.9 (C-17), 41.6 (C-18), 46.2
(C-19), 30.7 (C-20), 33.9 (C-21), 32.5 (C-22), 64.8
(C-23), 13.4 (C-24), 16.2 (C-25), 17.5 (C-26), 26.0
(C-27), 176.5 (C-28), 33.1 (C-29), 23.7 (C-30); Ara:
103.9 (C-1), 81.3 (C-2), 74.0 (C-3), 68.4 (C-4), 65.1
(C-5); Gle: 105.9 (C-1), 76.3 (C-2), 78.0 (C-3), 71.4
(C-4), 782 (C-5), 62.5 (C-6); 28-O-inner Glc: 95.6
(C-1"), 73.9 (C-2"), 78.5 (C-3"), 70.7 (C-4"), 77.2
(GC-5"), 69.2 (C-6"); 6'-Glc: 104.9 (C-1"), 75.5 (C-2"),
76.5 (C-3"), 78.7 (C-4"), 77.2 (C-5"), 61.4 (C-6");
4"-Rha: 102.0 (C-1), 72.1 (C-2), 72.6 (C-3), 84.7
(C-4), 68.4 (C-5), 18.6 (C-6); Glc (4-position of Ara):
106.2 (C-1""), 76.2 (C-2""), 78.3 (C-3""), 71.2 (C-4""),
77.2 (C-5"), 69.9 (C-6""); 6""-Glc: 105.3 (C-1""), 75.4
(C-2"""), 76.4 (C-3"""), 78.0 (C-4"""), 77.2 (C-5""), 61.2
(C-6""); 4""-Rha: 102.6 (C-1'), 72.7 (C-2'), 72.8
(C-3"), 73.7 (C-4"), 70.3 (C-5"), 18.5 (C-6"). £ 5k
Kot e, gt 54 9 2 leonticin A

&Y 10: ARk (FEED, 47N
C17H26011> Molish [ V2 FH . ESI-MS mi/z: 429.3
[M+Nal", 4055 [M—H] . 'H-NMR (400 MHz
CD;0D) 6: 5.82 (1H, d, J=9.2 Hz, H-1), 7.51 (1H, s,
H-3), 2.82 (1H, dt, J = 13.0, 4.4 Hz, H-5), 2.02 (1H,
ddd, J = 13.0, 4.4, 2.2 Hz, H-6), 1.17 (1H, ddd, J =
13.0, 9.6 Hz, H-6), 4.80 (1H, dd, J = 2.2, 9.6 Hz, H-7)
3.95 (1H, dq, J = 6.8, 2.0 Hz, H-8), 1.76 (1H, ddd, J =
9.2, 4.8, 2.0 Hz, H-9), 1.38 (3H, d, J = 6.8 Hz, H-10),
3.68 (3H, s, H-12), 4.77 (1H, d, J = 8.0 Hz, Glc H-1);
BC-NMR (100 MHz, CD;0OD) &: 95.9 (C-1), 154.5
(C-3), 110.9 (C-4), 32.0 (C-5), 37.3 (C-6), 97.1 (C-7),
74.2 (C-8), 39.9 (C-9), 19.9 (C-10), 168.7 (C-11), 51.8
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(C-12); Gle: 100.1 (C-1), 75.1 (C-2), 77.9 (C-3), 71.7
(C-4), 78.5 (C-5), 62.8 (C-6). LA X0 15 SR8 —

!

U, WO S 10 SEE T

S 3k

(1]

(3]

Li G Y, Zhang Y H, Yang B Y, et al. Leiyemudansides
A-C, three new bidesmosidic triterpenoid sapnins from
the roots of Caulophyllum robustum [J]. Fitoterapia,
2010, 81(3): 200-204.

Sahu N P, Mahato S B. Anti-inflamatory triterpene
saponins of Pithecellobium Dulce: characterization of an
echinocystic acid bisdesmoside [J]. Phytochemistry, 1994,
37(5): 1425-1427.

Bddir E, Kirmizipekmez H, Sticher O, et al. Triterpene
of Hedera Helix [J].
Phtochemistry, 2000, 53(8): 905-909.

Shao B P, Qin G W, Xu R S, et al. Triterpenoid saponins
from Clematis chinensis [J]. Phytochemistry, 1995, 38(6):
1473-1479.

BOE, AN, T, S INHHRETE A R T
ZHEETF [J]. 2R, 2000, 35(11): 821-825.

saponins from the fruits

(6]

[10]

(1]

Stolyarenko A S, Grishkovets V I, Shashkov A S, et al.
Triterpene glycosides of Scheffleropsis Angkae. 1.
Stucture of glycosides L-E;, L-E,, L-K;, and L-K, [J].
Chem Nat Compd, 2000, 36(3): 295-298.

Weger C, Hamburger M, Kunert O, et al. Tensioactive
compounds from the aquatic plant Ranunculus fluitans L.
(Ranunculaceae) [J]. Helv Chim Acta, 2000, 83(7):
1454-1464.

Chen M, Wu W W, Nanz D, et al. Leonticins D—H, five
triterpene  saponins from Leontice kiangnanensis [J].
Phytochemistry, 1997, 44(3): 497-504.

Melek F R, Miyase T, Abdel-khalik S M, et al. Saponins
and acylated saponins from Dizygotheca kerchoveana [J].
Phytochemistry, 2004, 65(23): 3089-3095.

Chen M, Wu W W, Sticher O, et al. Leonticins A—C,
three octasaccharide saponins from Leontice kiangnanensis
[J]. J Nat Prod, 1996, 59(8): 722-728.

Liang J, He J, Zhu S, et al. Preparative isolation and
purification of iridoid glycosides from Fructus Corni by
high-speed countercurrent chromatography [J]. J Lig
Chromatogr Relat Technol, 2013, 36(8): 983-999.



