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Abstract

Six major saponins were isolated from a bark extract from Quillaja saponaria Molina. Solid-phase extraction,
followed by a two-step reversed-phase HPLC separation procedure with phosphate and ammonium acetate buffers
of different pH values, was used. The compounds were characterised using NMR spectroscopy, mass spectrometry
and chemical methods. © 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The bark of the Quillaja saponaria Molina
tree contains at least 60 different saponins
detected by mass spectrometry [1,2], of which
several have been isolated and characterised
[3—6]. Among them, the most common triter-
penoid base structure reported is quillaic acid
substituted with a trisaccharide at C-3. In
addition, C-28 of this acid is substituted with
an oligosaccharide through a fucosyl residue,
to which are also linked two coupled C-9
aliphatic acids and an L-arabinofuranosyl
group (Fig. 1).

The structures of saccharides linked at C-3
of the quillaic acid of Quillaja bark saponins
have recently been reported [7]. They corre-
sponded to the previously described trisaccha-
ride B-D-Galp-(1 - 2)-[B-D-Xylp-(1 - 3)]-B-
D-Glcp A [3-5], but also to the novel trisac-
charide B-D-Galp-(1 - 2)-[a-L-Rhap-(1 - 3)]-
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B-D-GlcpA and to minor amounts of the
disaccharide B-D-Galp-(1 —2)-B-D-GlcpA. In
that study, the structures of the oligosaccha-
rides were elucidated after alkaline hydrolysis
of intact saponins in order to remove the C-28
substituent from the quillaic acid.

Saponin components from Quillaja bark ex-
tracts are commonly separated by reversed-
phase HPLC [1,2,5,6]. We are at present
studying the structures of several Quillaja sa-
ponins with different mobility in reversed-
phase systems. The aim of the present study is
to show the structures of the later-eluting
components and whether or not the men-
tioned oligosaccharides at C-3 of the quillaic
acid are present.

The bark extract from Q. saponaria Molina
was found to contain the saponins S1 to S6
given in Fig. 1, using reversed-phase HPLC
analysis. Also present are the regio-isomers
(S1a—S6a, structures not shown), where the
fucosyl residue is substituted with the aliphatic
acid group at C-3 instead of C-4. Two of the
compounds found (S4 and S6) are identical to
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to those in the previously described sapo-
nin mixture, QS-21 [5]. Compound S2 is a
novel structure, having only a disaccharide
instead of a trisaccharide at the fucose C-2.
Compounds S1, S3 and S5 are also novel
structures, with the previously found [7] trisac-
charide B-D-Galp-(1 —2)-[a-L-Rhap-(1 — 3)]-
B-D-Glcp A at the quillaic acid C-3.

2. Results and discussion

HPLC.—An 80% methanol (aqueous) elu-
ate from a solid-phase extraction (SPE) of
bark extract from Q. saponaria Molina gave
two main groups of peaks in the chro-
matogram (retention times 20—30 and 35-43
min, respectively) when analysed on reversed-
phase HPLC using an ammonium acetate
buffer at pH 6.4 (Fig. 2, vertical graph). The
compounds in the first group (20—-30 min)
correspond to glucose-containing saponin
structures that have been studied [8]. The 80%
methanol eluate was fractionated using
preparative HPLC and three fractions (Frac-
tions I-III) were collected (Fig. 2, vertical
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graph). The fractions were characterised by
analytical HPLC, using the same buffer sys-
tem and by MALDI-TOF mass spectrometry.
Samples, analysed immediately after collec-
tion, showed only a single peak in the analyti-
cal HPLC chromatogram as expected.
However, if the isolated Fractions I-III were
kept in a pH 6.4 buffer for 12 days at 7 °C,
new peaks appeared in the 20—24 min region
of the chromatogram. By employing MALDI-
TOF mass spectrometry and NMR spec-
troscopy, it was shown that the compounds in
the two groups (20-24 and 35-43 min, re-
spectively) are regio-isomers. This is in agree-
ment with the observation of Jacobsen et al.
[5], who showed that migration of the
aliphatic acid substituent occurs between O-3
and O-4 of the fucosyl residue.

