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Abstract

Two saponins were isolated from the roots of Ardisia mamillata HANCE. Their structures were established on the basis of
MALDI-TOFMS, 'H, '3C NMR and 2D NMR (COSY, HOHAHA, HETCOR, HMBC and ROESY) spectra, and on chemical
evidence, to be ardisimamilloside A, 3-O-{a-L-rhamnopyranosyl-(1 — 2)-B-D-glucopyranosyl-(1 — 4)-[B-D-glucopyranosyl-(1 —
2)]-a-L-arabinopyranosyl}-3f,  16a,28a-trihydroxy-13p,28-epoxy-oleanan-30-al; and  ardisimamilloside B,  3-O-{o-L-
rhamnopyranosyl-(1 — 2)-B-D-glucopyranosyl-(1 — 4)-[B-D-glucopyranosyl-(1 — 2)]-a-L-arabinopyranosyl}-3p-hydroxy-13§,28-

epoxy-oleanan-16-oxo-30-al. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Ardisia mamillata HANCE (Myrsinaceae) is a widely
occurring shrub in southern China. Its roots have been
traditionally used to treat respiratory tract infections
and menstrual disorders (Jiangsu New Medical Col-
lege, 1977). Other plants of this genus have also been
used for this purpose, and are well documented in tra-
ditional medicine in Southeast Asia (Perry and Metz-
ger, 1980). Previous chemical studies have shown that
triterpenoid saponins are the main chemical com-
ponents in this genus. Many saponins have been iso-
lated and characterized from Ardisia plants, including
six triterpenoid saponins obtained from the roots of A.
crenata (Jia et al., 1994a, 1994b; Koike et al., 1999;
Wang et al.,, 1992), two utero-contracting saponins
obtained from A. crispa (Jansakul et al., 1987), three
triterpenoid saponins obtained from A. japonica (Tom-

* Corresponding author. Tel.: +81-3-5400-2696; fax: +81-3-5400-
2556.
E-mail address: takeda-td@kyoritsu-ph.ac.jp (T. Takeda).

masi et al., 1993) and cyclamiritin A obtained from A4.
mamillata (Li and Xu, 1984), as a hydrolysis product
of saponin mixtures. In this paper, we report the iso-
lation and structural elucidation of two new (1, 2) and
two known (ardisicrispin B, 3 and cyclaminorin, 4) tri-
terpenoid saponins, and one known steroid saponin (5)
from the roots of this species.

2. Results and discussion

The roots of 4. mamillata were extracted with 95%
ethanol and the ethanol extract was partitioned
between water and hexane, ethyl acetate and n-buta-
nol, respectively. Chromatography of the n-butanol
extract on silica gel, Lobar RP-8 and Sephadex LH-20,
followed by repeated HPLC purification over ODS,
furnished 1-5.

Compound 1 was obtained as a white powder. The
MALDI-TOFMS quasimolecular ion at m/z 1113
[M+Na] ", combined with '*C NMR and DEPT data
gave a molecular formula of Cs3HgO5; for 1. The '*C
NMR spectral data of compound 1 revealed 53 carbon
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signals, 30 of which were assigned to the aglycone
part, while 23 were assigned to the carbohydrate moi-
ety.

The quasimolecular ion of compound 1 on TOFMS
was 16 mass units larger than that of the known sapo-
nin 3. The *C NMR spectral data of the sapogenin
part of 1 were similar to those of 3, the known olea-
nane-type triterpene cyclamiritin A. In cyclamiritin A,
the 13,28-epoxy bridge and 160-OH correspond to '*C
NMR resonances at ¢ 86.4 (C-13, C in DEPT), 77.7
(C-28, CH,) and 76.4 ppm (C-16, CH), respectively.
However, in compound 1, there was a lack of any res-
onance due to C-28 at 6 77.7 ppm; instead, a signal
was observed at ¢ 99.0 ppm (CH by DEPT). This sig-
nal indicated that an —OH group should be at C-28.
This assignment was confirmed by the high-field shift
at C-17 (—1.5 ppm), and through long-range coupling
of H-28 with C-13, C-16 and C-18 in HMBC. The
configuration of the hydroxyl at C-3 was determined
using ROESY; the correlations of H,-3 with H-23
(-Me) and H-5 indicated a B-configuration, for the 3-
OH. 16-OH showed an a-configuration, as determined
by comparing the C-16 (6 76.4 ppm) chemical shift of
the '3C NMR spectrum with that in the literature
(160-OH: ca. ¢ 77.0 ppm; 16B-OH: ca. § 64.0 ppm)
(Mahata and Kundu, 1994). In the ROESY spectrum,
the correlation between 16B3-H and 28-H indicated that
the configuration of 28-OH should be o. Based on this
evidence, the structure of the sapogenin of compound
1 was established to be 3f,160,28ax-trihydroxy-13[3,28-
epoxy-oleanan-30-al.

