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MALONYL-GINSENOSIDES Rbl, sz, Rc, AND Rd, FOUR NEW MALONYLATED
DAMMARANE-TYPE TRITERPENE OLIGOGLYCOSIDES FROM GINSENG RADIX

. *,a . . . . b
Isao Kltagawa,' Toshio Tanlyama,b Teruaki Hayashi,

and Masayuki Yoshikawa®

Faculty of Pharmaceutical Sciences, Osaka University,a
Yamada-oka, Suita, Osaka 565, Japan and Research Lab.,
C. Koshiro and Co., Ltd.,b 3-5, Dosho-machi, Higashi-
ku, Osaka 541, Japan

Four new malonylated dammarane-type triterpene oligoglycosides,
named malonyl-ginsenosides Rb, (1), Rb, (2), Rc (3), and Rd (4), were
isolated from Ginseng Radix, the root of Panax ginseng, and their
structures were elucidated on the basis of chemical and physicochemi-
cal evidence.
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Ginseng Radix, the root of Panax ginseng C. A. Meyer (Araliaceae), is one of
the best known Chinese crude drugs, and it has been investigated extensively
in search of its bioactive principles.l) Especially the oligoglycosidic con-
stituents, which are the principal ingredients of Ginseng Radix, have been the sub-
jects of many investigations and various ginsenosides have been characterized.l’z)
In the course of our chemical studies on the precession of naturally occurring
drug materials, we have compared the chemical constituents of Ginseng
Radix (white ginseng) and Ginseng Radix Rubra (red ginseng) of various ori-
gins. We have found that red ginseng contains several characteristic bioactive
compounds, e.g. antitumor-active ginsenoside Rh2 in its lipophilic portion, and

have elucidated their chemical structures.3)

In continuing studies, we have

been examining the water-soluble constituents of both white and red ginseng

and have found that white ginseng contains a considerable amount of four new
malonylated ginsenosides named malonyl-ginsenosides Rbl (1), Rb2 (2), Rc (3), and
Rd (i) together with already known ginsenosides. It should be mentioned here
that red ginseng contains only a trace amount of these malonyl-ginsenosides. This
paper deals with the evidence for their chemical structures.

The ag. 80% MeOH extract (prepared at 25°C) of white ginseng (cultivated for 6
years at Nagano Prefecture)4) was partitioned into an ether-water mixture. Puri-
fication of the water soluble portion by reversed phase Sio2 column chromatography
(Bondapak ClB; MeOH-HZO) furnished total ginsenoside (6.21% from white ginseng).
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Repeated separation of total ginsenoside by reversed-phase and ordinary-phase SiO2
5)

column chromatography furnished, together with known ginsenosides, malonyl-gin-
senoside Rbl (L, 0.82%), malonyl-ginsenoside Rb2 (2, 0.41%), malonyl-ginsenoside
Re (3, 0.30%), and malonyl-ginsenoside Rd (4, 0.12%).°
Upon alkaline hydrolysis of malonyl-ginsenoside Rby (1), mp 150-152°C, [oe]g3
+10.2° (MeOH), C57H94026'3H20,7) IR (KBr): 3489, 1730 cm-l, Secondary Ion MS (SIMS,
Xet, glycerol matrix, m/z): 1217 [(M+Na)+], furnished ginsenoside Rbl (1b) and
malonic acid. Methylation of 1 with ethereal CH2N2 in MeOH provided the mono-
methyl ester (la), mp 178-182°C, [u]§3 +9.8° (MeOH), C58H96026'3H20' IR (KBr):
3402, 1737 cm ¥, lu-NMR (dg-pyr., §): 0.87 (3H), 0.98 (9H), 1.15, 1.34 (3H each)
(all s, tert-—CH3 X 6), 1.61, 1.67 (3H each, both s, vinyl. CH3 x 2), 3.63 (3H, s,
COOCH,), 3.69 (2H, s, -COCH,CO-), SIMS (n/z): 1231 [(M#Na)'l.  Enzymatic hydroly-
sis of la with B-glucosidase (from almond, Sigma) furnished 4a, mp 182-183°C,
[a]§3 +20.8° (MeOH), Cg,Hg 0, "2H,0, IR (KBr): 3390, 1744 em™t, 'H-WMR (dg-pyr., 6)
0.86 (3H), 0.96 (9H), 1.14, 1.33 (3H each)(all s, tert=-CH; X 6), 1.59 (6H, s,
3 X 2), 3.63 (3H, s, COOCHB), 3.69 (2H, s, —COCHZCO-), SIMS (m/z): 1069

+ . . . ’ . .
[ (M+Na) " ], which, on subsequent alkaline hydrolysis, provided ginsenoside Rd (ﬁ?)

vinyl. CH

and malonic acid.

Based on these findings, and the 13
with the data for 1b and 4p">)
sumed to be a malonylated derivative of ginsenoside Rbl (1b) at the primary 6'-OH
or 6"-OH.

