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Abstract 

A new glycosyiated triterpene has been isolated from the fruit of BEighia welwitschii. The 
structura1 analysis of its peracetylated derivative (1) was performed by 2D homonuclear and 
heteronuclear NMR spectroscopy. The saponin was shown to contain hederagenin and five 
sugar residues forming two glycosyl chains. The complete structure of the saponin was 
established to be 3-@[p-~-Gkp-(l -+ 3)ti-L-Rhap-(1 4 2)-cw-L-Arap]-28-O-[P-D-Gkp-(1 
+ 6)-P-D-Glcp]hederagenin. 
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1. Introduction 

Among the Sapindaceae, Blighia is a genus from equatorial Africa, whose two 
species, B. unijugata and B. welwitschii, bear fruit that is used frequently as a 
halieutic poison and is reported [1,2] to contain saponins which, on hydrolysis, 
release hederagenin, glucose, xylose, arabinose, and rhamnose. The crude saponin 
of B. welwitschii was also found to be active towards Spodoptem fmgiperda [31 
(Lepidoptera) and Artemia salina [4] (Crustacea Branchiopoda). Jn a previous 
paper [5], we established the structure of one of the two main sapanins isolated 
from the fruit pericarp of I?. welwitschii, using 2D ‘Ef NMR techniques. Two-di- 
mensional NMR spectroscopy has been shown to be very powerful and convenient 
for the structural analysis of saccharides [6,7] and oligosaccharide moieties of 
glycolipids [8,9J, glycoproteins [lO,lll, and saponins [12,13]. We now report the 
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structural analysis of the second major saponin of B. welwitschii, using 2D ‘H and 
13C NMR spectral data. 

2. Experimental 

Isolation and purification of tAe suponin.-The fruits of B. welwitschii were 
collected from the botanical garden of Kisantu (Zdire), and the crude saponin was 
extracted as described previously [l]. A portion (2 g> of the crude saponin was 
acetylated by acetic anhydride in the presence of 4-dimethylaminopyridine (24 h; 
20°C; solvent, CH,Cl,) and chromatographed on a column of Silica Gel 60, using a 
discontinuous gradient from 4 : 1 CHCl,-hexane to 9 : 1 CHCl,-MeOH. Fractions 
470-539 (1380 mL) afforded the acetylated saponin as an amorphous powder (150 
mg), [alD + 13” (c 1, CHCl,). 

NMR spectroscopy.-NMR spectra were measured on a solution of the acety- 
lated saponin (30 mg) in CDCl, in a S-mm o.d. NMR tube at ambient tempera- 
ture; Me,Si was used as internal standard. Acquisition and processing were done 
on a Bruker AM400 instrument equipped with an Aspect 3000 computer, and on a 
Bruker AC300 instrument equipped with an Aspect 2000 computer. All spectra 
were measured using the usual Bruker pulse program. A typical chemical shift 
spectral window was 2200 Hz for the proton, and 14800 Hz for the carbon nucleus. 

The COSY [14] spectrum was measured using a 45” mixing pulse in order to 
reduce the diagonal peaks. The 1,2,3-relayed COSY 1151 spectra were optimized 
for J,, 8 Hz. For all of these spectra, interferograms (256 experiments) were 
multiplied by a sine-bell function prior to Fourier transformation. For the 2D 
homonuclear Hartmann-Hahn [16] spectra, a 300-ms spin-lock was used, to reveal 
all intra-sugar correlations. Using the time proportional phase increments (TPPI) 
method for obtaining phase-sensitive spectra, 256 interferograms of 2K data points 
were acquired. Sine-bell functions with a n-/3 shift were used prior to Fourier 
transformation. The (13C,‘H) direct correlation [17] spectra were recorded in the 
normal mode. 128 experiments were performed, and the t,-interferograms were 
multiplied by an exponential function, in order to increase the S/N ratio, prior to 
Fourier transformation. The (13C,‘H) long-range correlation [18] spectrum was 
recorded in the reverse mode, with a 13C/ ‘H reverse probe, designed for most 
sensitive lH detection through the decoupler coil. A delay of 80 ms was used to 
detect 2J,-H and ‘Jo,, couplings. The interferograms (128 experiments) were 
multiplied by sine-bell functions shifted over 7r/3 in both dimensions, prior to 
Fourier transformation. 