Both the 'H and '*C NMR spectral data of com-
pound 1 showed four anomeric signals each at ¢ 4.97
(br. s), 5.10 (d, J=1.5 Hz), 538 (d, J=7.6 Hz) and
6.38 (br. s), and ¢ 101.6, 103.2, 104.4 and 105.3 ppm,
respectively. Acid hydrolysis of compound 1 gave three
monosaccharides — arabinose, glucose and rhamnose
(1:2:1) — which were analyzed by GC as their alditol
acetate derivatives. The absolute configurations of the
sugars were shown to be D-glucose, L-arabinose and L-
rhamnose according to the method reported by Hara
et al. (1987). NMR techniques (‘H-'H COSY,
HOHAHA, HETCOR, HMBC and ROESY) were
used to determine the nature of the monosaccharides
and sequences of the oligosaccharide chain of com-
pound 1. The anomeric configurations and ring sizes
of each sugar were obtained following analysis of the
H-1 vicinal coupling constants (3J1,2 'Jen), observing
their H-1 chemical shifts, and comparing their '*C
NMR spectral data with those of methyl glycosides
(Agrawal, 1992; Agrawal et al., 1985). From the rela-
tively large H-1 coupling constants (7.5 and 7.6 Hz),
the anomeric hydroxyls of both glucose moieties
should have a B-configuration. In the INEPT exper-
iment, the 'H-'*C coupling constant of C-1 (101.6
ppm) was 178 Hz, indicating that the glycosidic bond

of rhamnose was linked in the a-configuration. The
small H-1 coupling constant of arabinose, which exhib-
ited a broad anomeric proton singlet in its '"H NMR
spectrum, and the correlation between H-1, H-3 and
H-5 in the ROESY spectrum, indicated that the arabi-
nose should also have an a-configuration at its anome-
ric carbon. Based on these results, the four sugars and
their anomeric configuration in compound 1 were
determined to be an a-L-arabinopyranose, two B-D-glu-
copyranoses and an o-L-rhamnopyranose.

The sequence of the oligosaccharide chain was
deduced from '*C chemical shift differences between
individual sugar residues and model compounds, and
from HMBC and ROESY experiments. The C-1 of
arabinose was attached to the 3-OH of aglycone, as
indicated by the C-3 chemical shift (6 89.0 ppm) of
compound 1, by the correlation between H-1 of arabi-
nose and C-3 of aglycone in HMBC and by the
ROESY results. Based on the HMBC and ROESY ex-
periments, the following correlations were observed:
H-1 (5.38 ppm) of the terminal glucose with C-2 (80.7
ppm) of arabinose; H-1 (5.10 ppm) of the inner glu-
cose with C-4 (74.9 ppm) of arabinose; and H-1 (6.38
ppm) of rhamnose with C-2 (78.1 ppm) of the inner
glucose.

Based on the above findings, the structure of com-
pound 1 was elucidated as 3-O-{o-L-rhamnopyranosyl-
(1 — 2)-B-p-glucopyranosyl-(1 — 4)-[B-D-glucopyrano-
syl-(1 — 2)]-a-L-arabinopyranosyl}-38,16a, 28a-trihy-
droxy-13p,28-epoxy-oleanan-30-al. This is a new
triterpenoid saponin, trivially named ardisimamilloside
A.

