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ABSTRACT 

The i-r. spectra of disaccharides differing in monosaccharide composition and 
in the position and configuration of the glycosidic linkage, and also those of rafEnose 
and model saccharides, were studied in the region 1,000-40 cm- ‘. Two ranges may 
be of interest for structural analysis_ The fist, called “the anomeric region”, is 
suitable for the determination of the configuration of the glycosidic linkage. The 
spectra of the oligosaccharides in the second retion, called “the region of crystal&&y”, 

depend upon the packing of the molecules in the solid. The reasons for the present 
impossibility of using the far-infrared region of the i.r. spectra of lower oligosac- 
charides for the determination of the position of the glycosiclic linkage are considered. 

INTRODUCTION 

The search for new physical methods for rapid and reliable identification of 
partial-hydrolysis products of polysaccharides and for the investigation of their 
structure has led to an extensive study of the spectra of carbohydrates in the far- 
infrared region l-‘. Below 1000 cm- ‘, the infrared (i.r.) spectra of carbohydrates are 
individual, and a number of bands are seen that increase at low temperature5. 

In the present paper, the interrelation between the monosaccharide composition 
of oligosaccharides, the configuration and the position of the glycosidic linkage, the 
values of the conformational parameters6 4 and ti, and the spectral characteristics 
in the region 1,00040 cm- ’ are considered. The compounds listed in Table I were 
studied. 

X-Ray data indicate that the pyranose residues of compounds l-3, 6, and 13 
adopt the 4C1(~) conformation’-’ ‘. The same conformation is postulated for the 
pyranose residues of disaccharides 4 and 5. 

Compounds l-4, 6, 7, and 9-13 (Chemapol, Czechoslovakia, and E. Merck, 
West Germany) were further purified by recrystallization from suitabIe solvents, 
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TABLE I 

i-HE sTRucruRE OF THE COMPOUNDS INVESTIGATED 

NO. Compound Giycosidic linkage irr 
reducing disaccharides 

w 
$egr ee.s) (degrees) 

configura lion Posirion 

6 
7 
8 
9 

10 
11 
lz! 
13 

P-Maltose monohydrate 
a-Lactose monohydrate 
j3-Cello’oiose 
&Gentiobiose 
3-O-(2-Acetamido-2-deoxy+D- 

glucopyranosyl)-a-D-glucose 
Sucrose 
a-D-Glucose 
B-D-Glucose 
Methyl a-D-glucopyranoside 
Methy B-D-glucopyranoside 
Methyl &D-galactopyranoside 
&D-Fructose 
RafEnose pentah&ate 

144 181 193 
144 -92.6 94.6 

; 
144 -77-P 106 
146 

B l-+3 

and were then dried in vacua over phosphorus pentaoxide at 25”. Compounds 1, 2, 
and 13 were hydrates. /?-D-Glucose was obtained by crystallization, by addition of 
alcohol to a hot, aqueous solution of D-glucose. Disaccharide 5 was synthesized as 
describedl’. Melting points and optical rotations of the compounds were in good 
agreement with the data in the literature. Amorphous samples of D-glucose and 
disaccharides l-3 were obtained by dissolution of the appropriate, crystalline com- 
pound in water, and lyophilization when mu&rotation was complete. 

Ix. spectra were recorded on Perkin-Elmer Model 257 (1JIOO-625 cm- ‘), 
UR-20 (700-400 cm’ ‘), or FIS-21 (500-40 cm- ‘) i.r. spectrophotometers for 
potassium bromide pellets and for Nujol mulls. Frequencies were measured to an 
accuracy of withiu +2 cm- ‘. The instruments were calibrated by use of the i.r. 
spectra recorded for polystyrene and for water vapor. 

RESULTS AND DISCUSSiON 

Before our analysis of the spectra is discussed, it is noted that a reducing 
disaccharide consists of two monomeric units, (a) the glycosyl group, resembling a 
glycoside (residue A), and (b) the glycose residue, resembling a free reducing sugar 

residue A reSidue B 

Fig. 1. Skeleton formula of a reducing disaccharide. 
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(residue B) (see Fig. 1). Compounds 9-12 served as models of residues A, and 7, 8, 
and 12, of B. 

The i.r. spectra of compounds 1-13 in tie region 1,OCKMO cm- ’ are reproduced 
in Fig. 2. For convenience, the spectra are divided into three regions. 

