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INFRARED SPECTRA OF SOME O-METHYL DERIVATIVES
OF GLUCOSE AND XYLOSE
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Abstract—The IR spectra (3000-670 cm ™) of some O-methyl derivatives of glucose, xylose and related
glycosides are reported for samples in dilute solution in inert solvents and as potassium chloride discs and
hexachlorobutadiene mulls. Several bands in the C—H and C—O stretching regions of the spectra of
samples in solution were found to be split in the spectra of the solid state samples. Bands in the C—H
- bending region and in the region below 900 cm™ ! appeared to be little affected by the changes in environ-
ment. The implications of the results for the interpretation of solid state spectra of crystalline carbo-
hydrates are discussed.

IN sTUDIES Of the structure of polymer molecules by spectroscopic techniques a
knowledge of the spectra of smaller molecules related to the polymer basic unit has
often been most valuable. In the case of polysaccharides the utility of this approach
has been demonstrated by Marchessault.! However, most of the spectroscopic data
for compounds such as the tetrahydropyranols?® and other derivatives of tetra-
hydropyran,* which serve as simple models for the higher saccharides, have been
obtained by studying samples in the form of liquid films or in solution in a solvent
such as carbon tetrachloride, whereas oligo- and poly-saccharides occur as solids
and are insoluble in the solvents usually employed. However, many of the O-methyl
derivatives of monosaccharides are solids, and are soluble in suitable solvents allowing
the spectra of the samples to be obtained in both solution and in the solid state. From
such spectra the effects of environmental changes can be ascertained. These effects
are important since they can cause single molecular vibrations to give rise to multiple
bands which show differing dichroisms when the samples are examined with polarised
radiation.

The present work forms part of a program undertaken to obtain information about
the secondary structure of polysaccharides from the polarised IR spectra of single
crystals of oligosaccharides having the same unit cell. Liang and Marchessault®®
showed that the dichroisms of bands in the polarised IR spectra of cellulose 1 and II
could yield information about their secondary structures. They found that bands in
the C—H stretching and bending regions were particularly useful. These bands were
also found to be useful in a determination of the structure of a new anhydro sugar
alcohol.” In this paper the spectra of some O-methyl derivatives of glucose, xylose
and related glycosides are reported and the solid state spectra are examined for
evidence of environmental effects. Spectra in the OH stretching region are not
reported as they have been discussed previously.®

Problems of interpretation of the spectra of the model compounds can sometimes
arise as a result of their conformational flexibility. However, in the earlier study®
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of a number of these compounds only in one case, that of 2,3 di-O-methyl-D-xylo-
pyranose, did the compound appear to exist in other than the C1 conformation.®

The C—H stretching frequencies of the various compounds are listed in Table 1
and the spectra of 2,3 di-O-methyl-D-xylopyranose and 23,4 tri-methyl-p-xylo-
pyranose obtained from samples in both dilute solution in carbon tetrachloride and
in the solid state are compared in Fig. 1.

KCL
KCL

1 1 1 1 ] L ] ]
3100 3000 2900 2800 3100 3000 2900 2800
WAVENUMBER (CM1)

FIG. 1 Spectra in the C—H stretching region.

A. 2,3,4 tri-O-methyl-pD-xylopyranose
B. 2,3 di-O-methyl-D-xylopyranose.

The spectra obtained in dilute solutions will be discussed first, as they are simpler.
In the C—H stretching region, the solution spectrum of 2,34 tri-O-methyl-D-
xylopyranose may be expected to contain bands arising from three Me groups, one
methylene group at C, (see Ref. 3) and five methine groups. Each Me and methylene
group should give rise to two bands corresponding to symmetrical and unsymmetrical
vibrations of the C—H bonds. For saturated hydrocarbons intensities of the bands
decrease in the order: Me unsymmetrical stretching, Me symmetrical stretching,
methylene unsymmetrical stretching, methylene symmetrical stretching and methine
stretching vibrations. The intensity of each is diminished when the C—H containing
group is adjacent to an O atom.'°® According to Marchessault! the Me unsymmetrical
and symmetrical stretching vibrations in OMe derivatives of tetrahydropyran absorb
near 2975 and 2832 cm ™! respectively. Both bands are well defined in the spectra of
all of the compounds. The value for the symmetrical vibration is appreciably lower
than that associated with C—CH, groups and is in accord with the value obtained
by Henbest et al.!! for OMe groups in substituted cyclohexanes and steroids. Similarly
in the spectra of tetrahydropyran and its derivatives the methylene unsymmetrical



