Stereoselective
Reaction

In chemistry, stereoselectivity!!! is the property of
a chemical reaction in which a single reactant
forms an unequal mixture of stereoisomers during
a non-stereospecific creation of a new
stereocenter or during a non-stereospecific
transformation of a pre-existing one.l The
selectivity arises from differences in steric effects
and electronic effects in the mechanistic pathways
leading to the different products. Stereoselectivity
can vary in degree but it can never be total since
the activation energy difference between the two
pathways is finite. Both products are at least
possible and merely differ in amount. However, in
favorable cases, the minor sterecisomer may not
be detectable by the analytic methods used.

An enantioselective reaction is one in which one
enantiomer is formed in preference to the other, in
a reaction that creates an optically active preduct
from an achiral starting material, using either a
chiral catalyst, an enzyme or a chiral reagent. The
degree of selectivity is measured by the
enantiomeric excess. An important variant is
kinetic resolution, in which a pre-existing chiral
center undergoes reaction with a chiral catalyst, an
enzyme or a chiral reagent such that one



enantiomer reacts faster than the other and leaves
behind the less reactive enantiomer, or in which a
pre-existing chiral center influences the reactivity
of a reaction center elsewhere in the same
molecule.

A diastereoselective reaction is one in which one
diastereomer is formed in preference to another
(or in which a subset of all possible diastereomers
dominates the product mixture), establishing a
preferred relative stereochemistry. In this case,
either two or more chiral centers are formed at
once such that one relative stereochemistry is
favored,®! or a pre-existing chiral center (which
needs not be optically pure) biases the
stereochemical outcome during the creation of
another. The degree of relative selectivity is
measured by the diastereomeric excess.

Stereoconvergence can be considered an
opposite of stereospecificity, when the reaction of
two different sterecisomers yield a single product
stereoisomer.

The quality of stereoselectivity is concerned solely
with the products, and their stereochemistry. Of a
number of possible sterecisormneric products, the
reaction selects one or two to be formed.



An example of modest stereoselectivity is the
dehydrohalogenation of 2-icdo-butane which
yields 60% trans-2-butene and 20% cis-2-butene.!!
Since alkene geometric isomers are also classified
as diastereomers, this reaction would also be
called diastereoselective.
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The addition of formic acid to norbornene is also
stereospecific because the exo isomer is formed
exclusively without any of the endo isomer:[®l
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Cram's rule predicts the major diastereomer
resulting from the diastereoselective nucleophilic
addition to a carbonyl group next to a chiral center.
The chiral center need not be optically pure, as the
relative stereochemistry will be the same for both
enantiomers. In the example below the (5)-
aldehyde reacts with a thiazole to form the (S,S)
diastereomer but only a small amount of the (S,R)
diastereomer:!®!
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The Sharpless epoxidation is an example of an
enantioselective process, in which an achiral allylic
alcohol substrate is transformed into an optically
active epoxyalcohol. In the case of chiral allylic
alcohols, kinetic resolution results. Another
example is Sharpless asymmetric dihydroxylation.
In the example below the achiral alkene yields only
one of possible 4 stereoisomers.”!
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With a stereogenic center next to the carbocation
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the substitution can be stereoselective in inter- €
and intramolecular % reactions. In the reaction
depicted below the nucleophile (furan) can
approach the carbocation formed from the least
shielded side away from the bulky t-butyl group
resulting in high facial diastereoselectivity:



