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Abstract

Eight new triterpenoid saponins were isolated from a bark extract of Quillaja saponaria Molina by silica and reverse phase

chromatography. The saponins were characterized by spectroscopic data and chemical methods as phytolaccagenic acid, 22b-
hydroxy-quillaic acid, and echinocystic acid substituted with di�erent oligosaccharides at C-3 and C-28. The O-4 of the fucosyl
residue in the 28-O-oligosaccharide was substituted with either acetyl, (S)-2-methylbutanoyl, or (3S,4S)-3-hydroxy-4-methylhex-
anoyl groups. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Quillaja saponins obtained from bark extracts of the
South American tree Quillaja saponaria Molina (Rosa-
ceae) are known to be a physiologically active triterpe-
noid saponin mixture. It shows strong adjuvant activity,
immuno-enhancing e�ects and it is widely applied in
animal and human vaccines (Dalsgaard, 1974; Wu et al.,
1992; Kensil et al., 1996). The Quillaja saponins consist
of a large number of components and several of the
major saponins have been puri®ed and identi®ed. All
these identi®ed structures have in common the tri-
terpene quillaic acid with either a di- or one of two tri-
saccharides attached to C-3 and several oligosaccharides
at C-28. The latter oligosaccharide is substituted with
two C9 aliphatic acyl groups (Higuchi et al., 1988;
Kensil et al., 1995; Jacobsen et al., 1996; Nord and
Kenne, 1999; Nyberg et al., 2000) or an O-acetyl group
(van Setten et al., 1998; Guo et al., 2000a; Guo and
Kenne, 2000). Using HPLC in combination with multi-
ple stage mass spectrometry on an ion-trap instrument,
a large number of quillaic acid saponins was found but
also the occurrence of some non-quillaic acid triterpenes
was indicated as the molecular masses of the triterpene

part di�ered from those of quillaic acid (van Setten et
al., 1998).
This paper describes the isolation and structure

determination of eight novel saponins (19±23) isolated
from a more hydrophilic fraction of a bark extract of Q.
saponaria Molina from which 26 components were
identi®ed previously (Guo et al., 1998, 2000a; Guo and
Kenne, 2000). These saponins consist of di�erent non-
quillaic acid triterpenes glycosated at both C-3 and C-28
positions (Fig. 1). The oligosaccharide at C-3 consists
either of a di- or a trisaccharide with the same structures
as those previously identi®ed in Quillaja saponins. A tri-,
tetra- or pentasaccharide with di�erent acyl groups at
O-4 of the fucosyl residue is linked to C-28 (Fig. 2). Two
new acyl groups were found and these were identi®ed as
(S)-2-methylbutanoyl for compounds 19±21 and
(3S,4S)-3-hydroxy-4-methylhexanoyl for compound 22.
Compound 23 contains an acetyl group at O-4 of the
fucosyl residue.

2. Results and discussion

A commercial bark extract was ®rst separated by SPE
on a C-18 column, which was eluated with a stepwise
gradient of aq. 10±80% MeOH. The saponin mixture
eluted from 60 and 70%MeOHwas collected and further
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fractionated by column chromatography on silica gel
and the eluate monitored by TLC, MALDI-TOF MS
and NMR spectroscopy. Most of the major components
in this eluate were identi®ed as quillaic acid saponins in
previous studies and these were designated 1±18 (Guo et
al., 1998, 2000a; Guo and Kenne, 2000). In addition to
these major saponins, several new components were
detected and MALDI-TOF MS and NMR indicated
saponins with triterpenes di�erent from quillaic acid.
One such component was relatively fast moving with an
[M+Na]+ ion of m/z 1415.2, and seven more minor
components were detected and MALDI-TOF MS
showed [M+Na]+ ions of m/z 1665.6, 1679.6, 1797.7,
1811.7, 1988.7, 2002.8 and 1755.4, respectively. The
spectra showed the [M+Na]+ ion as the dominating
ion but also [M+H]+, [M+K]+ and [MÿH+2Na]+

ions were observed. All these components were further
puri®ed by reverse phase HPLC using an ammonium
acetate bu�er of pH 6.8, a system which separates the
saponins due to the di�erent structures of the oligo-
saccharide at C-28 (Nord and Kenne, 1999; Nyberg et
al., 2000; Guo et al., 2000a). These chromatographic
conditions gave a pure compound 19 from the ®rst
relatively fast moving fraction and separated from other
fractions three pairs of components, 20a,b±22a,b.
MALDI-TOF mass spectra showed a molecular mass
di�erence of 14 Da for each pair. The 1H NMR spectra
of the pairs showed that the saponins had two di�erent
trisaccharides at C-3 with either a terminal rhamnose or
a terminal xylose group, as the NMR data (Table 2) of
the C-3 substituent were similar to those previously
found (Guo et al., 1998, 2000a; Guo and Kenne, 2000)

and as the signals from the two anomeric protons toge-
ther integrated to one proton.
By a second reverse phase separation step using a

phosphate bu�er of pH 2.8 on the same HPLC system,
minor component 23 was separated from a fraction
containing the pair of components 14a and 14b, pre-
viously studied (Guo and Kenne, 2000).
Analysis of the monosaccharides, released by acidic