4024 A.J. MICHELL

and symmetrical stretching vibrations have been found! to absorb near 2935 and
2850 cm ~ ! respectively. Marchessault! has not distinguished between the frequencies
of the ring methylene group and those of the hydroxymethyl group, but Sohar et al.”
have suggested that the C—H frequencies of a CH,~—O— group should be lower
than those of a CH,—OH group on the basis of the C—H bond near the ether-oxygen
being less polarised than in the vicinity of an OH group. In most of the compounds
listed in Table 1 strong absorption is evident near these frequencies but in most
cases the lower frequency absorption could not be resolved from that of the Me
vibration. In many cases, however, the absorption near 2935 cm ™! is far more intense
than would seem appropriate for one or two methylene groups, so it may be that
methine groups absorb here, as well as near 2910 cm ™! as found by Stacey, et al.,'?
for the group involving the anomeric C atom, and near 2890 cm ™! as found by Fox
and Martin.'3 Another possibility is that this band may gain intensity from a reson-
ance interaction between an overtone of a C—H bending vibration of, for example,
a Me group and one of the C—H stretching vibrations. As the solution spectra of
the aand B forms of methy! 2,3,4 tri-O-methyl-D-glucopyranoside are almost identical,
it would seem that in this region bands associated with Me groups are relatively
insensitive to the axial or equatorial orientations of the groups.

From the frequencies in Table 1 and the spectra in Fig. 1 it is clear that there are
more bands in the C—H stretching region of the spectra obtained from solid state
samples than from solutions. The additional bands cannot be artifacts arising from
the incorporation of the samples in KCl discs since an identical spectrum is obtained
from samples mulled with hexachlorobutadiene. Hornig'* has suggested a number
of ways in which a single molecular vibration can give rise to multiple bands in a
crystal: (i) Through changes in the selection rules arising out of the alteration in the
symmetry of the potential field. Such changes are related to the symmetry of the
molecular site!® in the crystal. (ii) Through coupling between similar vibrations in
different molecules. These interactions are controlled by the symmetry of the entire
unit cell. In Table 2 are shown the splitting of the bands predicted from a knowledge

TABLE 2. SPLITTING OF BANDS IN THE CRYSTAL SPECTRA OF O-METHYL DERIVATIVES OF GLUCOPYRANOSE,
XYLOPYRANOSE AND A RELATED GLYCOPYRANOSIDE

Molecules Splitting under
Compound Space group in unit Site Unit cell
cell symmetry symmetry
2,3,4 Tri-O-methyl a-D-xylopyranose P2, 2 1 2
2,3,6 Tri-O-methyl a-D-glucopyranose P2,2,2 4 2 4
2,3,4,6 Tetra-O-methyl a-D-glucopyranose P2,2,2, 4 1 4°
Methyl 2,34 tri-O-methyl B-D-glucopyranoside P2,2,2 4 2 4¢

* One component is infrared inactive

of the symmetry of the crystals of those compounds for which such information is
available.!® Coupling involving Me vibrations would appear to be possible, but
coupling between methine stretching vibrations would seem likely to be weak in a
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case such as that of the a anomer of 2,3,4 tri-O-methyl-D-xylopyranose, the pre-
dominant anomer in our sample,® since under the operations of the space group
(P2,)'¢ the methine vibrations are either approximately parallel or antiparallel to
each other, (iii) Through the appearance of bands due to sum and difference frequen-
cies or overtone frequencies of molecular vibrations. Such bands could be present
in the spectrum of the free molecule, but would be enhanced in the crystal by the
probable increase in the anharmonicity of the potential function. (iv) Through
coupling of a molecular vibration with a lattice vibration. (v) Through bands resulting
from sum or difference frequencies of vibrations described in iv. The first three
possibilities are probably responsible for the observed band multiplicities, since the
large frequency differences between molecular and lattice vibrations makes their
coupling unlikely.

The frequencies of 3026 and 3015 cm ™! observed in the disc spectra of 3-O-methyl-
D-glucose and 6-O-methyl-D-glucose probably arise from a resonance interaction
between the methy! unsymmetrical stretching vibration and an overtone of a C—H
bending vibration since these frequencies are appreciably higher than those normally
found for C—H bonds in saturated ring systems not subject to undue strain.'°

Other important C—H vibrations include the unsymmetrical bending vibration of
the Me group and the symmetrical bending vibrations of the Me and methylene
groups. In saturated hydrocarbons the first named absorbs at 1460 cm~! and the
other two at 1378 and 1467 cm ~ ! respectively, with the methylene symmetrical bending
vibration being approximately twice as intense as the Me unsymmetrical bending
mode.'° In the spectrum of 2-methoxytetrahydropyran two bands were observed!’
at 1465 and 1450 cm ™!, and each of the compounds studied here shows two bands
close to these frequencies. The former probably arises from the methylene symmetrical
bending mode and the latter from the C—H unsymmetrical bending mode of the Me
group shifted to lower frequency by the proximity of the O atom.

