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Structures of saponins may be fully elucidated using a combination of n.m.r. and m.s. instead of the usual
degradation techniques. Well resolved proton n.m.r. spectra and chromatographic separation can be
obtained from peracetylated mixtures of saponins. Under these conditions, genins are identified mainly
by *C n.m.r. spectroscopy; sugars and their points of attachment are determined by examining 'H
chemical shifts and coupling constants following assignments made by 2D COSY and relayed COSY
experiments. Sugar chains are sequenced by observing intersugar connectivities through long-range
couplings (delayed COSY) or n.O.e. Alternatively, the use of Californium plasma desorption m.s.
provides quasimolecular ions and fragments corresponding to the sequential rupture of the chain of
sugars. Free carboxylic acids are located on an acetylated saponin by looking at the disappearance,
in the presence of Eu complexes, of the carbon situated « to the carbonyl in the *C n.m.r. spectrum. The
above methods have been employed to determine the structures of the seven major saponins of alfalfa

root, which are allegedly responsible for the antifeedant properties of the vegetable.

Structural determination of saponins requires identification of
their building blocks (genins, sugars, acids) as well as of their
linkages. This problem has been addressed by Tschesche in an
article which reviews a set of solutions mainly based on selec-
tive degradation.! Non-degradative methods such as mass
spectrometry >~* or '3*C n.m.r. spectroscopy’~’ offer new
possibilities in the field. With the increasing resolution of
modern spectrometers, ' H n.m.r. spectroscopy now allows more
detailed investigation of the structures of these complex
molecules.

We report the use of n.m.r. and m.s. in the structural elucid-
ation of seven major saponins of alfalfa roots, whose relevance
to nutritional problems is well known. The saponins investi-
gated are 28-O-B-D-glucopyranosyl-3-O-B-D-glucopyranosyl-
medicagenate (1; R = H), 3-O-[B-p-galactopyranosyl-(1 —
2)-a-L-arabinopyranosyl]-28-0-f-p-glucopyranosylhedera-
genin (2; R = H), 23- or 28-0-B-D-glucopyranosyl 3-O-[B-D-
galactopyranosyl-(1 —— 2)-B-D-glucopyranosyl]-medicagen-
ate (3; R = H), 3-O-[«-L-arabinopyranosyl(l — 2)-B-D-
glucopyranosyl-(1 —— 2)-a-L-arabinopyranosyl]-28-O0-B-D-
glucopyranosylhederagenin (4; R = H), 28-O0-B-D-glucopyrano-
syl 3-O-[«-L-thamnopyranosyl-(1 — 2)-B-D-glucopyranosyl-
(1 — 2)-B-p-glucopyranosyl]-medicagenate (5; R = H),
28-0-[B-D-xylopyranosyl-(1 —— 4)-«-L-rhamnopyranosyl-

(1 — 2)-a-L-arabinopyranosyl]-3-O-B-D-glucopyranosyl-
medicagenate (6; R = H), and 28-O-[B-D-xylopyranosyl-
(1 — 4)-a-L-rhamnopyranosyl-(1 —— 2)-«-L-arabino-
pyranosyl] 3-O-[B-p-glucopyranosyl-(1 — 2)-B-D-gluco-
pyranosyl]-medicagenate (7; R = H).

The saponins were extracted and purified in a standard
fashion. Although some purification was obtained on un-
derivatized material, more success was met after full acetyl-
ation [Ac,0, 4-(dimethylamino)pyridine (DMAP)] followed
by repeated conventional column chromatography and pre-
parative tl.c. (p.l.c.). All the n.m.r. investigations reported here
have been performed on the acetylated derivatives. The
reconversion into underivatized material for biological assays
was performed by mild alkaline hydrolysis. Genins [hederagenin
(8) and medicagenic acid (9)], were identified by acidic micro-
hydrolysis and tl.c. detection. Each individual saponint was

examined by n.m.r. and genins were also identified by their 'H
and '3C n.m.r. spectra. In the ' 3C n.m.r. spectra (Table 1) all the
signals of the triterpenoids were unchanged with regard to the
parent compounds, except for the points of substitution: C-3
(10—12 p.p.m. downfield) and C-28 (3 p.p.m. upfield). More
interestingly, the *H signals for the methyl groups were easily
recognizable and hederagenin derivatives (2) and (4) showed
five methyls at a field higher than 1 p.p.m. (ie. 8 < 1) while
medicagenic acid derivatives (1), (3), and (5)—(7) had only three
methyl singlets in this area. Observation of a doublet for 3-H in
these latter cases was another method for detection of
medicagenic acid derivatives.