Compound 2 was obtained as a white powder. The
MALDI-TOFMS quasimolecular ion at m/z 1095
[M+Na] ", combined with '*C and DEPT NMR data
gave a molecular formula of Cs3HgsO5, for 2. The '*C
NMR spectral data of compound 2 showed 53 carbon
signals, 30 of which were assigned to the aglycone
part, while 23 were assigned to the carbohydrate moi-
ety.

The quasimolecular ion of compound 2 on
TOFMS was 2 mass units less than the known
saponin 3. The 'C NMR spectral data of the sapo-
genin part of 2 were similar to those of 3, which is the
known oleanane-type triterpene cyclamiritin A. In 3,
the 13f,28-epoxy bridge and 16a-OH is evident from
the '3C NMR resonances at 6 86.4 (C-13, C by
DEPT), 77.7 (C-28, CH;,) and 76.4 (C-16, CH) ppm,
respectively. However, in compound 2, no resonance
was observed for C-16 at 0 76.4 ppm; instead, a signal
was seen at 0 212.6 ppm (C by DEPT), indicating that
the —OH at C-16 of compound 3 is oxidized to a carb-
onyl group. This assignment was confirmed by the
low-field shifts at C-17 (+11.2 ppm), C-15 (+8.8
ppm) and C-14 (+3.3 ppm), and the high-field shifts
at C-28 (—2.8 ppm). Furthermore, long-range coupling
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ardisimamilloside A (1)

OH

formulae

of H-28 with C-16 in HMBC also supported the same
conclusion. The configuration of the hydroxyl at C-3
was determined by analysis of ROESY data, wherein
the correlation of H,.-3 with H-23 (-Me) and H-5
indicated that the hydroxyl at C-3 should have a B-
configuration. Based on these findings, the structure of
the new sapogenin of compound 2 was established to
be 3B-hydroxy-13f,28-epoxy-oleanan-16-oxo0-30-al.

The 'H and '*C NMR data of compound 2 dis-
played four anomeric signals each at 6 4.95 (br. s),
5.25(d, J="1.6 Hz), 5.38 (d, J = 7.6 Hz) and 6.41 (br.
s), and ¢ 101.6, 103.2, 104.5 and 105.4 ppm, respect-
ively. Acid hydrolysis gave three monosaccharides —
arabinose, glucose and rhamnose — in a ratio of 1:2:1.
Using the same methods as with compound 1, glucose
was determined to have a D-configuration, while arabi-
nose and rhamnose were determined to have an L-con-
figuration. From the anomeric coupling constants
(3J1,2, 'Jcn) of the sugar moieties, the two glucoses
were determined to have a B-configuration, while ara-
binose and rhamnose were determined to have an o-
configuration. In HMBC experiments, long-range
couplings were observed between H-1 (4.95 ppm) of

ardisimamilloside B (2)

arabinose and C-3 (89.0 ppm) of the aglycone, H-1
(5.38 ppm) of the terminal glucose and C-2 (80.8 ppm)
of arabinose, H-1 (5.25 ppm) of inner glucose and C-4
(74.8 ppm) of arabinose, and H-1 (6.41 ppm) of rham-
nose and C-2 (78.1 ppm) of the inner glucose. These
findings indicated that the structure of compound 2
should be 3-O-{a-L-rhamnopyranosyl-(1 — 2)-B-D-glu-
copyranosyl-(1 — 4)-[B-D-glucopyranosyl-(1 — 2)]-a-L-
arabinopyranosy1]-3p-hydroxy-13p,28-epoxy-oleanan-
16-ox0-30-al. This is a new triterpenoid saponin, trivi-
ally named ardisimamilloside B.

Compounds 3, 4 and 5 were identified by compari-
son of their spectral data (‘"H, '*C NMR) with litera-
ture values (Jia et al., 1994a, 1994b; Jansakul et al.,
1987; Lavaud et al., 1994; Calis et al., 1997; Ishii et
al., 1980).

