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Complete ‘H- and 13C-n.m.r. spectral assignments of the signals for 3-0-&D- 

galactopyranosyl-L-arabinose (1) in D,O solution have been made by using a com- 
bination of high-resolution 1D a.m.r. and 2D correlation experiments (COSY’ and 
HETCORZ) at 200 MHz. The disaccharide was isolated in the form of two hepta-O- 
methyl derivatives (from arabic acid3, derived in turn from gum arabic, Turc. 
variety4) in low yield as a syrup, and from the gum exudate of stems of Acacia 
cyanophyfld. It was also obtained, as a crystalline product in unusually high yield, 
from a polysaccharide found in Watsoniu corm-sacs6-8. A sample of this prepara- 
tion6 was used in our n.m.r. investigation. 

bH “Q I 
OH 

1 Co- OnOmer 1 1 (P-anomer) 
R = a-D-Gall, 

The starting points for the characterization of the sugar were the anomeric- 
proton signals at 6 4.56 (51,2 7.7 Hz) and 5.26 (II,* 2.5 Hz), and 5.16 (J1,2 3.4 Hz) 
which were assigned to H-l of a-L-Arap, /3-L-Arap, and cu-D-Galp, respectively, on 
the basis of chemical shifts and coupling constantsg. Integration of the proton 
spectrum gave a relative ratio of 3:2 for the a- and @-pyranosyl forms of the L- 
arabinose residue, which is also the ratio found for the free sugarlO, thus implying 
that a large substituent on O-3 does not affect the equilibrium established by 
mutarotationcfJ1. This ratio of intensities assisted in the assignment of the other ‘H 
and the 13C resonances. Evidence for the furanose forms of the reducing-sugar 
residue was found, as for free L-arabinose lo, but to an extent of only -9%. This 
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discussion relates therefore to the substituted Arap anomers, a comment following 
which concerns the minor Araf contribution to the spectra. 

From the assignments of the anomeric protons, made by using the HETCOR 
spectrum (see Fig. l), the signals of the anomeric carbon atoms follow. In addition, 
the proton-proton (COSY) and the HETCOR spectra allow the assignments of 
H-2 and C-2 of cu+Arap, /3-L-Arap, and a-D-Galp. Being the position of linkage, 
the signal for C-3 of L-Arap is shifted downfield, out of the normal range for ring- 
carbon atomG. On the basis of intensity, the resonances at S 77.71 and 74.48 were 
assigned to cr-L-Arap C-3 and P-L-Arap C-3, respectively. 

The APT experimenti was used to assign the signals of cr-D-Galp C-6, and (Y- 
and /3-L-Arap C-5, these being the only methylene carbon atoms. The remaining 

F2 

Fig. 1. Heteronuclear IH-13C shift-correlation map (HETCOR) of 1, recorded at 200 MHz and 297 K, 
using lc,” = 140 Hz. The respective 13C and ‘H one-dimensional spectra are displayed along the F2 and 
F, axes. Some of the H,C correlations are indicated. 
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carbon resonances were identified by comparison with the literature’*. The final 
assignments are given in Table I and Fig. 2. Using the HETCOR experiments, 
complete elucidation of the proton spectrum was possible (see Table II). These 
assignments were consistent with the coupling scheme shown by the COSY 
spectrum, a possible conformational representation of 1 being shown as Fig. 3. 
Whereas, for P_L-Arap, no preference is apparent for13 4C, V.S. X4, the a-D-Galp 
substituent on equatorial O-3 appears to anchor the conformation in the 4C, mode, 
which is the one exclusively expected for both cw-L-Arap14 and 3-0-cu-o-Gal-L-Arap. 

Interestingly, the effect of equilibration is expressed throughout the 
molecule, as some (C-l, C-5, and C-6) of the galactosyl carbon resonances are 
twinned in the appropriate ratio. Corresponding carbon signals have been observed 
as twinned for a (l-3)-linked disaccharide, in dimethyl sulfoxide solution15. 
Whereas twinning of the anomeric carbon signal of the nonreducing moiety of a 
disaccharide in which the reducing residue is substituted by glycosylation at O-2 has 
been observednJ6, the present example is remarkable in that the linkage is to O-3, 
and both C-5 and C-6 are implicated, as well as C-l. Twinning was removed upon 
reduction of the disaccharide with NaBD,. Resonances (lH and r3C) of the reduced 
disaccharide were fully assigned (see Tables I and II) by using procedures already 
described. The signal of L-Arap C-l appeared as low-intensity triplet due to *H 
coupling. 