Identification of the Sugars and of their Branching Points.—
After acetylation of the saponins, the sugar protons showed
signals in the § 3—35.5 range and their assignment is the basis of
the sugar identification process. Increasing length of the sugar
chains generated an entangled CHO area whose analysis was
performed by using 2D correlated spectroscopy (COSY). An
ordinary COSY experiment was first run on the whole spectrum
to establish gross connectivities and, in a second COSY
experiment, digital resolution was enhanced by selecting a
window containing only the sugar resonances. Quality of the
spectra was improved by using a double quantum filter to
decrease the size of the acetate singlets which might otherwise
fold over in the sugar proton area® or by showing the
correlation map in the phase sensitive mode.? Such experiments
generally allowed the construction of unambiguous correlation
maps, and, since in normal sugars the coupling path is not
interrupted by quaternary carbons, it is feasible to follow a route
from 1-H to 5-H in pentoses and 6-H in hexoses. Figure 1 shows
such a map obtained for the four-sugar saponin (4).

Starting from the anomeric proton signals, one can extract
two seven-spin systems of hexoses and two six-spin systems of
pentoses. The shape of the cross peaks of the hexoses indicates a
value of ca. 8 Hz for the vicinal coupling constants with the

+ From now on, the term saponin and numbers (1)—(7) will refer to the
fully derivatized material.
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Figure 1. A 400 MHz two-dimensional COSY-45 spectrum of saponin (4). A 2.25 p.p.m. window was selected for acquisition in the F, domain.
Parameters: F, = 1 K data points; F, = 512 W; relaxation delay 350 ms; pulse widths 14 ps (90°) and 7 ps (45° mixing pulse); initial delay 5 ps;
increment 1.11 ms; number of scans 16. Transformed with a squared sine bell and shown symmetrized. Reference spectrum at the top is the fully

assigned 500 MHz spectrum of compound (4). Inner glucose correlations

terminal arabinose correlations -+

exception of Js 4 which is close to 3 Hz. These values indicate
that all the acetate groups are equatorial and therefore that the
hexoses are glucoses. In the pentoses, one observes that all
couplings are large except those with 4-H; the pentose whose 4-
OH is axial is arabinose.

The four sugars of saponin (4) are thus two glucoses and two
arabinoses; given previous work on a alfalfa saponin sugars,
it seems safe to assume that the sugars are D-glucose and
L-arabinose even though this cannot be proven by n.m.r.
spectroscopy. The values of J; , for all these sugars indicated
that they are B-D-glucoses and «-L-arabinoses.

It was clear from the chemical shifts that CHOAc resonances

, terminal glucose correlations ----- , arabinose correlations ———,

are normally found as 8 > 4.5 whereas CH,OAc resonances are
at 8 ~ 4. Observation of 5-H of glucoses and arabinoses at
& ~ 4 indicated that the C-5 of these sugar was engaged in an
ether linkage, i.e. that the sugars are in the pyranose form. The
abnormally high shielding of the 2-H protons of two of the
sugars showed that these positons were not acetylated; it is
therefore concluded that these are branching points for the
sugar chain. The two other sugars were fully acetylated; hence
they must be terminal.

The final information which can be extracted from these
spectra concerned the chemical shifts of the anomeric protons;
three of them were found at 3 4.4 + 0.2 and corresponded to
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ethers. The 8 5.54 doublet of 1-H of one glucose is best explained
by substituting this sugar on the carboxylic acid function of
hederagenin. Since this is a terminal sugar, the other sugar chain
must consist of three units with a terminal arabinose, which it is
not possible to sequence using chemical-shift arguments. This
chain of sugars was placed on C-3 of hederagenin since 3-H
appeared at higher field than the resonances corresponding to
the C-23 methylene protons. A similar analysis was performed
on saponin (2), which contains hederagenin, arabinose, glucose,
and galactose which are distinguished by the shape of their 4-H—
5-H correlations.

