
Carbohydrate Research, 210 (1991) 3949 
Elsevier Science Publishers B.V., Amsterdam 

39 

Vibrational Raman optical activity of carbohydrates 

Laurence D. Barron, Angelo R. Gargaro, and Zai Q. Wen 
Chemistry Department, The University, GlasyoM, GI2 SQQ (Great Britain) 

(Received June Ist, 1990; accepted for publication, July 19th, 1990) 

ABSTRACT 

Vibrational Raman optical activity (R.o.a.) spectra ofa range of carbohydrates in aqueous solution, 
measured in back-scattering between 700 and 1500 cm ‘, are presented. Features were revealed that appear 

to be characteristic of details of the stereochemistry. Effects associated with the glycosidic linkage in di- and 
oligo-saccharides are prominent. 

INTRODUCTION 

Measurements of vibrational optical activity on chiral molecules can provide new 
information on stereochemistry because a vibrational spectrum contains bands associ- 
ated with every part of the molecule’. Vibrational optical activity in typical chiral 
molecules in the disordered phase was first observed using the Raman optical activity 

(R.o.a.) technique, which measures small differences in the Raman scattered intensities 
in right- and left-circularly polarised incident light2.3. Until recently, lack of sensitivity 

has restricted R.o.a. studies to favourable samples such as neat liquids4.5 , with the 
complementary technique of vibrational circular dichroism (v.c.d.) finding more appli- 
cation in studies of stereochemistry6. However, a recent major advance in R.o.a. 
instrumentation, based on the use of a back-scattering geometry7xn (in place of the usual 

90”-scattering arrangement) together with a cooled charge-coupled device as detector’, 
has now rendered a much wider range of samples accessible to study. We now report 
R.o.a. spectra of a range of carbohydrates in aqueous solution, which indicate that this 

technique has potential for studies of the structure and stereochemistry of carbo- 

hydrates. 
Most carbohydrates are not amenable to conventional electronic circular di- 

chroism (e.c.d.) studies because they absorb below the short-wavelength limit of N 190 

nm of most commercial instruments. Therefore, studies have been restricted to the 

long-wavelength tails of the first e.c.d. bands”, or elaborate procedures, such as the 

dibenzoate exciton chirality method”, have been employed. Several v.c.d. studies of 
carbohydrates have been reported that covered both the CH stretching region6X’2,‘3 and 
the mid-i.r’4,‘5, and, although they demonstrated the potential value of vibrational 
optical activity, they also exposed problems associated with the complexity of the 
molecular vibrations, together with low sensitivity. Moreover, water is not a useful 

solvent for i.r. spectroscopy. Although water is an excellent solvent for Raman spectros- 
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RESULTS AND DISCUSSION 

~-Glucose and D-x~~lose. - The back-scattered R.o.a. spectrum of o-glucose is 

shown in Fig. 1. This molecule exists preponderantly in the 4C, pyranose conformation 

in aqueous solutionz4 with an r$ ratio of w 1:2. For comparison, the R.o.a. spectrum of 

D-xylose is shown in Fig. 2, since this molecule has the same conformation in solution as 

D-glucose with a similar K/I ratioz4 but lacks the CH,OH group. One difference is the 

presence of a broad couplet centred at 1325 cm ~-I, negative at low and positive at high 

frequency, only in the former spectrum. Bands in the conventional Raman spectrum of 

glucose in this region have been assignedz5,” to CH?, C-O-H, and CH deformations, 

and Cael et al.” have described a complex calculated mode of a-D-ghCOSe at 1335 cm- ’ 
in terms of CH, twisting, several C-O-H bends. and a high degree of C-CH bending. 

Although there are small differences in the puckering of the pyranoid rings in c(- and 

P-D-glucose with associated differences in the conformation of the pendant side 

groups2’, P-D-glucose would be expected to have a similar mode of vibration, perhaps 

shifted slightly in frequency. Therefore, it seems likely that this couplet in the solution of 

D-glucose originates in deformations of the CH,OH group together with deformations 

of adjacent parts of the pyranoid structure, and is broadened a little due to contributions 
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Fig. I. The back-scattered Raman (In + I’.) and R.o.a. (IR - IL) spectra of D-glucose in aqueous solution. 

The intensity scales (in electron counts) are arbitrary. 



from both anomers. a conclusion that is reinforced bq the appwrancc of a similar 

couplet in the R.o.a. spectra of maltose, mnltotriose. and x-qclode\trin (see bclo~ ). 

The v.c.d. spectra of I>-glucose and ~xylose were recorded also in the region of 

the above R.o.a. spectra and. in contrast to the R.o.a. \pcrtrurr. the I .c.d \pcctrum of 

D-xylose was richer than that of ~~-glucosc’~. 