All three fractions showed MALDI-TOF
mass spectra with two [M + Na]* ions sepa-
rated by 14 mass units, suggesting that they
contained at least two components each. This
was confirmed by 'H NMR spectroscopy,
which showed two small signals in the
anomeric region with integral values that
added up to the equivalent of one proton. The
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Fig. 1. Structures of the saponins S1-S6.
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Fig. 2. HPLC chromatograms from the two separation steps of the saponin bark extract. At the first separation step (vertical
graph), a buffer of pH 6.4 was used as mobile phase (see Section 3 for details). At the second separation (horizontal graphs), a
buffer of pH 2.8 was used, which separated Rha and Xyl containing quillaic acid C-3 trisaccharides.

chemical shifts of these signals were consistent
with those of the different trisaccharides at the
quillaic acid C-3 found by Guo et al. [7].

A second separation step using a phosphate
buffer of pH 2.8 gave four well-separated
peaks for all fractions (I-III) (Fig. 2, horizon-
tal graphs). The components in the two late-
eluting peaks (S1-S6 from Fractions I-III)
were found to be substituted at the fucose C-4
by the fatty acyl group. Since the fractions
from the first separation were allowed to equi-
librate in a buffer at pH 6.4 for 12 days, the
minor fucose 3-O-acyl isomers were also
present (Sla—S6a).

Structural analysis.—The 1solated com-
pounds S1-S6 and Sla—-S6a were character-
ised by sugar analysis, MALDI-TOF MS and
NMR spectroscopy in order to determine

their structures. The neutral sugars released
during acid hydrolysis of S1-S6 and S1a—S6a
were analysed by GC as their alditol acetates
and their absolute configurations were as-
sumed to be the same as those previously
identified in similar Quillaja [3—5,7] and other
saponins. The relative proportions of L-Ara,
D-Xyl, D-Api, L-Rha, D-Fuc and D-Gal de-
tected are given in Table 1. The molecular
masses of all compounds were determined by
MALDI-TOF MS and are given in Table 1.
Further structural information was obtained
by 'H and *C NMR spectroscopy.
Assignments of NMR signals.—The NMR
signals from the different sugar residues and
the quillaic acid moiety were assigned by dif-
ferent 2D experiments for compounds S1-S6.
'"H NMR spectra are given in Fig. 3 for
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S1-S6 and S2a. Most of the proton spin
systems were determined using 'H,'"H-COSY
and TOCSY experiments. The chemical shifts
for 'TH and '*C signals were extracted from
the HSQC-DEPT (heteronuclear single
quantum coherence—distortionless enhance-
ment by polarisation transfer) spectra except
for those of the quaternary and carbonyl car-
bons, which were observed and assigned by
HMBC (heteronuclear multiple bond correla-
tion). The signals in the triterpenoid structure
were assigned from the spin systems observed
and by comparison with data from quillaic
acid without a C-28 substituent [7]. It was
noted that the largest deviations (‘H: Ao —
0.15 ppm for H-15, 3C: A —4.0 ppm for
C-28) were found for signals of atoms
around C-28. This supports a C-28 substi-
tuted quillaic acid and was confirmed by
comparison with data of a quillaic acid sub-
stituted in both C-3 and C-28 [3,5,8]. From
the comparison of the chemical shifts and the
pattern of the cross-peaks with those of cor-
responding monosaccharides [9,10], each
sugar and its anomeric configuration could
be identified. The anomeric configurations
were also supported by the °Jy;, ., values of
the anomeric proton signals, and the 'J.y
values for the one-bond coupling between the
anomeric atoms [l11]. The linkage positions

73

were indicated by the relatively high chemical
shifts for the signals of the substituted car-
bons (4-9 ppm higher chemical shift relative
to that of the unsubstituted monosaccharide).

The 'H and '*C NMR data for the quillaic
acid moiety and the oligosaccharide at C-3 of
saponins S1-S6 are given in Table 2. From
the data it is evident that the 3-substituent in
compounds S1, S3 and SS is the trisaccharide
B-D-Galp-(1 ->2)-[a-L-Rhap-(1 -3)]-B-D-
Glep A and in compounds S2, S4 and S6 the
trisaccharide B-D-Galp-(1 - 2)-[B-D-Xylp-
(1 - 3)]-B-D-GlcpA as all 'H and *C chemi-
cal shifts are similar to those of the
trisaccharides occurring as 3-substituents in
previously identified saponins [7]. Fig. 4
shows the anomeric region in the HSQC-
DEPT spectra of S1 and S2, i.e., saponins
with the two different trisaccharides at the
quillaic acid C-3. The results are also in
agreement with the results from the sugar
analysis (Table 1).