hydrolysis, as alditol acetates by GC (Sawardeker et al.,
1965) showed the presence of galactose, glucose, xylose,
apiose, fucose and rhamnose in 19±23 and the relative
proportions of the di�erent sugar residues are given in
Table 1. The absolute con®gurations of the mono-
saccharides were assumed to be the same as those found
in previously identi®ed Quillaja saponins (van Setten
and van de Werken, 1996; Guo et al., 1998, 2000a), thus
giving the l-con®guration for rhamnose and d-con®g-
uration for the other monosaccharides. This assumption
was supported by the similar 1H and 13C chemical shifts
for signals of the same disaccharide elements as those
for previously identi®ed Quillaja saponins.
NMR spectroscopy provides structural information

on the triterpene moiety and the sugar residues includ-
ing anomeric con®guration, sequence and acyl groups
and is thus the main tool used for the structure elucida-
tion in this study. All NMR signals from the di�erent
sugar residues and the aglycone moiety in 19±23 were
assigned by di�erent 2D experiments and the chemical
shifts are given in Tables 2 and 3. First all proton spin-
systems were determined using di�erent 1H,1H COSY,
TOCSY and NOESY experiments and then the 13C
signals could be assigned by the one- and three-bond
heteronuclear connectivities observed in the HSQC and
HMBC spectra. The cross-peaks observed in NOESY
and HMBC spectra could be used to assign the sequence
of sugar residues and the overlapped signals. From
comparison of the chemical shifts and the pattern of the
cross-peaks with those of corresponding monosaccharides

Fig. 1. Triterpene moiety of 19±23.

Table 1

Molecular masses and neutral monosaccharide residuesa in saponins

19±23 of Quillaja saponaria Molina

Compound Mb
W Mc

W d-Gal d-Glc d-Xyl d-Fuc l-Rha d-Api

19 1392.2 1392.7 1 1 ± 1 1 ±

20a 1656.6 1656.7 1 1 1 1 2 ±

20b 1642.6 1642.7 1 1 2 1 1 ±

21a 1788.7 1788.8 1 1 1 1 2 1

21b 1774.7 1774.8 1 1 2 1 1 1

22a 1979.8 1978.8 1 1 1 1 3 1

22b 1965.7 1964.8 1 1 2 1 2 1

23 1732.4 1732.7 1 2 2 1 1 ±

a The number of neutral monosaccharide residues was estimated

from the results of the monosaccharide analyses and the integrals of

the signals for anomeric protons in the 1H NMR spectra.
b Monoisotopic molecular mass determined by MALDI-TOF mass

spectrometry.
c Monoisotopic molecular mass of the assigned structures.
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and methyl glycosides (Jansson et al., 1989; Agrawal,
1992) and previously identi®ed Quillaja saponins
(Jacobsen et al., 1996; Guo et al., 1998; Nord and
Kenne, 1999; Nyberg et al., 2000; Guo et al., 2000a)
each sugar and its anomeric con®guration could be
identi®ed. Observed intra-residue NOEs supported the
anomeric con®guration whereas the inter-residue NOEs
established the glycosidic linkages. Information on the
glycosidic linkages was also obtained from the three-
bond heteronuclear correlation over the glycosidic bond
observed as cross-peaks in the HMBC spectra.

2.1. Saponin 19

The NMR spectra of compound 19 showed that it is
not a quillaic acid saponin as there are no signals for an
aldehyde group at C-23. Instead signals for two car-
bonyl carbons (� 177.6 and 178.9) are present in the 13C
NMR spectrum. The 1H NMR spectrum showed reso-
nances for only ®ve methyl groups on tertiary carbons
at � 0.73, 0.81, 0.98, 1.14 and 1.19 (s, 3 H each). A three
proton singlet at � 3.73 with a one-bond heteronuclear
correlation to the carbon resonance at � 52.3 and a

Fig. 2. Structures of saponins 19±23.
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Table 2

The 1H and 13C NMR chemical shifts (ppm) for the triterpene moiety and the oligosaccharide in its 3-position of saponins 19±23

19 20a 21b 22b 23

Atoms No 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C

1 0.99, 1.64 39.4 1.11, 1.71 39.2 1.11, 1.71 39.0 1.12, 1.73 39.4 1.00, 1.63 40.0

2 1.93, 1.77 26.0 2.05, 1.79 25.2 2.02, 1.80 25.4 2.04, 1.79 25.5 1.94, 1.73 26.5

3 3.64 83.6 3.87 85.7 3.88 85.4 3.89 85.4 3.19 91.8

4 44.2 56.1 56.2 56.8 40.5

5 1.23 48.2 1.31 49.1 1.33 49.1 1.33 49.1 0.77 57.2

6 1.36, 1.51 18.7 0.96, 1.48 21.3 0.97, 1.48 21.2 0.97, 1.48 21.4 1.39, 1.57 19.3

7 1.61, 1.36 33.3 1.54, 1.29 33.6 1.56, 1.41 33.5 1.55, 1.34 33.7 1.60, 1.37 33.5

8 40.7 40.9 41.2 40.9 40.9

9 1.64 48.9 1.75 47.8 1.76 48.0 1.74 48.0 1.63 48.2

10 37.6 36.9 37.1 37.1 36.5

11 1.93, 1.92 24.5 1.94, 1.94 24.4 1.93, 1.94 24.2 1.94, 1.94 24.6 1.91, 1.91 24.5