In the COSY spectrum of saponin (6) three correlations were
found between the low- and high-field parts of the spectrum;
they are the 12-H—11-H and 2-H—1-H correlations and also a
correlation of a methyl doublet with a CHO proton (8 3.8).
Starting from the methyl doublet, it was possible to identify a
spin-system corresponding to a rhamnosyl residue substituted
on its C-4. Other sugars were an arabinose substituting one of
the acid functions of medicagenic acid and branched on its C-2
and a terminal glucose. The fourth sugar is a pentose whose
vicinal coupling constants are all larger than 7 Hz; it was
identified as a terminal xylose. At this point, as for saponin (4), it
was not possible fully to elucidate the structure of compound
(6); it remained to sequence the chain of sugars and to decide on
which carboxylic acid to place it. These points will be dealt with
later. Complete spin—spin analysis was similarly performed for
the seven major saponins of alfalfa roots. Results are sum-
marized in Table 2.

In cases where overlap prevented unambiguous assignments
to be made, a very useful modification of the COSY was the
relayed COSY in which relayed connectivities appeared as well
as direct connectivities.'® Observation, for example, of J, , and
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of ‘relayed’ J, ; within the sugar residues allowed accurate
investigations in the 84.5—5.2 range. In practice, with only two
well separated proton signals, one can identify the resonances of
all the protons of a hexose.

Sequence of the Sugar Chain using "H N.m.r. Techniques—
Among the compoundsisolated in this study, the two- and three-
sugar saponins (1), (2), and (3) do not require a sequencing of
their sugar chain since these are limited to two units. Four-sugar
saponin (5) possesses two inner glucoses similarly substituted
on their C-2 positions and terminal glucose and rhamnose; the
‘degeneracy’ of the inner residues again makes sequencing
unnecessary. Problems arise with saponins (4), (6), and (7)
where two or three formulae may be written for each compound.

Observation of interproton couplings through the glycosidic
bonds would be a solution to the problem and although these *J
couplings are not usually resolved in 1D-spectra, they can be
detected in delayed-COSY experiments using long delays before
acquisition, typically 400 ms.!' When applied to saponin (6),
the experiment showed a large number of correlations, the
majority of which were residual ‘normal’ cross peaks. Among
new modulations, however, the most interesting ones were those
related to the anomeric protons (Figure 2). Some structurally
important long-range couplings were thus observed between
rhamnose 1-H and arabinose 2-H and between xylose 1-H and
rhamnose 4-H; these correlations allowed sequencing of the
sugar chain as Xyl-(1 — 4)-Rha-(1 —— 2)-Ara. Other less
significant correlations are found between xylose 1-H and 5-H,
rhamnose 1 —— 5 and 4 —— 6. The same experiment, when
run on saponin (4), yielded correlations between inner glucose
1-H and inner arabinose 2-H and between inner glucose 2-H
and terminal arabinose 1-H. In these examples no coupling is

Table 1. 13C N.m.r. chemical shifts. Spectra of compounds (1) and (4)—(9) were assigned by 2D C-H correlation n.m.r. spectroscopy

Structure
~ A

Carbon 1 2) 3 C) ) (6) Q) ® (L))
C-1 42.8 38.2 429 38.1 43.0 435 429 38.1 440
C-2 69.4 252 71.7 253 70.2 69.8 70.7 26.4 71.2
C-3 85.8 83.8 87.4 83.9 87.1 86.0 86.9 76.4 75.2
C-4 52.3 41.8 52.1 41.5 52.3 52.6 52.0 41.7 53.4
C-5 51.8 47.7 51.7 47.7 52.0 52.5 51.8 49.7 52.2
C-6 20.5 18.0 20.2 17.8 20.1 20.6 - 201 18.5 21.1
C-7 31.8 32,0 31.7 31.8 31.8 32.8 322 324 32.4
C-8 39.6 39.4 39.6 39.3 39.7 40.1 39.5 39.3 39.8
C-9 48.1 47.8 48.0 47.7 48.1 48.5 49.1 47.5 48.3
C-10 36.2 36.6 36.2 36.5 36.3 36.4 36.2 36.9 36.4
C-11 22.7 229 22.7 22.8 22.8 234 23.0 23.1 23.1
C-12 122.7 122.9 122.6 127.7 122.6 122.5 122.1 122.2 122.3
C-13 142.8 143.1 1429 142.8 1429 143.5 1433 143.6 144.0
C-14 418 41.7 41.8 41.9 41.8 42.3 418 41.7 42.0
C-15 27.5 27.7 27.5 27.6 27.6 27.8 27.3 27.7 27.7
C-16 23.1 23.5 234 234 23.4 23.8 23.4 234 23.6
C-17 46.8 46.8 46.7 46.7 46.8 472 479 46.7 46.8
C-18 41.2 412 40.9 41.0 41.0 41.5 41.1 41.3 41.4
C-19 45.7 45.8 45.7 45.7 45.8 46.4 459 459 46.0
C-20 30.6 30.6 30.6 30.5 30.6 31.0 30.6 30.7 30.7
C-21 33.7 33.8 33.7 33.7 33.7 34.2 33.7 339 340
C-22 324 32.7 323 32.6 32.5 32.5 31.9 324 324
C-23 181.0 65.2 175.6* 65.5 179.0 180.5 178.6 71.3 178.5*
C-24 12.8 12.7 12.7 12.5 12.8 13.2 12.7 11.6 124
C-25 16.0 15.8 16.5 15.7 16.8 16.4 16.5 15.7 16.6
C-26 16.7 17.1 16.8 16.9 16.9 17.0 16.6 16.9 16.8
C-27 25.7 25.6 25.7 25.5 253 26.0 25.7 26.0 26.1
C-28 175.6 175.8 178.4* 175.5 175.5 175.8 175.5 178.2 178.4*
C-29 329 33.0 33.0 32.9 33.0 33.1 33.0 33.1 33.1
C-30 234 23.6 234 234 23.4 239 23.6 23.6 23.6
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Structure
Is —A A
Carbon (6} 2) 3) “) ) (6) 0]

