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Abstract

The glycosidic fraction from the dried roots of Panax notoginseng (Burk.) F.H.Chen exhibited an inhibitory effect on zoospore
motility of Aphanomyces cochlioides. Further study on this fraction afforded fourteen dammarane-type saponins. Their structures
were determined on the basis of spectroscopic and chemical methods. Eleven were known compounds, and the three new ones
were 3-O-[B-D-glucopyranosyl (1 — 6)-B-D-glucopyranosyl]-20-O-B-D-glucopyranosyl 38, 12, 20 (S)-trihydroxydammar-24-ene,
3-0-B-p-glucopyranosyl 20-O-[a-L-arabinopyranosyl (1 — 2)-B-D-glucopyranosyl] 38, 128, 20 (S)-trihydroxydammar-24-ene and
6-0-B-D-glucopyranosyl 20-O-B-D-glucopyranosyl 3B, 6o, 12B, 20 (S), 25-pentahydroxydammar-23-ene, respectively. Each
saponin displayed good inhibitory effects on zoospore motility. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Panax notoginseng (Burk.) F.H.Chen (Araliaceae), a
well-known medicinal plant indigenous to the moun-
tains of Yunnan province, is used by ethnic peoples in
Southwestern China for treatment of cardiovascular
diseases, inflammation, different body pains, trauma,
and internal and external bleeding due to injury. It has
also been used as a tonic and haemostatic agent. Due
to the demand for its important medicinal use in
China, it was largely cultivated in Yunnan and Guang
Xi Provinces. Extensive chemical studies on this plant
proved the dammarane-type saponins to be the main
bioactive principles (Yang, Kasai, Zhou & Tanaka,
1983; Yoshikawa et al., 1997a, 1997b; Zhao, Liu &
Yang, 1996; Zhou et al., 1981; ).

During the course of our studies in search of bioac-
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tive constituents from wild plants effective against
zoospores of Aphanomyces cochlioides (a causative fun-
gus of spinach root rot) (Horio et al., 1992; Horio,
Yoshida, Kikuchi, Kawabata & Mizutani, 1993), the
crude saponins from the roots of P. notoginseng
showed an inhibitory effect on the zoospore motility.
Guided by a zoospore bioassay, three new and eleven
known dammarane-type saponins were isolated and
identified from methanolic extracts of the roots. We
wish to report here the isolation and structural elucida-
tion of three novel saponins (1-3), as well as the in-
hibitory activity of these isolated saponins on the
movement of zoospores of A. cochlioides.

2. Results and discussion

A crude glycosidic fraction from the methanol
extracts of the dried roots of P. notoginseng was sub-
jected repeatedly to Diaion HP-20, ordinary and
reversed-phase silica-gel, as well as Sephadex LH-20
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chromatography to afford fourteen saponins (1-14).
Of these saponins, 4-14 were identified as ginseno-
sides-Rd (4) (Tanaka & Yahara, 1978), Rb; (5) (Yang
et al., 1983), Rb, (6) (Sanada, Kondo, Shoji, Tanaka
& Shibata, 1974), Rh; (8) (Zhou et al., 1981), Rg, (9)
(Sanada et al., 1974), Rg; (12) (Mutsuura et al., 1983),
Re (14) (Zhou et al., 1981) and notoginsenosides-Ry
(7) (Matsuura et al., 1983), R, (10) (Zhou et al., 1981),
R; (11) (Matsuura et al., 1983), Ry (13) (Matsuura et
al., 1983), all of which were isolated previously from
Panax ginseng and P. notoginseng. The new saponins,
1-3, were named notoginsenosides K—M.

Saponin (1) was obtained as a colourless amorphous
powder after freeze drying. Its molecular formula was
deduced as C43Hg»O1g3 from the HRFD mass {m/z
969.5384 (Int% 87.0); [M]" caled for CusHg,0,gNa:

