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Abstract. Experimental evaluations of reaction geometries for formal 
nucleophilic substitutions at oxygen, nitrogen and bromine which have been 
carried out by the endocyclic restriction test are summarized. This information 
is used to distinguish between concerted, dissociative and associative mechanisms 
for these heteroatom transfers. 

Heteroatom transfers are among the most ubiquitous reactions in chemistry. Oxidations, aminations 
and halogenations are widely used reactions which can involve transfer of an oxygen, a nitrogen or a 
halogen, from a heteroatom carrier to a heteroatom acceptor. The mechanisms which need to be 
considered for these transfers are concerted, associative, and dissociative processes. Distinction 
between alternative mechanisms can be provided by experimental information which distinguishes the 
arrangements of the atoms in the different possible transition structures. 

Heteroatom Transfers 

N Y-L-N-Y L 

Y = heteroatom eg: 0, N, Br 
N = formal nucleophile 
L = formal leaving group 

In 1970 papers by Eschenmoser et al. and by Hogg and Vipond appeared which drew attention to 
endocyclic restriction of atom transfer as an approach for evaluation of reaction geometry. 
Eschenmoser and co-workers showed by a double labeling experiment that transfer of a methyl carbon 
to a carbanion was not achievable intramolecularly in a six-membered ring consistent with the need to 
bond attain the bond angle of 180' for this S N ~  reaction (1) . In the same year Hogg and Vipond 
reported that transfer of a sulfur between oxygens could not be achieved within a six-membered 
endocyclic ring (2). The endocyclic restriction test, as outlined in these seminal papers, provides a 
method for the evaluation of transition structure geometry which is independent of the stereogenicity of 
the atom transferred. Although the approach has been used a number of times for studying the 
geometry of reactions at sulfur, it has not been widely applied to other atoms. In this manuscript we 
will summarize our recent work using the endocyclic restriction test to provide information about the 
geometries of oxygen, nitrogen and bromine transfers which allows choices to be made between 
alternative mechanisms for these reactions (3,4,5). 

The relationship of the mechanism of reaction and the endocyclic restriction test is shown in Scheme 1 
for the conversion of 1 to 2 where Y is the heteroatom, L is the formal leaving group and N is the 
formal nucleophile for a heteroatom transfer. The critical feature is the structure of the tether linking N 
and L which determines the geometry of the NYL bond angle which would be allowed for an 
endocyclic intramolecular reaction. For a concerted or associative process in which that angle is 
allowed intramolecularly, the reaction should proceed in the intramolecular via transition structure 3. 
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