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A new triterpenoid saponin from the stem
of Akebia trifoliata var. australis

Hui-Min Gao, Zhi-Min Wang* and Wei-Hao Wang

Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences,
Beijing 100700, China

(Received 22 May 2009; final version received 26 July 2009)

A new triterpene glycoside mutongsaponin F (1), together with five known saponins
and two known lipids, was isolated from the 70% ethanol extract of the stems of Akebia
trifoliata (Thunb.) Koidz. var. australis (Diels) Rehd. Their structures were elucidated
on the basis of the spectroscopic analysis and physicochemical properties as 3-b-[(b-
D-glucopyranosyl-(1 ! 2)-O-[b-D-glucopyranosyl-(1 ! 3)-O-]-a-L-arabinopyranosy-
l)oxy]-30-norolean-12-en-28-oic acid a-L-rhamnopyranosyl-(1 ! 4)-O-b-D-glucopyr-
anosyl-(1 ! 6)-O-b-D-glucopyranosyl ester (1), 3-b-[(b-D-glucopyranosyl-(1 ! 2)-
O-[b-D-glucopyranosyl-(1 ! 3)-O-]-a-L-arabinopyranosyl)oxy]-30-norolean-12-en-
28-oic acid (2), leonticin E (3), collinsonidin (4), arjunolic acid 28-O-glucopyranoside
(5), asiatic acid 28-O-glucopyranoside (6), soya-cerebroside I (7), and 1-O-a-L-
galactosyl-(1 ! 6)-O-b-D-galactosyl-3-O-hexadecanoyl-glycerol (8), respectively.

Keywords: Akebia trifoliata var. australis; mutongsaponin F; triterpenoid; lipids

1. Introduction

The stems ofAkebia trifoliata var. australis,

together with the other two plants of the

Akebia genus, A. quinata and A. trifoliata,

were recorded in the Pharmacopoeia of the

People’s Republic of China as the original

plant of Caulis Akebiae (Mutong in

Chinese). It has been widely used in

Chinese medicine as an antiphlogistic, a

diuretic, and an analgesic [1]. A number of

compounds including triterpenes, triter-

penoid saponins, phenylethanoid glyco-

sides, lignan glycosides, and coumarins

have been isolated from the stems, fruits, or

callus tissues [2–10] of the above three

plants. We have previously reported five

new triterpenoid saponins A–E from the

stems of A. trifoliata var. australis [3].

As part of the continuous investigation of

the chemical constituents of this species, a

new triterpene glycoside, mutongsaponin F

(1), was isolated and identified on the basis

of spectroscopic analysis and chemical

evidences, along with five known triter-

penoid saponins (2–6) and two lipids

(7 and 8) (Figure 1). In the present paper,

the isolation and the structural elucidation

of compound 1 are described.

2. Results and discussion

The molecular formula of mutongsaponin

F (1) was established as C64H102O31 by a

positive HR-ESI-MS experiment at m/z

1389.6271 [MþNa]þ. Owing to the whole

profiles of 1H and 13C NMR, 1 was

deduced as a 30-norolean-type triterpene
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saponin. The 1H NMR spectrum exhibited

