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11.9: THE E2 REACTION AND CYCLOHEXANE CONFORMATION

After completing this section, you should be able to

1. identify anti periplanar arrangements of atoms in substituted cyclohexanes.
2. determine which cyclohexane conformation will generate a specific anti periplanar arrangement.

STEREOCHEMICAL REQUIREMENTS OF THE E2 REACTION
E2 elimination reactions of certain isomeric cycloalkyl halides show unusual rates and regioselectivity which can provide important
supporting evidence that anti-periplanar is the preferred orientation of reactant species in the E2 transition state. Unlike open chain
structures, cyclic compounds generally restrict the spatial orientation of ring substituents to relatively few arrangements. The compounds
used here all have six-membered rings, so to achieve the anti-periplanar orientation required for the E2 reaction both the halogen and the
adjacent hydrogen much assume an axial conformation.
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For the compound, 2-methyl-1-chlorocyclohexane, the cis to the trans isomers have distinctly different reaction rates and form different
preferred products. For example, trans-2-methyl-1-chlorocyclohexane reacts with alcoholic KOH at a much slower rate than does its cis-
isomer. For trans-methyl-1-chlorocyclohexane, to obtains a chair conformation which places the chlorine substituent in the axial orientation
required for E2 elimination, the methyl substituents is also forced into an axial position. Having both substituents in the axial position
makes this chair conformer of the trans-isomer much less stable and presents an energy barrier that must be overcome for an E2 reaction to
occur. When cis-2-methyl-1-chlorocyclohexane obtains a chair conformation which places its chlorine substituent in an axial orientation, the
methyl substituent is forced into an equatorial orientation. Having one substituent axial and one equatorial makes this chair conformation of
the cis-isomer lower in energy and thus easier to form. Consequently, the E2 reaction rates with the trans-isomer are slower than with the
cis-isomer.
Furthermore, the product from E2 elimination of the trans-isomer is 3-methylcyclohexene (not predicted by Zaitsev's rule), whereas the cis-
isomer gives the 1-methylcyclohexene as the preferred product (as predicted by Zaitsev's rule). The trans-isomer only has one adjacent
hydrogen which can obtain an axial orientation along with the chlorine. The adjacent hydrogen which would lead to a 1-methylcyclohexene
product cannot obtain the diaxial, anti-periplanar orientation with chlorine so an E2 reaction cannot occur. This makes 3-methylcyclohexene
the preferred E2 elimination product of the trans-isomer showing that the anti-periplanar orientation requirement of E2 reactions is more
important in determining products for this reaction than Zaitsev's rule.

In the cis-isomer the smaller chlorine atom assumes an axial position in the more stable chair conformation, and here there are two adjacent
axial hydrogens. Removing one hydrogen forms the product, 3-methylcyclohexene, while removing the other hydrogen forms 1-
methylcyclohexene. Here Zaitsev's rule determines that the more substituted alkene, 1-methylcyclohexene, is the preferred product.
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Which isomer would be expected to undergo E2 elimination quicker cis or trans-1-bromo-4-tert-butylcyclohexane? Explain your
answer.

Answer
In the case of the 1-bromo-4-tert-butylcyclohexane isomers, the tert-butyl group is so large that it will always assume an equatorial
orientation, leaving the bromine to be axial in the cis-isomer and equatorial in the trans-isomer. Because of symmetry, the two axial
adjacent hydrogens in the cis-isomer react equally with base, resulting in rapid elimination to the same alkene (actually a racemic
mixture). This reflects the fixed anti orientation of these hydrogens to the bromine atom. To assume a conformation having an axial
bromine, the trans-isomer must tolerate serious crowding distortions. Such conformers are therefore present in extremely low
concentration, and the rate of elimination is very slow. Indeed, substitution by hydroxide anion predominates in this situation.
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Which of the following compounds will react faster in an E2 reaction; trans-1-bromo-2-isopropylcyclohexane or cis-1-bromo-2-
isopropylcyclohexane?

Answer
The cis isomer will react faster than the trans. The cis isomer has two possible perpendicular hydrogen in which it can eliminate
from.
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