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ABSTRACT

High-resolution 2D H-n.m.r. spectroscopy has been used to establish the
structure of an acetylated pentasaccharide saponin from the fruit of Blighia
welwitschii as acetylated 38-O-[B-D-Xylp-(1—3)-a-L-Arap-(1--4)-B-D-Glcp-(1-3)-
a-L-Rhap-(1—2)-a-1-Araphederagenin.

INTRODUCTION

Blighia is a genus from equatorial Africa represented by four species, two of
which, B. unijugata and B. welwitschii, are trees growing in Zaire. The crushed
fruit of both species, or their juice, are used frequently in central Africa as an
halieutic poison. We have shown!? that these fruits contain a saponin which, on
hydrolysis, releases hederagenin, glucose, xylose, arabinose, and rhamnose. The
crude saponin of B. welwitschii also has insecticidal activity towards Spodoptera
frugiperda®.

We now report the structural analysis of one of the two main saponins
isolated from the fruit pericarp of B. welwitschii, using high-resolution 2D H-
n.m.r. techniques*".

EXPERIMENTAL

Isolation and purification of the saponin. — The fruits of B. welwitschii were
collected from the botanical garden of Kisantu (Zaire), and the crude saponin was
extracted as described previously!. A portion (2 g) of the crude saponin was acetyl-
ated and the product was eluted (20-mL fractions) from a column of Silica Gel 60
(Merck), using a discontinuous gradient from chloroform-hexane (4:1) to chloro-

* Author for correspondence.
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form-methanol (9:1). Fractions 1675-1682 (160 mL) afforded the acetylated
saponin (190 mg), [a]3® +14° (c 1, chloroform).

N.m.r. spectroscopy. — N.m.r. spectra were measured on a solution of the
acetylated saponin (37 mg) in (CD3),SO (0.4 mL) in a 5-mm o.d. n.m.1. tube at
30°. Acquisition and processing werc done on a Bruker AMS00 instrument
equipped with an Aspect 3000 computer running DISR871. For spin-lock experi-
ments, a Bruker correlation unit was used, giving a 2.5-kHz radio-frequency field.

All spectra were measured with a chemical shift spectral window of 2717 Hz.
The 1D spectrum was measured over 32k data points. The interferogram was
multiplied by a Gaussian function with a maximum at 250 ms and a Lorentzian
line-width of 4 Hz, prior to Fourier transformation. The resulting spectrum had a
digital resolution of 0.166 Hz/point.

The J-resolved® spectrum was measured using a standard Bruker pulse
program, with a Q1 spectral window of 84 Hz. In the magnitude mode, 64 inter-
ferograms of 8k data points were acquired. The data were multiplied in both di-
mensions by sine-bell functions without shift, prior to Fourier transformation. The
spectrum had a digital resolution of 0.663 Hz/point in both dimensions. After a
tilting transformation, vertical cross-sections through all signals in the horizontal
projections were made.

The COSY-DQF?® spectrum was measured using a modified pulse program.
The first modification was the randomization of the recycle time by variation of the
preparation delay of 0.9-1.0 s in order to suppress signals due to coherences surviv-
ing from the previous scan'®. The second modification involved replacing the first
interferogram (t; = 0) by zeros, and choosing further delays in ¢, so that (n — 1).Az,
equalled the time between the start of the first and second pulse. This modification
eliminates the need for phase-corrections in 21. Moreover, a zeroed first inter-
ferogram reduces the #,-ridges!!. Using TPPI for obtaining phase-sensitive spectra,
512 interferograms of 2k data points were acquired. The t,-interferograms were
multiplied by a Gaussian function with a maximum at 110 ms and a Lorentzian
line-width of 4 Hz, prior to Fourier transformation. The ¢ -interferograms were
zero-filled to 2k and multiplied by a sine-bell function shifted over «/8, prior to
Fourier transformation. The spectrum had a digital resolution of 2.654 Hz/point in
both dimensions. Except when stated otherwise, the processings of all subsequent
2D spectra were identical to that for the COSY-DQF.