All 'H and "*C signals for the oligosacchar-
ides at C-28 were assigned and the NMR data
for this part, including the C-9 fatty acyl part
(Fa, Fa’ and Ara), of saponins S1-S6 are
given in Table 3. In the HSQC—-DEPT spectra
of these oligosaccharides of S1-S6, four com-
mon signals were observed in the region 4.4—
5.5 ppm. Two of them originated from the
fucose H-1 and H-4 (5.35-5.36/94.6-94.9 and

Table 1

Results from MALDI-TOF mass spectrometry ® (second column) and sugar analysis ® of the neutral sugars (columns 3 and
forward)

Compound MW Rha Fuc Ara Xyl Gal Api ¢

Sla 1872 2.0 2 1.0 1 0.9 1 1.0 1 1.0 1 0
S2a 1859 1.0 1 1.0 1 1.0 1 1.8 2 1.0 1 0
S1 1873 2.0 2 1.0 1 1.0 1 1.0 1 1.0 1 0
S2 1859 1.0 1 1.0 1 1.0 1 1.9 2 1.0 1 0
S3a 2005 2.0 2 1.0 1 1.0 1 1.7 2 1.0 1 0
S4a 1990 1.0 1 1.0 1 1.0 1 2.2 3 1.0 1 0
S3 2005 1.9 2 1.0 1 0.9 1 1.6 2 1.0 1 0
S4 1989 1.0 1 1.0 1 0.9 1 2.2 3 1.0 1 0
S5a 2003 1.7 2 1.0 1 1.0 1 1.3 1 1.1 1 0.4 1
S6a 1990 1.0 1 1.0 1 0.9 1 1.6 2 1.0 1 0.5 1
S5 2004 1.6 2 1.0 1 0.9 1 1.1 1 1.0 1 0.4 1
S6 1989 1.0 1 1.0 1 0.9 1 1.8 2 1.0 1 0.6 1

2 Molecular masses (MW) are corrected for Na by subtracting 23 and the uncertainty is + 1 mass unit.

® Presented as areas from GC chromatograms normalised against the fucitol peak, using a flame ionisation detector. The
bold-face values are the assigned number of sugars for the compounds.

¢ The relative yield of Api was lower due to the hydrolytic conditions used in the analysis. However, 'H NMR spectra showed

equimolar amounts of apiose.



Table 2

NMR assignments for the quillaic acid and the oligosaccharide at C-3

Residue Sl S2 S3 S4 S5 S6
'H (ppm)  "C (ppm) 'H (ppm) "C (ppm) 'H (ppm) "“C (ppm) 'H (ppm) "“C (ppm) 'H (ppm) "C (ppm) 'H (ppm)  "“C (ppm)