12 5.34 124.0 5.36 122.9 5.36 122.9 5.38 123.1 5.33 122.9

13 144.5 144.8 144.8 144.7 144.8

14 43.2 42.8 42.8 42.9 42.8

15 1.65, 1.21 28.9 1.65, 1.47 36.3 1.64, 1.47 36.2 1.63, 1.48 36.3 1.74, 1.43 36.4

16 2.08, 1.71 24.2 4.56 71.5 4.55 71.5 4.54 71.1 4.43 74.2

17 47.4 49.7 50.1 49.6 49.9

18 2.74 43.4 3.09 40.0 3.11 39.8 3.09 40.0 2.92 42.4

19 1.95, 1.72 43.2 2.36, 1.08 47.8 2.37, 1.08 47.9 2.39, 1.09 48.0 2.27, 1.05 48.2

20 44.9 31.0 30.8 31.0 31.2

21 2.03, 1.40 31.2 2.03, 1.57 43.8 2.04, 1.56 44.0 2.04, 1.56 43.7 1.90, 1.19 36.3

22 1.67, 1.67 34.1 4.25 73.3 4.25 73.6 4.26 73.8 1.90, 1.72 31.7

23 3.27, 3.75 64.9 9.46 211.5 9.46 211.4 9.46 211.0 1.09 28.3

24 0.73 13.2 1.18 10.7 1.17 10.7 1.18 10.6 0.87 16.9

25 0.98 24.8 1.01 16.2 1.03 16.2 1.02 16.4 0.96 16.2

26 0.81 17.8 0.80 17.7 0.80 17.9 0.81 17.5 0.84 17.9

27 1.19 26.0 1.41 27.0 1.41 27.0 1.42 26.9 1.38 27.1

28 177.6 174.8 ±a 174.5 ±a

29 1.14 28.4 0.88 33.5 0.87 33.1 0.88 33.6 0.88 33.2

30 178.9 1.11 28.0 1.10 27.9 1.10 27.9 0.98 25.2

OMe 3.73 52.3

GlcA1 4.57 104.4 4.37 104.0 4.37 103.9 4.41 104.0 4.52 105.5

GlcA2 3.55 82.4 3.63 78.2 3.65 78.4 3.64 78.3 3.79 79.3

GlcA3 3.64 78.1 3.64 85.9 3.68 86.4 3.63 86.1 3.73 86.5

GlcA4 3.57 73.5 3.52 72.2 3.53 71.7 3.55 71.9 3.60 71.7

GlcA5 3.72 76.8 3.59 77.5 3.59 77.5 3.69 76.8 3.69 78.7

GlcA6 ±a 172.6 172.7 174.3 ±a

Gal1 4.60 105.4 4.47 103.9 4.80 103.4 4.80 103.5 4.85 104.2

Gal2 3.59 73.5 3.46 73.4 3.47 73.2 3.50 73.2 3.52 73.4

Gal3 3.49 74.5 3.49 74.6 3.46 75.1 3.46 75.1 3.46 74.9

Gal4 3.85 69.8 3.83 70.5 3.84 70.5 3.84 70.6 3.83 70.0

Gal5 3.48 76.6 3.48 76.5 3.50 76.3 3.50 76.5 3.47 76.7

Gal6 3.71, 3.73 61.8 3.73,3.79 61.9 3.73,3.77 62.0 3.73,3.77 62.0 3.73,3.78 61.9

Xyl1 4.62 104.5 4.62 104.6 4.63 105.2

Xyl2 3.23 75.2 3.24 75.1 3.26 75.1

Xyl3 3.32 78.0 3.32 77.8 3.32 78.0

Xyl4 3.51 71.0 3.51 71.0 3.52 71.1

Xyl5 3.23,3.90 66.9 3.23,3.90 66.7 3.24,3.91 67.1

Rha1 5.06 103.0

Rha2 4.01 71.8

Rha3 3.67 72.1

Rha4 3.38 73.7

Rha5 4.01 70.2

Rha6 1.24 17.4

a Signal not detected.
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three-bond correlation to the carbonyl signal at � 178.9
observed in the HSQC and HMBC spectrum, respec-
tively, indicated the presence of a methyl ester in the
aglycone. Additionally, an oxymethylene group (� 3.75
and 3.23) with the corresponding carbon resonance at �
64.9 demonstrated that the triterpene in 19 contains a
primary alcohol group and the connectivities observed
in the HMBC spectrum demonstrated the primary
alcohol to be at C-23. Due to the e�ects of the primary
alcohol located at C-23, the C-3 (� 83.6) and C-4 (� 44.2)

signals were shifted up®eld �2 and �12 ppm, respec-
tively, compared to those of quillaic acid saponins
(Jacobsen et al., 1996; Guo et al., 1998, 2000a; Nord
and Kenne, 1999; Nyberg et al., 2000). The identi®ed
structural elements and the 1H and 13C chemical shifts
of the triterpene in 19 were similar to those of a pre-
viously found triterpene (Bandara et al., 1990; Rastrelli
et al., 1996) and could thus be identi®ed as 3b,23-dihy-
droxy-30-methylcarbonylolean-12-en-28-oic acid, phy-
tolaccagenic acid. This triterpene was previously found

Table 3

The 1H and 13C NMR chemical shifts (ppm) for the oligosaccharide in the 28-position of saponins 19±23