six anomeric protons at d 6.21 (1H, d,

J ¼ 8.0Hz), 5.86 (1H, br s), 5.52 (1H, d,

J ¼ 8.0Hz), 5.33 (1H, d, J ¼ 8.0Hz), 4.96

(1H, d, J ¼ 7.5Hz), and 4.78 (1H, d,

J ¼ 6.0Hz), an exomethylene group at d

4.73 and 4.68 (each s), an olefinic proton at

d 5.41 (1H, br s), as well as five tertiary

methyl signals at d 1.25 (3H, s), 1.18 (3H,

s), 1.07 (3H, s), 1.05 (3H, s), and 0.82

(3H, s). The 13C NMR spectrum displayed

six anomeric carbons at d 105.5, 104.9,

104.8, 104.4, 102.7, and 95.7, two pairs of

olefinic carbons at d 123.1 and 143.4, as

well as d 148.4 and 107.4, along with an

ester carbonyl carbon at d 175.8 and an

oxygenated carbon at d 88.9 of the

aglycone. In addition, acid hydrolysis of

1 confirmed that the sugar moieties are

composed of glucose, rhamnose, and

arabinose, which were identified by co-

chromatographic examinations on thin

layer plates with authentic samples and

by the comparison of the NMR spectral

data of the sugar moieties with those of the

literature [3,11]. According to the above

spectroscopic and chemical information,

compound 1 was deduced to be a

bisdesmosidic triterpenoid saponin with

four glucopyranosyl units, one arabino-

pyranosyl, and one rhamnopyranosyl unit,

disubstituted at positions C-3 and C-28 of

the aglycone, respectively. A detailed

comparison of the 1H and 13C NMR

spectral data of 1 with those of 2 and 3

indicates that compound 1 has the same

aglycone as that of 2 and the same sugar

moieties as well as the linkage sequence as

that of 3 (see Table 1). Thus, the structure

of 1 was preliminarily established as the

Figure 1. Structures of compounds 1–7.
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derivative of 3, with the absence of 30-

CH3 of the aglycone. Starting from the

anomeric proton of each glucopyranosyl

and arabinopyranosyl unit, all the hydro-

gens within each spin system were

assigned by 2D TOCSY experiments. In

2D TOCSY, H-1 of rhamnopyranosyl had

only the correlations with H-2 and H-3;

moreover, the correlation between H-1

and H-3 was weak, which indicated the

characteristic of rhamnose. The 2D COSY

spectrum displayed the correlations

between H-6 (the methyl group) and H-5,

H-5 and H-4, respectively, and then, the

protons of rhamnopyranosyl were

assigned. All the carbons of the sugar

units were assigned by HSQC, DEPT and

further confirmed by HMBC experiments.

The linkage sequences and linkage pos-

ition of the sugar moieties were further

ascertained by the following key HMBC

correlations: from H-1000 of glucopyranosyl

at d 5.52 to C-2 of arabinopyranosyl at d

77.4, from H-100 of glucopyranosyl at d

5.33 to C-3 of arabinopyranosyl at d 83.2,

from H-1 of arabinopyranosyl at d 4.78 to

C-3 of the aglycone at d 88.9, from H-1 of

rhamnopyranosyl at d 5.86 to C-40 of

glucopyranosyl at d 78.2, H-10 of gluco-

pyranosyl at d 4.96 to C-6 of the inner

glucopyranosyl at d 69.4, H-1 of the inner

glucopyranosyl at d 6.21 to C-28 of the

aglycone at d 175.8 (see Table 1).

Accordingly, the structure of 1 was

elucidated as 3-b-[(b-D-glucopyranosyl-

(1 ! 2)-O-[b-D-glucopyranosyl-(1 ! 3)-

O-]-a-L-arabinopyranosyl)oxy]-30-noro-

lean-12-en-28-oic acid a-L-rhamnopyra-

nosyl-(1 ! 4)-O-b-D-glucopyranosyl-

(1 ! 6)-O-b-D-glucopyranosyl ester.

Compounds 2–8 were unambiguously

identified by the comparison of their

spectroscopic data with those reported in

the literatures as 3-b-[(b-D-glucopyranosyl-

(1 ! 2)-O-[b-D-glucopyranosyl-(1 ! 3)-

O-]-a-L-arabinopyranosyl)oxy]-30-noro-

lean-12-en-28-oic acid (2) [12], leonticin E

(3) [11], collinsonidin (4) [13], arjunolic

acid 28-O-glucopyranoside (5), asiatic acidT
ab
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28-O-glucopyranoside (6) [14], soya-cere-

broside I (7) [15], and 1-O-a-L-galactosyl-

(1 ! 6)-O-b-D-galactosyl-3-O-hexadeca-

noyl-glycerol (8) [16]. Compound 2 was

previously obtained as an artifact derived

from guaiacin E by alkaline hydrolysis.