Qal 111, .71 39.1 112, 1.72 39.0 111, 1.71 393 1.12, 1.70 387 1.10, 1.72  39.2 .11, 1.73 391
Qa2 1.78,1.99 258 1.78, 1.98  25.7 1.78,2.00  25.5 1.78, 1.98  25.5 1.79,2.00 256 1.78,1.98 255
Qa3 3.86 86.1 3.87 86.3 3.86 86.3 3.87 86.1 3.86 86.0 3.87 86.1
Qa4 56.3 56.3 56.5 56.0 56.1 56.1
Qa5 1.31 49.3 1.31 49.1 1.33 49.1 1.33 49.2 1.33 49.2 1.34 49.0
Qa6 0.93, 146  21.5 0.95, 146  21.4 0.94, 148 217 0.95,1.47 209 0.95,1.47 214 095,148 212
Qa7 1.34,1.50  33.7 1.33,1.51 335 135,150  33.6 136, 1.49 335 1.35,1.50  33.5 1.37,1.50  33.4
Qa8 41.1 41.1 41.0 40.9 41.0 41.0
Qa9 1.75 47.9 1.75 47.8 1.77 48.0 1.75 47.9 1.75 47.9 1.75 47.8
Qalo 37.0 37.3 37.0 36.9 37.1 36.9
Qall 1.93,1.93 244 1.93,1.93 244 1.93,1.93  24.4 1.93,1.93 242 193,193 243 193,193 244
Qal2 5.33 123.1 5.33 123.1 5.33 123.3 5.32 123.1 5.33 123.1 5.33 122.9
Qal3 144.7 144.8 144.6 144.3 144.4 144.5
Qal4 42.6 4.7 43.0 424 42.7 424
Qals 1.43,1.68  36.4 143, 1.67  36.4 145, 1.62 363 147, 1.60 366 145, 1.61 365 145, 1.62 362
Qal6 4.48 74.5 4.48 74.5 4.48 74.4 4.48 743 4.48 74.4 4.48 74.2
Qal7 49.9 50.1 b 49.5 49.9 49.7
Qal8 2.95 a 2.95 42.1 2.94 42.3 2.95 42.3 2.95 422 2.95 42.1
Qal9 1.06, 231 48.0 1.06, 232 479 1.05,2.33  48.0 1.06, 229 477 105,232  48.0 1.06,2.32 478
Qa20 31.2 31.3 31.1 30.9 31.2 31.1
Qa2l 1.18, 1.96  36.6 1.17,1.95  36.4 1.17,1.97  36.8 1.17, 197 365 1.17, 195  36.5 1.16, 1.96 363
Qa22 a 1.77, 1.94 32,0 1.72,1.96  32.1 1.73, 1.95 323 1.73, 195  32.0 1.73,1.96  32.0
Qa23 9.45 210.9 9.45 210.9 9.46 211.2 9.46 210.7 9.46 211.0 9.46 211.4
Qa24 1.17 10.9 1.17 10.9 1.17 11.0 1.16 11.0 1.17 10.9 1.17 10.9
Qa2s 1.01 16.4 1.01 16.4 1.02 16.5 1.01 16.6 1.02 16.4 1.00 16.4
Qa26 0.77 17.9 0.77 17.9 0.76 17.8 0.76 17.6 0.77 17.8 0.75 17.4
Qa27 1.40 27.1 1.40 27.1 1.40 26.9 1.40 27.1 1.40 27.0 1.40 27.1
Qa28 177.1 177.1 176.8 176.7 177.0 176.8
Qa29 0.89 33.3 0.89 33.2 0.89 33.2 0.89 333 0.89 33.2 0.89 33.1
Qa30 0.96 24.9 0.96 24.8 0.95 24.6 0.95 24.7 0.95 24.8 0.95 24.6
GlcAl  4.45 104.1 4.45 104.4 4.45 104.3 4.45 104.4 4.47 104.1 4.45 104.1
GIcA2  3.63 78.1 3.66 78.0 3.63 77.9 3.66 77.9 3.64 78.0 3.65 77.8
GIcA3  3.64 85.8 3.69 86.5 3.64 85.7 3.69 86.4 3.65 85.7 3.69 86.3
GlcA4  3.60 71.9 3.56 71.3 3.61 71.9 3.56 71.0 3.60 71.8 3.56 71.2
GIcA5  3.76 76.7 3.78 76.5 3.80 76.6 3.79 76.4 3.79 76.6 3.78 76.4
GlcA6 173.3 172.5 173.3 172.5 173.0 172.4
Gall 4.46 104.2 4.80 103.7 4.46 104.1 4.81 103.6 4.46 104.1 4.81 103.3
Gal2 3.49 73.0 3.46 73.5 3.50 72.9 3.47 73.4 3.50 72.8 3.47 73.3
Gal3 3.48 74.9 3.43 75.3 3.48 74.9 3.43 75.1 3.49 74.8 3.44 75.1
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Table 2 (continued)

Residue
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5.10-5.11/75.1-75.3 ppm, respectively), sug-
gesting that the fucose has the same substitu-
ITsL2SS2 tion pattern in S1-S6. The other two signals
were derived from the common fucose 4-sub-
stituent in Quillaja saponins, two 3,5-dihy-

§ § droxy-C-9 acids with a terminal arabino-
sedagsed furanosyl group. At 5.18-5.19/75.1-75.2 ppm
“ieq e enenen e a characteristically split signal (double-triplet)
was assigned to the Fa H-5 as there were three
cross-peaks to signals between 1.6 and 1.9
S 8o R PR ppm in the 'H,"H-COSY spectra [5]. The sig-
T =TeeeT nal from the anomeric proton/carbon of the
- terminal Ara appeared at 4.98-4.99/108.3—

o 108.6 ppm.
el TNLF X The sequence of the sugar residues in the
e S e e e = C-28 oligosaccharide was obtained by the *J

connectivities over the glycosidic bonds, ob-

served as cross-peaks in the HMBC spectra
ST CESg (Table 4). These connectivities give informa-
- tion on each disaccharide element in the
oligosaccharide. For compounds S1-S6, a