Table 1
13C NMR spectral data of saponins 1-3 (in pyridine-ds at 125 MHz)*

1 2 Rd® 3 Rg*
Aglycone
1 39.6 39.6 39.1 39.6 39.5
2 26.6¢ 26.7 26.7 27.9 27.6
3 88.8 88.9 88.9 78.8 78.6
4 39.1 40.0 39.6 40.3 40.1
5 56.3 56.3 56.4 61.4 61.3
6 18.4 18.3 18.5 79.6 77.8
7 35.1 35.1 35.2 45.0 44.9
8 40.0 39.1 40.0 41.1 41.0
9 50.2 50.1 50.2 49.9 49.9
10 36.9 36.8 36.9 39.4 39.5
11 30.7 29.9 30.8 31.0 30.8¢
12 70.1 70.2 70.2 70.5 70.3
13 49.4 49.4 49.4 49.1 48.9
14 51.3 51.4 51.4 51.4 51.3
15 30.7 30.8 30.8 30.5 30.6¢
16 26.7¢ 26.7 26.7 26.4 26.4
17 51.6 51.5 51.7 522 51.6
18 16.0 15.9 15.9¢ 17.6¢ 17.44
19 16.2 16.2 16.3¢ 17.6¢ 17.4¢
20 83.4 83.2 83.3 83.1 83.3
21 223 223 2.4 23.2 223
22 36.1 36.0 36.0 39.6 35.9
23 23.2 23.0 232 126.5 23.2
24 125.9 125.8 125.9 138.1 125.8
25 131.0 131.0 130.9 81.3 130.9
26 25.6 25.7 25.8 25.4¢ 25.7
27 17.9 17.7 16.6¢ 25.14 17.7¢
28 28.1 28.0 28.0 31.7 31.6
29 16.7 16.5 17.3¢ 16.3 16.2¢
30 17.4 17.3 17.84 16.9 17.0¢
Sugar moieties

3-Glec

1 106.9 105.0 105.0 105.7

2 74.7 75.1 83.3 75.3

3 78.2¢ 78.1¢ 78.1¢ 80.0¢

4 71.4¢ 71.6 71.6 71.6¢

5 77.0 78.2¢ 78.1¢ 79.3¢

6 70.2 62.8¢ 62.7 62.9

1 105.3 105.9

2 75.7 77.0

3 78.3¢ 79.14

4 71.6¢ 71.6

5 78.6¢ 78.1¢

6 62.7¢ 62.7
20-Glc

1 98.0 98.4 98.2 98.3 98.1

2 75.1 83.4 75.0 75.4¢ 74.9

3 78.3¢ 77.1 78.1¢ 78.14 78.8¢

4 71.8¢ 71.6 71.6 71.5¢ 71.3¢

5 79.1 78.3¢ 78.1¢ 78.6¢ 77.8¢

6 63.0¢ 62.6¢ 62.7 63.0¢ 62.6
Ara

1 106.0

2 7.5

3 74.8

4 69.6

5 65.8
6-Glc

1 105.9

2 75.3¢

3 78.3¢
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Table 1 (continued)

1 2 Rd® 3 Rg*
4 71.8¢
5 79.6
6 62.9¢

# Assignments are based on HMQC, HMBC, '"H-'"H COSY and
ROESY spectra.

® Tanaka and Yahara (1978).

¢ Matsuura et al. (1983).

4 Data in the vertical column are interchangeable.

969.5400}, FD mass and '*C NMR spectral data. The
FD mass spectrum of 1 exhibited quasimolecular ions
at m/z 985 [M+K]" and 969 [M+Na]". The positive
mass fragments appeared at m/z 807 [M-
hexose + Na] ", 748 [M—hexose—2H,0] ", 586 [748—hex-
ose] " and 424 [586-hexose] ", indicating the molecule
contained three hexoses. Acid hydrolysis of 1 with HCI
on a HPTLC plate (Ma, Wang, Zeng & Yang, 1991)
proved the hexose was glucose. The '"H NMR spec-
trum of 1 showed clearly the anomeric proton signals
of glucoses at & 4.91 (J = 8.0), 5.09 (J = 8.0) and 5.12
(J = 8.2), respectively. The large coupling constants
(>8.0 Hz) of the anomeric protons suggested the [-
configuration of the glucose moietiecs. The carbon
signals in the *C NMR spectrum of 1 were found to
be nearly superimposable on those of ginsenoside-Rd
(4), except for a few signals due to one of the glucose
moieties (Table 1). Similar to compound 4, compound
1 had only one glucose linked with the oxygen at the
C-20 of the aglycone moiecty, as shown by its FD mass
spectrum. It is known that the glycosyl linkages of the
C-20 hydroxyl group of dammarane saponins are
rather unstable and no fragment peaks having a
hydroxyl group or a glycosyl linkage at C-20 can be

