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When the carbonyl group is constrained within a cyclic structure, access to the carbonyl
carbon atom may be more favorable from one side of the molecule than from the other. For
example, the reduction of 4-tert-butylcyclohexanone with lithium aluminum hydride produces
an unequal mixture of the cis and trans geometrical isomers of 4-fert-butylcyclohexanol. In
this example we would not have expected optically active products because the reactants are
both achiral. Furthermore, the product alcohols possess a plane of symmetry and are therefore
achiral.

Formation of an unequal mixture of the 4-tert-butylcyclohexanol stereoisomers is due to a
more favorable approach of hydride from one side of the ketone molecule. That can be
demonstrated experimentally by carrying out the same reduction with lithium tri-sec-
butylborohydride (L-Selectride), a considerably larger reducing agent than lithium aluminum
hydride. The ratio of products changes markedly. A chemical reaction, such as that above,
which leads to unequal quantities of product stereoisomers is termed stereoselective. A
stereospecific reaction results when a specific reactant stereoisomer produces a specific product
stereoisomer.
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In the examples of the above scheme, the large tert-butyl group remains in the equatorial
position. It acts as a conformational label which we can use to follow the reaction
stereochemistry. The trans product isomer has diequatorial substituents, and the hydroxy
group is axial in the cis isomer.

If the reagent approaches the molecule so as to place hydride in the axial position, the hydroxy
group will be equatorial and the trans product will be formed (pathway a). Equatorial
approach of hydride produces the cis alcohol (pathway b). When the larger reagent is
employed, the less-hindered equatorial approach b is preferred and the cis isomer predominates.

The cis and trans alcohols are not equal in energy. The trans isomer with both substituents
in an equatorial position is more stable. Reduction by L-Selectride provides an example of a
reaction in which the more stable product is not necessarily the one formed more rapidly. That
is, reaction kinetics are not always directly related to product stability. In this example the
energies of the transition states reflect steric factors which are different from those of the

products.
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