Roth wglucose and I-)-xylose show similar R.o.a, .‘fingerprintb” b<t~.ccn _ 960 

and 117Ocm ‘, with that 01‘ i)-xylose shifted by _ 20 c’m to do\\ er f’rcqurncy. The 

positive R.o.a. featureat - 115Ocm ’ for I>-glucose can bc assigned ti> a mode described 

by Gael P/ rrl.‘? as a complex coupling of ring C 0 and C‘ (I” strctchlng together with 

C 0 H and C C -H bending. The curious sharp drop to ;I smell Ilegati\e ‘-sIc’~” rnlght 

bedue tocontributions ofopposite sign from the x and /~anomer~. for which this mode is 
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Fig. 3. The back-scattered Raman and R.o.a. spectra of D-arabinose in aqueous solution 
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Fig. 4. The back-scattered Raman and R.o.a. spectra of u-lyxose in aqueous solution. 
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Fig. 5 

Fig. 6. 

Maltose 
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The back-scattered Raman and R.o.a. spectra of maltose in aqueous solution. 

FT’ i T7”““““‘l” ““““1”““‘1”“- 
Cellobiose 
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The back-scattered Raman and R.o.a. spectra of cellobiose in aqueous solution. 



Ci-Cyclodextrin 

, 



RAMAN OPTICAL ACTIVITY OF CARBOHYDRATES 47 

is attributed to interactions of the C-I’-H deformations and the glycosidic C-O-C 

stretch, perhaps with some involvement of the C-4-H deformations. The R.o.a. spec- 

trum of cellobiose contains no significant features in the region in which this couplet 

occurs for maltose, even though there are conventional Raman bands in the same place. 

One possible explanation is that the C-l’-H and C-4-H bonds are more nearly co- 

planar in cellobiose than in maltose, which is supported by the X-ray crystal data for 

cellobiose” and maltose3’. Also, molecular dynamics calculations indicated there to be 

greater freedom of motion of the eq,eq linkage of cellobiose compared with the ax,eq 

linkage of maltose”, so that cellobiose can adopt more conformations in solution, 

which would tend to remove the R.o.a. 

Maltotriose and cc-cyclodextrin (ctCD, cyclomaltohexaose). -The back-scattered 

R.o.a. spectra of maltotriose and c&D are shown in Figs. 7 and 8, respectively. 

Maltotriose shows basically the same features as maltose, but most are broadened, 

which is consistent with the increased conformational possibilities. The couplet centred 

at * 9 10 cm ’ has grown relative to the other features, which reinforces its assignment 

to the glycosidic linkage and indicates that the conformation around the two glycosidic 

linkages in this molecule are similar to each other and to that in maltose. 

The glycosidic feature for clCD is enormous with a d-value [(IR - IL)/(IR + IL)] of 

several parts in 1 O’, which is an order of magnitude larger than the largest dimensionless 

R.o.a. intensities usually encountered (it is not possible to provide a better estimate 

because the associated Raman bands are weak and overlap). A new, weak, positive 

feature has appeared also on the high-frequency side, which is connected with the fact 

that the associated Raman bands now constitute a triplet rather than the doublet for 

maltose and maltotriose. It has been suggested that this multiplicity indicates that not 

all of the glycosidic linkages in c&D are equivalent”. Most of the other features shown 

by maltose and maltotriose are discernible. 

Maltose, maltotriose, and &D each has a small but significant negative feature at 

N 850 cm-’ that, presumably, involves the second mode mentioned above, which 

contains a significant contribution from C-l’-H deformations. 

1,6-Anhydro-/bx$ucopyranose. - The back-scattered R.o.a. spectrum of 1,6- 

anhydro-/I-D-glucopyranose is shown in Fig. 9. Generally, the R.o.a. bands are more 

intense and sharper than for the other carbohydrates, and reflect the more rigid 

structure. The large bands in the region 82&950 cm- ’ probably originate in modes 

similar to those involved in the glycosidic linkage; the fingerprint in the region 98&l 160 

cm -’ is reminiscent of those for D-glucose and D-xylose, and the two large positive 

features at u 1190 and 1225 cm-’ together with the broad negative feature at 125&1450 

cm ’ might involve deformations of the CH, bridge. 

Thus, the R.o.a. results re-affirm the considerable delocalisation of the vibration- 

al modes of pyranosides, which renders experimental assignment of the majority of 

frequencies problematic, even in the most recent work33, but gives readily discernible 

fingerprints characteristic of structural units, which obviates the need to assign the 

associated Raman bands in detail. The presence of detailed structure in some spectra 

and the contrasting broadening in others has implications for studies of conformational 
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