19 20 21 22 23

Atoms No 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C

Fuc1 5.43 95.1 5.44 95.1 5.47 95.0 5.60 94.6 5.41 95.3

Fuc2 3.88 74.7 3.77 74.9 3.77 74.9 3.95 75.2 3.91 74.5

Fuc3 4.01 82.7 3.91 73.9 3.90 74.0 4.01 82.7 4.03 82.4

Fuc4 5.41 74.6 5.09 74.6 5.09 74.7 5.23 74.4 5.36 74.9

Fuc5 3.87 70.7 3.90 71.2 3.91 71.2 3.97 71.8 3.86 70.9

Fuc6 1.05 16.5 1.08 16.3 1.07 16.2 1.09 16.8 1.06 16.3

Rha1 5.28 102.0 5.27 101.5 5.29 101.5 5.12 101.5 5.34 101.3

Rha2 3.96 71.7 4.24 70.9 4.23 71.1 4.12 71.5 4.24 71.0

Rha3 3.65 71.9 3.93 82.8 3.90 82.7 3.84 82.8 3.91 82.8

Rha4 3.38 73.4 3.68 78.7 3.67 78.9 3.66 79.5 3.69 78.7

Rha5 3.72 70.2 3.86 68.9 3.84 68.7 3.80 69.1 3.87 68.9

Rha6 1.24 18.2 1.30 18.4 1.30 18.3 1.32 19.1 1.29 18.1

RhaI1 4.92 104.8

RhaI2 3.88 71.8

RhaI3 3.60 71.9

RhaI4 3.36 73.5

RhaI5 3.63 70.4

RhaI6 1.23 17.5

Xyl1 4.69 104.8 4.69 104.9 4.68 105.1 4.68 105.2

Xyl2 3.10 75.4 3.21 75.0 3.19 75.1 3.14 75.4

Xyl3 3.28 78.3 3.36 85.7 3.35 85.9 3.29 78.2

Xy14 3.47 71.2 3.49 70.4 3.48 70.0 3.48 71.3

Xyl5 3.17, 3.85 66.8 3.19, 3.87 66.8 3.18, 3.85 66.8 3.17, 3.85 66.8

Api1 5.29 111.0 5.29 111.0

Api2 4.03 77.7 4.05 77.7

Api3 ± 80.3 ± 80.3

Api4 3.81, 4.16 74.8 3.82, 4.17 74.8

Api5 3.66 65.1 3.67 65.2

Glc1 4.50 105.6 4.49 105.6

Glc2 3.14 75.1 3.15 75.2

Glc3 3.33 78.0 3.36 78.0

Glc4 3.19 71.1 3.23 71.2

Glc5 3.28 77.7 3.29 78.2

Glc6 3.61, 3.86 62.7 3.62, 3.85 62.8

GlcI1 4.52 105.0 4.51 105.1 4.54 105.0 4.58 104.8

GlcI2 3.30 75.0 3.31 75.0 3.31 75.1 3.31 75.1

GlcI3 3.31 77.9 3.33 78.0 3.34 77.8 3.38 77.8

GlcI4 3.34 70.8 3.37 70.7 3.36 70.9 3.36 71.0

GlcI5 3.27 78.3 3.26 77.7 3.27 78.0 3.32 78.1

GlcI6 3.70, 3.82 62.3 3.68, 3.83 62.0 3.71, 3.86 61.9 3.71, 3.86 62.4

Acyl-1 178.6 178.5 178.0 173.8 172.0

Acyl-2 2.53 42.5 2.51 42.3 2.51 42.4 2.47, 2.64 40.0 2.09 20.9

Acyl-3 1.75, 1.56 27.8 1.74, 1.53 27.7 1.74, 1.53 27.6 3.92 73.2

Acyl-4 1.01 11.8 0.98 11.7 0.98 11.8 1.53 41.8

Acyl-5 1.20 17.4 1.20 17.2 1.20 17.2 1.19, 1.58 25.6

Acyl-6 0.93 11.7

Acyl-7 0.96 14.9
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in saponins from Phytolacca americana (Kang and
Woo, 1987) and other plants (Bandara et al., 1990;
Rastrelli et al., 1996) but is new in the Quillaja saponins.
However, it was recently found in a more lipophilic
fraction of the bark extract from Quillaja saponaria
(Nord and Kenne, 2000).
The 1D and 2D NMR spectra of 19 showed inter alia

two spin-systems including the resonances for anomeric
protons at � 4.57 (b-d-GlcpA) and 4.60 (b-d-Galp).
These systems could be attributed to the disaccharide b-
d-Galp-(1!2)-b-d-GlcpA attached at C-3 of the tri-
terpene since NMR data are similar to those of corre-
sponding disaccharide in previously identi®ed saponins
(Guo et al., 1998, 2000a; Nord and Kenne, 1999). Some
deviations from the signals of GlcA H-1/C-1 and Gal
H-1/C-1 were observed, which could be due to the pri-
mary alcohol at C-23 in 19 and an aldehyde group in
quillaic acid. The connectivities between H-1 of GlcA
and C-3 or H-3 of the triterpene (� 4.57/83.6 and � 4.57/
3.64), and between H-1 of Gal and C-2 or H-2 of GlcA
(� 4.60/82.4 and � 4.60/3.55), observed in HMBC and
NOESY spectra, con®rmed the structure of the dis-
accharide and also that it is substituted to C-3 of the
triterpene.
The oligosaccharide at C-28 is a trisaccharide since in