The region 1,000-800 cm-‘. It has been shown13 that the band at 915 cm- ’ 
in the ix. spectra of cyclic sugars is due to the vibration of the pyranose ring. The 
bands in the regions 845-810 and 900-890 cm-’ were assigned13 to the vibrations 
of the equatorial (a anomer) and axial (B anomer) C-l-H group, respectively, and 

Fig. 2. The i-r. spectra of compounds l-13. 
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so this region (1300-800 cm-‘) was called “the anomeric region”. Later, vibrations 
in tie 920-800-cm-1 range were considered to be complex14-’ ‘, the number of 
“anomeric” bands being assumed to depend upon the combination of configurations 
of CH groups at the adjacent, asymmetric carbon atoms14. However, as analysis 
of the i.r. spectra of model compounds shows, there is no strict correlation between 
the number of bands in the anomeric region and the combination of cotigurations 
of CH groups. For exampIe, one and two bands respectively are observed in the i.r. 
spectra of methyl /?-D-ghrcopyranoside and fi-D-glucose. We assumed that the vibra- 
tion of the py-ranose ring in the spectrum of methyl fl-D-glucopyranoside is shifted 
to 881 cm-’ and overlaps with the anomeric vibration. Thus, the pyranose-ring 
vibrations in the compounds investigated may arise in the 920-881-cm- ’ range. The 
bands below 870 cm- ’ were not detected in the i-r. spectra of /I? anomers, irrespective 
of the combination of CH group cor&gurations, whereas, in the spectra of a anomers, 
these bands were present in the 867-815-cmS1 range. 

Three bands are observed in the spectra of/3-maltose and a-lactose, at 908,898, 
and 843 cm- I, and 917,900, and 877 cm- ‘, respectively. It follows from comparison 
of the i-r. spectra of the disaccharides with the spectra of model compounds that the 
bands at 908, 898 cm- ’ and 917, 900 cm- ’ can arise from vibrations of pyranose 
rings. Nevertheless, it is not excluded that the band at 898 cm- ’ is the anomeric 
band of residue B. The remaining bands, at 843 and 877 cm-l, were assigned to 

TABLE! II 

lBI FREQU?ZNCES OF VIBRATIONS OF OLIGOSACCH4RIDES AND 
MODEtCOhfPOUNDSINTKEANOMEFUCREGION 

NO. Compound Frequencies 
of nibrations 
(cm- 1) 

References 

7 
9 
11 

8 
10 

11 

12 
1 
2 
3 
4 
5 

6 
I3 

a-D-Glucose 915, 840 see also, ref. 18 
Methyl a-D-glucopyranoside 900, 845 see also, ref. 19 
Methyl a-D-gdactopyranoside 920, 867, 820 4, 19 
Methyl cc-D-mannopyranoside 915, 890, 846, 

815 4, 19 
/?-D-Glucose 915,900 see also. ref. 18 
Methyl /?-D-glucopyranoside 881 see also, ref. 19 
Methyl SD-galactopyranoside 887, 870 see also, ref_ 19 
Methyl &D-xylopyranoside 900 4, 19 
b-D-Fructosea 873,869 see also, refs. 18, 20,21 
&Maltose monohydrate 908,898, 843 
cc-Lactose monohydrate 917,900,877 
&CeUobiose 896, 890 
&Gentiobiose 916,908 
3-0-(2-Acetamido-2-deoxy-B_D-glucopyrano- 

&-a-D-glucose 897, 890 
Sucrose 910, 869,850 
R&nose pentahydrate 874, 860, 835 

@The i-r. spectrum of &D-fructose is given oniy for comparison with that of sucrose. 
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vibrations at the anomeric centers of the CL and j? anomers, respectively, as they were 
located in the aforementioned regions. We assigned them to residues A, as the bands 
at 845 and 870 cm- ’ are present in the spectra of compounds 9 and 11 (see Table II). 

Only two bands are observed in the i.r. spectra of /I-cellobiose, /I-gentiobiose, 
and disaccharide 5. One of these bands was assigned to the pyranose-ring vibrations, 
and the other to the vl%rations at /3-anomeric centers of residues A and B. It should 
be noted that no anomeric bands arising from B residues of disaccharides 2 and 5 

were observed in the i.r. spectra at 840 cm- ’ (see Table III). 

TABLE III 

COMPARISON OF FREQUENCIES OF VIBRATIONS (Cm- ‘) IN THE ANOMERIC REGION OF 

RESIDUES A AND B OF OLIMSACCHARIDES 

Residue A 

(model compound) 

OIigosaccharide Bands of the Residue B 

oligosaccharide (model compound) 

900,845 

887,870 
881 
881 
881 

881 
900,845 

J-Maltose 
u-Lactose 
J%Cellobiose 
j-Gentiobiose 
3-O-(2-Acetamido-%deoxy-/?-n- 

glucopyranosyl)-cr-D-~u~ose 

Sucrose 
RafEknose 

908, 898,843 915,900 
917,900,877 915,840 
896, 890 915,900 
916,908 915,900 

897, 890 915,840 
910, 869,850 873, 869 
874, 860,835 

From these data, it may be assumed that the i.r. spectrum in the anomeric 
region is suitable for the determination of the configuration of the glycosidic bond in 
disaccharides. 

The bands in the i.r. spectrum of sucrose were assigned as follows: the band at 
910 cm-‘, to the v&ration of the pyranose ring; that at 869 cm-‘, to the vibration 
of the furanose ring; and that at 850 cm- ‘, to the cc-anomeric band of residue A. 
It is diflicult to tid in the i-r. spectrum of r&nose the band arising from pyranose- 
ring vibrations, as they are shifted outside this region. Of the two bands, at 874 and 
860 cm- ‘, one may be attributed to the vibration of the furanose ring, but the pos- 
sibility that the band at 860 cm- ’ is due to the libration modes of the water of 
hydration1 6 cannot be excluded. The presence of the band at 835 cm- 1 indicates 
the cr-confignration of at least one of the glycosidic bonds. 