Partial hydrolysis of la with ag. 40% AcOH at 75°C for 3 h3) furnished 5a (a
mixture of 20R and 20S isomers), IR (KBr): 3386, 1740 cm—l, lH-NMR (ds—pyr., §):s
0.87 (3H), 0.98 (9H), 1.15, 1.35 (3H each) (all s, tert—-CH3 X 6), 1.67 (6H, s,

3 X 2), 3.63 (3H, s, COOCH3), 3.69 (2H, s, —COCHZCO—), SIMS (m/z): 907
[(M+Na)+], which, on alkaline treatment, liberated 20(R,S)-ginsenoside Rg3 (5b)
and malonic acid. Here again, the location of the malonyl residue in 5a has been

C-NMR examinations of la and 4a in comparison

(Table), malonyl-ginsenoside Rbl (1) has been as-

vinyl. CH

assumed to be either at the primary 6-OH or 6"-OH of the diglucoside moiety.

Treatment of Sa with p-anisylchlorodiphenylmethane (MMTrCl) at 22°C for 18 h
furnished the momoMMTr derivative (5¢), IR (KBr): 3384, 1745, 1604, 1505 cm &, TH-
NMR (CDC13, §): 3.73 (2H, s, -COCHZCO-), 3.80 (6H, s, OCH3, COOCH3), 6.70-7.40 (14
H, m, arom. H), which, on alkaline hydrolysis followed by methylation with CH3I
and dimsyl carbanion,s) was converted to 5d, IR (CC14): 3379 cm_l, lH—NMR (CDC13,
6):‘3.27, 3.37, 3.52, 3.58, 3.61, 3.63, 3.77 (3H each, all s, OCH3 x 7), 4.33 (1lH,
d, J=7 Hz), 4.69 (1H, 4, J=7 Hz) (anom. H x 2), 6.70-7.40 (14H, m, arom. H).
Methanolysis of 5d with 9% HCl-dry MeOH yielded methyl 2,3,4,6-tetra-O-methylgluco-
pyranoside and methyl 3,4-di-0O-methylglucopyranoside. Therefore, it has become
clear that the MMTr residue in 5d is connected at the 6'-OH.

This proves that the malonyl residues in 4a, §9, and §9 are at the respective
6"-OH, and consequently the structure of malonyl-ginsenoside Rbl (1) has been
determined.

The structures of the other three malonyl-ginsenosides have been elucidated in
the same way. Upon alkaline hydrolysis, malonyl-ginsenoside sz (2), mp 148-150°
c, [0123 +11.5° (MeOH), Cj4Hy,0,5°2H,0, IR (KBr): 3381, 1730 cm™Y, SIMS (m/z): 1187
[(M+Na)+], provided ginsenoside Rb2 (2p) and malonic acid. Methylation of 2 with

CH2N2 as described above for ;’furnished the monomethyl ester (gg), mp 179-182°C,

NII-Electronic Library Service



No. 9

3355

i':Rl=—COCH
(malonyl-ginsenoside Rbl)
Lg :R

1

2

1

COOH, R2=B—D;glucopyranosyl

_-COCHZCOOCH3, R2=B-D-glucopyranosyl

1b :R7=H, R2=B—D—glucopyranosyl ( ginsenoside Rbl)

1

E’:R =—COCH2COOH, R2=a—L-arabinopyranosyl

(malonyl-ginsenoside Rb2)

%9 :Rl=—COCH COOCH

1

22

37 R2=a—L-arabinopyranosyl

29 :R7=H, R"=o-L-arabinopyranosyl

5)

R2=u—L—arabinofuranosyl

(malonyl-ginsenoside Rc)

( ginsenoside Rb

3 :Rl=-COCH2COOH,
ie :Rl=—COCH2COOCH
3b :R'