addition to the signals from the disaccharide at C-3,
three signals from anomeric protons at � 5.43 (b-d-
Fucp), 5.28 (a-l-Rhap) and 4.50 (b-d-Glcp) were
observed in the 1H NMR spectrum. The complete
assignment of signals from this part of 19 (Table 3) was
achieved by di�erent 2D NMR experiments and by
comparison with data of previously identi®ed Quillaja
saponins. The connectivity between H-1 of the Fuc
residue and the carbonyl carbon, C-28, of the aglycone
(� 5.43/177.6) observed by HMBC con®rmed that the
Fuc residue is linked to C-28 of the aglycone. From
connectivities found by HMBC and NOESY experi-
ments (Table 4), the Fuc residue is substituted at C-2
with a terminal a-l-Rha and at C-3 with the terminal b-
d-Glc.
The 13C NMR spectrum showed a total of 66 signals,

of which 31 were assigned to the triterpenoid moiety
and 35 to the saccharide part. As the ®ve sugar residues
in 19 only account for 30 carbon signals, it suggests the
presence of an additional 5 carbon element in 19.
According to COSY and HSQC spectra, a CH multiplet
at � 2.53 showed connectivities to a methyl group at �
1.20/17.4 (3H, d) and two methylene protons at � 1.56
and 1.75 and the latter two protons to another methyl
group at � 1.01/11.8 (3H, t). The 1H and 13C NMR data
(Table 3) identi®ed this element as a 2-methylbutanoyl
group. The signal from H-4 of the Fuc residue at � 5.41
has a high chemical shift and a three-bond hetero-
nuclear connectivity to the carbonyl carbon of the 2-
methylbutanoyl group (� 5.41/178.6), observed in the
HMBC spectrum, demonstrating that the 2-methylbu-

tanoic acid is ester linked to O-4 of Fuc. Thus the
structure of the oligosaccharide at C-28 is b-d-Glcp-
(1!3)-[a-l-Rhap-(1!2)]-4-O-acyl-b-d-Fucp. The (S)-
con®guration of the 2-methylbutanoic acid was deter-
mined by GC±MS on a capillary column of fused-silica
coated with derivatised b-cyclodextrin (Guo et al., 2000b).

2.2. Saponin 20a,b

All 1H and 13C chemical shifts for compound 20a,b
(Tables 2 and 3) were assigned by 1D- and di�erent 2D-
experiments. Resonances for the triterpene moiety of
20a,b observed in the 1H NMR spectrum suggested the
presence of six methyl groups on tertiary carbons (3H,
s, at � 0.80, 0.88, 1.01, 1.11, 1.18 and 1.41), an ole®nic
group (� 5.36 /122.9) and an aldehyde function (� 9.46).
All 1H and 13C chemical shifts from the atoms in the A±
D rings of the triterpene moiety were very similar to
those of quillaic acid, indicating structural similarity of
this part with quillaic acid. However, the high chemical
shifts of the H-22 (� 4.25, 1H) and C-22 (� 73.3) signals
indicated the presence of an additional secondary
hydroxyl group. The HMBC spectrum showed two- and
three-bond heteronuclear connectivities between H-22 (�
4.25) and C-21 (� 43.8), C-20 (� 31.0) and C-18 (� 41.0)
and the NOESY spectrum showed NOEs between this
proton and H-16 (� 4.56) and H-21 (� 2.03, 1.57). The
aglycone in 20a,b could be identi®ed as 22b-hydroxy-
quillaic acid (3b,16a,22b-trihydroxyolean-12-en-28-oic
acid).
The NMR data showed that compounds 20a and b

are substituted at both C-3 and C-28. The oligo-
saccharide at C-3 is a trisaccharide which consists either
of b-d-Galp-(1!2)-[a-l-Rhap-(1!3]-b-d-GlcpA (20a,
72%) or b-d-Galp-(1!2)-[b-d-Xylp-(1!3)]-b-d-GlcpA
(20b, 28%). The structures of the trisaccharides were
consistent with those of previously indenti®ed saponins
(Guo et al., 1998, 2000a; Nord and Kenne, 1999;
Nyberg et al., 2000). Each component in such a pair
could be identi®ed by high resolution NMR spectro-
scopy without further puri®cation as described pre-
viously (Guo and Kenne, 2000). The sequence of sugar
residues and the linkage to C-3 were corroborated by
the inter-residue three-bond heteronuclear connectivities,
observed as cross-peaks in the HMBC spectrum.
The oligosaccharide at C-28 consisted of a tetra-

saccharide according to the result of the mono-
saccharide analysis (Table 1) and the number and types
of spin-systems that were observed in the NMR spectra.
The b-d-Fuc residue was substituted with an a-l-Rha at
C-2 and this residue was then substituted with a b-d-Glc
at C-3 and a b-d-Xyl at C-4, shown by inter-residue
connectivities observed in the NOESY and HMBC
spectra (Table 4). The b-d-Fuc residue was also sub-
stituted at O-4 with an (S)-2-methylbutanoyl group, as
in 19 since almost identical NMR data were obtained
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for the 4-O-acyl substitutent of Fuc in both compounds
(Table 3). Thus the C-28 oligosaccharide has the struc-
ture b-d-Glcp-(1!3)-[b-d-Xylp-(1!4)]-a-l-Rhap-
(1!2)-4-O-acyl-b-d-Fucp. The 28-O-oligosaccharide in
20a,b has the same basic structure as that of previously
identi®ed saponins 13a,b (Guo and Kenne, 2000) and
B1 and B2 (Nyberg et al., 2000). However, in 13a,b the
4-O-acyl group on the Fuc residue is an acetyl group
and in B1 and B2 the dimeric C9 acyl group terminated
with an arabinofuranosyl group instead of the (S)-2-
methylbutanoyl group in 20a,b. When the 3 position of
the Fuc residue was unsubstituted the 3-O-acyl sub-
stituted isomers of the b-d-Fuc residue were formed by
migration of the O-acyl substituent (Jacobsen et al.,