observed in the mass spectrum (Komori, Tanaka &
Nagai, 1974; Kasai, Matsuura, Tanaka, Sanada &
Shoji, 1977). The FD mass spectrum of 1, as well as
all the other saponins we isolated and determined from
the target plant, confirmed that cleaving the glycosyl
linkage at C-20 and losing two molecules of water to
form a stable conjugated system at A'>'3 and A'"%°
occurred prior to the cleavage of glycosyl linkages at
other positions. As described previously, the mass
fragments at m/z 807 [M-glucose+Na]”™ and 748
[M—glucose-2H,0] " of 1 demonstrated that there was
only one glucose at the C-20 position. The disacchar-
ide structures bonded to the C-3 position of the agly-
cone unit were characterized by its carbon data and
confirmed by 2D NMR spectroscopic techniques.
Upon comparing the '*C NMR spectrum of 1, to that
of Rd (4) (Table 1), one of the C-6 signals of B-gluco-
pyranosyl moiety was deshielded while that of C-5 was
shielded, while other carbon signals remained almost
unchanged. This glycosylation shift suggested that the
terminal glucose unit was linked with the C-6 position
of the inner glucose unit (Kasai, Suzuo, Asakawa &
Tanaka, 1977; Itano, Yamasaki, Kihara & Tanaka,
1980). As illustrated in Fig. 1, the long range corre-
lation between the H-1 (G-2) and the C-3, H-1 (G-3)
and the C-6 (G-2) observed from the HMBC (hetero-
nuclear multiple bond correlation) spectrum, as well as
through-space interactions across glycosidic bonds
observed in the ROESY (rotating frame nuclear
Overhauser effect spectroscopy) spectrum, namely,
between the H-1 (G-3) and the H-4, 5, 6 (G-2), H-1
(G-2) and the H-2, 3, 28, 29, confirmed not only the
1 — 6 linkage of the disaccharide but also the rest of
the molecular structure. Consequently, the structure of
saponin 1 was established as 3-O-[B-D-glucopyranosyl

1 2

Fig. 1. Key HMBC and ROESY correlations for establishing sugar sequence, their locations on the aglycone and the double bond position in

the side chain.
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(1 — 6)-B-D-glucopyranosyl]-20-O-B-D-glucopyranosyl
3B, 128, 20 (S)-trihydroxydammar-24-ene.

Saponin 2 was also obtained as a colourless amor-
phous powder. The molecular formula of C4;HgoO
was determined from its HRFD mass {m/z 939.5272
(Int% 100); [M]" caled for C47HgoO;7Na: 939.5294},
FD mass and '*C NMR spectral data. The quasimole-
cular ions in the FD mass spectrum appeared at mi/z
955 [M+K]" and 939 [M+Na]", with prominent
fragments at m/z 807 [M-pentose+Na] ", 586 [807—
hexose—2H,O-Na] " and 424 [586—hexose] . Acid hy-
drolysis of 2 (same treatment as 1) afforded arabinose
and glucose as sugar components. According to its
HMQC and '"H-'"H COSY spectra, the signals due to
the sugar moieties were assigned to two moieties of
glucose and one arabinose (Tables 1 and 2). The con-
figurations of the glucose and arabinose were identified
as B- and a-type by comparing their proton coupling
constants (J;, ,=28.4 Hz for B-glucose, J; ,=5.6 Hz for
a-arabinose) with reported data (Ma et al.,, 1991;
Renault et al., 1997). The °C NMR data due to the
aglycone moiety of 2 was in good agreement with
those of 1, suggesting that 2 and 1 possessed the same
aglycone moiety and the same glycosylation positions
on the aglycone. It was known that arabinose was the
terminal sugar moiety of the disaccharide unit from its
FD mass data (m/z 807 [M—pentose + Na] "), however,
it could be either linked with the glucose at the C-3 or
C-20 positions. A downfield-shifted '*C NMR reson-
ance due to the glycosylation of one glucose appeared
at d 83.4, together with a small highfield shifted signal
resonating at & 77.1, indicating the glycosylation link-
age between the disaccharide units was due toa 1 — 2
linkage (Yang et al., 1983). To confirm the structure of
the disaccharide and its bonding position with the
aglycone, HMBC and ROESY experiments were per-
formed. Observation of a strong correlation in the
HMBC spectrum between H-1 of arabinose and C-2 of
inner glucose (G-1), as well as the Nuclear Overhauser
effects in the ROESY spectrum between H-1 of arabi-
nose and H-1, H-3 of inner glucose (G-1) (Fig. 1) con-
firmed the structure of the disaccharide. Moreover, the
HMBC spectrum also exhibited intense long-range cor-
relation between H-1 (G-1) and C-20 of aglycone unit.
In addition, ROESY correlations were observed
between H-1 (G-1) and H-17, H-21 of the aglycone
unit contributing further evidence for attachment of
the disaccharide moiety to C-20 of the aglycone. Thus
the structure of compound 2 was elucidated as 3-O-f3-
D-glucopyranosyl 20-O-[a-L-arabinopyranosyl (1 — 2)-
B-D-glucopyranosyl] 3B, 128, 20 (S)-trihydroxydam-
mar-24-ene.

