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Abstract—Novel vibrational circular dichroism (VCD) studies in the CH region of a series of methyl glycosidic carbohydrates were
examined. The specific CH stretching VCD band predicts absolute stereochemistries of their anomeric positions. The C-1 chiral
information was extracted to the methoxy substituent as a probe. The concept of the vibrational chirality probe from a single chiral
center in the presence of numerous such centers might be useful in determining the absolute configuration, when a multiplicity of
chiral centers is present in a molecule such as a carbohydrate.
� 2004 Elsevier Ltd. All rights reserved.
Chiral molecules exhibit circular dichroism (CD), the
differential absorption of left versus right circularly
polarized light, and CD spectroscopies have been useful
for determining absolute configurations. Recently,
measurement of CD in the infrared region, that is, vibra-
tional circular dichroism (VCD),1 has been advanced
instrumentally and theoretically. VCD has some advan-
tages over conventional electronic circular dichroism
(ECD) due to the applicability to all organic molecules
and the reliability of ab initio quantum calculation.
However, for a molecule with many chiral centers, deter-
mination of the absolute configuration tends to be diffi-
cult because the information from each stereochemical
center is mixed and averaged over the spectrum.

In our chiral analysis studies,2 we applied VCD spectro-
scopy to carbohydrates. Carbohydrates are composed of
multiple chiral centers, but currently most carbohydrate
analyses are based on achiral methods such as NMR or
MS spectroscopies, and chiral approaches are limited to
a few techniques such as optical rotation or ECD.3 All
carbohydrates absorb IR and thus VCD spectroscopy
should be capable of extracting detailed stereochemical
information on carbohydrates. However, only a few car-
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bohydrate VCD studies have been reported to date.4 We
have been constructing an extensive carbohydrate VCD
database for the mid-IR region, with the aim of creating
a novel methodology for carbohydrate analysis.5

Recently, we reported an a-glycoside characteristic
band, the glycoside band, which was observed around
1145cm�1.6 This result showed the effectiveness of
VCD over other spectroscopies for the determination
of stereochemistry in carbohydrates and indicated that
detailed carbohydrate VCD studies should be possible
in the CH stretching region as well as in the mid-IR
region. In the CH stretching region, only two VCD
studies on carbohydrates have been reported,4a,c and
spectra–structure correlation, as determined for the gly-
coside band, remains to be investigated. In this paper,
we report that methyl glycosides exhibit a characteristic
VCD peak, the sign of which solely reflects the C-1 abso-
lute configuration.

Methyl a-LL-arabinopyranoside was synthesized using
Fischer glycosidation of LL-arabinose and methanol and
the resulting anomers were separated using HPLC.
Methyl-d3 a- and b-DD-glucopyranosides were synthesized
in a similar manner using DD-glucose and methanol-d4.
The other methyl glycopyranosides were purchased and
measured without further purification except for methyl
b-DD-mannopyranoside, which was measured after twice
being evaporated from methanol. IR and VCD spectra
were measured at 4cm�1 resolutions using a JASCO
FT/IR-470 spectrometer (16 scans) and a JASCO
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JV-2001 spectrometer with an InSb detector (20,000
scans), respectively. DMSO-d6 was selected as a solvent
for its strong solubility and nonabsorption in the region
of interest. All spectra were recorded in a CaF2 cell with a
50lm pathlength at a concentration of 0.64M.

Figure 1 shows the VCD spectra of a- and b-stereoiso-
mers of the methyl pyranosides of DD-glucose, DD-galac-
tose, DD-mannose, DD-xylose, LL-arabinose, and LL-fucose.
In the CH stretching region, a reversal of the absolute
configuration at a single chiral center could strikingly
change the VCD spectral pattern, as was observed for
some monosaccharides in the mid-IR region. Moreover,
Figure 1. VCD and IR spectra of (a) methyl DD-glucopyranoside, (b) methy

xylopyranoside, (e) methyl LL-arabinopyranoside, and (f) methyl LL-fucopyran

sugars and the b-anomer for LL-sugars) are in the left column, and those with S

LL-sugars) are in the right column. The solid arrows and the dotted arrows

stretching VCD bands, respectively.
we noticed that the VCD band near 2840cm�1 showed a
positive sign for the R-configuration at C-1 (the a-ano-
mers for DD-sugars and the b-anomers for LL-sugars) and
a negative sign for the S-configuration. Previously, the
IR band around 2840cm�1 of methyl glucopyranoside
was assigned as the symmetric methyl stretching
motion.7 Thus, this characteristic VCD band could be
assigned to the symmetric methyl stretching vibration.
This was confirmed by the measurement of the VCD
spectra of methyl-d3 DD-glucopyranosides, in which the
VCD band as well as the IR band at around
2840cm�1 disappeared (Fig. 2). These results indicate
that the anomeric configuration of these sugars can be
l DD-galactopyranoside, (c) methyl DD-mannopyranoside, (d) methyl DD-

oside. The anomers with R-configuration at C-1 (the a-anomer for DD-

-configuration at C-1 (the b-anomer for DD-sugars and the a-anomer for

indicate the symmetric methyl stretching and the asymmetric methyl



Figure 2. VCD and IR spectra of methyl-d3 a-DD-glucopyranoside (left) and methyl-d3 b-DD-glucopyranoside (right).
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predicted by simply comparing the sign of this VCD
band.8 A positive peak with moderate intensity ap-
peared at �2960cm�1 for the S series with the exception
of methyl LL-fucopyranoside, while R series did not show.
This peak, designated as the asymmetric methyl stretch-
ing vibration,7 is another possible means to distinguish
the anomeric configuration.

The VCD feature of the symmetric methyl stretching
motion reflects only the anomeric stereochemistry, with
peaks simply displaying the opposite sign for the rever-
sal of C-1 configuration. Therefore, the chirality of the
CH VCD band can be considered to be result predomi-
nantly from the single anomeric chiral center, in spite of
a multiplicity of chiral centers in the molecule. That is,
the methoxy group serves as a probe to extract C-1 stereo-
chemical information. Other substituents could be uti-
lized in the same way, such as the acetate group,
which has been suggested as a useful stereochemical
probe due to its highly isolated C@O absorption.4f This
concept implies that chiral information at the other posi-
tions could be extracted into a vibrational mode such as
the symmetric methyl stretching or C@O stretching
mode, achieved through simple selective modification
to the hydroxyl group(s) of interest.

In conclusion, we identified a specific VCD band repre-
senting the absolute stereochemistry of a single asym-
metric center. Namely, the C-1 chiral information was
extracted in the methoxy substituent as a probe. The
concept of the vibrational chirality probe from a single
chiral center in the presence of numerous such centers
might be helpful in determining the absolute configura-
tion. Since theoretical VCD calculation for a large or
flexible molecule is generally difficult, this approach
could be particularly useful for such molecules, includ-
ing carbohydrates.
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