1996; Nord and Kenne, 1999; Nyberg et al., 2000). By
comparison of the 1D and 2D NMR spectra of 20a,b
with those of the 3-O-acyl isomers B1a and B2a, signals
from a 3-O-acyl Fuc residue were also observed,
demonstrating the occurrence of these isomers in 20a,b.
The amount of the 3-O-acetylated isomers was esti-
mated to �20% according to the relative intensity of the
signals in 1H NMR spectrum.

2.3. Saponin 21a,b

The pair 21a and b has the Rha form of the tri-
saccharide at C-3 as the major component (73%), con-
trary to 20a,b, as evident from the NMR spectra.

Table 4

Observed inter-residue NOE and three-bond heteronuclear connectivities for the anomeric protons of the sugar residues in the 28-O-oligosaccharide

of saponin 19±23a

Anomeric Connectivities to Inter-residue

Compound Residue 1H (ppm) dC dH Residue Atom

19 a-l-Rha-(1! 5.28 74.7 !2,3)-b-d-Fuc-(1! C-2

5.28 3.88 !2,3)-�-d-Fuc-(1! H-2

b-d-Glc-(1! 4.50 82.7 !2,3)-b-d-Fuc-(1! C-3

4.50 4.01 !2,3)-�-d-Fuc-(1! H-3

!2,3)-b-d-Fuc-(1! 5.43 177.6 Aglycone C-28

20a,b b-d-Xyl-(1! 4.69 78.7 !3,4)-a-l-Rha-(1! C-4

4.69 3.68 !3,4)-�-l-Rha-(1! H-4

b-d-Glc-(1! 4.52 82.8 !3,4)-a-l-Rha-(1! C-3

4.52 3.93 !3,4)-�-l-Rha-(1! H-3

!3,4)-a-l-Rha-(1! 5.27 74.9 !2)-b-d-Fuc-(1! C-2

5.27 3.77 !2)-�-d-Fuc-(1! H-2

!2)-b-d-Fuc-(1! 5.44 174.8 Aglycone C-28

21a,b b-d-Api-(1! 5.29 85.7 !3)-b-d-Xyl-(1! C-3

5.29 3.36 !3)-�-d-Xyl-(1! H-3

!3)-b-d-Xyl-(1! 4.69 78.9 !3,4)-a-l-Rha-(1! C-4

4.69 3.67 !3,4)-�-l-Rha-(1! H-4

b-d-Glc-(1! 4.51 82.7 !3,4)-a-l-Rha-(1! C-3

4.51 3.90 !3,4)-�-l-Rha-(1! H-3

!3,4)-a-l-Rha-(1! 5.29 74.9 !2-b-d-Fuc-(1! C-2

5.29 3.77 !2-�-d-Fuc-(1! H-2

22a,b b-d-Api-(1! 5.29 85.9 !3)-b-d-Xyl-(1! C-3

5.29 3.35 !3)-�-d-Xyl-(1! H-3

!3)-b-d-Xyl-(1! 4.68 79.5 !3,4)-a-l-Rha-(1! C-4

4.68 3.66 !3,4)-�-l-Rha-(1! H-4

b-d-Glc-(1! 4.54 82.8 !3,4)-a-l-Rha-(1! C-3

4.54 3.84 !3,4)-�-l-Rha-(1! H-3

a-l-Rha-(1! 4.92 82.7 !2,3)-b-d-Fuc-(1! C-3

4.92 4.01 !2,3)-�-d-Fuc-(1! H-3

!3,4)-a-l-Rha-(1! 5.12 75.2 !2,3)-b-d-Fuc-(1! C-2

5.12 3.95 !2,3)-�-d-Fuc-(1! H-2

!2,3)-b-d-Fuc-(1! 5.60 174.5 Aglycone C-28

23 b-d-Xyl-(1! 4.68 78.7 !3,4)-a-l-Rha-(1! C-4

4.68 3.69 !3,4)-�-l-Rha-(1! H-4

b-d-Glc-(1! 4.58 82.8 !3,4)-a-l-Rha-! C-3

4.58 3.91 !3,4)-�-l-Rha-(1! H-3

!3,4)-a-l-Rha-(1! 5.34 74.5 !2,3-b-d-Fuc-(1! C-2

5.34 3.91 !2,3)-�-d-Fuc-(1! H-2

b-d-Glc-(1! 4.49 82.4 !2,3)-b-d-Fuc-(1! C-3

4.49 4.03 !2,3)-�-d-Fuc-(1! H-3

a The connectivities were observed as cross-peaks in NOESY and HMBC spectra. NOE connectivities are showed in italics.
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Monosaccharide analysis of compound 21a,b showed
the same sugar residues as those found in 20a,b but also
one Api residue (Table 1). For both the triterpene moi-
ety and the sugar residues in compound 21a,b the 1H
and 13C NMR spectra exhibited signals almost identical
to those of 20a,b (Table 2 and 3). However, signals for
an additional b-d-Apif are present with the signals for
anomeric atoms at � 5.29 ppm, J1,2=2.8 Hz and � 111.0
ppm. According to the down®eld shifts of the C-3 signal
of the Xyl residue and the inter-residue connectivities
(Table 4) between the anomeric proton of b-d-Apif
group and the linkage atoms of the Xyl residue the b-d-
Apif group is linked to C-3 of the Xyl residue. The same
acyl group, namely (S)-2-methylbutanoic acid linked to
O-4 of b-d-Fuc, was found in 21a,b as almost identical
chemical shifts, coupling pattern and cross-peaks in
NOESY and HMBC spectra from this part were
observed for both 20a,b and 21a,b (Table 3). Thus the
structures of the saponin 21a and b, which is 22b-
hydroxyquillaic acid 3-O-{b-d-Galp-(1!2)-[a-l-Rhap/
b-d-Xylp-(1!3)]-b-d-GlcpA}-28-O-{b-d-Apif-(1!3)-b-
d-Xylp-(1!4)-[b-d-Glcp-(1!3)]-a-l-Rhap-(1!2)-4-O-
acyl-b-d-Fucp}, are the same as those of 20a and b but
with an extra b-d-Api at C-3 of the Xyl residue (Fig. 2).
The structure of 28-O-oligosaccharide in 21a,b is the

same as those previously identi®ed saponins B3 and B4