B-p-glucose a-L-arabinose B-D-glucose a-L-arabinose B-D-glucose B-p-glucose B-p-glucose
C-1 101.4 103.3 103.2 103.8 103.2 101.3 102.8
C-2 69.9 76.4 74.8 72.5 73.0 724 74.4
C-3 72.3 72.7 71.2 72.7 74.6 72.7 69.6
C-4 71.1 68.2 68.7 68.1 68.7 68.8 68.2
C-5 71.8 62.9 72.0 62.7 71.5 721 71.6
C-6 61.4 61.4 61.3 61.8 61.8

B-p-glucose B-p-galactose B-D-galactose B-p-glucose B-p-glucose x-L-arabinose B-p-glucose
C-1 91.5 103.3 99.6 101.8 99.6 92.8 99.6
C-2 67.9 713 70.2 78.7 78.6 74.5 71.1
C-3 72.8 71.9 72.8 75.0 73.9 72.4 72.1
C-4 68.4 68.6 68.4 69.0 68.7 66.8 68.0
C-5 72.4 75.1 72.4 71.3 71.8 62.7 71.9
C-6 61.8 62.3 61.9 62.3 619 61.7

B-p-glucose B-p-glucose x-L-arabinose a-L-rhamnose «-L-rhamnose z-L-arabinose
C-1 91.7 91.6 101.6 98.5 98.2 91.8
C-2 70.1 69.8 69.6 69.8 71.4 73.5
C-3 73.0 72.5 70.8 68.1 70.1 74.7
C-4 68.0 67.9 68.0 70.5 76.9 66.2
C-5 72.6 72.5 63.5 67.4 679 61.0
C-6 61.7 61.7 16.9 17.9
B-p-glucose B-p-glucose B-D-xylose x-L-rhamnose
C-1 91.6 91.6 101.8 97.7
C-2 70.1 69.8 71.3 69.9
C-3 729 72.7 71.3 72.5
C-4 67.9 67.8 69.5 76.2
C-5 72.5 72.4 62.2 67.7
C-6 61.6 61.3 — 17.9
B-p-xylose

C-1 100.9
C-2 70.9
C-3 70.7
C-4 69.0
C-5 62.4
C-6

* Assignments may be interchanged within a column.

3
=

Figure 2. A 500 MHz delayed COSY spectrum of saponin (6) (sugar part only is displayed). Parameters: spectral width 5.8 p.p.m.; F, = 2 K data
points; F; = 512 W; zero-filling prior to transformation; relaxation delay 1.5 ms; pulse widths 18 ps (90°), 18 ps; initial delay 3 ps; increment 0.346 ms;
evolution delay 400 ms. Transformed with unshifted sine bell and symmetrized

found between 3-H of the genin and the anomeric proton of the
first sugar in the chain. The structure of compound (7), which is
related to saponin (6), was established by comparison of their
'H and '3C chemical shifts and the sequence was further
confirmed by mass spectrometry (vide infra).