The absence of bands between 1445 cm ™! and 1400 cm™! in all the glucose
derivatives, except 2,3,6 tri-O-methyl-D-glucopyranose, for which only a disc spectrum
has been obtained owing to its low solubility, is surprising since Liang and
Marchessault®:¢ have assigned a band at 1430 cm ™! in the spectra of the celluloses
to a methylene symmetrical bending vibration in the hydroxymethyl group. How-
ever, it may be that the frequency of this vibration is sensitive to the condition of the
neighbouring O atom.

The spectra of all the compounds studied showed bands of appreciable strength
in the region 1390-1370 cm . These bands may be assigned to the C—H symmetrical
bending vibration of the Me group. In substituted cyclohexanols it was found!® that
the bending frequencies of axial Me groups were slightly higher (~7 cm ™ !) than those
of equatorial groups. In the present work insufficient samples were available to test
whether this applied to carbohydrate derivatives also.

The spectra in the region 1500~670 cm ™! of methyl 2,3,4 tri-O-methy! a-D-gluco-
pyranoside and 2,3,4,6 tetra-O-methyl-D-glucopyranose (spectrum near 900 ¢cm ~*
suggests a preponderance of the a-anomer® !°) obtained in solution and as a film or
in a disc are compared with those of methyl 2,3,4,6 tetra-O-methyl a-D-gluco-
pyranoside in Fig. 2. The bands are listed in Table 3. Hence, it would appear that a
band at 1250 cm ™! in the solution spectrum (Fig. 2A) and a band at 1264 cm~! in
the disc spectrum (Fig. 2B) of 2,3,4,6 tetra-O-methyl-D-glucopyranose arise from the
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in-plane bending vibrations of the anomeric secondary OH group. Similarly in the
spectrum of methyl 2,3,4 tri-O-methyl a-pD-glucopyranoside the same vibration of
the primary OH group gives rise to a band at 1227 cm ™! in the solution spectrum
(Fig. 2E) and 1236 cm ™! in the disc spectrum (Fig. 2F). When the solution spectrum
of 2,34 tri-O-methyl-D-xylopyranose is compared with that of methyl 2,34 tri-O-
methyl-D-xylopyranoside the absorption arising from the in-plane bending mode of

11 U S 1
W0 U VO N0 WO K0 900
VOWENMBER (OMY)

FIG. 2 Spectra in the region 1500-670 cm ™ *,
. 2,3,4,6 tetra-O-methyl-D-glucopyranose in solution in C,Cl, and CS,
. 2,3,4,6 tetra-O-methyl-p-glucopyranose in a KCl disc
. methyl 2,3,4,6 tetra-O-methyl o-D-glucopyranoside in solution in C,Cl, and CS,
. methyl 2,3,4,6 tetra-O-methyl a-D-glucopyranoside in a film
. methyl 2,34 tri-O-methyl a-p-glucopyranoside in C,Cl, and CS,
. methyl 2,3,4 tri-O-methyl a-D-glucopyranoside in a film

MmO Ow»

the anomeric secondary OH group is not so obvious but appears to overlay another
band at 1260 cm~!. A comparison of the disc spectra, however, does not reveal bands
arising from this vibration.

The solution spectra of the three previously mentioned glucopyranose derivatives
and of 23,4 tri-O-methyl-D-xylopyranose and methyl 2,34 tri-O-methyl-D-xylo-
pyranoside appear to be very similar in the region 1190-1050 cm ™! with the most
intense peak appearing in each case near 1095 cm ™!, and in the cases of methyl
2,3,4 tri-O-methyl a-D-glucopyranoside, methyl 2,3,4,6 tetra-O-methyl o-D-gluco-
pyranoside and methyl 2,34 tri-O-methyl-D-xylopyranoside there are also shoulders
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near 1082 cm ™', In view of Page’s findings° that absorptions arising from C—O
bonds in methoxy steroids could be used to characterize them as equatorial (1104
1100 cm ™) or axial (1090-1086 cm ~!) the higher frequency absorption above could
possibly be assigned to equatorial O-Me groups and the lower to axial groups.
Other strong absorptions in this region, also, arise almost certainly from C—O
vibrations.