Saponin 3 showed quasimolecular ions at m/z 855
[M+K]" and 839 [M+Na]" in the FD mass spec-
trum. Prominent mass fragments appeared at m/z 636
[M—hexose-H,0] ", 618 [M—hexose—2H,0]" and 457

[618—hexose+H]". Acid hydrolysis of 3 as for 1
afforded glucose as the sugar component. This infor-
mation, together with the data from the '*C NMR
spectrum, allowed its molecular formula to be assigned
as C4oH7,0;5 which was confirmed by its HRFD mass
data {m/z 839.4738 (Int% 55.5); [M]" caled for
C4H7,0;sNa: 839.4770}. The '*C NMR chemical
shifts due to the aglycone moiety and the sugar moi-
eties attached at the C-6 (3¢ 79.6) and C-20 (d¢ 83.1)
of 3 were in good agreement with those of ginsenoside
Rg; (12) (Table 1). However, the aglycone M, of 3
was 16 mass units higher than that of 12. In addition,
differences between the two saponins were also
observed in the side chain. Compound 12, which has a
side chain common to the ginsenosides [2] displayed
resonances at 6¢c 125.8 (d) and 130.9 (s) for C-24 and
C-25, respectively, while compound 3 had double bond
carbons resonating at 126.5 (d) and 138.1 (d). A com-
parison of the chemical shifts of the two olefinic car-
bons of 3 with those of reported ginsenosides, such as
chikusetsusaponin [.9a (Yahara, Kasai & Tanaka,
1977) and notogisenosides-A, E, H (Yoshikawa et al.,
1997a, 1997b) suggested that the double bond in the
side chain of 3 was located between C-23 and C-24.
The chemical shift of 6 81.3 for C-25 of 3 confirmed
the presence of a hydroxyl group at this position. The
long range correlation observed from the HMBC
(between H-23 and C-22, H-24 and C-25, C-26, C-27)
and ROESY (between H-22 and H-24, H-24 and H-25,
H-26, H-27) spectra confirmed the position of the
double bond in the side chain, as well as the rest of
the structure shown in Fig. 1. Following comprehen-
sive analysis of all 2D NMR spectra, the carbon and
proton signals of 3 were unequivocally assigned as
shown in Tables 1 and 2. The structure of 3 was thus
6-0O-B-D-glucopyranosyl 20-O-B-D-glucopyranosyl 38,
6a, 12, 20 (S), 25-pentahydroxydammar-23-ene.

Compound 3 seems to be derived from compound
12 (Rg;) by photosensitized oxygenation like those
previously reported from the same plant (Yoshikawa
et al., 1997a, 1997b).