L-Araf anomers were present in insufficient amount to give cross-peaks in the 
2D spectra of 3-O-cz-D-galactopyranosyl-L-arabinose. The proton signals at S 5.32 
(Jr,* 4.7 Hz) and 5.29 (Jr,* 1.6 Hz) are attributable to H-l of the 3-O-substituted p- 
and a-L-Araf, respectively. The chemical shifts and splittings are similar to those 
obtained for unsubstituted arabinose (6 5.27 and 5.26, and Jr,, 4.1 and 1.0 Hz)17. 
The galactosyl substituent has a small effect on the equilibrium between pyranose 
and furanose forms; for the substituted arabinose the furanose contribution is 
-9%) whereas a value of 4.5% has been quoted for free arabinose”. The furanose 

TABLE I 

“c ASSIGNMENTS OF 3-O-U-D-GALACI’OPYRANOSYL-L-ARABINOSE (1) AND THE CORRESPONDING 

SUBSTITUTED L-ARAEIINITOL 

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

1 (a form) a-Galp 95.95 68.87 69.85 69.73 71.38 61.52 
a-Amp 97.19 70.94 77.71 65.44 66.62 

1 (fi form) a-Galp 96.14 68.87 69.85 69.73 71.49 61.64 
@-Arap 93.14 67.58 74.48 65.85 62.76 

1 (a form)o a-Araf 102.0 80.7 83.2b 83.8 62.0 
1(/3 formy PAraf c 75.8 81.3d 82.4* 63.6 
1 (reduced) a-Galp 99.49 69.19 69.92 69.92 72.57 61.75 

Ara-ol 63.20 71.41 78.65 72.24 62.95 

DOnly C-l of Galp could be assigned (see text). bAssignments might have to be reversed. ‘Obscured by 
C-l of cr-Galp attached to Arap (see Fig. 2). dAssignments might have to be reversed. 
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p.p.m. 

Fig. 2. W{‘H} spectrum of 1 recorded at 50.3 MHz and 297 K (compare Fig. 3). 
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Fig. 3. A possible conformation for disaccharide 1, on the basis of the exo-anomeric effect. The con- 
formation of L-Arap, here substituted at O-3 by cr-D-Galp, is in conformity with n.m.r. assignments. 

forms cause the attached cu-D-Galp group to experience a different electronic 
environment, resulting in the appearance of a broad signal at 6 5.02 due to H-l of 
the CPD-Galp (cJ, 6 5.16 for H-l of a-D-Galp, where L-Ara is pyranosidic). The 
correctness of the interpretation was supported by recording the spectrum at 80”, 
at which temperature the percentage of L-Araf anomers (H-l at S 5.27 and 5.26) 
and the intensity of the signal at 6 5.02 were increased. This observation of the 
twinning of proton signals emanating from a glycosyl group linked to a reducing 
sugar had been reported e.g., for an oligosaccharide containing a mannosyl group 
attached to O-3 of galactose as the reducing-terminal sugarrs. 
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TABLE II 

‘H ASSIGNMENTS OF 3-O-a-D-GALACTOPYRANOSYL-L-ARABINOSE (1) AND THE CORRESPONDING 

SUBSTITUTED LARABlNITOL 

Compound H-l H-2 H-3 H-4 

1 (a and cY-Galp 5.16 3.88 3.88-3.96 3.96-4.0 
p forms) 

a-Arap 4.56 3.64 3.75 4.18 
PArap 5.26 3.95 3.87 4.22 

1 (reduced) a-Galp 5.16 3.85 3.98 3.84 
Ara-ol L1 3.72 3.80 3.96 

“Not detected, due to fast relaxation resulting from geminal deuterium. 

H-5 H-6 

4.18 3.75 

3.68-3.75 
3.94-4.0 
3.96 3.68 
3.74 

The presence of the L-Araf anomers in the disaccharide was most evident 
from the 13C-n.m.r. spectrum (see Fig. 2), which showed signals of low intensity 
(unlabelled) for all the carbon atoms of (Y- and P-L-Araf (see Table I), with the 
position of glycosylation being revealed by the downfield shift of C-3. The only 
observable effect of the cr- and P_L-Araf forms on the attached cw-D-Galp group was 
the downfield shift of the anomeric carbon atom (6 99.6 and 99.1, respectively; cf-, 
Table I for the chemical shifts of cY-D-Galp, where L-arabinose is pyranosidic). 
These signals were modified as expected upon reduction of the disaccharide. 

EXPERIMENTAL 

The disaccharide (1) was isolated from a sample of Wutsonia corm-sac poly- 
saccharide, and identified as previously described6. Confirmation was obtained by 
using the Morrison procedure19, whereby the peracetylated alditol of arabinose and 
the peracetate of galactononitrile were characterized by g.1.c. analysis (capillary 
column of DB-225 at 215”). The position of linkage was confirmed by methylation 
analysis of the NaBD,-reduced disaccharide. G.l.c.-m.s. of the derived alditol 
acetates showed two peaks at retention times 0.40 (56%) and 1.00 (44%), corre- 
sponding to the acetylated derivatives of C-1-deuterated 1,2,4,5-tetra-0- 
methylarabinitol and 2,3,4,6-tetra-O-methylgalactitol, respectively. E.i.-m.s. of 
permethylated, borodeuteride-reduced 1 showed the following diagnostic20,21 
fragments: m/z 219 (bA,), 187 (bA,), 155 (bA,); 252 (aI,), 192 (aI,); 46,381,349; 
and 45,382, 350 (ald). 

A solution of 1 in D,U was freeze-dried, and the process was repeated three 
times, in order to replace exchangeable hydrogen atoms with deuterium. Spectra 
(‘H- and 13C-n.m.r.) were recorded for solutions in D,O (286 mg/mL) with a Varian 
VXR-200 spectrometer and with acetone as an internal reference (6 2.21 for ‘H, 
and 31.0 for 13C). Coupling constants were determined by using a diluted solution. 
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