A Remarkably Stereoselective Robinson
Annulation Reaction
Sir:

The Robinson annulation reaction has long been
employed as a convenient route to fused ring ketones.!
Using trans-3-penten-2-one (3) as the Michael accep-
tor, this method has recently been employed as the
first step in synthetic sequences leading to mixtures of
dimethyloctalones exemplified by structures 4 and 5.2
Unfortunately, this reaction proceeds poorly, if at all,
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1, R =CH, 3 4, R=R=CH;R’"=H

2, R=CO,CH, 5, R=R”"=CH;R'=H
6, R=CO,CH;;R'=CH; R” =H
7, R=CO,CH;R” =CH,; R’ =H

when unactivated cyclohexanones (e.g., 1 or its homo-
logs) are used.’® All successful reports* of the Robin-
son annulation reaction with trans-3-penten-2-one (3)
have necessitated the use of activated cyclohexanones
such as 22»%f or derivatives of 2-methyl-1,3-cyclo-
hexanedione.?>¢ The problems associated with the
conversion of the resulting carbomethoxyoctalones
(e.g., derivatives of 6) to the desired cis-4,10-dimethyl-
1(9)-octal-2-one ring system (4) are well documented. 41

We wish to report a remarkably stereoselective, high-
yield, one-step synthesis of both octalones 4 and 5.
Treatment of a suspension of the sodium enolate of
2-methylcyclohexanone (1) in dioxane® with 1 equiv of
trans-3-penten-2-one (3)® at room temperature for 100
hr” afforded octalone 4 [655 1.08 ppm (s, 3 H, CCHj),
65%). Alternatively, treatment of a solution of the
enolate of 1 in dimethyl sulfoxide (DMSO)® with 1

equiv of trans-3-penten-2-one (3) under similar condi-
CCly

tions for 3 hr gave octalone 5 [83y¢ 1.27 ppm (s, 3 H,
CCH;), 7277].  In both cases the isomeric purity of the
products was greater than 95 %7.°

The stereochemistry of octalones 4 and 5 was deter-
mined by reducing each isomer (Li, liquid NHj, tert-
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(4) The work of Odom and Pinder* describing the Robinson annula-
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has recently been retracted (footnote | of ref 2d).

(5) Prepared by heating to reflux an equimolar mixture of NaH and
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(9) Determined from the integrated nmr spectra of 4 and 5.
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BuOH,® followed by Jones reagent!!) to the cor-
responding trans-fused decalones 8 and 9. The nmr

and richly detailed ir spectra of 8 and 9 were identical
with spectra of authentic samples,!?

Annulations of substituted 2-carbomethoxycyclo-
hexanones with trans-3-penten-2-one (3), in which the
stereochemistry of the secondary methyl group is pre-
sumably determined in the initial Michael addition step,
have been shown to give predominately the cis isomer
(i.e. 6 and its homologs).»®f In these cases, the
choice of solvent appears to affect the cis-trans ratio
although neither the nature nor the magnitude of the
effect has beenreported.'>*# A transition state in which
steric and electronic factors appear to favor the cis
isomer has been proposed.” In addition, the sug-
gestion that the transition state leading to the cis
isomer might be stabilized by nonpolar solvents and
somewhat destabilized by polar solvents has also been
made, but this suggestion has not yet been verified,*

None of the above postulates appears satisfactory to
explain the complete reversal of stereochemistry we ob-
served in changing solvents from dioxane to DMSO.
One possible explanation is that in the relatively non-
polar solvent dioxane, the mechanism proposed by
Marshall®® is operative, thus leading to the cis isomer.
In the case of the highly polar solvent DMSO, how-
ever, in which proton transfers of even carbon acids are
extremely rapid (in some cases the rates are apparently
diffusion controlled)!4 the sequence outlined in Scheme
I may well explain the high degree of stereoselectivity
observed in this solvent. This sequence involves an
aldol condensation followed by a thermally!® allowed
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(15) Thermal cyclizations of hexatrienes to cyclohexadienes have
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been added.
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disrotatory cyclization'® of 12 to 13, essentially the re-
verse of the normally accepted steps in the Robinson
annulation reaction.' Since enolates derived from
homologs of 2-carbomethoxycyclohexanone (2) are
considerably more stable than the enolate of 3, Scheme
I would not be expected to be operative in those cases.
In the above case, however, the cross-conjugated eno-
late 118 is probably more stable than the enolate de-
rived from 2-methylcyclohexanone (10). Moreover,
initial Michael addition of 10 to 3 would be expected to
be retarded significantly due to increased steric conges-
tion (relative to methyl vinyl ketone) at the S8-carbon
atom of 3. Further experiments designed to verify
the validity of the steps proposed in Scheme I are cur-
rently in progress in our laboratories.
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Pyrolytic Transformation of
Bicyclo[4.2.1nona-2,4,7-triene to
Bicyclo[4.3.0]nona-2,4,7-triene (cis-8,9-Dihydroindene).
The ‘‘Hydrogen-Rebound’’ Pathway

of Thermal Rearrangement!

Sir:

The pyrolysis of bicyclo{4.2.1]lnona-2,4,7-triene (1)
at temperatures above 290° in either the gas phase
or dodecane solution causes rearrangement to bicyclo-
[4.3.0]lnona-2,4,7-triene (cis-8,9-dihyrdoindene, 2).2
Most of the plausible hypothetical mechanisms for this
reaction fall into two categories: (i) an all-carbon
sigmatropic process, such as [1,3]- or [1,5]-sigmatropic
rearrangement to cis-bicyclo{6.1.0Jnona-2,4,6-triene (3),
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which is known?® to rearrange readily to 2, or isom-
erization of 1 to its tricyclic valency tautomer 44 fol-
lowed by sigmatropic rearrangement of the type recently
reported in another system;® (ii) a process initiated
by an intramolecular Diels—Alder reaction (1 — 5)®
and completed by overall hydrogen shift (5 — 2).
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Experiments with the deuterium-labeled substance
1-7,8-d; permit in principle a distinction between these
two mechanistic categories. Category i gives product 2
with at least one olefinically bound deuterium, whereas
category ii gives 2 with deuterium bound exclusively
to paraffinic carbon. Pyrolyses of two samples of
1-7,8-d;® give product 2 with olefinic-paraffinic proton
magnetic resonance intensity ratios of 2.07 and 2.21,
as compared to theoretical values of 1.310 and 1.325
for mechanistic category i and 2.727 and 2.567 for
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allylbenzene, all of which are formed in the pyrolysis of 2 itself. Pro-
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