3. Experimental

3.1. General

Mps: uncorr. Optical rotations were measured using
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a DIP-1000 digital polarimeter (JASCO). MALDI-
TOFMS was conducted using a Perseptive Voyager
RP mass spectrometer. 'H NMR and '*C NMR spec-
tra were recorded using a JEOL FT NMR JNM A-
500 spectrometer ("H at 500 MHz, '*C at 125 MHz).
Standard pulse sequences were used for the 2D NMR
spectroscopy experiments. Chemical shifts were
expressed in 0 (ppm) downfield from internal TMS;
coupling constants (J) were reported in Hz. TLC was
carried out on silica gel 60F,s4, and the spots were
visualized by spraying with 10% H,SO4 and heating.
Silica gel (60—70, 230 mesh, Merck), Lichroprep RP-8
(Lobar, 40-63 pum, Merck) and Sephadex LH-20 were
used for column chromatography. Preparative HPLC
was performed using an ODS column (PEGASIL
ODS, 250 x 10 mm, Senshu Pak; detector: reflective
index and UV 210 nm). GC was run on a Shimadzu
GC-14B gas chromatograph (column: Supelco SP-2380
fused silica capillary column; 0.53 mm i.d. x 15 m, 0.2
pm film; column temperature: 140°C — 220°C, 4°C/
min; injection temperature: 250°C).

Table 1

3C NMR spectral data for compounds 1 and 2 (125 MHz in pyridine-ds)*

3.2. Isolation of saponins

The roots of A. mamillata were obtained from
Sichuan, China in 1996; the voucher specimens were
identified by Prof. Hao Zhang and deposited in West
China University of Medical Sciences. Dried powder
(2.5 kg) of the roots of A. mamillata was extracted
with 95% EtOH (101 x 2) under reflux conditions. The
EtOH extract (249 g) was partitioned successively
between water and hexane, ethylacetate, n-butanol, re-
spectively. After removing the solvent, the n-butanol
extract (38.8 g) was dissolved in methanol (40 ml), and
the methanol solution was poured into diethyl ether
(2.5 1) following which a precipitate accumulated (31.5
g). Ten grams of the resulting precipitate was subjected
to chromatography on a silica gel column, eluted with
CHCIl3;-MeOH-H,O (7.5:2.5:0.25). Fractions were
combined according to their TLC behavior. Frs. 330—
430 were recrystallized from MeOH to give 3 (6.2 g).
Frs. 441-550 were isolated on Lichroprep RP-8 with
30, 50, 70 and 100% MeOH. The 50% elution was

Aglycone 1 2 DEPT Sugars 1 2 DEPT
1 39.2 39.0 CH, Arabinose (A)

2 26.5 26.5 CH, A-1 104.4 104.5 CH
3 89.0 89.0 CH A-2 80.7 80.8 CH
4 39.6 39.6 C A-3 74.7 74.6 CH
5 55.6 55.5 CH A-4 74.9 74.8 CH
6 18.0 17.8 CH, A-5 62.7 62.8 CH,
7 34.3 33.8 CH, Glucose (G) (terminal)

8 42.6 43.0 C G-1 105.3 105.4 CH
9 50.3 50.1 CH G-2 76.3 76.4 CH
10 36.8 36.7 C G-3 71.3 77.4 CH
11 19.2 18.8 CH, G-4 71.7 71.9 CH
12 30.8 31.6 CH, G-5 77.9 78.0 CH
13 87.3 86.2 C G-6 62.6 62.8 CH,
14 45.0 47.9 C Glucose (G’) (inner)

15 36.8 457 CH, G'-1 103.2 103.2 CH
16 76.4 212.6 (C) CH G'-2 78.1 78.1 CH
17 42.6 55.3 C G'-3 79.5 79.6 CH
18 48.9 55.9 CH G'4 71.9 71.8 CH
19 34.3 b CH, G'-5 78.3 78.4 CH
20 b 50.1 C G- 62.6 62.6 CH,
21 30.8 29.6 CH, Rhamnose (R)

