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Steric Interference in Allylic and Pseudo-allylic Systems:' A®? Strain
between Methyl Group and Hydrogen

By S. K. MALHOTRA,* D. F. MoAkLEY, and F. JouNsON
(Eastern Research Laboratory, The Dow Chemical Company, Wayland, Massachusetts 01778)

WE have recently described two stereochemical
theorems dealing with steric interference associated
with substituted allylic systems that constitute
part of six-membered rings.? In one of the
theorems it was pointed out that molecules
containing endocyclic double bonds as shown in (I)
possess nonbonded steric interaction between
substituents R and R’. This interaction was
classified as A%® strain. When the substituents are
moderate-to-large in size, relief from strain is
easily attained by conformational inversion of (I)
to (II) thus changing the dihedral angle between
the substituents from ~35° to ~85°. Now we
report the approximate magnitude of the 4®¥ strain
in (I) when R = Me and R’ = H.

The pyrrolidine enamine of 3-methylcyclo-
hexanone was found from its n.m.r. spectrumt to
be a 3 : 7 mixture of the Al- and A%-isomers, (I1I) and
(IV). Vinylic protons corresponding to these
isomers appear, respectively, as a doublet at
244 c./sec. [due to C-2 proton split by proton at
C-3 as in (III)] and a triplet at 253 c./sec. [(due to
C-6 proton split by protons at C-5 as in (IV)]. This

isomeric composition would indicate that 4% strain
between the C-3 methyl group and the C-2 proton
destabilizes the Al-isomer by 0-6 kcal. /mole.3

Further proof regarding the magnitude of this
interaction came from the isomeric composition of
the pyrrolidine enamine of 2,5-dimethylcyclo-
hexanone. Since the pyrrolidine enamine of 2-
methylcyclohexanone consists almost exclusively
of the trisubstituted ethylenic isomer with the C-2
methyl group in the quasi-axial orientation,* the
value of 0-6 kcal./mole for 4%» Me-H interaction
would imply that the pyrrolidine enamine of 2,5-
dimethylcyclohexanone (prepared under equilibrat-
ing conditions) should be approximately a 3:2
mixture of isomers (V) and (VI). This composition

t Determined at 60 Mc./sec. with a Varian A-60, N.M.R. Spectrophotometer-downfield from Me,Si (internal

reference).



CrEMIcAL COMMUNICATIONS, 1967

is based on the strain-energy difference between
(VI) and (V) [(2 x 1,3-diaxial Me-H interaction)—
(1 x 1,3-diaxial Me-H interaction 4+ 1 x A% Me—
H interaction) = 2 X 0:9—(1 X 09 + 0:6) =0-3
kcal./mole]. In the n.m.r. spectrum of this
enaminej the C-6 vinylic proton appeared as two
doublets at 244 (J = 2) and 253 c./sec. (J =
4 c./sec.) due to the coupling with the C-5 quasi-
axial and quasi-equatorial protons, respectively.
From the areas under these doublets the enamine

Me Me
(I11) ()

O‘I (v

was estimated to be a 62 : 38 (+29%,) mixture of (V)
and (VI). Its hydrolysis with dilute acetic acid4
led to a 3:2 mixture of cis- and trams-isomers of
2,5-dimethylcyclohexanone,§ thus confirming the
assignments made to the enamine components.
The significance of this interaction becomes quite
apparent in the direction of enolization of frans-2-
decalone. The pyrrolidine enamine of this ketone
was estimated to be a 28:72 mixture of Al- and
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A%isomers, (VII) and (VIII), from its n.m.r.
spectrum showing that here again the 4% strain
between the C-8 methylene group and the C-1
proton destabilizes the Alisomer (VII) by ca.
0-6 kcal. /mole and is thus primarily responsible for
the preferred enolization towards C-35 In a
similar study House and Trost have reported that
the enol acetate derived from #rans-2-decalone on
equilibration with toluene-p-sulphonic acid at 100°
led to a 28 :72 mixture of Al- and A2-isomers.®

Me Me
H qax H qax
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€ qeq Me
v) (V1)

@ (VILI)

In the light of these results, we conclude that in
respect of the 3- and 4-methylcyclohexenes, the
methyl group in the latter should have a stronger
preference for equatorial orientation than in the
former and not vice versa as has recently been
suggested.?

(Received, Febvuary 27Tth, 1967; Com. 189.)

1 The enamine was prepared by treating the ketone with pyrrolidine in the presence of Dowex-50 (acid form) as the
catalyst in refluxing benzene for 4 days. The equilibration probably proceeds through the tetrasubstituted ethylenic

isomer.

§ Composition determined by g.l.c. with a column packed with 309, McNairs on Chromosorb P.
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