3. Results and discussion 

In the i3C NMR spectrum of 1 (Fig. l), the signals attributed to the aglycon 
(genin) range from 10 to 50 ppm, except those of C-23, C-3, C-12, C-13, and C-28 
(Table 1). The part of the spectrum between 60 and 105 ppm contains resonances 
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Fig. 1. 13C NMR spectrum of the peracetylated derivative 1. Key: A, Lu-L-Arap; GI, /3-~-Gkp I; GII, 
/ii-D-Gkp II; GIII, P-D-Gkg III; R, rY-L-Rhap; HE, hederagenin. 

for all of the sugar carbons, except those of the methyl group of rhamnose (see 
below). The comparison of the 13C chemical shifts of the aglycon of 1 with 
literature data identified it as hederagenin [191. Compared with the corresponding 
signal in the methyl ester of hederagenin diacetate, the deshielded position of C-3 
(83.2 ppm) in 1 indicates the glycosylation of the OH-3 group [20]; the chemical 
shift of C-23 remains almost unchanged (- 0.2 ppm). The variation of the C-28 
chemical shift (- 2.6 ppm) is attributed to gIycosylation of the carboxyl group of 
hederagenin. 

Compared with the ‘H NMR spectrum of the methyl ester of hederagenin [21] 
and hederagenin diacetate [22], the ‘H NMR spectrum of I (Fig. 2) confirms our 
interpretation. The six singlet resonances at 0.72, 0.78, 0.87, 0.88, 0.95, and 1.08 
ppm were attributed to the six methyl groups of the triterpene moiety; the 
resonances at 2.77, 3.48, and 5.28 ppm correspond to the H-18, H-3, and H-12 
protons respectively. The shielded position of H-3 in 1 (- 1.29 ppm, Table 1) 
indicated that the OH-3 group is not acetylated, i.e., that this position is glycosy- 
lated. Further interpretation of the 1D *H spectrum by the 2D (13C,lH) spectrum 
(see below) ako revealed H-23a and H-23b at 3.91 ppm; the moderate deviation 
from the expected value for 23-CH,OAc (3.68 ppm, 3.85 ppm) is attributed to a 
stereo-electronic effect of the OH-3 sugar chain. Thus, as a first conclusion, the 
genin of 1 is identified as hederagenin; it bears two glycosyl chains, one attached to 
the 3-hydroxyl group, and the second to the C-28 carboxyl group. 

In the ‘H NMR spectrum of 1 (Fig. 21, the part from 3.50 to 5.50 ppm contains 
resonances for all the sugar protons, except those of the methyl group of rhamnose 
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Table 1 
r3C and ‘H chemical shift data (CDCI,, internal Me,%) for the aglycon moiety of the acetylated 
saponin 1 

Atom 1 Ref. a (difference) Atom 1 Ref. a (difference) 

C-l 38.3 37.7 
c-2 25.3 23.0 
c-3 83.2 74.3 
c-4 41.4 40.6 
C-S 47.7 47.7 
C-6 17.7 18.1 
c-7 32.4 32.3 
C-8 39.1 39.3 
c-9 47.6 47.7 
c-10 36.4 36.8 
c-11 22.6 23.0 
c-12 122.6 122.0 
c-13 142.6 143.6 
c-14 41.4 41.6 
c-15 27.6 27.7 
C-16 23.2 23.4 

( + 0.6) 
( + 2.3) 
(+ 8.9) 
(+ 0.6) 

(0.0) 
(- 0.4) 
(+0.1) 
(-0.2) 
(-0.1) 
(-0.4) 
(-0.4) 
(+0.6) 
(- 1.0) 

(0.0) 
(-0.1) 
(-0.1) 

c-17 
C-18 
c-19 
c-20 
c-21 
c-22 
C-23 
C-24 
C-25 
C-26 
C-27 
C-28 
C-29 
c-30 

H-3 3.48 4.77 (- 1.29) CH s-24 
H-12 5.28 5.28 (0.00) CH s-25 
H-18 2.77 2.85 (-0.08) CH s-26 
H-23 3.91 3.68, 3.85 CH s-27 

CH s-29 
CH ,-30 

a Reference compound: methyl ester of hederagenin diacetate. 