As an alternative to the delayed COSY approach it has been
proposed '? that n.O.e. difference spectroscopy could be used to
establish intersugar linkages. In contrast with the previous
report, we found difficulty in observing n.O.e.s in CDCI, at 500
MHz because of the lack of viscosity of the medium and of an
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unfavourable wr, factor. More intense and more reproducible
correlations were obtained when the experiment was run in
[*H,] DMSO; the change of solvent induces dramatic and non-
predictable shifts, which must be controlled by running a COSY
experiment in dimethyl sulphoxide (DMSQ). The precision and
the importance of the NOESY experiment was demonstrated by
the correlations found between the arabinose anomeric protons
(6 4.42 and 4.59) and two almost synchronous protons (3 3.45).
One of these correlations relates arabinose 1-H to proton 3-H of
the genin, while the second one is due to the other arabinose 1-H
and the inner glucose 2-H. Other important NOESY modul-
ations were found between 1—3 diaxially oriented protons and
between 12-H and 18-H.

Sequencing of Sugars by Mass Spectrometry—Quasi-
molecular ions and fragment ions may be obtained from
underivatized glycosides and even complex saponins by a
variety of ‘soft’ ionization techniques including field desorption,
fast atom or ion bombardment, chemical ionization, and laser
methods.!* On the other hand, little corresponding data exist
on acetylated saponins other than the simple glycosides.

Californium plasma desorption m.s. (PDMS) has been shown
to be useful in highly polar, high molecular weight samples !4
and its extension to these acetylated saponins appeared feasible.
In all cases quasimolecular ions (M-Na*) were obtained;
because the time-of-flight system does not permit resolution of
isotopes in the quasimolecular ion cluster, elemental com-
positions were calculated using isotopic average atomic weight
(e.g. C 12.011 15). An accuracy of 1—2 mass units is obtained in
this mass range, allowing determination of the molecular com-
position given previous knowledge of the genin and sugars.

Quasimolecular ions were accompanied by more intense
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fragments which arose from sequential ruptures of the glycosidic
bonds. Following n.m.r. or hydrolytic identification of the
sugars, these fragmentations also allowed sequencing to occur
(Table 3). These results with acetylated saponins were in direct
contrast to those obtained in a study of non-acetylated
glycosides related to digitonin,'> where M-Na® ions were
relatively more intense and the sugar acylium ions were barely
detectable. Part of the difference in M-Na* ion intensity was
traced to the significantly greater concentration of sodium salt
residues in the unprotected saponin samples (presumably due
to leaching from glass by alcoholic solvents during sample
preparation). On the other hand, the much greater abundance
of sugar acylium ions in the spectra of acetylated saponins may
be caused by differences in the relative fragmentation of the
M-Na* and M-H" ions between free and acetylated com-
pounds. As a result, the acetate derivative is essential for sugar
sequence information, while the free glycoside may be preferable
for simple molecular weight determination. Inspection of the
spectrum of non-acetylated compound (4) illustrated these
points. Other than the quasimolecular ion, the only distinctive
ions were those at m/z 413 and 421 of uncertain origin. When
the acetate was used, the intensity of the M-Na* ion may
profitably be enhanced by the external addition of sodium ion
(via a soluble sodium salt or by dissolution of the sample in
alcohol).

Besides the major acylium ions, ions apparently correspond-
ing to the expulsion of fully acetylated internal sugars are
sometimes observed. In all cases, these ions can be identified by
their low intensity compared with that of the acylium ions
derived from terminal sugars. A possibility remains that they
represent minor structural isomers present in the sample or
resulting from rearrangement during the mass spectral process.

Table 2. '"H N.m.r. chemical shifts and average coupling constants for acetylated sugars