The inhibitory effect on zoospore motility was evalu-
ated for all compounds against A. cochlioides as
described elsewhere (Horio et al., 1992), except for the
modified preparation of samples: the sample was pre-
pared in water solution at a certain concentration
(ppm) and this solution was drawn into a micropipette
with ring mark (1-5 pl) at a certain volume followed
by drawing the same volume of zoospore suspension
of A. cochlioides; the behavior of the zoospores were
observed under a microscope. The minimum concen-
tration for compounds 2, 5 and 9 for motility inhi-
bition was found to be 200 ppm, for 4 and 10 was 100
ppm and for 1 and 8 was 50 ppm, while compounds 3,
6-7 and 11-14 showed no activity at 200 ppm. The
minimum amount of positive control (portulaca con-
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1 2 3
Aglycone
1 1.58° 1.56° 1.72°
0.78° 0.88° 0.94°
2 2.21° 2.10° 1.92°
1.84° 1.98° 1.83°
3 3.38 dd (10.2, 3.4) 3.25 dd (10.4, 2.5) 3.49 dd (10.9, 4.2)
5 0.69 dd (11.3, 2.5) 0.79 d (12.3) 1.42 d (12.4)
6 1.60° 1.50° 4.41 dd (12.4, 3.4)
1.32° 1.34°
7 1.45° 1.38° 2.51 dd (12.4, 3.2)
1.17° 1.12° 1.86 dd (11.3, 3.4)
1.36° 1.33° 1.51°
11 1.98° 2.12° 2.05°
1.54° 1.51° 1.52°
12 4.02° 4.08° 3.95°
13 1.94° 1.98° 2.02 dd (12.8, 10.4)
15 1.59° 1.61° 1.65°
0.98° 0.92° 1.04°
16 1.82° 1.78° 1.69°
1.36° 1.46° 1.34°
17 2.59 dd (12.1, 8.2) 2.23 dd (10.1, 7.3) 2.31 dd (12.1, 8.2)
18 0.96 s 095 s 1.18 s
19 0.92 s 0.79 s 1.06 s
21 1.62 s 1.54 s 1.54 s
22 3.14 dd (11.2, 7.8) 3.04 dd (10.4, 8.8) 3.14 dd (11.2, 7.8)
2.36° 2.56° 271 dd (11.2, 7.6)
23 2.61° 2.41° 6.12°
2.59° 2.23°
24 5.29 1 (9.8) 5251 (8.2) 6.14 dd (12.4, 0.5)
26 1.59 s 1.61 s 1.72 s
27 1.60 s 1.61 s 1.72 s
28 1.24 s 1.26 s 2.05s
29 0.94 s 1.10 s 1.61 s
30 0.96 s 0.96 s 0.72 s
Sugar moieties
3-Gle
1 491 d (8.0) 4.89 d (8.4)
2 4.02° 3.97°
3 3.98° 3.92°
4 3.98° 4.12°
5 4.12° 4.22°
6 4.74 d (10.3) 451 d(12.2)
4.31 d (10.3) 4.29°
1 5.09 d (8.0)
2 4.03°
3 4.05°
4 4.25°
5 4.21°
6 450 d (11.2)
428 d (11.2)
20-Gle
1 512 d (8.2) 5.08 d (8.4) 5.21 d (7.6)
2 3.91° 4.39° 3.98°
3 3.96° 4.13° 4.02°
4 4.13° 4.08° 4.12°
5 4.22° 4.12° 4.24°
6 450 d (11.2) 451 d(12.2) 4.49 d (11.2)
428 d (11.2) 4.29° 431d(11.2)
Ara
1 5.38 d (5.6)

(continued on next page)
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Table 2 (continued)

1 2 3
2 4.12°
3 3.95°
4 4.45°
5 3.91°
4.28°
6-Glc
1 4.92 d (7.8)
2 4.09°
3 4.11°
4 4.18°
5 421°
6 4.49 d (11.2)
431d(11.2)

2 Assignments are based on HMQC, HMBC, 'H-'"H COSY and ROESY spectra. Coupling constants (J values in Hz) are shown in parenth-

eses.
® Overlapped signals are reported without designating multiplicity.

stituents) was 30 ppm tested by particle method
(Mizutani, Hashidoko & Tahara, 1998).

3. Experimental
3.1. General

Mps: uncorr. NMR: Briiker-AMS500 spectrometer
(CsDsN used as solvent and reference); Mass spectra:
JEOL JMS-SX 102 A instrument; Optical rotation:
JASCO DIP-370 polarimeter (in MeOH); IR: KBr;
TLC: Merck HPTLC RP-18 WF254 plates; Detection:
spraying with Godin reagent followed by 5% H,SO,
in MeOH; saccharide identification was carried out on
Merck silica gel TLC plates (Ma et al., 1991).

3.2. Plant material

The roots of P. notoginseng (cultivated in Yunnan
province, China) was purchased in a drug company in
Kunming city (Yunnan) and was confirmed by Dr Sun
Hang (Kunming Botanical Institute). A voucher speci-
men (KUN No. 0560429) was deposited at the herbar-
ium of the Kunming Botanical Institute (Yunnan,
China).

3.3. Extraction and isolation

The air-dried roots of the plant (115 g) were pow-
dered and then extracted in boiling MeOH. After fil-
tration, excess solvent was removed under reduced
pressure to give a residue (ca. 10 g). This MeOH
extract was suspended in water and defatted with hex-
ane followed by partitioning with n-BuOH. The com-
bined BuOH layers were concd to dryness, affording a
crude glycosidic fraction (ca. 8 g). The crude glycosidic