Relayed and double-relayed COSY spectra with DQF'? were measured using
pulse programs incorporating the same modifications as the COSY-DQF. Experi-
ments with relay periods optimized for J 6 or 10 Hz were performed.

NOESY spectral3 were measured with the usual pulse program, using mixing
times of 200400 ms, with a 20-ms random variation to eliminate zero quantum
coherences.

ROESY spectra® were measured using the pulse sequence: (7/2)g, — f; —
(SL)y = (W2 — 1, = (W2)gy — 1,

The basic ROESY sequence was extended with a z-filter-like'* recovery
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sequence, necessary in order to allow the pre-amplifier to recover from the 100-ms-
long spin-lock pulse. The delay 7, was chosen empirically as 20 ms. For NOESY
and ROESY spectra, the number of interferograms was restricted to 128. These
spectra were subjected to an additional, antisymmetrical phase-correction in €11 to
correct for the shift of the origin of the ¢, time-scale. Baseline corrections by
polynomial fitting!® eliminated ridges parallel to the (),-axis, due to the pre-
amplifier response.

The discrimination between ROE and Hartmann—-Hahn peaks is straight-
forward in a pure-phase ROESY spectrum, as the signs of these peaks are negative
and positive, respectively, with respect to diagonal peaks. The spin-lock field of 2.5
kHz is sufficiently weak to give only a few Hartmann-Hahn peaks. Moreover, these
peaks always corresponded to cross-peaks in the COSY-DQF spectrum.

The measurement of 1, 1 values was performed using the gated decoupl-
ing method?, giving 'H-coupled *C-n.m.1. spectra with full n.O.e. The attribution
of the signal due to C-1 of the rhamnose was previously established by additional
(BC,'H) correlation spectral’. These spectra were obtained using the usual Bruker
pulse programs, on an AM400 instrument with an Aspect 3000 computer and
DISR871. These experiments were performed on solutions in (CD,),SO and CDCl,
in order to give better comparison with the literature data. The 'H assignments for
solutions in CDCl,; were based on preliminary COSY and relayed COSY experi-
ments performed in this solvent!®, and confirm the interpretation of the corre-
sponding spectra for solutions in (CD,),S0.

RESULTS

In the COSY-DQF spectrum in Fig. 1, the part of the 1D 'H-n.m.r. spectrum
from 3.4-5.2 p.p.m. contains resonances for all of the sugar protons, except those
of the methyl group of rhamnose. A straightforward assignment of the signals is
precluded by their number and severe overlapping at A (4.79-4.74 p.p.m.), B
(3.944.00 p.p.m.), and C (3.67-3.81 p.p.m.), associated, respectively, with 5, 3,
and 7 protons. Even in the spectrum with homonuclear decoupling, obtained as a
horizontal projection of the J-resolved spectrum, the cluster C remains complex.
Furthermore, signals of an impurity are present, e.g., at 4.46 p.p.m.

The identification of the sugars was achieved partially when the spin systems
formed by their protons were identified. The strategy proposed by Chazin and
Wright!® was followed in which the non-overlapped signals were used as starting
points in the elucidation of the connectivities. Connectivities over one spin-spin
coupling were revealed by the COSY spectrum, and also over two and three
consecutive spin—spin couplings by the relayed (Fig. 2) and double-relayed COSY
spectra, respectively.

Thus, three spin systems for pentoses and one each for a hexose and a 6-
deoxyhexose were identified. These three types of spectra were then checked for
cross-peaks and those originating from the impurity were identified. The ease with
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Fig. 1. Sugar part of the COSY-DQF spectrum. Both positive and negative peaks are indicated with a
single contour level. The correlations of the xylose protons are indicated by the squares. Key: a, a-L-
Arap-I; A, a-L-Arap-1I; X, -D-Xylp; R, a-L-Rhap; G, B-D-Glcp; H, hederagenin; I, impurity.
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5.2 5.0 4.8 4.6 4.4 4.2 4.0 38 3.5
p.p.m.

