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Pyrolysis of phenyl a- and /3-D-ghrcopyranosides in the presence and absence of 
5% of sodium hydroxide has been investigated by co-ordinated thermal and chemical 
methods. The resulting thermograms and kinetic data show that the configurational 
effects observed for aqueous systems also prevail under the pyrolytic condition, and 
that the thermolysis of the B-D anomer under alkaline conditions is facilitated by 
anchimeric assistance of the trans-hydroxyl group at C-2, to provide a quantitative 
yield of 1,6-anhydro-/3-D-glucopyranose. 

INTRODUCTION 

It has been known for many years that vacuum pyrolysis of starch and cellulose 
results in thermal cleavage of the glycosiclic bonds and formation of 1,6_anhydro- 
P-D-glucopyranose . ‘J The mechanism of this reaction, however, still remains to be 
established, and theories that have been advanced include both homolytic and 
heterolytic cleavage2. In the latter case, 1,Zanhydro and l$anhydro compounds 
have been suggested as reaction intermediates, by analogy with the formation of 
1,6-anhydro+D-glucopyranose from the alkaline hydrolysis of phenyl /?-D-gluco- 
pyranoside through anchimeric assistance of the trans-hydroxyl group at C-23*4. 

Recent studies in this laboratory have shown that thermal cleavage of glycosidic 
bonds occurs more generally than has been recognized previously, and pyrolysis of a 
variety of carbohydrates, including phenyl D-glucopyranosides and D-xylopyranosides, 
results in release of the aglycon, condensation of the glycosyl units, and decom- 
position of the sugar moiety through a combination of acid- and alkali-catalyzed 
degradation pathways - ’ lo. These investigations have also shown that cleavage of the 
glycosidic bonds proceeds by a heterolytic reaction. However, the exact mechanism 
and the type of intermediates involved still remain to be established. One of the 
obstacles to resolving the various possibilities is that virtually no experimental data 
are available about the magnitude of the conformational and configurational effects 
under pyrolytic conditions, when the energy barrier could be more readily sur- 
mounted. 

In this study, the thermal behaviors of phenyl j?-D-glucopyranoside and phenyl 
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cc-D-ghrcopyranoside have been compared, before and after treatment with alkali, in 
order to gain further information about the nature of the pyrolytic reactions and the 
influence of the cormgurational variation. 

RESuLls AND DISCUSSION 

Thermograms of phenyl fl-D-glucopyranoside and the a-D anomer are shown 
in Figs. 1 and 2. As discussed previously6, the P-D form shows three major events 
corresponding to the loss of crystallization water, melting, and decomposition (Fig. 1). 
A closely similar pattern is shown by the CC-D form, except that it has no crystallization 
water and displays a single d.t.g. peak for weight loss (Fig. 2). 
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Fig. 1. Thermogram of phenyl /7-D-glucopyranoside. 
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Fig. 2. Thermogram of phenyl a-D-glucopyranoside. 
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of sodium hydroxide in methanol calculated to add 5% of alkali after evaporation of 
the solvent. The mixtures were dried in vacua at 50” and kept under anhydrous 
conditions. A sample of 1,6-anhydro-/3-D-glucopyranose containing 5% of sodium 
hydroxide was prepared in the same manner. 

Analytical methods. - The thermal analysis and g.1.c. of carbohydrates were 
carried out by the same method and equipment that were described in previous 
publications in this series6*‘. The U.Y. spectra were obtained with a Hitachi EPS-3, 
Coleman recording-spectrophotometer. 

Thennolysis of phenyl D-glucoside samples. - Small amounts of the samples 
(~5 mg) were weighed and sealed in ampoules (5 ml) under a nitrogen atmosphere. 
The ampoules were then heated in a constant-temperature oil-bath for different 
periods, rapidly cooled in cold water, and opened. 

For determination of 1,6-anhydride and the unreacted glycosides, the reaction 
mixtures were trimethylsilylated’ ’ and analyzed by g.l.c., using D-glucitol as an 
internal standard. The resulting data are given in Table I. 

Tn the kinetic experiments, the reaction mixtures were dissolved in 5 ml of 
distilled water and l-ml samples of the solution were diluted with 10 ml or 20 ml of 
M sodium hydroxide. The amounts of liberated phenol in the tial solution were 
determined calorimetrically by the U.V. absorption1 ‘? ,4,_ 287 (E 2,600). This gave the 
amounts of unreacted phenyl D-glucosides summarized in Table II. A Wang 600 
Series programmed-calculator was used for computation of the kinetic data from the 
experimental results. 
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