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ABsTIL4cT 

The geometry of the glycosidic valence-bond angle for both the /l-~-(1 -4) and 
j?-~-(1+3) linkages has been investigated by using CNDO and PCILO molecular- 
orbital techniques on model compounds. In each case, the glycosidic valence-bond 
angle of minimum energy was about 11 I”, corresponding to the value observed in 
ether analogs_ A secondary energy-minimum was found near 116’, which is the value 

experimentally observed for saccharides. It was concluded that long-range intra- 
and/or inter-molecular interactions are responsible for overall preference for the 116” 
value of the valence-bond angle. The force constants predicted from the shapes of the 
116” bond-angle minima gave poor agreement with the experimental values found for 

ethers and employed in normal coordinate analyses of saccharides. The results did 

suggest that the B-~-(1-+3) bond angle should be 115.6”, which is smaller than the 
corresponding &o-(1+4) bond angle. An intrinsic torsional potential-function and 
general steric map were also determined for the torsion-angle rotations of the 
/3-D-(1 +3) linkage. 

INTRODUCTION 

This is the second report from a continuing investigation of the theoretic& 
conformational analysis of six glycosaminoglycans: hyaluronic acid, chondroitin, 
chondroitin- 6-sulfate, chondroitin Csulfate, dermatan sulfate, and keratan sulfate. 
Previously we have reported charge distributions over these molecules as well as the 
torsional-potential steric map for the #l-u-(1+4) glycosidic linkage’. In this report we 
focus upon the conformational properties associated with the p-~-(1+3) glycosidic 
linkage. 
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Fig. 5. Steric map for the B-n-(1+3)-linked disaccharide in Fig. 4. Iso-energy levels are plotted at 
2.0, 5.0, and 10.0 kcal. mole-’ above them inimum at (30&O). Superimposed are crystal structure 
of three-stranded (1+3)-/?-D-xylan at 8 for lefthanded and I for righthanded strands+S-15. 

CONCLUSIONS 

The results of tbis study on the /I-~-(1+3) linkage of sugars have shown that 
this structure has a similar bond angle, torsional potential, and general steric map as 
the #?-D-(1+4) glycosidic linkage. Certain difFerences are noted, however, with the 
/3-~-(1+3) geometry that give rise, overall, to a compound that is conformationally 
more restricted. These results, together with those in our preceding paper, provide the 
basis from which a complete, theoretical conformational analysis can be conducted. 

An investigation of the glycosidic valence-bond angle has not been particularly 
rewarding. The main conclusion is that the valence angle of about Z 16.5” is a secondary 
enerw-tiinimum based upon a nearest-neighbor energy calculation. fntra- and/or 
inter-molecular packing interactions are responsible for the overall energetic pre- 
ference of this bond-angle geometry over the bond angle near 111” observed in simple 
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compounds. Along the same lines, little success was achieved in the prediction of 
reasonable force constants owing, most probably, to the same reasons. It was con- 
cluded, nevertheless, that the bond angle of the p-~-(1+3) linkage should be slightly 
smaller than the j&~-(1+4) linkage. 
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