Fig. 2. Sugar part of the relayed COSY-DQF spectrum with relay period optimized for J 10 Hz. Only
relay peaks are named. Correlations of the glucose protons are indicated by squares for COSY peaks
and circles for relay peaks.
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Fig. 3. Sugar part of the NOESY spectrum with a mixing time 7, of 400 ms. Only positive levels are
shown. The interglycosidic correlation peaks are named.
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p.p.m.

Fig. 4. Sugar part of the ROESY spectrum with a mixing time of 100 ms. Both positive and negative
levels are shown. All cross-peaks used for establishing the sequence are negative. Only interglycosidic
correlation peaks are named.
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which the spin systems were identified is due largely to the use of double-quantum
filters in the COSY?, relayed COSY, and double-relayed COSY sequences!?, which
yielded absorption line-shapes for the diagonal peaks as well as for all types of
cross-peaks.

The NOESY?® (Fig. 3) and ROESY? (Fig. 4) spectra were used at this stage.
There was n.O.e. between protons at both extremities of the sugar spin systems
that are not connected by (substantial) spin—spin couplings but are spatially close.

The ring size of the sugars can now be established?®?'. It is well known that
the resonances of protons geminal to (@) OAc groups are shifted to lower field
(4.6-5.2 p.p.m.), and (b) an inter-glycosidic linkage are found at 3.5-4.2 p.p.m.
The signals for anomeric protons (except for those of rhamnose) appear between
these two zones. Thus, a high-field position of an H-4 resonance suggests a furanose
ring, and, for H-5, a pyranose ring, and at any other position the attachment of a
glycosidic linkage. This argument excludes the furanose ring for ali of the sugar
moicties and shows that one pentose must be terminal, and that the other four
sugars are mongc-substituted. Therefore, the pentasaccharide is unbranched.

The vicinal coupling constants?-2* and n.O.e. were considered next. The
data in Tables I and II allow the configuration and conformation of each sugar to
be established. Since n.O.e.’s are only semi-quantitative, they were used only to
confirm the identification of the sugar moieties.

For the terminal pentose moiety (H-1 at 4.74 p.p.m.), the large values of J, ,,
J, 3, and J; , indicate that the sugar contains four contiguous axial protons and must
be B-p-xylopyranose in the *C, conformation. This conclusion was confirmed by
the strong n.O.e.’s Ny 3, Ny 5, and N, 5, which indicate that H-1,3,5 are in close
proximity, i.e., syn-axial. The n.O.¢. N, ,, expected to be as strong as those noted
above, looks weaker in Fig. 3, but this is an artifact of the processing of the
spectrum. The same problem is present for all n.O.e.’s between protons whose
resonances differ only slightly in chemical shift.

TABLE 1

'H CHEMICAL SHIFT DATA [(CD;),SO, INTERNAL Me,Si] FOR THE ACETYLATED SAPONIN

a-L-Arap-1I a-L-Rhap B-D-Glep a-L-Arap-1 B-D-Xylp
(A-1I) (R) (G) (A-D) (X)
H-1 4.41 5.07 4.79 4.37 4.74
H-2 3.73¢ 4.89 4.59 4.76 4.64
H-3 4.94 4.00¢ 5.03 3.96¢ 511
H-4 5.09 4.77 3.67¢ 5.00 4.77
H-5a 3.78 4.09 3.77 3.66 3.49
H-5¢ 3.78 3.73 3.89
H-6 4.14
H-6' 3.97
CH; 1.02

“Non-anomeric protons at the position of interglycosidic linkages.
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TABLE II

COUPLING CONSTANTS (HZ) FOR THE ACETYLATED SAPONIN PROTONS

a-L-Arap-1] a-L-Rhap B-D-Glep a-L-Arap-1 B-D-Xylp
(A-1) (R) G) (A-D) (X)
Jia 7.0 1.6 8.2 79 7.0
Jy3 9.4 3.6 9.6 9.9) 8.8
J34 3.6 9.9 8.5 3.6 8.7
Jyse @ 9.9 10.1 2 89
Jise a : a 51
Jsa5e @ 11.5 11.5
Jsg 2.5
Jse 6.2
Jos 12.0
Js me 6.2

“Not determined since the resonances of H-5a4,5¢ have identical or very similar chemical shifts.