In steroid and triterpenoid alcohols C—O stretching vibrations of equatorial and
axial OH groups have been distinguished.?! However, in the carbohydrate derivatives
studied here the C—O stretching vibration of the alcohol groups does not appear
to be ¢learly marked.

By analogy with the spectra of steroidal sapogenins?? strong bands near 990 cm ™
probably arise from C—C stretching vibrations enhanced in intensity by their
proximity to oxygenated groups. Bands near 965 cm ™! have, however, been assigned
to terminal Me rocking vibrations.!®

In the spectra of the glucopyranose derivatives characteristic bands which have
been assigned by Barker et al.'® are present near 910,850 and 755cm ~!. An additional
band occurs near 700 cm~!. In the xylopyranose derivatives a band at 885 cm ™! is
prominent in both spectra and a band at 745 cm~! characteristic of a-anomers?? in
the spectrum of 2,3,4 tri-O-methyl-D-xylopyranose. All these bands appear to be
little affected by the state of the sample.

The spectra of films of methyl 2,3,4 tri-O-methyl a-D-glucopyranoside, methyl
2,3,4,6 tetra-O-methyl a-D-glucopyranoside and of the disc of methyl 2,34 tri-O-
methyl-D-xylopyranoside differed little from those of the solution spectra except
that bands in the region of 1190-1050 cm ™! were less well resolved. However, the
band at 1220 cm ™! in the solution spectrum of 2,3,4 tri-O-methyl-D-xylopyranose
(Fig. 3A) was split into two bands at 1238 and 1220 cm ™! in the disc spectrum
(Fig. 3B) the band at 1155 cm ™! into two bands at 1157 and 1144 cm ™! and the
band at 1095 cm ™! into two bands at 1107 and 1087 cm~!. Since the molecules of
2,3,4 tri-O-methyl-D-xylopyranose occupy sites of symmetry Cl1, these bands cannot
have arisen as a result of site group splitting in the crystal, but have arisen probably
as the result of coupling of the vibrations. The splitting of bands in the disc spectrum
of 2,3,4,6 tetra-O-methyl-p-glucopyranose (Fig. 2B) is not so marked except near
1045cm~ 1.

In conclusion, it is clear that bands arising from certain vibrations in the com-
pounds are more sensitive than others to changes in environment. Thus a number
of bands, including those arising from the bending vibrations of methy! and methylene
groups, and in the region below 900 cm ~ ! appeared to be little affected by the change
in environment. Such bands can be assigned when only a solid state spectrum is
-available and their dichroisms in a single crystal spectrum should be those pre-
dicted by means of the oriented gas approximation. Other bands, however, including
some in the C—H and C—O stretching regions were split in the solid state spectra
and difficult to assign. In predicting their dichroisms in single crystal spectra account
would have to be taken of intermolecular interactions in this environment. The
dichroisms of the C—H stretching vibrations of methine groups would be expected
to be little affected since vibrations whose transition moments are almost parallel
or antiparallel, as in the case of carbohydrates crystallizing in space groups such as
P2,, should couple only weakly. Some of the environmental effects observed in the

1
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C—H stretching region may be associated with the O-Me groups in the samples

* and would not be present in the spectra of the parent monosaccharides. This possi-
bility cannot, however, be tested readily since such carbohydrate derivatives are
insoluble in the appropriate solvents.

FIG. 3 Spectra of 2,34 tri-O-methyl-p-xylopyranose

A. In solution in C,Cl, and CS,
B. In a KCl disc.

EXPERIMENTAL

The solvents and a number of samples used were the same as described previously.® In addition, pure
samples of methyl 2,3,4,6- tetra-O-methyl a-D-glucopyranoside and methyl 2,34 tri-O-methyl-D-xylo-
pyranoside were kindly supplied by Prof. T. E. Timell, 2-O-methyl-p-glucopyranose and 2,3 di-O-methyl-
p-glucopyranose by Dr. E. F. L. Anet and 3-O-methyl-D-xylopyranose and 6-O-methyl-D-glucopyranose
by Prof. B. Lindberg. The sample of '3-O-methyl-D-glucopyranose was obtained from Calbiochem.
Hexachlorobutadiene was obtained from L. Light & Co., and the KCl was purified by the method of Hales
and Kynaston.?*

NaCl cells of S mm pathlength were used for most of the measurements. The spectra were measured
on a Grubb Parsons double beam S4 spectrometer equipped with silica and rocksalt prisms. In the C—H
stretching region the solvent used was CCl, and in the region 16501400 cm ™! C,Cl,. CS, was used for the
remainder of the spectrum.

In the C—H stretching region hexachlorobutadiene mulls were used as well as KCl discs in obtaining
the solid state spectra.
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