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  Glucose is the most abundant monosaccharide of biomass. Cellulose is a β-1, 4-glycosidic bonded 

polysaccharide of glucose and constitutes a cell wall. Therefore glucose is one of most interesting 

molecules of sugar. Glucose has four asymmetric carbon atoms and has stereoisomers called anomer 

(α, β) and epimer. In aqueous solution at room temperature, glucose exists as a mixture of 

conformers consisting of about 64% β-D-glucose and 36% α-D-glucose [1].  The existence ratio 

between the α- and β- D-glucose is very sensitive to solvent and temperature. Concerning 

mutarotation process, several mechanisms had been investigated, such as protonation of the ring O 

atom followed by opening of the sugar ring via aldehyde form [2] and protonation of C1-OH 

followed by water molecule elimination via C1 carbocation [3]. However the details have not been 

clarified yet. In this study we aim to clarify the mechanism via C1 carbocation. 

In vacuo, geometry optimization calculations were carried out to obtain the structures of α- and 

β- D -glucose rotamers and C1 carbocations and protonated molecules of α- and β-D-glucose rotamers. 

In solution, geometry optimization calculations were performed using a polarizable continuum 

model (PCM), and the free energy change for mutarotation reaction was evaluated. In aqueous 

solution, the energy differences between glucose rotamers and C1carbocations are smaller than those 

in vacuo. Furthermore, QM/MM-MD simulations were performed to clarify the hydration numbers 

around sugar. We found that average hydrogen bond numbers of α anomers are different from those 

of β anomers. These calculations were done using Gaussian09 and HONDO program packages. 
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Figure1. Rotamers of α-D-glucopyranose 
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