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Characterisation of some anomeric pairs of per-O-acetylated aldo-
hexopyranosyl cyanides by laser-Raman spectroscopy”*
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Glycosyl cyanides are versatile, synthetic intermediates of considerable util-
ity for the preparation of compounds of biological and chemical interest, including
naturally occurring C-nucleosides and their analogs', irreversible enzyme-in-
hibitors?, and substrate analogs®, and are of interest as chiral synthons for many
natural products®. As part of a program® to synthesize a series of C-glycosyl com-
pounds that can potentially be used as “suicide substrates”™ and (photo)affinity-
labeling reagents for glycosidases and other carbohydrate-binding proteins, com-
pounds 1-8, the per-O-acetylated 12-trans- and 1,2-cis-aldohexopyranosyl
cyanides (2,6-anhydroheptononitrile peracetates) of D-galactose, L-fucose, D-
glucose, and D-mannose, were recently prepared. The structure of each of these
compounds was unequivocally established by elemental analysis, optical rotation,
20-MHz ">C-n.m.r. and 300-MHz 'H-n.m.r. spectroscopy, chemical transforma-
tion, and comparison with authentic compounds.
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It was also of interest to characterize compounds 1-8 by vibrational spectros-
copy. Unfortunatelv. it 15 well established® that the substitution of the alkyl group
of alkylnitriles with oxvgen-containing functional groups results in a decrease in the
intensity of the infrared (i.r.) -C=N stretching vibration. Morcover. this effect
1s known to be enhanced by increasing the number of such substituents and by at-
taching them to the carbon atom that bears the -C=N group” In agreement with
these observations. O-protected glycosy] cvanides do not generally exhibit the -
frared -C=N stretching-vibration”. Total quenching of this band in the 1.1 spectra
of other cyano carbohydruate derivatives has been reported™ As aresult, ivr spec-
troscopy is often of limited value in the structural analvais of cyano carbohydrates

On the other hand. the Raman spectra of substituted-alk vl nitriles are not
subject” to significant guenching of the -C=N stretching vibration. Recently.
Kochetkov and co-workers reported'” that the Raman spectra of several per-O-
acetylated 1.2-O-(vxo- and endo-cyanoethylidene jaldohexopyranoses. as well as ot
2.3.4.6-tetra-O-acetvl-g-D-galactopyranosyl cyamide (1), exhibited strong. ~C-=N\
stretching-vibration bands in the region of 2250-2230 ¢cm . but no corresponding
bands were seen in their .o spectra. We have examined the per-O-acetvlated 1.2-
trans- and 1,2-cis-aldohexopyranosyl cyamides 1-8 by laser-Raman spectroscopy.
and conclude that differences observed in the ~C=N and C -C «tretehing vibration
frequencies appear to be dependent solely on the stereochenustry taxial versis
equatorial orientation) of the anomeric cvano group

EXPERIMENTAI

The anomeric pairs of per-O-acetylated aldohexopyranosyl cyvanides of D-
galactose, L-fucose. D-glucose. and D-mannose. compounds 1-8. were prepared by
cyanation of their per-O-acetylated-a-D(a-1 -Yaldohexopyranosyl bromides with
mercuric cyanide, tollowed by purification and crystallization™™. Raman spectra
were recorded by excitation of crystalline samples with the S14.5-nm line of an
argon-ion laser {Spectrophyvsics model SP-164) having 4 green interference-filter
Each spectrum consists of an average of ten scans processed by a SCAMP data-ac-
quisition unit attached to a Spex Ramalog 5 spectrophotometer. The sumples were
examined from 3200-200 cm ' with a slit width of 200 um and o laser power of SO-
200 mW.

RESULTS AND DISCUSSION

The laser-Raman  spectra of the per-O-acetylated  aldohexopyranosyl
cvanides 1-8 are reproduced in Figs. 1. For each of the compounds examined. a
single. sharp peak was observed in the region of 2262-2242 cm ', This region cor-
responds to the expected frequency for the —«C=N stretching-vibration” Each ot
the per-O-acetylated aldohexopyranosyl cyanides previously shown by conforma-
tional analysis to have an equatorial. anomeric cyvano group (the 8 anomers 1, 3,
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Fig. 1. Laser-Raman spectra of (A) 2.3.4,6-tetra-O-acetyl-a-bD-galactopyranosyl cyanide (2) and (B) its
B anomer (1} in the solid phase.

5, and 7) exhibited the -C=N stretching-vibration in the region of 2262-2257 cm
(see Table I). Those compounds known to have an axial. anomeric cyano group
(the @ anomers 2, 4, 6, and 8) displayed lower —C=N stretching-frequencies, from
22442242 cm ™! (see Table I).

Thus, the difference in the —-C=N stretching-vibration frequencies of the
equatorial and axial anomeric cyano groups of per-O-acetylated aldo-
hexopyranosyl cyanides is considerable. The differences are at least 12 cm™' and,
on the average. ~16 cm~'. Moreover, these values of ¥(—C=N egq.) and »(~C=N
ax.) are not affected by changes in the configurations of the skeletal carbon atoms,
the conformation, or the substituents on C-6.