(Nyberg et al., 2000). The di�erence between them is
that the 4-O-acyl group on the Fuc residue in 21a,b is
the (S)-2-methylbutanoyl group but in B3 and B4 the
dimeric C9 acyl group terminated with an arabinofur-
anosyl group. The occurrence of the 3-O-acyl isomer of
the Fuc residue was also observed in 21a,b, since similar
chemical shifts from this isomer with those of the 3-O-
acyl B3a and B4a were obtained. The amount of the 3-
O-acylated isomers was estimated to �30% according
to the relative intensity of the 1H NMR signals.

2.4. Saponin 22a,b

Compound 22a,b has the highest molecular mass of
the saponins isolated from the 60% MeOH eluate. The
1H NMR spectrum showed similarity with that of 21a,b,
especially for the signals from the triterpene moiety. The
resonances for the six tertiary methyl groups, two
hydroxyl groups, one ole®nic and aldehyde group and
the connectivities observed in NOESY and HMBC
spectra established that the aglycone in 22a,b is 22b-
hydroxy-quillaic acid, the same as that in 21a,b and
20a,b (Fig. 1 and Table 2).
According to monosaccharide analysis, MALDI-TOF

MS and NMR data, 22a,b consists of a pair of compo-
nents substituted with the two di�erent trisaccharides at
C-3 with the Xyl form dominating (75%) over the Rha
form. Assignment of signals for the 28-O-oligosacchar-
ide was achieved by comparison of NMR data of 22a,b
with those of 21a,b and previously identi®ed saponins.

The results showed that the Fuc, linked to C-28 of the
aglycone, was substituted with a terminal Rha at C-3
and a 3,4-disubstituted Rha at C-2, and the latter Rha
was substituted with a terminal Glc at C-3 and a b-d-
Apif-(1!3)-b-d-Xylp at C-4. This is the same pattern as
in 21a,b, except that an additional Rha is linked to C-3
of the Fuc residue. The linkages were supported by the
inter-residue connectivities observed in HMBC and
NOESY spectra (Table 4).
The relative high chemical shift at C-4 of Fuc (� 5.23/

74.4) and a three-bond connectivity between H-4 and
the carbonyl carbon at � 173.8 demonstrated that an
acyl substituent was linked to O-4 of Fuc. A COSY
spectrum showed that the resonances observed for
methylene protons at � 2.64, 2.47/40.0 (Acyl-2) is linked
to a secondary hydroxyl group at � 3.79/73.2 and both
signals were correlated to the carbonyl carbon (� 173.8)
in the HMBC spectrum. The hydroxyl group is then
connected to a methine proton at � 1.53/41.8 (Acyl-4)
and the latter is in turn linked to a methylene group at �
1.58, 1.19 /25.6 (Acyl-5) and a methyl group at � 0.96/
14.9 (doublet, Acyl-7). Acyl-5 is substituted by another
methyl group at � 0.93/11.7 (triplet, Acyl-6). Thus the
acyl substituent is a 3-hydroxy-4-methylhexanoyl group
(Table 3). The (3S,4S)-con®guration of this acyl group
has been determined recently (Guo et al., 2000b).

2.5. Saponin 23

In a fraction from the ®rst HPLC separation step
compound 23 was found as a minor component toge-
ther with two quillaic acid saponins 14a and b, studied
in our previous work (Guo and Kenne, 2000). However,
compound 23 could be separated by a second HPLC
step using a pH 2.8 bu�er. The 1H NMR spectrum of 23
showed seven singlets from methyl groups at � 0.84,
0.87, 0.88, 0.96, 0.98, 1.09, 1.38 and no aldehyde signal,
suggesting that 23 has an additional methyl group
instead of an aldehyde group found in quillaic acid. The
NMR data from ring B±E of triterpene was in good
agreement with those of the quillaic acid. The cross-
peaks observed in HMBC and NOESY spectra demon-
strated that C-23 is a methyl group. Due to the e�ects of
the C-23 methyl group, the C-3 signal (� 91.8) was shif-
ted �6 ppm down®eld and the C-4 signal (� 40.5) 15.5
ppm up®eld, compared to those of quillaic acid sapo-
nins. Thus the aglycone of 23 was identi®ed as 3b,16a-
dihydroxyolean-12-en-28-oic acid (echinocystic acid), a
component of a previously identi®ed saponin (Shao et
al., 1996).
NMR data showed that the trisaccharide at C-3 of the