Structure
s A Al
Hydrogen @1 2 3) @ (5) (6) W)
2-H 423 4.24 4.27 4.23 423
3-H 4.03 3.53 4.1 3.431 4.08 4.05 4.104
12-H 5.35 5.32 5.33 5.295 5.33 5.32 5.313
18-H 2.81 2.8 2.83 2.788 2.82 2.82 2.819
23-H 4.03, 3.832,
4.15 4271
Me(C-24) 1.33 0.77 1.47 0.77 14 14 1.46
Me(C-25) 1.23 0.93 1.12 0.92 1.28 1.29 1.28
Me(C-26) 0.73 0.72 0.75 0.7 0.7 0.76 0.77
Me(C-27) 1.1 1.1 1.26 1.09 1.23 1.13 1.12
Me(C-29) 0.88 0.87 09 0.88 0.94 0.92 091
Me(C-30) 0.9 0.88 0.92 0.89 0.95 0.92 0.92
Glucose Glucose Glucose Glucose Glucose
1-H 5.59 5.57 5.59 5.54 5.56
2-H 5.19 5.18 5.18 5.154 5.2
3-H 525 523 5.24 5.215 5.25
4-H S.14 S.13 S.12 S.1 5.14
5-H 3.78 38 3.79 3.762 3.78
6-H 4.28, 427, 4.29, 4.245, 428,
4.13 4.03 4.05 4.021 4.05
Glucose Galactose Galactose Glucose Glucose Glucose Glucose
1-H 4.59 4.7 4.57 4.613 4.61 4.58 4.573
2-H 5.02 492 5.08 3.655 3.78 50 5.031
3-H 5.21 5.13 5.11 5.07 5.16 5.19 5.07
4-H 5.04 5.12 5.15 4.926 4.99 5.03 4958
5-H 3.7 3.73 3.67 3.673 3.65 3.72 3.64
6-H 4.19, 4.33, 432, 4273, 433, 4.19, 4.303,
4.04 4.06 4.18 4.011 4.18 4.11 4.174
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Structure
15 — )
Hydrogen (1 @ 3) C)) (5) (6) @
Arabinose Arabinose Arabinose Arabinose
1-H 438 4316 5.68 5.725
2-H 3.88 3.888 3.92 3.887
3-H 495 4811 5.1 5.163
4-H 5.13 5.222 5.25 5.235
5-H 3.97, 3.93, 3.92, 3918,
3.6 3.525 3.72 3711
Glucose Glucose Glucose
1-H 447 4.55 4482
2-H 3.81 393 3.791
3-H S.16 5.1 5.163
4-H 4.92 492 4922
S-H 3.65 3.7 3.67
6-H 424, 423, 4237,
4.05 4.05 4.026
Arabinose Xylose Xylose
1-H 4.544 4.62 4.666
2-H 5.033 4.87 4.866
3-H 4911 5.1 5.126
4-H 5.125 495 4.969
S-H 3915, 4.05, 4.112,
3.566 3.37 3.35
Rhamnose Rhamnose Rhamnose
1-H 495 495 495
2-H 5.01 5.1 513
3-H 5.16 5.12 5.12
4-H 5.05 3.6 3.643
5- 4.0 38 3.853
6-Me 1.3 1.28 1.27

Typical coupling constants in Hz for peracetylated sugars: Glucose: J, , 7.7 (ether), 8.1 (ester); J, 3 9.3; J3 4 945 J4 5 9.4; Js6, 24, Js 6 4.3;
Jeasp 12.4. Arabinose: Jy 5 7; J,.3 9.9; J3 4 3.4 Sy s, 1.3 Jys0 3.7 Jsasp 131 Xylose: Jy 5 757553 95 T34 95 Jasa 95 Jase 55 Isasp 12 Rhamnose:
J,.» 1.5 Hz (not resolved); J, 3 3.5; J3 4 10; J, 5 10; J5 ¢ 6.2. Galactose: J, 5 7.5; J5.3 9.5; J3.4 3.5 J45 2.5 J5.62 2.5 566 55 Jearen 13

Table 3. Main observed fragments in the c.p.d.m.s.

Saponin Sugar mjz Sugar mfz Sugar mfz
(4] Glu 331
2) Glu/Gal 331 Gal-Ara 547
3) Glu/Gal 331 Gal-Glu 619
Ara 259
4) Glu 331 Ara-Glu 547 Ara—-Glu-Ara 764
®) g‘l‘j g;f Rha-Glu 561 Rha-Glu-Glu 850
Ara 259
6) Glu 331 Ara-Rha 489 Ara—Rha—Xyl 705
Ara 259 Ara-Rha 484
7 Glu 331 Glu-Glu 619 Ara-Rha-Xyl 706

Determination of the Relative Positions of the Acid and Ester
Functions in Medicagenic Acid Derivatives—Final uncertainty
about structures (1), (3), and (5)—(7) regards the location of the
sugar chain on one of the acid functions. This problem which
can be solved by mass spectrometry, n.m.r., or chemically, was
studied in depth on compound (6). Comparison of the methods
led us to propose an alternative which has subsequently been
applied to compounds (1), (5), and (7).

