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Reductive cleavage of the external(a,B8) bond of the cyclopropane ring in tricyclo[x.y.O.Oz’x+2]-

alkan-3-ones with lithium in liquid ammonia provides a general method of synthesis of spirocyclic
ketones.z’3 Piers and Worster have recognized that the stereochemical fate of the B carbon atom
is an important feature of these reactions.3 They conducted a detailed study of the reaction of
51571,7—dimethyltricyclo[4.4.0.02’6]decan-3—one (1) with lithium in liquid ammonia and found that
the trans dimethyl ketone %z (inversion of configuration at the B carbon) was favored over the cis
isomer 3a (retention at the B position) under a variety of conditions. At -78° and with no added
proton donor or up to 5 equiv of an added alcohol the gg:%g ratio was 9:1 or greater. We have

5 and ka which are related

to kﬁ and observed that the stereochemistry of these reactions is highly dependent upon the location

performed lithium-ammonia reductions of tricyclodecanones kk, %&, Qﬁ,
and stereochemistry of the alkyl substituents.
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The reductions were carried out by dropwise addition of a solution of the cyclopropyl ketone
in anhydrous ether containing 1 equiv of t-butyl alcohol to a stirred solution containing ca. 10 g.-
atom of lithium in liquid ammonia at -33°. After 30 min, solid ammonium chloride was added and
the ketonic products were isolated in the usual way. The total yields of spirocyclic ketones were
in the 80-85% range for the four compounds studied. The percentages of the cleavage products are
indicated in parenthesis beside the structure numbers. The percentages of the trans dimethyl
ketone 3@3’6 and the cis isomer %k6 were determined by GLC.7a Pure samples of these compounds,
collected by GLC,7b exhibited spectral properties identical with those reported.6 The mixture
of %g and 3& could not be separated by GLC on several colummns, although fractions enriched in each
of the components were obtained by low pressure liquid chromatography on silica gel. Ketone 3¢ [nmr
(CCl4) § 0.94 (d, J=6.1 Hz, 3H, 6—CH3) and 2.05 (s, 2H, 1-CH2)] is known8 and it could be distin-
guished from its isomer %& [nmr (CC14) § 0.91 (a4, J=6.1 Hz, 3H, 6—CH3) and 2.01 (AB quartet, J =
~18 Hz, 2H, l—CH2)] by nmr spectroscopy. Therefore, the %g/ég ratio was estimated from integration
of the nmr spectrum of the mixture of isomers.

Spirodecannnesé@ lbp 89-94°/0.09 mm (bath temperature); ir(CCl ) 1745 cm (cyclopentanone);
nmr (CCl ) § 0.85 (bd 5.8 Hz, 94, ,,CHCH3 and -CH(CH ) ), and 1. 99 (AB quartet J = 19.0 Hz,
2H, l—CH )] and 5b [bp 85-92°/0.08 mm (bath temperature) ir (CC14) 1745 em (cyclopentanone), nmr
(CClA) § 0.86 (bd J=5.6 Hz, 9H, ,,CHCH3 and -CH(CH3)2) and 1.98 (AB quartet, JAB = 19.0 Hz, 2H,
1—CH2] which have a trans relationship between the methyl and isopropyl groups were the only products
obtained from the reductive cleavages of cyclopropyl ketones ée and 4b, respectively.

A 7:3 mixture of spirodecanones fa and ée [ir (CCl4) 1739 em 17 (cyclopentanone); nmr (CC14)
§ 0.98 (d, J=7.3 Hz, 3H, ‘,CHCH3), 0.87 § (d, J=5.9 Hz, 6H, —CH(CH3)2],
preparative GLC,7c was prepared by treatment of the 4,5-dehydro derivative of ég with hydrogen

which was purified by

bromide in glacial acetic acid to obtain the 1Oa-bromo-4,5-dehydro derivative of 35 followed by
catalytic hydrogenation of the double bond and hydrogenolysis of the tertiary bromide over 5%
palladium on carbon in 95% ethanol containing 1 equiv of triethylamine. Also, a 45:55 mixture of
Ek and 6| wkg [ir (CCl ) 1748 cm (cyclopentanone); nmr (CCl ) 8§ 0.85 (bd, J=7.0 Hz and 5.8 Hz, 9H,

CHCH3 and CH(CH3)2], which was purified by preparative GLC, ™ was prepared by dehydrohalogena-
tion of the 10u-bromo derivative of Nk with tetra-n-butylammonium bromide in acetone to obtain
the 9,10-dehydro derivative of 2b followed by catalytic hydrogenation.

