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Abstract: A cyclitol galactoside was isolated from the
seeds of Vigna angularis and shown to be identical with
galactosylononitol. However, detailed 2D NMR data
and methylation analysis resulted in the revision of the
structure of galactosylononitol to O-o-D-galactopyrano-
syl-(1—3)-4-O-methyl-b-myo-inositol (1). Thus, com-
pound 1 represents the only naturally occuring meth-
ylated derivative of galactinol.

Cyclitol galactosides accumulate during seed develop-
ment in many important crop species, such as soybean,
lentil, chick pea, or buckwheat.! Together with raffi-
nose-series oligosaccharides, these o-galactosides are
undigestible by human intestinal enzymes and therefore
contribute to flatulence. However, they are thought to
play an important role in the acquisition of desiccation
tolerance and, hence, in storabilty and viability of
seeds.! One of these cyclitol galactosides, a galactos-
ylononitol, has previously been isolated from seeds of
Vigna angularis Ohwi et Ohashi (Fabaceae). On the
basis of periodate oxidation and methylation analysis,
the structure of galactosylononitol was proposed to be
O-a-p-galactopyranosyl-(1—5)-4-O-methyl-pD-myo-inosi-
tol.2 During a study on the ability of cyclitol galacto-
sides to act as galactosyl donors in the biosynthesis of
raffinose-series oligosaccharides, we observed that the
1I3C-NMR spectral pattern of authentic (original) galac-
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tosylononitol® was different from the published spec-
trum, regardless of slight differences in detailed chemi-
cal shift values. Chemical and spectroscopic analysis
led to the revision of the structure of galactosylononitol
to O-a-p-galactopyranosyl-(1—3)-4-O-methyl-b-myo-inos-
itol (1).
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Compound 1, isolated from seeds of V. angularis,* was
selectively cleaved by o-galactosidase yielding equimolar
p-galactopyranose and p-ononitol® (1-p-4-O-methyl-myo-
inositol, 2a). The 'H-NMR spectrum of 2a showed an
intense singlet at 6 3.61 corresponding to the methyl
group, a triplet at 6 4.05, and five signals in the region
of 6 3.36—3.66 (Table 1). The lowest field signal (6 4.05)
showed two small values of vicinal proton coupling
constants (J = 3.0 Hz). This signal was assigned to the
only equatorial proton of the ononitol ring (H-2), in
agreement with the published spectrum of myo-inositol.®
Large J values (9.4—10.0 Hz) of five protons (H-1, H-3
to H-6) indicated a sequential trans-diaxial relationship
for these protons. In a one-bond *H—12C correlation
experiment (ge-HSQC),” a cross-peak was observed
between the proton resonance at 6 3.40 and the lowest
field carbon signal at 6 85.04. The strong deshielding
of this carbon indicated methoxylation at this position,
which was therefore assigned to C-4.5 The rest of the
proton and carbon resonances could then be identified
and assigned by complete analysis of the DQF-COSY
experiment and 'H—13C correlation spectra’ (Table 1).

Analogous to the assignment of 2a, the resonances of
1 could be identified by a combination of DQF-COSY
and 'H—13C correlation experiments. Starting at the
anomeric proton H-1' (6 5.16), the spin system of the
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Table 1. 'H (500.1 MHz, D0, 25 °C) and 13C-NMR (125.8
MHz, D,0, 25 °C) Spectral Data of 1 and 2a

1 2a

no. 6Ha 6c (3Hb 60
1 3.50 73.41 3.50 73.58
2 4.29 70.32 4.05 74.97
3 3.75 77.13 3.63 73.16
4 3.52 83.80 3.40 85.04
5 3.38 76.41 3.36 76.30
6 3.70 74.89 3.66 75.05
CHs; 3.62 63.20 3.61 62.44
1 5.16 97.45

2' 3.89 70.73

3 3.94 72.19

4 4.07 71.72

5 411 73.55

6'a 3.76 63.53

6'b 3.76

a Estimated J values (in Hz): J1-2 = 2.7; 323 = 3.0; J3-4 =
9.7; J475 = 9.4; J576 = 9.4; Jlfe = 10.0; Jy—o = 4.0; ngfgv = 10.4;
Jy-4 =34 Jy5=<1;J5-¢ =6.7.231,=3.0; Jo-3=3.0; J3_4
=9.7; J4-5 =9.7; Js5-6 = 9.4; J1,—-¢ = 10.0.

