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m: Cis-diols of some strained molecules are converted to epoxides without inversion of 

configuration by the use of the redox system triphenylphosphine : diethylazodicarboxylate, or by treatment 

of their dimethylaminodioxolane derivatives with trifluomacetic anhydride as catalyst. 

In 1974 Mitsunobuz and later Mengel reported the preparation of a cyclic phosphorane by the 

reaction of a furanosyl derivative of adenine containing cis hydroxyl groups with a mixture of 

triphenylphosphine (TPP) and diethylazodicarboxylate (DEAD). The reaction of the isomeric nucleoside 

containing trans hydroxyl groups gave, under the same conditions, a high yield of an epoxide. The use of 

the redox-condensation system DEAD : TPP is now well established. 214 The intramolecular dehydration of 

glycols to form epoxides under the Mitsunobu conditions has been recognized to proceed through an SN2 

mechanism that requires tram-diols. 

1,2-Diols have been used with success as intermediates in oxirane and alkene synthesis.5 In these 

methodologies a five-membered ring intermediate is involved, the fragmentation of which, in a concerted or 

non-concerted fashion, gives the oxide or unsaturated compound, respectively. The 1,2 dials can be 

converted to the orthoformates or, preferentially, to the 2-dimethylamino-1,3-dioxolanes that are then 

treated with acetic anhydride at high temperature to form a.lkenes.6 When the dimethylaminodioxolanes are 

heated directly, a fragmentation occurs with the formation of DMF and epoxides with a net inversion of 

configuration. The mechanism of the latter transformation involves heterolytic cleavage of the 

carbon-oxygen bond of the dioxolane with further backside attack by the nucleophilic oxygen.7 Thus, 

meso-hydrobenzoin afforded trans stilbene oxide in 73% yield whereas d,l-hydrobenzoin was unreactive 

after 5 days at 102OC. 

In our syntheses of oxiranes for sensitized photooxygenation studies, we have found that under 

conditions of skeletal strain, aromatic substituted cis-diols are transformed efficiently into epoxides without 

inversion of configuration. We have named this special case of conversion, unreported in the literature, the 

reaction. Second, via the fragmentation of the dimethylaminodioxolanes of cis-diols 

catalyzed by hifluoroacetic anhydride (TFAA). The two methodologies are depicted in Fig 1 for two 

representative examples: the diphenyl diol (JJ bearing the bomane skeleton and the diphenyl benzocyclo 

butanediol ($, demostrating the mildness of the second procedure. 

6797 





6799 

Both methodologies show as common featum the fragmentation of a five-membered ring 
intermediate without inversion of configuration. a fact that suggests the involvement of stabilized 

&nium ions in a somewhat similar fashion. To gain some insight into these mechanisms, the aromatic 

substituents were modified or replaced as shown in Table I for the syn-Mitsunobu reaction. The results 

seem to indicate that 1) aromatic disubstitution is required in the process and 2) electron-donating groups 

favor the conversion of cis diols to epoxides, but electron-withdrawers have a negative effect on the 

transformation. 

Table 1 

B B 

Ph Ph 

pMeocgHq pMeoc6H4 

m-a3W4 pMe0W-h 

H 1 -Naph. 

74 

70 

- 

- 

Similar results were obtained for the fragmentation of the dimetylamincdioxolane derivatives of the 

dials. The influence of strain in the reaction was evidenced by the failure of both methodologies to effect 

the nansformation of aromatic noncyclis diols like tetraphenyl ethanediol. The mechanisms that encompass 

with the above observations am shown in Fig. 2. 

The intermediacy of a phosphorane &I is assumed based on the observations of Mitsunobuz and 

Mengel. Phosphorane h is probably unstable due to steric constrains imposed by the rigidity of the 

bicyclic system and opens to the stabilized dipolar intermediate Ih. Finally, fi fragments to epoxide Land 

triphenylphosphine oxide. Dip&r intermediate &, on the other hand, is presumably formed from 

dirnethylaminodioxolane 2 upon activation by trifluomacetic anhydride. 

These methodologies of epoxidation, deespite the fact that are limited to strained systems and failed 

with aliphatic diols, represent a simple synthetic approach to oxiranes that are diffkult to generate by other 

methods. The syn - Mitsunobu reaction, on the other hand, broadens the scope of applications and 

mechanistic undemtandmg of TPP : DEAD chetnistty. 
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