4 :R
%é :Rl=—COCH2COOCH
b :RT
~S

37 R2=u—L—arabinofuranosyl

=H, R"=a-L-arabinofuranosyl ( ginsenoside Rc

2
37 R

=H

=R2=H ( ginsenoside Rd)
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20 5a :R =—COCH2COOCH3, R™=R"=H 5¢c :R =—COCH2COOCH3, R"=H, R™=MMTr
ORZ Yin ¥ ~
R20 H 5b :R'=R°=R’=H [ 20(R,S)-ginsenoside Rgy]  5d :R1=R2=CH3, R3=MmTr
R0
Table. 13C NMR Data for Malonyl-Ginsenosides ( ds—pyridine, dc )a)
la 2a 3a 4a 5a la 2a 3a 4a  5a
Aglycone c-3 89.3 89.3 89.3 89.3 89.2 c-1'""" 104.9
moiety Cc-12 70.2 70.2 70.3 70.2 70.9 |6'"-0-B-D- C-2""" 74.9b
C-20 83.5 83.5 83.4 83.3 73.0 |[Gluco- c-3'""  78.3
pyranosyl  C-4"" 71.7b
C-1' 105.3 104.9 104.8 104.8 104.8 moiety c-5'"" 78.3
3-0-8-D- c-2' 84.2b 84.2b 84.1b 84.1b 814.1b c-6""" 62.8
Gluco- c-3' 77.9° 78.0° 77.9° 78.4 78.4
pyramosyl = C-4' 71.7, 72.1 72.1 71.6, 71.4 |6'-0-o-L- C-1"" 104.5 110.0
moiety  C-5' 78.3° 78.6 77.9° 79.0° 77.9 |Arabino- c-2" 71.8 83.1
C-6' 62.8 62.9 62.6 62.8 62.8 |syl moiety C-3""' 73.8  79.0
c-4" 68.4 86.0
C-1" 106.1 106.1 106.0 106.0 106.0 c-5"" 65.4 62.6
2'-0-R-D- c-2" 77.0b 76.6b 76.6b 76.6b 76.5b
Gluco- c-3" 79.17 79.1° 78.8" 79.6 79.6
pyranosyl c-4" 71.0 71.0 70.9 70.9 70.9 6"—0-90 167.1 167.2 167.2 167.2 167.1
moiety C-5" 75.2 75.2 75.1 75.1 75.1 QHZ 41.6 41.6 41.6 41.6 41.6
C-6" 65.6 65.5 65.4 65.5 65.5 Cco 167.1 167.2 167.2 167.2 167.1
6CH3 52.2 52.2 52.2 52.2 52.2
c-1'" 98.1 98.1 98.1 98.2
20-0-B-D~- c-2" 74.9b 74.7b 75.0b 75.1b
Gluco- c-3'™ 78.3" 78.0° 78.4 78.1
pyranosyl C-4' 71.7 71.5 71.4 71.6b
moiety c-5"" 76.6 76.6 76.4 77.9
c-6'"" 71.6 69.2 68.4 62.8

a) The characterizations of prim-C, sec-C, tert-C, and quat-C
on the INEPT ( Insensitive Nuclei Enhanced by Polarization
experiments.

were based
Transfer )

b) The assignments for these signals within the same column may be interchanged.
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23 411.2° (MeOH), C.-H,,O “2H,0, TR (KBr): 3382, 1739 em t: la-nMr (d5-pyr., 6

lalp 57%94025

: 0.91 (3H), 0.98 (9H), 1.14, 1.34 (3H each)(all s, tert —CH, X 6), 1.63, 1.66 (3H
each, both s, vinyl. CH3 X 2), 3.63 (3H, s, COOCH3), 3.70 (2H, s, -COCHZCO—), SIMS
(m/z): 1201 [(M+Na)+]. Partial hydrolysis of 2a with aq. AcOH as described above
for la provided 5a. Finally, the 13C-NMR examination of 2a has led to the formu-
lation of malonyl-ginsenoside sz as 2.

Malonyl-ginsenoside Rc (3), mp 150-152°C, [oc]23 +1.7° (MeOH), C56H92025-H20, IR
(KBr): 3381, 1733 cm_l, SIMS (m/z): 1187 [(M+Na) ]}, furnished ginsenoside Rc (3b)
and malonic acid upon alkaline hydrolysis. CHZN2 methylation of 3 gave the mono-
methyl ester (3a), mp 159-163°C, [oz]g?’ +1.6° (MeOH), Cg Hg,0,°2H,0, IR (KBr):
3392, 1736 cm_l, lH—NMR (ds—pyr., §): 0.80 (3H), 0.96 (9H), 1.12, 1.32 (3H each)
(all s, tert—-CH3 Xx 6), 1.63, 1.67 (3H each, both s, vinyl. CH3 x 2), 3.65 (3H, s,
COOCH;), 3.75 (2H, s, -COCH,CO-), SIMS (m/z): 1201 [ (M+Na) '], which, on partial
acidic hydrolysis as described above, gave 5a. Based on these findings and the

l3C-NMR data for 3a, the structure of malonyl-ginsenoside Rc (3) has been deter-

mined.

CH2N2 methylation of malonyl-ginsenoside Rd (4), mp 158-161°C, [a]%3 +16.4°
(MeOH) , C51H84021-2H20, IR (KBr): 3363, 1738 cm_l: SIMS (m/z): 1055 [(M+Na)+],
furnished ég. Thus, the structure of 4 has been substantiated.

We have also analyzed comparatively the oligoglycosidic constituents (total gin-
senosides) of various white ginsengs of different origins and of the fresh root of
Panax ginseng cultivated at Shimane Prefecture. We have found that the above-
mentioned malonyl-ginsenosides are commonly distributed in those white ginsengs in
considerable amount, but only in trace amounts in red ginsengs of various origins.
The biological activity of these malonyl-ginsenosides is an interesting subject
for future investigation.
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