; ﬂa cross-peak at 3.73-3.76/101.2—101.5 ppm was
LRI F RS found which connects Fuc H-2 to Rha C-1.
oo oon For some compounds a weaker signal for Rha

H-1 to Fuc C-2 was also observed. The rela-
© o — o tively high chemical shift of the Rha C-4
ged E28aSa (84.3-85.1 ppm) indicated substitution at that
carbon. In the HMBC spectra, peaks at 3.52—

2 3.53/106.3—107.3 ppm showed a coupling be-
- o tween Rha H-4 and Xyl C-1. The Xyl H-1 to
2 X e cgsiaa Rha C-4 peak occurred at 4.46—4.51/84.3—

85.6 ppm. The “C chemical shifts for the
signals from this Xyl in S1 and S2 suggested
pl ke Rulul e - that it was a terminal sugar. In S3 and S4,

EECZRERE § however, the chemical shifts for the C-3 signal
2 ¢ (87.2 and 87.3 ppm) of this Xyl residue indi-

& § . £ cated substitution and the cross-peak in the
Sefonsns E 3;; HMBC spectrum (4.52/87.0 and 87.4' ppm)
G eh e e e e S showed a connectivity to H-1 of an additional
&€ B-D-Xyl. The extra Xyl is also supported by

f f the sugar analysis (Table 1). For the C-3

l; E § g S § ,E g E =< signal (85.4 and 85.6 ppm) of the Xyl residue
— Eg in S5 and S6 the cross-peak in the HMBC

o £ 2 spectrum (5.25/85.4 and 85.7 ppm) showed a

- 2 2 connectivity to H-1 of a B-D-Apif group. This
Q5 S2eFIq g g apiose is supported by the sugar analysis
i e e Wi¥eca— &2 (Table 1). In common for S1-S6 is an HMBC
£ £ connectivity from Fuc H-1 (5.35-5.36 ppm) to

Toe-go303zEEEEE PP acarbon signal at 176.7-177.2 ppm and the
COCKKAAREIRE LR latter was assigned to C-28 of the quillaic acid.
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Also in common is a Fuc H-4 (5.10-5.11 ppm)
connectivity to a carbon at 172.4-173.1 ppm,
which is the carbonyl carbon of the first C-9
fatty acyl part (Fa, C-1). From H-5 of this C-9
fatty acyl part, an HMBC connectivity to an-
other carbonyl carbon is observed which cor-
responds to C-1 of a second C-9 fatty acyl part
(Fa’). Fa' is linked via C-5 to H-1 of an ara-
binofuranosyl group which is confirmed by an
observed HMBC connectivity between Ara H-
1 and Fa’ C-5.

The NMR signals of one of the fucose 3-
substituted regio-isomers (S2a) were assigned
by comparison with those of the fucose 4-sub-
stituted analogue (S2). Table 5 lists the 'H and
3C signals for S2a for which the chemical
shifts differ by more than 0.06 ppm for 'H sig-
nals or 0.4 ppm for "*C signals compared to
those of S2. As expected, the signals from the
fucose residue show the largest deviations but
signals from the rhamnose residue at C-2 of
the fucose are also affected.

PN S 1
MJM

s4

et

-85

oA

S6

IO D S

25 2.0 1.5 1.0 ppm

Fig. 3. Part of the 'TH NMR spectra of compounds S1-S6 and S2a.