fraction was chromatographed on a column of highly
porous polymer resin (Diaion HP-20, Nippon Rensui
CO.) eluting with 10% MeOH, 30% MeOH, 60%
MeOH (aqueous/MeOH) and MeOH to provide four
fractions (1-4). Fraction 4 (MeOH, ca. 3 g) was separ-
ated on silica gel eluting with CHCl;-MeOH-H,O
(7:3:0.5 and then 6:4:1) to give pure compound 5
(50 mg, Rb;) and crude 7, together with twenty sub-
fractions (A1-A20). Pure 7 (15 mg, R4) was obtained
from Lobar column (RP-18, 40-63 pum, 1.5 x 15 cm id
MERCK) chromatography using MeOH-H,O (7:3) as
an eluant. Fractions A6 and Al2 were purified by
using Sephadex LH-20 eluted with MeOH to afford
compounds 8 (20 mg, Rh;) and 4 (40 mg, Rd), respect-
ively. Fraction A9 provided two pure compounds, 9
(20 mg, Rg,) and 10 (10 mg, R,), after purification on
a Lobar column (RP-18, 40—63 pum, 1.5 x 15 cm id
MERCK, MeOH-H,O; 6:4). Fraction All was sub-
jected to Lobar column chromatography (RP-18, 40—
63 um, 1.5 x 15 cm id MERCK; MeOH-H,0; 75:25)
to give pure 2 (5 mg). Fraction 12 (combined with
A13-15) was separated on silica gel eluting with
CHCI;-MeOH-H,0 (7:3:0.5) to give pure 1 (8 mg).
Compounds 11 (8.3 mg, R3) and 6 (10 mg, Rb,) were
obtained with the same separation condition (Lobar
column RP-18, 40-63 um, 1.5 x 15 cm id MERCK;
MeOH-H,0; 6:4) from the fractions A16 and Al7
(A17 combined with A18-19), respectively. Fraction 3
(60% MeOH, ca. 4 g) was separated on silica gel elut-
ing with CHCl;-MeOH-H,O (7:3:0.5) to afford pure
compound 12 (1 g, Rg;) and seven subfractions (Bl-
B7). Repeated purification of fraction B2 on Lobar
column chromatography (RP-18, 40-63 pm,
1.5 x 15 ecm id MERCK; MeOH-H->O; 1:1) to pro-
vided compounds 3 (10 mg), 13 (35 mg, R;) and 14
(12 mg, Re), respectively.
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3.4. Saponin 1

Colourless amorphous powder, mp 190-194°
HPTLC RP-18 (MeOH-H,O, 6:4) R, 0.14; Silica gel
TLC (CHCI;-MeOH-H,O, 7:3:0.5) Ry 0.24; [o]
+13.2° (¢ 0.45, MeOH); IR(KBr) V. cm™' 3387,
2926, 1638, 1385, 1077, 652; HRFD-MS m/z 969.5384
(Il’lto/o 870) [C48H82018Na]; FD-MS m/z (rel int%):
985(18) [M+K]", 969(100) [M+Na]™, 807(8) [M—
glucose+Na] ", 748(21) [M—glucose—2H,0]", 586(53)
[748—glucose] ", 424(7) [586-glucose]™; *C and 'H
NMR spectral data: Tables 1 and 2.

3.5. Saponin 2

Colourless amorphous powder, mp 189-192°.
HPTLC RP-18 (MeOH-H,O, 8:2) R, 0.27; Silica gel
TLC (CHCl;-MeOH-H,0, 6:4:1) R; 0.63; [a]py +34.5
(¢ 0.08, MeOH); IR(KBr) Vpax cm™! 3387, 2926, 1638,
1385, 1077, 652; HRFD-MS m/z 939.5272 (Int% 100);
[C47HgoO17Na]; FD-MS m/z (rel int%): 955(34)
[M+K]", 9391000 [M+Na]", 807(32) [M-
arabinose + Na] ™, 586(43) [807—-glucose—2H,O-Na]™,
424 (12) [586—glucose]"; °C and 'H NMR spectral
data: Tables 1 and 2.

3.6. Saponin 3

Colourless amorphous powder, mp 208-212°.
HPTLC RP-18 (MeOH-H,O, 1:1) R, 0.35; Silica gel
TLC (CHCI;-MeOH-H,O, 7:3:0.5) Rs 0.28; [o]
+31.2 (¢ 0.25, MeOH); IR(KBr) vpax cm~' 3387,
2933, 1655, 1385, 1041; HRFD-MS m/z 839.4738
(Int% 555) [C42H72015Na]; FD-MS m/z (rel int%):
855(25) [M+K]", 839(100) [M+Na]™, 636(80) [M—
glucose-H,0] ", 618(98) [M—glucose—2H,0] ", 457(17)
[618—glucose+H]; '*C and '"H NMR spectral data:
Tables 1 and 2.
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