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The reduction of conformationally mobile 2-alkylcyclo-
hexanones by complex metal hydrides can, in principle,
occur through two conformations: one with the alkyl group
equatorial and the other with the alkyl group axial. Thus it
is possible that both cis and trans alcohols may arise via
two different routes, i.e., axial or equatorial attack on a
given conformation (Scheme I).

From the point of view of investigating the origin of the
stereoselectivity in reductions of cyclohexanones by com-
plex metal hydrides, the question of just how each alcohol
is formed is a vital one, and in a previous study! we demon-
strated, by analysis of the relative magnitudes of activation
enthalpies, that the trans alcohol 2 is derived almost exclu-
sively from conformation le. However, we were unable to
determine whether the cis alcohol was derived from confor-
mation la, le, or both, owing to experimentally indistin-
guishable values of AH? for the two possible processes.
Since we know, however, that conformation la does not

(1972).
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give rise to the trans alcohol,? a very simple experiment is
possible that clarifies the origin of the cis alcohol. 2,4,4-T'ri-
methyleyclohexanone (4) serves as a model for conforma-

0 /v\
i 0
4e 4a

tion le of 2-methyleyclohexanone, conformation 4a being
virtually forbidden by virtue of the 1,3-diaxial interaction
of the methyl groups. Thus the stereochemical product
ratio from reduction of 4 represents to a good approxima-
tion that from the equatorial conformation of 2-methylcy-
clohexanone (le), and a deviation from this of the ob-
served product ratio of 2-methylcyclohexanone (1) is a
measure of the contribution of the axial conformation (1a).

2,4,4-Trimethylcyclohexanone® is obtainable by ketone
transposition of isophorone,*5 the penultimate intermedi-
ate providing an authentic sample of trans-2,4,4-trimethyl-
cyclohexanol. Reduction of 2-methylcyclohexanone and
2,4,4-trimethyleyclohexanone under identical conditions by
sodium borohydride gave 31 and 18%, respectively, of the
cis isomer.

Regarding the rate of formation of the trans alcohol from
2-methylcyclohexanone as a single term E 5 (that from con-
formation le), but the rate of formation of the cis alcohol
as the sum of two terms Ei and A 4 arising from the confor-
mations with equatorial and axial methyl groups respec-
tively, the stereochemical product ratio (cis:trans) can be
written as

(Aa + Eg)/Ea = 31.69
Similarly, for reduction of 2,4,4-trimethylcyclohexanone®
Eg/E5 = 18/82

From these equations it follows that Ay = 1.05Eg or, ex-
pressing Ax and Eg as percentages of the total reaction
leading to cis-2-methylcyclohexanol, 51% of this product
arises from axial attack on la while 49% of the product is.
derived by equatorial attack on the more stable conforma-
tion le. This result is in sharp contrast with formation of
trans-2-methylcyclohexanol, which is derived almost ex-
clusively from le.!

Conclusions

While some doubt must exist on the exactitude of the
above figures (see ref 6), it appears that the less stable con-
formation of 2-alkylcyclohexanones plays at least a sub-
stantial role in the reduction to the cis alecohol. Any ration-
alization of stereochemical product ratio arising from re-
duction of these ketones should be consistent with this
fact.

Experimental Section

2,4,4-Trimethylcyclohexanone (4) was prepared by oxidation®
of trans-2,4,4-trimethylcyclohexanol, which was obtained by re-
duction and hydroboration of isophorone:* bp 191° [1it.% bp 191°};
n?lp 1.4485 (lit. n2°D 1.44933%); 2,4-dinitrophenylhydrazone mp
149-150° (1it.2 mp 151.5° 2). Ir and NMR spectra were in accord
with published data.®

Reduction Procedures. Reductions were carried to completion
in 2-propanol at 25° with a twofold molar excess of sodium bor-
ohydride as previously described.!1® GLC analyses were per-
formed both on a Perkin-Elmer 990 gas chromatograph using a
50-ft S.C.0.T. TCEP column and on a Hewlett-Packard F & M
Scientific 402 high efficiency gas chromatograph using a dual-
packed column of Carbowax and TCEP, which gave base line sepa-
ration of diastereomeric alcohols and ketone.!! Both chromato-
graphs were attached to an Infotronics CRS-208 electronic integra-

Notes

tor for peak area determination. Reductions were performed in
quadruplicate, and product ratios, which were determined both
mechanically and electronically, were found to be reproducible
within £1%.

Registry No.—1, 583-60-8; 2, 7443-52-9; 3, 7443-70-1; 4, 2230-
70-8; 4 2,4-dinitrophenylhydrazone, 2522-10-3; trans-2,4,4-tri-
methylcyclohexanol, 2518-25-4; sodium borohydride, 16940-66-2.
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The chloromercuriolactonization of +,6-unsaturated
acids and esters in aqueous ethanol has been studied by
Rowland et al.® and do Amaral et al.# A mechanism for the
reaction was proposed.*
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