Table 3

NMR assignments for the C-28 oligosaccharide and the C-9 aliphatic acid parts

Residue S1 S2 S3 S4 S5 S6
'H (ppm)  "C (ppm) 'H (ppm) "“C (ppm) 'H (ppm) “C (ppm) 'H (ppm) "C (ppm) 'H (ppm) "“C (ppm) 'H (ppm) "C (ppm)

Fucl 5.35 94.8 5.35 94.8 5.36 94.9 5.36 94.6 5.36 94.7 5.36 94.6
Fuc2 3.74 75.2 373 75.3 3.75 74.9 3.75 74.8 3.76 74.9 3.76 74.6
Fuc3 3.87 74.7 3.87 74.6 3.88 74.9 3.87 74.8 3.88 74.7 3.88 74.7
Fuc4 5.11 75.3 5.11 75.2 5.10 75.2 5.11 753 5.11 753 5.11 75.1
Fucs 3.85 71.0 3.85 71.0 3.83 70.6 3.84 71.0 3.85 71.1 3.84 70.9
Fuc6 1.09 16.5 1.09 16.5 1.09 16.6 1.01 16.2 1.09 16.5 1.09 16.6
Rhal 5.30 101.6 5.30 101.5 5.37 101.2 5.36 101.2 5.36 101.3 5.37 101.1
Rha2  3.93 71.7 3.93 71.8 3.92 71.8 3.93 71.6 3.92 71.7 3.92 71.6
Rha3 3.80 72.0 3.81 72.1 3.79 72.2 3.79 72.2 3.79 72.2 3.79 72.1
Rha4  3.53 84.3 3.53 84.3 3.53 85.1 3.52 85.1 3.53 85.0 3.52 84.9
Rha5  3.79 68.8 3.78 68.8 3.77 68.6 3.77 68.5 3.77 68.7 3.78 68.6
Rha6 1.32 18.5 1.32 18.4 1.33 18.6 1.33 183 1.33 18.4 1.33 18.3
Xyl()1  4.47 107.0 4.47 107.0 4.51 107.1 4.52 107.0 4.47 107.2 4.47 107.1
Xyl(1)2 3.1 76.1 3.21 76.0 3.37 75.2 3.36 75.2 331 75.5 3.30 75.3
Xyl(1)3  3.32 78.1 3.31 78.1 3.49 87.2 3.49 87.3 3.40 85.6 3.40 85.4
Xyl(1)4  3.49 70.8 3.49 70.8 3.54 69.3 3.54 69.3 3.50 69.7 3.50 69.5
Xyl(1)5  3.19,385 673 318,384 672 322,390 668 322,389 669 321,389 669 322,390 669
Apil 5.25 110.9 5.25 110.8
Api2 4.06 77.7 4.06 715
Api3 80.6 80.2
Apid 3.82,4.16 749 381,417 747
Apis 3.67 65.3 3.67 65.1
Xyl(2)1 4.52 105.5 4.53 105.3

Xyl(2)2 3.38 75.2 3.38 74.7

Xyl(2)3 3.39 77.7 3.38 77.6

Xyl(2)4 3.57 70.8 3.57 71.0

Xyl(2)5 329,394 671 329,394 671

Fal 172.8 173.0 173.0 172.4 173.0 172.9
Fa2 262,262 436 2.62,2.62 435 262,262 436 2.62,2.62 434 2.62,2.62 436 2.62,2.62 434
Fa3 4.03 66.2 4.02 66.1 4.01 66.1 4.02 65.9 4.02 66.1 4.02 66.0
Fa4 1.68, 1.85  40.0 1.68, 1.85  39.6 1.68,1.85  39.7 1.67,1.85  39.7 1.67, 1.84 397 1.67, 1.84  39.6
Fa5 5.19 75.2 5.18 75.2 5.19 75.1 5.19 75.1 5.18 75.2 5.19 75.1
Fa6 1.61 40.1 1.61 40.0 1.60 40.0 1.62 40.1 1.61 40.1 1.61 40.0
Fa7 1.14,1.51 264 1.17, 149 26.6 1.15,1.51 265 1.16, 1.51 265 115,149 264 1.16, 1.50  26.5
Fa8 0.94 12.2 0.94 12.2 0.95 12.4 0.93 12.1 0.93 12.2 0.93 12.1
Fa9 0.94 14.7 0.94 14.7 0.95 14.9 0.93 14.6 0.94 14.7 0.93 14.9
Fa'l 173.5 173.6 a 173.5 173.4
Fa'2 252,252 439 252,252 438 252,252 440 252,252 439 252,252 439 252,252 439
Fa'3 4.30 66.2 4.30 66.1 430 66.0 4.30 66.0 4.29 66.1 4.30 66.0
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Table 3 (continued)