46.5 46.6 (-0.1) 
40.8 41.3 ( - 0.5) 
45.5 45.8 ( - 0.3) 
30.4 30.6 ( - 0.2) 
33.5 33.8 ( - 0.3) 
31.5 32.3 ( - 0.8) 
65.1 65.3 ( - 0.2) 
12.7 13.1 ( - 0.4) 
15.9 15.8 (+0.1) 
16.8 16.8 (0.0) 
25.3 25.8 (-0.5) 

175.2 177.8 (-2.6) 
32.8 33.1 (-0.3) 
23.2 23.6 ( - 0.4) 

0.78 0.89 (-0.11) 
0.96 0.96 (0.00) 
0.72 0.71 (+0.01) 
1.08 1.09 ( - 0.01) 
0.88 0.91 ( - 0.03) 
0.87 0.82 ( + 0.05) 

(doublet at 1.12 ppm). The number of protons and the severe overlapping exclude 
a complete assignment in a straightforward way, Therefore COSY, n-relayed 
(n = 1, 2 3) COSY, and homonuclear Hartmann-Hahn COSY (Fig. 3) were used 

so 21 

Hederogenin (HE) 

OAc 

a-L-Amp (A) 

OAc 

8.D-Glcp I (GI) 
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Fig. 2. ‘H NMR spectrum of the peracetylated derivative 1, 

to establish connectivities over one and multi spin-spin coupling. Starting from 
non-overlapping signals [23], the different spin systems were identified. A 2D 
HOHAHA spectrum with a 300-ms spin-lock (Fig. 3) was found to be very 
powerfu1 to reveal multiple remote connectivities inside each spin system, and then 
to confirm assignments. For the present saponin, four easily distinguishable signals 
(three doublets between 4.2 and 4.8 ppm, and one doublet higher than 5.2 ppm) 
were used, corresponding to four anomeric protons (Fig. 2). A fifth spin system 
was identified, including a characteristic methy doublet at 1.12 ppm. In the 13C 
NMR spectrum (Fig. 11, the signals at 91.4, 96.7, 100.2, 100.8, and 104.1 ppm 
correspond to the five anomeric carbons. The chemical shift values indicate that 
four of them (96.7, 100.2, 100.8, and 104.1 ppm) are glycosidic, and that the fifth 
(91.4 ppm) is involved in an ester linkage. 

On the basis of ‘H chemical shift [24] and J, n coupling constant values [25], 
the ring size, configuration, and conformation of four of the five sugar residues 
were unambiguously determined (Tables 2 and 3). The absolute configuration of 
each sugar was inferred on the basis of its natural occurrence in saponosides. First, 
the signal at 4.29 ppm (Fig. 2) was attributed to the anomeric proton of a 
pentopyranose substituted at O-2 (H-2 at 3.97 ppm). Considering the possible 
sugars in this saponin, the large J,,, (6.9 Hz) and J,,, (9.2 Hz) values and the 
smaller J3,4 (4.0 Hz) vaht e indicate that this sugar is a-t_-arabinopyranose in the 
4C, conformation. 

AI1 the three spin systems corresponding to three hexoses (H-l at 4.50, 4.71, 
5.50 ppm, Figs. 2 and 3) showed them to be in the pyranoid form. Their large J1,2, 
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Fig. 3. Sugar part of the (lH,‘H) Hartmann-Hahn spectrum of 1. Correlations of the protons of two 
glucose residues are indicated by squares for direct connectivities and circles for remote connectivities. 

Table 2 
*H Chemical shift data (CDCl,, internal Me,%) for the sugar moiety of the acetylated saponin 1 

Atom cr-L-Arap cY-L-Rhap P-D-Gkp I /3-~-Gl~p II /3-~-Glcp III 
(A) CR) (GI) (GII) (GIII) 

H-l 4.29 5.15 4.71 5.50 4.50 
H-2 3.97 a 4.98 4.92 5.10 4.93 
H-3 4.94 4.11 a 5.12 5.19 5.12 
H-4 5.21 5.01 5.05 4.94 5.01 
H-5nu 3.92 4.10 3.80 3.72 3.59 
H-5eq 3.56 
H-6a 4.24 3.84 a 4.23 
H-6b 4.10 3.55 a 4.06 
CH, 1.12 

a Non-anomeric protons at the position of interglycosidic linkages. 
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Table 3 
Proton coupling constants (Hz) for the sugar moiety of the acetylated saponin I 

.I 1.2 

.I z3 
J 3,4 
.I 4,5ax 
J 4,5e4 
J seqsax 
J 5&a 
J 5,6b 
J 6a,6b 
J 5,Me 

ff-L-Arap 
(A) 

6.9 
9.2 
4.0 
3.0 
2.1 

13.0 

a-L-Rhap 
(RI 

1.9 
3.7 
9.8 
9.7 

6.2 

p-D-Gkp II p-D-Gkp III 
&%G’cp I (GII) (GIlI) 