For the two other pentose moieties (H-1 at 4.37 and 4.41 p.p.m.), the J, , and
J,3 values are large, but that of J; 4 is small (3.6 Hz), consistent with a-L-arabino-
pyranose in the #C; conformation. The 3- and 2-substituted arabinopyranose
moities are designated Arap-1 and Arap-II, respectively.

For the 6-deoxyhexose moiety (H-1 at 5.07 p.p.m.), the J; , and J, ; values
are small, but those of J; , and J, 5 are large. These data indicate H-2 to be equato-
rial and H-3,4,5 to be axial, and the sugar to be L-thamnopyranose in the 'C, con-
formation. From the J; , value, it is not clear whether H-1 is axial or equatorial.

For methyl glycopyranosides®?, J, 4, is 158-162 Hz if H-1 is axial and
169-171 Hz if H-1 is equatorial, and similar or slightly higher values were found for
the acetylated derivatives. Values of 172.4 and 177 Hz were found? for 2,3,4-tri-O-
acetyl-a-L-thamnopyranose and a-L-rhamnopyranose tetra-acetate, and values of
171.9-174.1 and 158.1-160 Hz were found?® for acetylated a- and B-rhamno-
pyranosyl moieties, respectively. Thus, the Jc ., value of 174.5 Hz for the
rhamnose moiety in the acetylated saponin, although slightly higher than the above
range, is indicative of the a-pyranose form. Although *C chemical shift data are
often useful in determining anomeric configuration®, the difference in the chemical
shifts of the C-1 resonances of a- and B-L-rhamnopyranose are too small for this
purpose.

For the hexose moiety (H-1 at 4.79 p.p.m.), the values of J, ,, J, 3, J5 4, and
J4 5 are large, corresponding to five contiguous axial protons and indicative of g-D-
glucopyranose in the *C, conformation. This conclusion is supported by the n.O.e.’s
for N, 3, N35, N5, and N, ,. The chemical shift data also indicate that this sugar
moiety is 4-substituted.

Table III contains the 1*C chemical shift data and J, y; , values for the acetyl-
ated saponin, and some relevant data from the literature. For a-L-Arap-I, compari-
son of the data with those for a- and B-D-arabinopyranose anomers confirms the
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assignment of structure. For a-L-Arap-II, there is some deviation from the litera-
ture data, but this is due to the acetyl groups which cause® upfield shifts (B-effects)
in the range 1-5 p.p.m. The data for the 8-D-Glcp and B-D-Xylp residues accord
with the literature data for closely related compounds.

The sequence of the sugars in an oligosaccharide can be determined using
long-range couplings®! and n.O.e’s between protons at cither side of the glycosidic
linkage. The former approach gave poor results with the acetylated saponin, but
the n.O.e.’s were helpful.

In both NOESY and ROESY spectra, a cross-peak is observed between A-I,
and G, (F24.37, F14.14 p.p.m.)*. This n.O.e. is indicative for the linkage between
A-1, and G,, the latter being spatially close to G,. The most unambiguous n.O.e.
for A-I-(1-4)-G, namely, that between A-I, and G, (F2 4.37, F1 3.67 p.p.m.),
unfortunately coincides with A-I,-A-I;,.

The strong n.O.e. at (F2 4.41, F1 3.51 p.p.m.) is assigned unambiguously to
a connectivity between A-II, and H-3 of the hederagenin. On the basis of the
intensity of this cross-peak and the terminal position of the xylose, any confusion
between the resonances of H-3 of the aglycon (3.51 p.p.m.) and X, (3.49 p.p.m.)
is precluded.