This is the first report on isolation from

natural sources.

3. Experimental

3.1 General experimental procedures

NMR spectra were recorded at 500 and

125MHz for 1H and 13C, respectively, on a

JEOL Teol 500MHz NMR spectrometer

in pyridine-d5 with TMS as the internal

standard. HR-ESI-MS were recorded on a

Jabstec (Micromass) mass spectrometer.

Column chromatography was performed

with silica gel (200–300 mesh; Qingdao

Haiyang Chemical Co., Qingdao, China),

Sephadex LH-20, and ODS silica gel (Fuji

Silysia Chemical Ltd, Aichi, Japan). TLC

was carried out with precoated silica gel

plates (GF-254; Qingdao Haiyang Chemi-

cal Co.). The reference glucose, rhamnose,

and arabinose were bought from Sigma

Company (Poole, Dorset, UK). All sol-

vents were of analytical grade.

3.2 Plant material

The stems of A. trifoliata var. australis

were collected in the fields of E’mei

Mountain, Sichuan Province, China, in

June 2004. The plant was identified by

Associate Prof. Xi-Rong He (Institute of

Chinese Materia Medica, China Academy

of Chinese Medical Sciences, Beijing,

China) and the voucher specimens (No.

BMT-200406) have been deposited in our

laboratory.

3.3 Extraction and isolation

The stems of A. trifoliata var. australis

(dried weight, 3.0 kg) were extracted with

hot EtOH–H2O (7:3) by refluxing. The

EtOH–H2O (7:3) extract was concentrated

under reduced pressure and partitioned

using EtOAc and n-BuOH, respectively.

The EtOAc-soluble fraction (57 g) was

subjected to silica gel column chromatog-

raphy eluted with petroleum ether–EtOAc

(1:1), CHCl3–EtOAc (1:1), CHCl3–

MeOH (9:1–3:1), and MeOH, respect-

ively, to afford six fractions (I–VI).

Fraction IV was purified on Sephadex

LH-20 column chromatography eluted

with MeOH–H2O (3:7) to give 7
(40mg). Fraction V was purified by ODS

silica gel column chromatography eluted

with MeOH–H2O (6:4) to yield 4 (10mg),

5 (7.5mg), 6 (8mg), and 8 (50mg). The

n-BuOH-soluble fraction (136 g) was

fractioned by macroporous resin HPD100

column chromatography eluted with H2O

and EtOH–H2O (3:7, 5:5, 95:5). The

EtOH–H2O (3:7) fraction was separated

on silica gel column chromatography

(CHCl3–MeOH–H2O 15:8:1) and puri-

fied by ODS column chromatography

eluted with MeOH–H2O (5:5) to give 1

(18mg) and 3 (180mg). The EtOH–H2O

(5:5) fraction was subjected to silica gel

column chromatography (CHCl3–

MeOH–H2O 18:8:1) and purified by

ODS silica gel and preparative HPLC

using MeOH–H2O (6:4) as the mobile

phase, to afford 2 (10mg), respectively.

Mutongsaponin F (1) was obtained as a

white amorphous powder. 1H and 13C

NMR spectral data, see Table 1. HR-ESI-

MS (positive): m/z 1389.6271 [MþNa]þ

(calcd for C64H102O31Na 1389.6303).

3.4 Acid hydrolysis of mutongsaponin F
(1)

A solution of 1 in 2.0M trifluoroacetic

acid (2ml) was sealed in a tube and heated

at 1108C for 6 h. The reaction mixture was

extracted with EtOAc. The H2O layer was

concentrated under reduced pressure for

the identification of glucose, arabinose,

and rhamnose by comparison of the Rf

value with that of the authentic sample on

TLC [3].
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