This apparently exclusive dependence of »(-C=N) on the equatorial or axial
orientation of the cyano group of per-O-acetylated aldohexopyranosyl cyanides
makes laser-Raman spectroscopy a valuable tool for the determination of their
anomeric configuration, provided that information on the favored conformation of
the pyranosyl moiety is available. Conversely, the value of »(-C=N) of a per-O-
acetylated aldohexopyranosyl cyanide of known anomeric configuration should
prove useful in conformational analysis. In this regard, it is of interest that an i.r.-
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Fig. 2 Laser-Raman spectra of (A) 2.3 4-tn-O-acetyl-a-L-fucopyranosyl cyamde (4) and (B) 1ts 8
anomer (3) 1n the solid phase
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spectroscopic study of a series of anomeric pairs of glycosyl isocyanides by De-
scotes and co-workers'' demonstrated a similar dependency of the -N=C stretch-
ing-vibration frequency on the stereochemistry of the anomeric isonitrile group
[(-N=Ceq.)2146-2141 cm ", »(-N=Cax. ) 2129-2123 ¢cm ']

It was anticipated that the stretching-vibration frequency of the C-C bond
between C-1 and the cyanide carbon atom exhibited by per-G-acetylaido-
hexopyranosyl cyanides having equatorial and axial anomeric cyano groups should
differ. Typically'?, the C-C stretching-vibration appears in the region from 1140~
1000 cm™~'. Examination of the laser-Raman spectra of compounds 1-8 revealed
the presence of a distinct band in the region from 1109-1104 cm ! for all of the
compounds having an equatorial anomeric cyano group (the 8 anomers 1, 3, §, and
7). With the exception of 2.3,4.6-tetra-O-acetyl-a-D-glucopyranosyl cyanide (6).
no band was observed in this region for any of the compounds having an axial
anomeric cyano group (the a anomers 2, 4, and 8). On the other hand. the & anom-
ers 2,4, and 8, but not 6, exhibited a band in the region of 1127-1122 ¢cm ! that was
absent from the spectra of the 8 anomers.

It is not possible to assign, definitely, the 1109-1104-cm ' band to the eq. C—
C stretching-vibration and the 1127-1122-cm ™ ! band to the ax. C~C bond vibration
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Fig. 3. Laser-Raman spectra of (A) 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl cyanide (6) and (B) its 8
anomer (5) in the solid phase.

TABLE 1

CHARACTERISTICS OF ANOMERIC C=N AND C—C STRETCHING-VIBRATION BANDS IN THE RAMAN SPECTRA OF
PER-O-ACETYLALDOHEXOPYRANOSYL CYANIDES (1-8)

Compounds Stretching
vibration (cm™ ")

C=N Cc-C
Region 1 Region II

Equatorial -C=N

(B anomers)

1 22574 1104 none
3 2262 1107 none
5 2256 1109 none
7 2259 1109 none
Axial -C=N

(« anomers)

2 2244 none 1123
4 2242 none 1127
6 2243 none® none
8 2242 none 1122

*Kochetkov and co-workers' reported »(~C=N) 2250 ~' for this compound. *For this compound, a
band was observed at 1111 ecm™".
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Fig. 4. Laser-Raman spectra of (A} 2.3.4.6-rctra-O-acetyl-a-D-mannopyranosyl evanide (8) and (B) its
B anomer (7) in the solid phase

without performing isotopic-substitution experiments. It does. however, seem
reasonable to assume that the C-C-bond stretching-frequencies should be different
for compounds respectively having axial and equatorial anomernic cyano groups.
that these differences should be relatively independent of changes in the rest of the
molecule. and that these differences should appear in the C-C stretching region of
1140-1000 cm ', In any event. the laser-Raman, C-C stretching-vibrations exhi-
bited by per-O-acetylaldohexopyranosyl cyanides appear to be useful for confirm-
ing the stereochemical assignment of the anomeric cyano group.

In the past, i.r. spectroscopy has been one of the most important instrumen-
tal methods for the analysis of carbohydrate structure'’. More recently. Raman
spectroscopy has become' a powertful tool for the elucidation of carbohydrate
structure. including such areas as functional-group identification. assessment of
anomeric configuration, and determination of tavored conformation. Raman spec-
troscopy has several inherent advantages over i.r. spectroscopy'”: for cxample,
Raman spectra can be obtained directly for solid samples (without admixture with
Nujol or KBr), or for an aqueous solution of the compound of interest. and the re-
sulting absorption peaks are frequently sharper than those in the corresponding i.r
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spectra, thus providing more-precise information. An additional, important advan-
tage of Raman spectroscopy is that certain bondings, including C-N. C=S, and S-
H, yield strong Raman bands, whereas these bands are frequently weak in, or ab-
sent from, the corresponding i.r. spectra.

In the present study, these features of laser-Raman spectroscopy have been
effectively utilized in order to examine the —-C=N stretching-vibrations of per-O-
acetylaldohexopyranosyl cyanides of the 1,2-frans and 1,2-cis configuration. As a
result, we have been able to correlate the value of »(—C=N) with the stereochemis-
try of the anomeric cyano group, and suggest that laser-Raman spectroscopy may
prove of value in the structural analysis of other cyano carbohydrate derivatives.
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