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Summary: On the basis of steric considerations, it is
concluded that monoalkyl cyclohexanes, in which the alkyl
is a bulky V-shaped group, may prefer an axial disposition
of the alkyl substituent.

One of the unchallenged rules of the conformational
analysis of cyclohexane rings is that their monoalky!l de-
rivatives prefer the equatorial over the axial disposition
of the alkyl group.!® In general, the bulkier the alkyl
substituent, the larger its preference for the equatorial
position (A value).! We have shown recently that for
polysubstituted cyclohexanes the usual equatorial pref-
erence of the alkyl substituents may be reversed. X-ray
diffraction of all-trans-1,2,3,4,5,6-hexaisopropylcyclo-
hexane (1) showed that the compound exists in a confor-
mation in which all the groups are located at axial posi-
tions.” This axial preference was rationalized based on
repulsive steric interactions and torsional effects in the
equatorial conformation.> The conformational preferences
of the polyalkyleyclohexane 1 raised the question whether
a similar behavior could be displayed by a monoalkyl-
cyclohexane system; i.e., could a monosubstituted cyclo-
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hexane, in which the substituent is a hydrocarbon moiety,
pret;fr an axial disposition of the group over the equatorial
one?

Finding the substituent with the desired conformational
properties among all possible substituents could be like
looking for a needle in a haystack, unless some kind of
structural guidance is used. Tertiary alkyl groups were
ruled out as potential substituents, since the steric inter-
actions in the axial conformation should be too large.
Secondary substituents seemed to be good candidates since
the conformational bias for the equatorial conformation
is not too large.* On the basis of these considerations, an
adamantane structure attached to the cyclohexane by one
of the nonbridgehead positions was chosen as the basic
skeleton of the substituent.® From steric considerations
it could be expected that from the three possible staggered
conformations around the C(cyclohexane)-C(alkyl) bond,
the one with an antiperiplanar H-C(adamantane)-C(cy-
clohexyl)~H arrangement should be preferred in both the
axial and equatorial conformations. To a first approxi-
mation, the equatorial and axial conformations can be seen
as differing in the location of three methylenic groups of
the cyclohexane ring, while the methine carbon to which
the substituent is attached and the two remaining me-
thylenes can be seen as common for both conformations
(Figure 1). Based on these considerations, and after in-
spection of Dreiding models, we were able to choose a
system with (potentially) the desired conformational
properties. If a concave V-shaped structure is attached
to the adamantane, it could be expected that the steric
interactions between the substituent and the ring will be
larger in the equatorial form (Figure 1), and therefore that
the axial form should be of lower energy than the equa-

(6) The molecule is reminiscent of 2-phenyladamantane which has
been used as a model for axial phenylcyclohexane. See: Schaefer, T.;
Beaulieu, C.; Sebastian, R. Can. J. Chem. 1991, 69, 503.
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Figure 1. Equatorial (left) and axial (right) conformations of
a monoalkyleyclohexane. The three shaded circles denote to the
carbon atoms which, in a first approximation, are situated at
similar environments. The three open circles correspond to the
carbon atoms which are situated at different positions in the two
conformations. The arc represents a concave V-shaped substituent
which causes larger repulsive interactions in the equatorial con-
formation.

torial.

Since we wanted to approach this question computa-
tionally using molecular mechanics,’ two additional con-
siderations were taken into account in order to choose the
V-shaped substituent. Firstly, the substituent should be
locked in a single conformation or be limited to a small
number of conformations in order to restrict the confor-
mational freedom of the molecule and to reduce the num-
ber of calculations. This should not only save time, but
it should increase the reliability of the calculations. Sec-
ondly, all carbon atoms should be saturated and should
have sp® hybridization, since this type of atom is best
treated by the calculations. On the basis of these con-
siderations, the V-shaped substituent was constructed by
fusing to the adamantane skeleton one tricyclo[35.3.1]no-
nane and four additional adamantyl systems (cf. 2).

For the calculations we used the MM2(87) force field
as implemented in MACROMODEL V3.0.2 In addition to the
axial and equatorial chair conformations, the energies of
the twist boat forms 5-7 were also calculated.
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5 R'= Aliyl, R = H 5
6 R'=H, R®= Alkyl

2 R'=H, R’= c-CgHy

3 R'=Me, R’ = - CHy,

4 R'=t-Bu, R’ = ¢-CgHyy

The molecular mechanics calculations indicate that for
2-4 the HCCH antiperiplanar arrangement is the lowest
in energy. Conformation 5 is the favored twist form for
2 and 3, while for 4 the preferred form is 7. The twist-boat
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Figure 2. Stereoscopic views of the calculated geometries for
the equatorial and axial conformations of 4.

form in which the substituent is attached to a quasie-
quatorial position (6) is of much higher energy in all cases.
For 2 the ground state corresponds to the equatorial form,
with the axial form and twist-boat 5 lying 0.3 and 3.5 kcal
mol™ above the equatorial form. The small equatorial/
axial energy gap suggests that the steric crowding affects
more the equatorial conformation than the axial one. The
steric crowding was increased by replacing the terminal
bridgehead hydrogen in 2 by a methyl group. For system
3, the relative stabilities of the axial and equatorial
conformation are reversed. The ground-state structure
corresponds to the axial conformation, with the equatorial
and twist-boat forms lying 0.4 and 4.3 kcal mol™ above it.
The axial/equatorial energy gap can be increased by in-
creasing the steric hindrance. In 4, the equatorial form
is less stable than the axial by 5.0 kcal mol™! while the
twist-boat form lays 2.2 kcal mol™ above the equatorial
form. The calculated geometries for these conformations
are shown in Figure 2.° On the basis of the molecular
mechanics data, one can conclude that the equatorial
preference of monoalkyl cyclohexanes is not universal and
that for some monoalkyl cyclohexanes existing in crowded
environments the axial conformation may be the preferred
one. We arrived to system 4 from stereochemical as well
as computational considerations (i.e., rigidity of the sub-
stituent) but other simpler and more synthetically amen-
able systems could display the phenomena. Work is in
progress to test experimentally this prediction.
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(9) All calculated H/H nonbonded distances between the cyclohexyl
ring and the substituent were longer than 2.0 A.