Figure 1. Selected NOE effects and an HMBC correlation
for 1.

galactosyl residue could be established (Table 1). The
IH and 3C NMR resonance values for this residue were
very similar to those reported for galactinol (O-a-p-
galactopyranosyl-(1—1)-L-myo-inositol).8 On the basis
of the fully assigned spectrum of 2, the identification of
the proton and carbon resonances of the ononitol moiety
of 1 was straightforward. Compared to compound 2a,
three resonances were shifted in both the proton and
the carbon spectrum (Table 1). While C-3 was strongly
deshielded (+3.97 ppm), the vicinal carbons were both
shifted upfield. In an alicyclic, six-membered inositol
ring, the carbon atoms adjacent to a substituent are
shifted upfield to various extents, depending on the
configuration.?® In the case of an adjacent carbon
bearing an axial hydroxyl group, a shift of about —3.5
to —4.5 ppm can be observed, while adjacent carbons,
when bearing an equatorial hydroxyl group, exhibit only
small shifts (—0.2 to —1.0 ppm).® In the case of
compound 1, carbon C-2, bearing an axial hydroxyl
group, was strongly shifted upfield (—4.5 ppm), while
C-4, bearing the equatorial methoxyl group, was shifted
upfield —1.2 ppm. This indicated the galactosyl residue
to be attached to the ononitol ring at C-3 in compound
1. Ina NOESY experiment’ (t; = 800 ms), a cross-peak
was observed between the glycoside anomeric proton
H-1' and the proton H-3, while no cross-peak could be
found between H-1' and H-5 (Figure 1).

Additionally, there was a strong cross-peak between
H-1'" and H-2. It is only possible to observe an NOE
interaction between the glycosidic anomeric proton and
the proton on the carbon adjacent to the linkage site, if
that proton is equatorial,®~1! which apparently is only
the case for H-2 in compound 1. This provides strong
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evidence for the position of the linkage site to be at C-3.
If the linkage site was at carbon C-5,2 such an NOE
cross-peak would not be possible. Further evidence was
provided by a long-range *H—13C connectivity experi-
ment (ge-HMBC),” in which three-bond coupling con-
stants across the glycosidic linkage do not depend on
conformation.’ In compound 1, long-range couplings
were observed between H-1'" and C-3 and between H-3
and C-1', respectively (Figure 1). This provides unam-
bigous proof of the position of the galactosyl residue to
be attached to carbon C-3 of the ononitol ring. Hence,
1 has the structure O-a-bp-galactopyranosyl-(1—3)-4-O-
methyl-p-myo-inositol.

This finding is compatible with results previously
obtained by periodate oxidation, which indicated a
linkage site at C-3 or C-5.2 However, permethylated,
hydrolyzed galactosylononitol was reported to give a
symmetrical cyclitol derivative (1,2,3,4,6-penta-O-meth-
yl-myo-inositol, 2b).2 The 13C NMR spectrum of 2b was
reported to have seven resonances. None of these
signals was found in the region of 6 62—84,2 implying
that the signal of the carbon bearing the unsubstituted
hydroxyl group must have been shifted upfield by at
least 7 ppm relative to the original compound. Such
large shifts are only observable in the case of a carbon
bearing an axial hydroxyl group between two methoxy-
lated carbons, as, for example, C-2 in 1,3-di-O-methyl-
myo-inositol.612 We therefore repeated the methylation
experiment but were unable to confirm the published
results.?2 The penta-O-methyl-myo-inositol (2c),!® de-
rived by permethylation and hydrolysis of 1, revealed
11 BBC-NMR resonances in accordance with the struc-
ture of 1. A galactosylation at C-5 of the ononitol ring
is not possible. Therefore, the published structure is
incorrect and must be revised to 1.

Thus, compound 1 represents a methylated derivative
of galactinol, a well-known galactosyl donor in the
biosynthesis of raffinose and stachyose.! Further in-
vestigation in the biological role of this substance in the
metabolism of developing seeds and in human nutrition
is urged.
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