S6

S5

S4

S3

S2

S1

Residue

BC (ppm) 'H (ppm) “C (ppm) 'H (ppm) “C (ppm) 'H (ppm) “C (ppm) 'H (ppm) '*C (ppm) 'H (ppm) '*C (ppm)

'H (ppm)
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83.4 3.97 83.4 3.97 83.2
78.1 3.86 78.3 3.85 78.0
85.3 4.03 85.3 4.03 85.1
3.63, 3.76 62.8 3.64, 3.77 62.9 3.63, 3.76 62.8

3.97
3.85
4.03

83.5
78.1
85.1
62.8

3.97
3.85
4.02
3.64, 3.77

3.97 83.3
3.86 78.2
4.03 85.2
3.63, 3.77 62.9

83.4
78.2
85.2
62.9

3.64, 3.77

2 Signal not observed in the HMBC spectrum.

Structures.—The saponin structures S1-S6
found in the Q. saponaria Molina bark ex-
tract are given in Fig. 1. The regio-isomers
Sla-S6a are also present in the extract,
where the aliphatic acyl substituents have mi-
grated from the fucose O-4 to O-3. In addi-
tion, minor components with the same
structure of the C-28 oligosaccharide as in
S1/S2 and S5/S6, respectively, but with a
disaccharide at C-3 of the quillaic acid [7]
were found. These structures were identified
by NMR spectroscopy.

3. Experimental

Materials.—The Quillaja saponin bark ex-
tract was obtained from Berghausen (Cincin-
nati, OH, USA).

Course separation of bark extract.— Quil-
laja saponin bark extract (200 mg portions)
was dissolved in 1 mL 10% v/v MeOH (aq)
and the solution applied on an SPE column
(C18, Isolute™, 10 g, International Sorbent
Technology Ltd., UK). The column was
eluted with a stepwise gradient of 10-80% aq
MeOH, 10 mL portions (2 mL/min). The elu-
ate from 80% MeOH (10 mL) was collected
and concentrated to dryness and this material
was used for further separation.

HPLC separation.—For separation of mil-
ligram amounts of the components, ~5 mg
portions of the material from the course sep-
aration were repeatedly injected on a 20 x 150
mm C-18 column (Kromasil 100-5C18,
HiCHROM, UK) connected to a semi-
preparative HPLC instrument. The column
was eluted with a mixture of MeCN and aq
0.03 M NH,OAc buffer, pH 6.4 (34.2:65.8) at
a flow rate of 10 mL/min and the eluate
monitored by UV at 214 nm. Fractions con-
taining saponins were collected and kept at
7 °C for 12 days, whereupon the MeCN con-
centration was lowered by evaporation and
the solutions were applied on an SPE column
(C18, Isolute™, 10 g) to concentrate and de-
salt. Methanol was used to elute the com-
pounds from the SPE column and samples
were evaporated to dryness.

A second separation step was carried out
with a mixture of MeCN and aq 0.03 M
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Table 4
Observed inter-residue 3Joy connectivities (HMBC) obtained
for the C-28 oligosaccharides

Compound  Observed Observed
H no. 'H (ppm) C no. 13C (ppm)
S1

Fucl 5.36 « Qa28 177.1
Fuc2 3.74 < Rhal 101.4
Fuc4 5.11 « Fal 172.8
Rha4 3.53 « Xyl 107.1
Xyll 4.47 < Rha4 84.3
S2

Fucl 5.36 «— Qa28 177.1
Fuc2 3.73 < Rhal 101.5
Fuc4 5.11 « Fal 173.0
Rhal 5.30 < Fuc2 75.4
Rha4 3.53 —  Xyll 107.1
Xyll 447 < Rha4d 84.5
S3

Fucl 5.35 «  Qa28 176.9
Fuc2 3.76 < Rhal 101.5
Fuc4 5.10 « Fal 173.0
Rhal 5.36 < Fuc2 74.7
Rha4 3.53 «  Xyl(D1 106.3
Xyl(1)1 4.51 < Rha4d 85.0
Xyl(1)3 3.49 «  Xyl2)1 105.6
Xyl(2)1 4.52 «  Xyl(1)3 87.4
S4

Fucl 5.36 «— Qa28 176.7
Fuc2 3.76 < Rhal 101.2
Fuc4 5.11 « Fal 172.4
Rhal 5.36 < Fuc2 74.5
Xyl(DH1 4.51 < Rha4 84.8
Xyl(1)3 3.49 —  Xyl2)1 105.5
Xyl(2)1 4.52 «  Xyl(1)3 87.0
S5