The electron-impact mass spectra of oleanene triterpenoids
are dominated by a retro-Diels—Alder fragmentation which
produces ions characteristic of both ends of the molecule. If the
C-28 carbocylic acid is free, peaks must appear at m/z 203 and

248; if it is derivatized, the m/z 248 ion is shifted to higher mass.
Unfortunately, these ions are not present in the Californium
PDMS data, necessitating an alternate approach to this
question of acid substitution pattern. In the event, acetylated
compound (6) was treated with the complex BH,-THF, in
conditions where free acids are reduced faster than esters. After
hydrolysis of the crude reaction mixture, bayogenin (10) was
isolated along with a larger amount of recovered medicagenic
acid (9). It was deduced from this experiment that C-28 is
esterified in compound (6) but the low overall yield of the
sequence and its destructive character make it impractical.

In the 13C n.m.1. spectra of compounds (1), (3), and (5)—(7),
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the free acid carbonyls are always found deshielded with regard
to the ester carbonyls. An accurate assignment has been
performed on the basis of a carbon—proton correlation through
their small couplings.'® In the case of compound (6) a long-
range coupling was found between the acid carbony! and one of
the angular methyls, necessarily C-24. Although this experiment
provided a structural proof for compound (6), it required large
quantities of material and a long accumulation time. As an
alternative, it is proposed to use lanthanide induced spectral
modifications to distinguish C-23 and C-28. Addition of
Eu(fod); (0.1 mol equiv.) to a solution of acetylated (6) in
CDCl; induced severe modifications of the 'H n.m.r. spectrum
which can be explained by multisite complexation; it is worth
noting however that no complexation occurred at the ester (23
or 28) carbonyl, since the deshielded anomeric proton remained
unaffected. The '*C n.m.r. spectrum of the same sample also
showed extensive modifications which are not easily explained.
However, when the spectrum is limited to quaternary carbons,
the picture is much simpler. In contrast to what was observed
for the protonated sites, no noticeable shift was seen, but two
carbons were missing: the acid carbonyl and C-4. This fact,
which is tentatively interpreted as the consequence of Fermi
interactions or of modified relaxation times, is linked to the
distance between the rare earth and the carbon atoms involved.
The disappearance of C-4 indicates that the free acid is C-23
and therefore that the chain of sugars is bound to C-28. The
experiment has been run on compounds (1), (5), and (7) and the
same effects were observed, leading to the proposed formulae.
As these conclusions rely heavily on the correct assignments
of the quaternary carbons, these have been verified by the
aforementioned ‘long-range’ C—H correlation experiment.
Resonances of C-4 and C-10 are assigned on the basis of
couplings with 2-H and 3-H.

Conclusions—Progress in the chemistry and biochemistry of
saponins has so far been plagued by two main difficulties:
separation/purification and structural elucidation. Despite ad-
vances in both domains based on h.p.l.c.,!” droplet counter-
current chromatography, r.l.c.c.,'® and spectrometry including
c.d.,'? there is still need for improvement of the methods. After
acetylation, saponins behave as normal organic molecules,
lending themselves to conventional purification and structural
investigation by modern n.m.r. and m.s. techniques. The parallel
development of new, milder methods to affect clean and
complete deacetylation?® now allows the recovery of pure
native substances for biological assessment.?! Structures (1), (4),
and (6) have been proposed independently for the major
saponins of an unspecified variety of russian alfalfa.2? The
identity of these structures obtained by usual degradation tech-
niques with those drawn from our m.s. and 'H n.m.r. investiga-
tions shows the validity of this new methodology.

Experimental

General—'H N.m.r. spectra were recorded at 300 MHz on
Bruker AM and AC 300 at 400 MHz on Bruker AM 400 and at
500 MHz on a Bruker WM 500 instrument. '3C N.m.r. were
obtained at 75 MHz on Bruker AC 300 and Varian XL-300. 2D
N.m.r. experiments were performed using the standard Bruker
microprograms; accumulation and processing parameters are
included in the Figures. M.p.s were taken on a Reichert hot-
stage microscope and were not corrected. Rotations were
measured on a Perkin-Elmer 141 C automatic polarimeter.
Recording conditions for the Californium plasma desorption
m.s. were as follows; samples of acetylated saponins (0.1—0.5
mg) were dissolved in ethanol (~0.2 ml), ethyl acetate, or
mixtures of the two. One drop of this solution was applied to the
metallic side of aluminized Mylar foil stretched across a Teflon

J. CHEM. SOC. PERKIN TRANS. I 1988

and stainless steel sample holder. During evaporation, the drop
was retained in the centre of the foil by means of a glass fibre
loop. The PDMS apparatus has been described in detail
elsewhere.’* A 42-cm flight tube was used with a 10 kV
accelerating voltage. Data acquisition times were typically
60—90 min, and ion masses were calculated relative to the H™
and Na™ ions. Data were collected on a Perkin-Elmer 3220
computer using programs which were developed in Prof.
Macfarlane’s laboratory and modified locally (L. K. Pannell).

