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Conformational Preference of the Oxiran Group in
Cyclohexanespiro-oxiran

By RoBerT G. CaArLsoN* and NormAN S. BEHN
(Department of Chemistry, University of Kansas, Lawrence, Kansas 66044)

DEespiTE the many functional groups whose con-
formational free energies (-AG;) have been
determined by various chemical and physical
techniques,! little is known of the conformational
rivalries present in spiro systems of the type (I).
The only spiro systems studied were a series of
hemithioketals in which oxygen exhibited a slight
preference over sulphur for the equatorial position.?

Whilst studying the stereochemistry of the

epoxidation of methylenecyclohexanes?® we
required an estimation of the conformational
preference of the oxiran group in cyclohexanespiro-
oxiran (II). Subsequent to the completion of our
study, Uebel has reported a determination of the
conformational preference of (II) by a kinetic
method using model compounds and obtained
results which indicated conformer (IIb) to be the
more stable by 0-15 4+ 0-1 kcal./mole* We now
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report the direct measurement of the conformational
preference of the oxiran group in (II) by low
temperature n.m.r. studies.t

At room temperature the methylene protons of
the oxiran group of (II) appear as a sharp singlet
at § 2:39. When a solution of (II) in carbon
disulphide is cooled, the absorption for these
protons gradually broadens and at —85 4 2° the
coalescence temperature is reached. Further
cooling leads to the separation of the signal into
two overlapping peaks separated by ca. 5 c./sec.,
the broader peak at higher field corresponding to
conformer (IIa).? Measurement of the areas under
each peak by graphical methods and calculation
of -AG°® by the usual method gave the results
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summarized in the Table indicating that conformer
(IIb) is the more stable by 0-27 + 0-04 kcal./mole.
TABLE
-AG® Values for equilibrium (IIa) = (IIb)
(4 0-04 kcal./mole)

Temperature (£2°) -AG®(kcal./mole)

— 94° 0-26
— 99° 0-27
—104° 0-27

This value for -AG®° is considerably smaller than
would be expected if the difference in conforma-
tional free energies of the -CH,OH (-AG° = 1-4)8
and -OMe (-AG° = 0-60)! groups were used as
models for (II). These systems do not provide
good models for (II) because in this compound
neither of the substituents occupy true axial or
equatorial positions. The ‘‘axial” substituent is
bent downward from a true axial position by ca.
30° and the equatorial substituent is similarly bent
upward from a true equatorial position. The
hydrogens of the methylene group in conformer
(ITa) are thus much farther from the syx-diaxial
protons of the cyclohexane ring than in a molecule
such as cyclohexylmethanol in which the -CH,OH
group is in a true axial position.

(Received, January 19th, 1968; Com. 073.)

t The n.m.r. spectra were determined on a Varian HA-100 instrument equipped with a variable temperature probe.
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