TABLE III

CHEMICAL SHIFTS (CDCl;, INTERNAL Me,Si) OF THE C-1 RESONANCES AND J | y.; VALUES FOR THE
ACETYLATED SAPONIN AND RELATED COMPOUNDS

Acetylated saponin Literature data
a Anomer B Anomer
d(p.p.m.} 8(p.p.m)
Oernn Hz) (Uermn Ho)
a-L-Rhap 97.1 97.8 Methyl p-mannopyranoside tetra-acetate?’
(174.5) (171)
90.9 90.6 L-Rhamnopyranose tetra-acetate?
(177 (163)

93.6-99.4 93.2-97.6  Acetylated rhamnopyranose moieties
(170-174.1)  (158.1--160) in disaccharides®%8

a-L-Arap-I  101.7 101.9 97.6 Methyl p-arabinopyranoside triacetate®
(160.5) (159) (171)

a-L-Arap-T1  104.0¢ 101.9 97.6 Methy! p-arabinopyranoside triacetate??
(158.3) (159) 17)

B-p-Glcp 100.7 96.3 101.1 Methyl D-glucopyranoside tetra-acetate?
(164.5) (173) (162)

B-p-Xylp 101.0 96.4 101.0 Methyl p-xylopyranoside triacetate
(161.7) (171) (161)

“The range reflects the exo-anomeric effect. *Substituted at position 2 by another acetylated sugar.

*A-I; and G¢ connote positions 1 and 6 in the a-L-Arap-I and B-D-Glcp residues, respectively; the
a-L-Ara-II, a-L-Rhap, and B-p-Xylp residues are designated A-I1, R, and X, respectively.
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For the terminal pentose moiety, a strong n.0O.e. is observed at (F2 3.96, F1
4.74 p.p.m.), which is assigned to a connectivity between X; and A-I;. Due to
overlaps, it is also possible to assign this cross-peak to a connectivity between X,
and Gy, A-L, and A-1;, or AL, and G¢. However, an A-I,-A-1, assignment is
precluded because these protons are trans-diaxial. Due to the previously estab-
lished A-1,-G, linkage, A-I,-G, and X,—G,, assignments cannot explain the strong
n.O.e. observed. The weaker cross-peak at (F2 4.64, F1 3.96 p.p.m.) in the
ROESY spectrum is accounted for by a spatial proximity between X, and A-L;, and
confirms the X-(1—3)-A-I linkage.

Thus, the saponin can be assigned the structure 1, and this was confirmed as
follows.

a-L-Arap-11 (A-11)

]
0 o]
Hederagenin (H)
(x t-Arap-1 (A-1) CHZOAC
AcO AcO ACO\WOL L-Rhap (R)
AcO

OAc A
8-o- Xylp (X)
B-D—Glcp (G)

1

The n.O.e. at (F2 5.07, F1 3.73 p.p.m.) could be assigned to a R—-A-II,
connectivity. However, because of overlap between the resonances of A-I1, and
A-I;,, an ambiguity exists. The same conclusion can be drawn from the n.O.e. at
(F2 4.09, F1 3.72 p.p.m.), which could be assigned to a connectivity between R
and A-II, or R and A-L,. In the same way, the cross-peak at (F2 4.09, F1 3.78
p.p-m.) can be due to a connectivity between Ry and A-II5 or Ry and Gs. The
cross-peaks at (F2 1.02, F1 3.78 p.p.m.) and (F2 1.02, F1 3.73 p.p.m.) might be
seen as connectivities between Me-5 of rhamnose and A-IL; or G, and Me-5 and
A-IL, or A-I,,, respectively. Finally, the cross-peak at (F2 4.89, F1 3.73 p.p.m.) is
assigned to a n.O.e. between R, and A-II, or R, and A-I,. If these possibilities are
compared with the partial sequencing established above, R;-A-I;,, R-~A-I;,, and
rhamnose Me-5-A-I;, connectivities are precluded, but R-A-Il;, RA-II,, and
rhamnose Me-5-A-II, n.O.e.’s are appropriate and are indicative of a linkage
between R, and A-IL,.

The expected G;-R; n.O.e. (F24.79, F1 4.00 p.p.m.) could be mistaken, due
to the overlap between the signals for Ry and G,. However, G;-G,. (G4 being
exocyclic) cannot give a strong cross-peak, and the n.Q.e. at this position is inter-
preted as a G;~R; connectivity. Unfortunately, there is no other cross-peak to allow
confirmation of the G,—R; sequence.
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