Fucl 5.36 « Qa28 177.2
Fuc2 3.75 < Rhal 101.3
Fuc4 5.11 « Fal 173.1
Rhal 5.36 < Fuc2 74.7
Rha4 3.52 « Xyl 107.3
Xyll 4.46 < Rha4 85.6
Xyl3 3.40 «  Apil 110.9
Apil 5.25 «  Xyl3 85.7
S6

Fucl 5.36 «— Qa28 176.8
Fuc2 3.76 < Rhal 101.3
Fuc4 5.11 < Fal 172.9
Rha4 3.52 Xyl 107.3
Xyll 447 < Rha4 84.9
Xyl3 3.41 «  Apil 110.8
Apil 5.25 «  Xyl3 85.4

phosphate buffer, pH 2.8 (40.5:59.5). The
same instrument and settings as in the first

Table 5
NMR signals from the Fuc 3-substituted regioisomer S2a

Residue S2a
'H (ppm) * *C (ppm) *

Fucl 542 94.8
Fuc2 4.04 727
Fuc3 491 78.5
Fuc4 3.82 70.4
Fuc5 3.77 722
Fuc6 1.22 16.3
Rhal 5.02 101.5
Rha2 3.79 71.7
Rha3 3.75 72.0
Rha4 3.52 83.7
Fal 171.9
Fa2 2.52, 2.65 43.6
Fa3 4.08 65.9

2 Signals that differ significantly in chemical shifts from
those of the corresponding Fuc 4-substituted regioisomer S2.
A bold-face value indicates that there is a difference greater
than or equal to Ad 0.06 for 'H and A 0.4 for 3C.

separation step was used. Portions (1 mg) of
the fractions from the first separation
was injected repeatedly and the collected
fractions were treated as in the first separa-
tion step.

Analysis of fractions.—Each fraction from
the semi-preparative HPLC was dissolved
in MeOH and analysed by analytical HPLC
on a 4.6 x 150 mm C-18 column (Kromasil
100-5C18, HiCHROM, UK). The mobile
phases used were MeCN-aq 0.03 M
NH,OAc buffer, pH 6.4 (34:66) and MeCN-—
aq 0.03 M phosphate buffer, pH 2.8 (38:62).
MALDI-TOF mass spectrometry on each
fraction was carried out on a Linear LDI-
1700XS spectrometer using a 337 nm nitro-
gen laser and 2,5-dihydroxybenzoic acid as
the matrix.

Sugar analysis.—The isolated saponins (0.5
mg) were hydrolysed in 2 M CF;COOH
(0.4 mL) at 120 °C for 1 h, whereupon the
solvent was evaporated by flushing with N,.
Then 1 M NH,OH (0.1 mL) was added and
the product was reduced with NaBD, (3 mg)
in 1 M NHOH (0.2 mL) for 40 min
at 40 °C. Excess NaBD, was quenched with
0.3 mL HOAc (concd) and the boric acid
formed was removed by co-distillation with
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Fig. 4. Part of the HSQC—-DEPT spectra of compounds S1 and S2 showing the difference for signals in the anomeric region
between the two different trisaccharides (marked with arrows) at C-3 of the quillaic acid.

10% HOAc in MeOH (3 x 0.5 mL) followed
by MeOH (3 x0.5 mL). The resulting
alditols were acetylated with Ac,0O—pyridine
(1:1, 03 mL) at 120°C for 20 min
and analysed by GC (flame ionisation detec-
tion) wusing authentic samples as stan-
dards. Two alditol derivatives were formed
from the apiose, one with a tertiary hy-
droxyl group and one with this group
acetylated.

NMR spectroscopy.—NMR spectra were
recorded on a Bruker DRX-600 spectrometer
(600 MHz proton frequency) equipped with a
2.5 mm microprobe or a 5 mm triple-reso-
nance inverse probe. Compounds in their pro-
tonated form were dissolved in CD,OD (3—10
mg/mL) and all spectra were acquired at
30 °C without spinning. Chemical shifts are
reported in ppm using the solvent peak as a
reference ("H 3.31 ppm and "*C 49.15 ppm,
respectively).
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