22 27.8 33.8 CH, R-1 101.6 101.6 CH
23 28.1 28.0 Me R-2 72.4 72.4 CH
24 16.5 16.4 Me R-3 72.7 72.7 CH
25 16.4 16.1 Me R-4 74.9 74.8 CH
26 18.6 18.8 Me R-5 69.5 69.5 CH
27 19.7 21.9 Me R-6 18.9 18.9 Me
28 99.0 (CH) 74.9 CH,

29 24.4 23.9 Me

30 207.8 206.2 CH

# Assignments based on COSY, HOHAHA, HETCOR and HMBC experiments.

® Not observed.
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Table 2

"H NMR spectral data for compounds 1 and 2 (500 MHz in pyridine-ds)*

Aglycone 1 2 Sugars 1 2
1 0.78, 1.62 0.76, 1.58 Arabinose (A)
2 1.88, 2.02 1.80, 2.01 A-1 4.97 (br. s) 4.95 (br. s)
3 3.16 3.16 A-2 4.58 4.59
4 - - A-3 4.27 4.28
5 0.62 (d, 11.3) 0.62 (d, 11.0) A-4 4.61 4.60
6 1.42 1.41 A-5 4.32 4.28
7 1.18, 1.52 0.94 4.46 4438
8 _ _
9 1.26 1.08 Glucose (G) (terminal)
10 - - G-1 5.38 (d, 7.6) 5.38 (d, 7.6)
11 1.36, 1.60 1.67 G-2 4.08 4.10
12 2.07, 2.60 1.54 G-3 4.23 4.28

(td, 13.0, 5.5) G-4 4.27 4.22
13 - - G-5 4.33 4.32
14 - - G-6 4.28 4.26
15 1.46, 2.20 2.82 4.50 4.49

(dd, 13.5, 5.0)
16 4.16 - Glucose (G') (inner)
17 - - G'-1 5.10 (d, 7.5) 5.25 (d, 7.6)
18 1.88 1.88 G'-2 4.04 4.00
19 2.17 - G'-3 4.21 4.20
20 - - G'-4 4.13 4.12
21 2.60 1.93 G'-5 3.83 3.82
22 1.85, 2.01 0.96 G'-6 4.25 4.26
23 1.17 1.18 4.50 4.50
24 1.01 1.03
25 0.84 0.80 Rhamnose (R)
26 1.33 1.26 R-1 6.38 (br. s) 6.41 (br. s)
27 1.54 1.10 R-2 4.75 4.75
28 5.14 3.89, 4.32 (d, 8.0) R-3 4.70 4.70
29 1.04 0.91 R-4 4.61 4.60
30 9.71 9.53 R-5 5.04 5.02

R-6 1.82 (d, 6.2) 1.82 (d, 6.1)

& Assignments based on COSY, HOHAHA, HETCOR, HMBC and ROESY experiments.

purified on HPLC (solvent: MeOH-H,0O 55:45; detec-
tor: reflective index) and Sephadex LH-20 with MeOH
to give 1 (16.6 mg) and 2 (24.5 mg). Frs. 291-329 were
chromatographed on reversed-phase silica gel (Lichro-
prep RP-8) with 30, 50, 70 and 100% MeOH. The
70% MeOH eluate was further purified on HPLC (sol-
vent : MeOH-H,O 68:32; detector: UV 210 nm) to
give 4 (16 mg). Frs. 9-18 were dissolved in MeOH and
purified by silica gel column chromatography with a
solvent system of CHCl;—MeOH-H-,O (12.5:2.5:0.25)
to give 5 (19.4 mg).

Compound 1: mp: 235-236°C (dec.); [o]f : —20.9°
(MeOH; ¢ 0.23); MALDI-TOFMS m/z: 1113
[M+Na]"; Found: C, 5557, H, 8.10.
Cs3Hgg003-3H,0 requires: C, 55.58; H, 8.12%. 'H and
3C NMR spectral data are given in Tables 1 and 2.

Compound 2: mp: 261-262°C (dec.); [o]h: —23.5°
(MeOH; ¢ 0.24); MALDI-TOFMS: m/z 1095
[M+Na]™; Found: C, 57.40; H, 7.98.