In ketones fa and gk the 10-methyl groups would be expected to be equatorial to the more stable
chair conformations of the six-membered rings while in the isomers eé and eh these groups should be
axial. Three pieces of spectral evidence provided support for the structural assignments of these
four compounds. (1) The 13C absorptions for the 10-methyl groups in $a and gb occurred at § (CDC13)
16.5 and 16.4, respectively, while those for 24 and 6b occurred at § 11.1 and 11.5, respectively.
Methyl groups which are equatorial with respect to cyclohexane rings normally absorb at lower field
than the corresponding axial methyl groups which have a larger number of y—interactions.ll (2) In
the presence of the nmr shift reagent Eu(fod)3 the lH absorptions for the equatorial methyl groups
in 6a and Sb which are relatively close to the carbonyl oxygen atoms were shifted further downfield
than the absorptions for the more remote axial methyl groups in 0@ and 6b. (3) The lH coupling
constants, which were observable in the presence of Eu(fod)3, were smaller for the equatorial 10-
methyl groups in gi and 22 than for the corresponding axial methyl groups in 2: and gk.
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In the reductive cleavage of cyclopropyl ketones with lithium in liquid ammonia, it is generally
considered that intermediates having carbanionic character at the B carbon (perhaps formed via
intermediates with radical character at this position) are protonated by ammonia to give lithium
enolates which are converted into ketones by protonation with ammonium chloride or water during
workup.13 Thus equilibration at the B carbon might be expected to occur faster than protonation and
the more thermodynamically stable product might be expected to be produced when a chiral center is
generated.l4 This appears to be the case for the reductions of the isopropyl substituted ketones
4R and 4h. Apparently, carbanionic species ] and § which lead to the products of retention (fa)
and inversion (gk) of configuration at C~10 are highly preferred. Spiro ketones with cis relation-
ships between the methyl and isopropyl groups, which were not observed, would have to be formed
(1) via protonation of carbanions with conformations analogous to 7, and §, but with the electron
pairs equatorial to the cyclohexane rings, or (2) via protonation of carbanions with the lone pairs
and the isopropyl groups axial to chair conformations of the cyclohexane yings. The former inter-
mediates would be destabilized by charge repulsions between the enolate moieties and the carbanionic
centers while the latter would be of relatively high energy because 1,3-diaxial interactions would

exist between the isopropyl groups and the carbon atoms of the five-membered rings.
LiO OLi

Li+ -

i-Pr

Li 1

c. R1 = R2 =H

The course of the reductions of ketones %E and %5 can be explained reasonably well if it is

assumed that carbanions such as 3 and %9 achieve conformational equilibrium prior to protonation.

In the cleavage of %3 where there 1s a 4:1 preference for the inversion product %k, carbanion

A0k with the 7f-methyl group equatorial should be favored over gk (78-methyl group axial) by perhaps
as much as 1.0 kcal/mole considering non-bonded interactions. In the case of %&’ the slight prefer-
ence for carbanion Q¢ may be because the sp2 hybridized carbon atom of the enolate, which should

be slightly smaller than the 5-methylene group, is axial to the cyclohexane ring.

However, the stereochemical results for the reduction of %ﬁ do not seem to be readily accounted
for in terms of equilibration of carbanions Ja and %Me. On the basis of non-bonded interactions
there should be a slight preference for Ja which on protonation would give the reteantion product
3%’ yet the inversion product %5 is favored by 9:1 or greater in the absence of a large excess of
proton donor. A possible explanation for this result is that the carbanion intermediate which
gives %3 is formed kinetically and protonated faster than conformational equilibrium is achieved.
Examination of models of the two conformations of k% with the cyclohexane rings in a chair shows
that a rather severe esclipsed interaction which 1is present when the 7a-methyl group is equatorial

may cause the conformation with the 7a-methyl group axial to be more stable. If this factor is
also important in the transition state for the ring opening process, the carbanion 402 leading to

%g could be formed more rapidly than carbanion 2% which would lead to %ﬁ.
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As noted above the results for the cleavages of kk and l¢ are consistent with the achievement

of conformational equilibrium among carbanionic intermediates prior to protonation, but they also

could be consistent with rapid protonation of kinetically generated carbanion mixtures.
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