8.0 8.3 8.0 
9.4 9.0 9.4 
9.4 9.3 9.4 

10.0 10.0 10.0 

3.8 2.6 4.8 
2.6 5.8 2.3 

12.4 11.6 12.4 

J 2,3, J+ and Jd5 , vaIues (from 8.0 to 10.0 Hz) indicate that H-l, H-2, H-3, H-4, 
and H-5 are in axial positions, i.e., that these sugars are P-D-glucopyranoses. The 
lH chemical shifts of these sugars show that two of them (H-l at 4.50 and 4.71 
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Fig. 4. Sugar part of the (13C,lH) direct correlation spectrum of 1. 
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ppm) are unsubstituted, but that the third (H-l at 5.50 ppm) is substituted at O-6. 
Moreover, the low-field position of the H-l signal for this residue is attributed to a 
glycosidic linkage between the C-l of this sugar and a carboxyl group, namely the 
C-28 carboxyl group of the hederagenin. 

For the fifth residue (H-l at 5.15 ppm), which was found to be a 6-deoxyhexo- 
pyranose (CH, at 1.12 ppm), the small values of J,,, (1.9 Hz) and J2,3 (3.7 Hz) 
confirm the evidence for L-rhamnopyranose. The high-field position of the H-3 
signal is interpreted as a consequence of a glycosidic linkage at C-3. Despite the 
fact that the J,,, value (1.9 Hz) was in good agreement for an a-L-pyranose form, 
it was necessary to confirm this information by other argument, e.g., by determin- 
ing the 1Jc_l H_l value [26]. A previous (13C,lH) correlation spectrum (Fig. 4) was 
necessary to’find the signal corresponding to C-l of the rhamnose. On the basis of 
‘H chemical shifts, this spectrum also allowed us to elucidate the sugar part of the 
13C spectrum (Table 4). Despite the fact that the lJc_l H_l value of 174.9 Hz found, 
in the saponin investigated here, for the rhamnose residue was slightly higher than 
expected, it excludes the hypothesis of a /3-anomeric configuration, and provides 
evidence for the previously supposed a-pyranose form. 

The sequence of the sugars in the saponin was determined using a (13C,lH) 
long-range correlation spectrum (Fig. 5). Due to the low natural abundance and 
low gyromagnetic ratio of 13C, this technique suffers from a poor sensitivity in 
comparison with the (lH,‘H) long-range or NOE correlations. However, it ap- 
peared to be an easy way to sequence an oligosaccharide chain, as shown above. 
Thus the correlations observed between C-3 of the hederagenin (83.2 ppm) and 
H-l of the arabinose (4.29 ppm), H-2 of the arabinose (3.97 ppm), and C-1 of the 
rhamnose (104.1 ppm) allowed us to assign the structure 1 for the saponin. This 
was confirmed by the correlations observed at (F2 = 3.55, Fl = 100.2 ppm) and 
(F2 = 4.11, Fl = 100.8 ppm) which are attributed to long-range coupling between 
C-l of G-II and H-6’ of G-I, and C-l of G-III and H-3 of R, respectively. 

Finally, the similarity between structure 1 and the previously established struc- 
ture of the other major saponin of Slighia wdwitschii [5] should be pointed out_ 
The common partial sequence 3-O-[P-D-Glcg-(1 + 3)-a-r_-Rhap-(1 + 2)-(Y-L- 

Table 4 
13C Chemical shift data (CDCI?, internal Me,Si) for the sugar part of the acetylated saponin 1 

Atom 

C-l 
c-2 
c-3 
c-4 
c-5 
C-6 

cx-L-Arap 
(A) 

104.1 
71.5 a 
73.5 
68.0 
63.3 

cx-L-Rhap P-D-Glcp I P-D-Glcp II fi-D-Glcp III 
(R) (GI) (GII) (GIII) 

96.7 100.8 91.4 100.2 
71.4 71.0 69.7 70.8 
74.2 a 72.8 72.6 72.6 
72.5 67.8 68.5 72.5 
66.0 71.1 73.6 71.6 
16.8 61.0 67.2 a 61.6 

a Non-anomeric carbons at the position of interglycosidic linkages. 
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Fig. 5. Sugar part of the (13C,‘H) long-range correlation spectrum of 1. 

Axaplhederagenin could be interpreted as resulting from a similar path in biosyn- 
thesis. 
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