The region 700-500 cm-‘. This region may be called “the region of crystallinity “, 

because, as OUT data show, a number of the bands located in this region disappear 
from the i-r. spectra of amorphous mono- and d&saccharides (see Fig. 3; see also, 
ref. 22). 

As, in the 700-500-cm-1 range, there are bands caused by nonplanar, bending 
modes of hydroxyl groups4 participating in hydrogen-bond formation, i-r. spectra 
ought to be dependent on the packing of such molecules in the crystalline lattice. 
Intercomparison of the ix. spectra of disaccharides (composed of identical, or differ- 
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Fig. 3. The is spectra of compounds l-l3 in “the region of cmtdlinity”. tithe spectra of amor- 
phous samples are shown by dotted lines-) 
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em, monosaccharide units) with each other or with the spectra of model compounds 
(see Table IV), shows marked differences which may be explained by the formation 
of inadequate sets of hydrogen bonds. For example, the hydroxyl group located at 
the same asymmetric carbon atom can form hydrogen bonds of differing strength 
(i.e., the length and the angle of the hydrogen bond is changed, or the hydroxyl 
group participates in the formation of either a donor or a donor-acceptor hydrogen- 
bond4). On the other hand, X-ray data indicate7-11~23*24 that the mono- and di- 
saccharides compared have hydrogen bonds of similar type and similar length. 
Apparently, this results in the appearance in the i.r. spectra of bands having the same 
frequency. 

TABLEIV 

THE FRJZQUENCIES OF VIBRATIONS (CID-‘) IN THE CRY= ALLJNITY RANGE 

Residue A Disaccharide BanaTs of the Residue B 
(model compound) disaccharide (model compound) 

670,603 
632,600 
668,650,635 
668, 650, 635 
668,650,635 

670,603 

&Maltose 670, 64.0, 622,593 640, 593 
a-lactose 670,645,630,603 648,625,603 
fl-Celiobiose 666,643,620 640,593 

&Gentiobiose 670,645,623,598 640,593 
3-0-(2-Acetamido-2-deoxy-B-D- 

glucopyrano~yl)a-D-glucose 668,645,623 648,625,603 

Sucrose 683, 642 685, 630, 600 

Despite some differences, there is a definite similarity between the i-r. spectra of 
disaccharides 1-5. Apparently, the reason is that residues A and B represent pyranose 
rings adopting the same [%Z,(D)] conformation. The replacement of one pyranose 
ring by a furanose ring (as in sucrose) influences the spectrum signilicantly; a band 
at 683 cm-l appears that is observed only in the spectra of D-fructose, sucrose, and 
raffinose (see Fig. 3). Recently, it was shown ’ 6 that, in the i.r. spectrum of a branched 
(l-+3)-c+D-dextran, there is a band at 790 cm- ’ which is absent from the spectra of 
branched (1-4)~U-D-dextrans. It is not surprising that similar correlations are not 
observed for the i.r. spectra of disaccharides 1-5 in the region 800400 cm- ‘. Actually, 
it is to be expected that, for lower oligosaccharides having differing structures, the 
frequencies of vibration iu the far&i%ared region will undergo complex changes on 
passing from one oligosaccharide to another (see next). 

The region 500-M ~111~ ‘_ Below 500 cm- ‘, the i.r. spectra of disaccharides 1-5 
differ greatly from each other. The presence of a large number of absorption bands is 
characteristic for this region (see Fig. 2). At the same time, comparison with the 
spectra of model compounds possessing the same structural features does not allow 
a correlation to be found between the structure (the monosaccharide composition, 
the position and the conf&ration of the glycosidic linkage, the packing of molecules 
in the solid state, the conformational parameters 4 and @, etc.) and the i.r.-spectral 
characteristics in the far-infrared region. Even the strong absorption at 320-250 cm-l 
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present in the spectrum of @D-glucose is not observed in the spectrum of disaccharides 
contaming a /_?-D-ghCOpyranOSyI group or a /I?-D-glucopyranose residue. The interac- 
tion of vibrations’ 5 and the high sensitivity of bending skeietal and twisting vibra- 
tions to small changes in the structure of the molecule, together with the fact that, 
on passing from one oligosaccharide to another, at least two structural factors are 
changed, make the search for any correlations and the ascribing of vibrations impos- 
sible. Apparently, that is why Hineno and Yoshinaga, in their later papers2*3-5 did 
not assign the bands observed in the 10-cm-l range to inter-ring modes. Never- 
theless,.it is to be expected that, for higher oligosaccharides and polysaccharides, 
the far-infrared region may be as informative about the strncture of carbohydrates as 
it is for regular oligo- and poiy-peptides”. 
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