
Correlations of Additions to Alkenes 
 

Chemical reactivity of an alkene is directly related to the types (or properties), number, and relative 
positions of substituents attached to the alkenyl carbons.  Therefore, understanding substituent effects 
upon alkene reactivity in a wide range of addition reactions to alkenes will enable recognition of patterns 
in the reactions; this will facilitate mechanistic studies of additions to alkenes and their use in syntheses. 

We have developed a technique for correlating measurable characteristics in addition reactions of 
alkenes in order to gain information and identify patterns, which are useful mechanistically and 
synthetically.  We have applied this technique to many reactions:   hydroboration,1-4 oxymercuration,2-4 
bromination,3 epoxidation,4 sulfenyl halide addition,4 mercuric chloride complexation,4 silver ion 
complexation,5 diimide addition,5 oxidation with permanganate,6 carbene addition,7 nitrosyl chloride 
addition,7 oxidation with osmium tetroxide,7 chlorination,8 complexation with iodine,8 palladium chloride 
(Wacker) oxidation,9 hydrogenation using Wilkinson's catalyst RhCl(PPh3)3,10-12 chromyl chloride 
oxidation,13 chromic acid oxidation,13 iodine thiocyanate,14 and others.  This technique offers (1) a 
procedure to determine relative magnitudes of steric and electronic effects in the rate-determining step, 
(2) a relatively simple way to predict the effects of substituents on reaction rates for synthetic purposes, 
and (3) a method to choose between alternative proposed reaction mechanisms in some cases.  

In these investigations, we apply this simple method by correlating the logs of the relative reaction 
rates (log krel values) versus alkene ionization potentials (IPs), with their highest occupied molecular 
orbital energies (HOMOs), and in some cases with their lowest unoccupied molecular orbital energies 
(LUMOs).  Reactions with similar mechanisms give correlation plots which are similar in appearance, and 
those with different mechanisms give dissimilar correlation plots.  For example, the correlation plots of 
hydroboration and bromination (Figs 1 and 2, Table I) show similar slopes caused by similar electronic 
effects but different groupings of alkenes due to steric effects; hydroboration exhibits a natural separation 
into sterically similar groups while bromination has a single line of correlation regardless of the steric 
requirements of the alkene.  
 

  
 

On the other hand, plots of hydroboration (Fig 1) and palladium chloride (Wacker) oxidation (Fig 3, 
Table II) show similar groupings due to steric effects, but opposite slopes caused by opposite electronic 
effects.  In order to develop further this new technique and to elucidate synthetically and mechanistically 



important information from experimental or from computational data, we are applying the technique to 
additional important reactions with a variety of mechanisms.  
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