Cs3Hg402,-2H,0 requires: C, 57.39; H, 8.00%. 'H and
13C NMR spectral data are given in Tables 1 and 2.
Compounds 1 and 2 of 1 mg each were hydro-
lyzed, reduced and acetylated. The arabiniol, glucitol
and rhamnitol acetates from compounds 1 and 2
were detected by GC analysis in a ratio of 1:2:1.
The absolute configurations of the sugars were
determined according to the method reported by Hara
et al. (1987) using GC. GC conditions: column: 3%
ECNSS-M (2m x 0.3 mm); column temperature:
190°C; injection temperature: 210°C; RR, (min): L-
rhamnose (8.6), L-arabinose (14.4), D-glucose (49.2).

Acknowledgements

We are grateful to Mrs J. Hada and Dr N. Hada
for providing NMR and MALDI-TOFMS data, re-
spectively.



822 J. Huang et al. | Phytochemistry 54 (2000) 817-822

References

Agrawal, P.K., 1992. NMR spectroscopy in the structural elucida-
tion of oligosaccharides and glycosides. Phytochemistry 31, 3307.

Agrawal, P.K., Jan, D.C., Gupta, RK., Thakur, R.S., 1985.
Carbon-13 spectroscopy of sapogenins and steroidal saponins.
Phytochemistry 24, 2479.

Calis, 1., Yuruker, A., Tanker, N., Wright, D.A., Sticher, O., 1997.
Triterpene saponins from Cyclamen coum var. coum.. Planta Med.
63, 166.

Hara, S., Okabe, H., Mihashi, K., 1987. Gas-liquid chromatographic
separation of aldose enantiomers as trimethylsilyl ethers of
methyl 2-(polyhydroxyalkyl)-thiazolidine-4( R )-carboxylates.
Chem. Pharm. Bull. 35, 501.

Ishii, H., Nakamura, M., Seo, S., Tori, K., Tozyo, T., Yoshimura,
Y., 1980. Isolation, characterization, and nuclear magnetic reson-
ance spectra of new saponins from the roots of Bupleurum falca-
tum L. Chem. Pharm. Bull. 28, 2367.

Jansakul, C., Baumann, H., Kenne, L., Samuelsson, G., 1987.
Ardisiacrispin A and B, two utero-contractin saponins from
Ardisia crispa. Planta Med. 53, 405.

Jia, Z., Koike, K., Nikaido, T., Ohmoto, T., Ni, M., 19%a.
Triterpenoid saponins from Ardisia crenata and their inhibitory

activity on cAMP phosphodiesterase. Chem. Pharm. Bull. 42,
2309.

Jia, Z., Koike, K., Ohmoto, T., Ni, M., 1994b. Triterpenoid sapo-
nins from Ardisia crenata. Phytochemistry 37, 1389.

Jiangsu New Medical College., 1977. Zhong Yao Da Ci Dian.
Shanghai Scientific Publishing House, Shanghai, China, p. 1019.

Koike, K., Jia, Z., Ohura, S., Mochida, S., Nikaido, T., 1999. Minor
triterpenoid saponins from Ardisia crenata. Chem. Pharm. Bull.
47, 434.

Lavaud, C., Massiot, G., Barrera, J.B., Moretti, C., Men-Olivier,
L.L., 1994. Triterpenoid saponins from Myrsine pellucida.
Phytochemistry 37, 1671.

Li, R., Xu, Q., 1984. The study of chemical constituents from hong-
mao-zhuo-ma-tai. ZhongCaoYao 16, 267.

Mahata, S.B., Kundu, A., 1994. '>*C NMR spectra of pentacyclic tri-
terpenoids — a compilation and some salient features.
Phytochemistry 37, 1517.

Perry, L.M., Metzger, J., 1980. Medicinal Plants of East and South-
East Asia. MIT Press, Cambridge, MA.

Tommasi, N.D., Piacente, S., Simone, F.D., Pizza, C., Zhou, Z.,
1993. Characterization of three new triterpenoid saponins from
Ardisia japonica. J. Nat. Prod. 56, 1669.

Wang, M., Guan, X., Han, X., Hong, S., 1992. A new triterpenoid
saponin from Ardisia crenata. Planta Med. 58, 205.