Saponin Extraction—Dried powdered alfalfa root (2 kg) of
the lutece variety was boiled in MeOH-water (4:1;151) for 4 h.
After cooling and filtration, the solvent was removed under
reduced pressure and the residue was suspended in MeOH
(1.751) at 60 °C. After filtration, the saponins were precipitated
from solution by means of ether (8.75 1). The precipitate was
filtered off and dissolved in water (1.3 1). The solution was then
dialysed against pure water for 4 days after which time the
contents of the tube were freeze-dried. The solid residue was
dissolved in methanol and decolourized with carbon black.
After filtration, the solution was diluted with five volumes of
ether. The white saponin precipitate was filtered, and dried in
vacuo over P,Os (44 g).

Acetylation and Purification of the Saponins—Crude
saponins (8.1 g) are suspended in CH,Cl, (200 ml). After
addition of pyridine (8 ml), Ac,O (8 ml), and DMAP (800 mg),
the mixture was stirred for 30 h during which time progressive
dissolution occurred. The solution was then washed with 109/
aqueous CuSO, (2 x 250 ml), then with saturated aqueous
NaHCOj;, and then with brine. The organic layer was dried over
NaSO,, filtered, and evaporated to yield crude acetylated
saponin mixture (12 g) as a brownish solid. Part of this mixture
(8.5 g) was chromatographed on silica gel (I kg) under a
pressure of 12 bar. The column was eluted with mixtures of
CHCI;-MeOH (99.5:0.5; 8 1) and (99: 1; 6 1); 30 m! fractions were
collected and pooled according to t.l.c. Products were visualized
on tlc. by H,SO, spray followed by heat gun heating; colours
ranged from blue [(1), (3)] to red [(5)—(7)], and purple [(2),
(4)]. Fractions 264—283 contained compound (2) and non-
polar impurities (361 mg); fractions 284—305 (240 mg) were
mixtures of compounds (2) and (4); fractions 306—327
contained compound (4) and minor impurities (448 mg).
Compound (5) was in fractions 328—343 (1 249 mg), and in
fractions 344—348 (256 mg) accompanied by compound (3).
Fractions 349—351 (172 mg) were mixtures of compounds (3)
and (7). Compound (7) was found almost pure in fractions 352—
369 (1 190 mg); compound (1) was the major component of
fractions 381—384 (205 mg) and the minor component of
fractions 385—400 (1 211 mg), which also contained compound
(6). Compound (6) was present in fractions 401—410 (291 mg).
Samples suitable for n.m.r. analysis were obtained by repeated
chromatography and plc. of the aforementioned fractions;
pooling of the fractions was then done according to 300 MHz
"H n.m.r. spectrum of the fractions, which showed a single spot
on t.l.c. Yields of the seven major saponins were ca. 5% (2), 10%
@), 4% (5), 2% (3), 20% (7), 14°%, (1), and 22% (6). All
compounds but (1) were solids with no sharp m.p. (softening at
200 °C and progressive decomposition); compound (1) was
obtained as a white powder from ether with m.p. 255 °C. Optical
rotations were measured in CHCl;, in a 1 dm cell; these were 28°
[c1,(1)],20° [¢3.3,(2)],14° [¢ 0.5, (3)], 31° [c 1.05, (4)], 22° [¢
09,(5)],0 + 3°[c 1, (6)], and —8° [¢ 04, (7)]. P.d.m.s. quasi-
molecular ions and composition: 1 186.3 [(1) CsgHg,NaO,,.
Calc. M, 1186.28]; 14154 [(2) C4zoHogNaO,, Cale. M,
1414.52]; 14745 [(3) C,,HosNaO,, Calc. M, 1474.53];
1632.0 [(4) C,4H,,,NaO;s. Calc. M, 1630.72]; 17053 [(5)
CgoH;1,NaO;4. Cale. M, 1704.75]; 1560.0 [(6) C,.H,o4-
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NaO,,. Calc. M, 1 560.62]; 1 850.1 [(7) CgeH,,,NaO,,. Calc.

M, 1 848.88].
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