aglycone is the xylose form, b-d-Galp-(1!2)-[b-d-Xylp-
(1!3)]-b-d-GlcpA. As identical NMR data for the 28-
O-oligosaccharide with those of 14a and 14b (Guo and
Kenne, 2000) were obtained, the structure of the oligo-
saccharide at C-28 was identi®ed as b-d-Xylp-(1!4)-[b-
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d-Glcp-(1!3)]-a-l-Rhap-(1!2)-[b-d-Glcp-(1!3)]-4-O-
acetyl-b-d-Fucp.
The structures of the saponins 19±23 (Figs. 1 and 2)

are di�erent from those of previously identi®ed sapo-
nins isolated from bark extracts of Quillaja saponaria
Molina (Higuchi et al., 1987, 1988; Jacobsen et al.,
1996; Guo et al., 1998; Nord and Kenne, 1999; Nyberg
et al., 2000; Guo et al., 2000a; Guo and Kenne, 2000).
In this study we have completely characterised the
structures of 19±23 showing that they possess di�erent
triterpenes instead of quillaic acid and that the fucosyl
residue, attached to C-28 of the aglycone, is substituted
with either acetyl, (S)-2-methylbutanoyl or (3S,4S)-3-
hydroxy-4-methylhexanoyl groups. The absolute con-
®guration of these acyl groups has recently been deter-
mined by chemical methods, NMR and X-ray
crystallography (Guo et al., 2000b).

3. Experimental

3.1. Materials

The Quillaja saponin bark extract was obtained from
Berghausen (Cincinnati, OH, USA). This material
(portions of 200 mg) was dissolved in 1 ml aq. 10%
MeOH and the solution applied to an Isolute SPE col-
umn [C-18 (EC), 10 g] for a coarse separation. The col-
umn was eluated with a stepwise gradient of aq. 10±
80% MeOH (10 ml each step). The eluates from 60%
and 70% MeOH were collected and used for further
separation.

3.2. Isolation of compounds 19±23

A sample obtained from the coarse separation was
fractionated on a column (5�45 cm) of silica gel 60
(0.04±0.063 mm, Merck) using a mixture of CHCl3,
MeOH, H2O and HOAc (24:17.5:3:0.1) as solvent. The
elution of saponins was monitored by TLC, MALDI-
TOF MS and 1H NMR spectroscopy. Some fractions
contained components with Rf-values between 0.3±0.5
which showed data that indicated non-quillaic acid
saponins. One fraction contained one major component
with molecular mass 1392.2 Da and three other frac-
tions contained saponins of molecular masses between
1640 and 1980 Da. The four fractions were concentrated
to dryness, yielding 38, 200, 106, and 85 mg, respec-
tively. All four fractions were further separated on a
semipreparative HPLC column (Kromasil 100-5 C18,
2�15 cm). Saponin components, detected by the absor-
bance at 205 nm, were eluted isocratically in a mixture
of MeCN and aq 0.02 M ammonium acetate bu�er in
20% MeCN, pH 6.8 (8.5:91.5) at a ¯ow rate of 9 ml
minÿ1. The fractions collected were ®rst evaporated to
remove the MeCN, then diluted with H2O and loaded

on Isolute SPE columns [C-18, (EC) 10 g]. The columns
were washed with H2O to remove salts and the saponins
eluted with MeOH (�20 ml) and individually evapo-
rated to dryness. By this procedure, 19 was isolated as a
pure compound and 20a,b±22a,b were obtained as pairs
of compounds with 14 Da di�erence in molecular mass.
One fraction collected from the fourth fraction was

further separated on second HPLC separation with the
same system but using a mixture of MeCN and aq.
0.01 M phosphate bu�er, pH 2.8 (30:70) as mobile
phase at the ¯ow rate 8.5 ml minÿ1. The pure saponin
23, in addition to the pair of components (see previously
determined saponins 14a and 14b, Guo and Kenne,
2000), was obtained and isolated by SPE in the same
way as described for the ®rst separation.
Monosaccharide analysis was performed as previously

described (Guo et al., 1998, 2000a).

3.3. Mass spectrometry

The MALDI-TOF mass spectra were recorded on
Bruker Re¯ex III spectrometer using a 337 nm nitrogen
laser and 2,5-dihydroxybenzoic acid as matrix.

3.4. NMR spectroscopy

NMR spectra were recorded for samples in CD3OD
on a Bruker DRX-600 spectrometer with a proton fre-
quency of 600 MHz equipped with a 5-mm triple-reso-
nance inverse probe or a 2.5-mm microprobe. All
spectra were acquired at 30� without spinning the sam-
ple. Chemical shifts are reported in ppm using the sol-
vent peak as a reference (�H 3.31 and �C 49.0). DQF-
COSY, TOCSY, NOESY (mixing time 300 ms), HSQC-
DEPT and HMBC (delay times of 50 or 70 ms) experi-
ments were performed according to standard pulse
sequences.
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