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SYNTHESIS OF SUBSTITUTED DECALONES BY DIELS-ALDER REACTION
OR BY SEQUENTIAL MICHAEL REACTION - WHICH ONE IS MORE SELECTIVE?

Friedrich Richter and Hans-Hartwig Otto*
University of Freiburg, Department of Chemistry and Pharmacy, Hermann-

Herder-Str.9, D-7800 Freiburg, West Germany

Abstract: Acetylcyclohexene is transformed into decalones by a two step
Michael reaction with high stereo- and regioselectivity, while the Diels -

Alder reaction in this case shows poor selectivity.

The Diels - Alder reaction is well kwon to be on2 of the most versatile methods
for the formation of mono- and poly-cycles containing six-membered rings.

The reaction involves a concerted cycloaddition, and therefore, usually shows
very high stereospecificityl. However, reactions with dienophiles having an
endo directing group at each end of the double bond often show very poor
regioselectivity. For some reasons, our goal was the development of an
efficient synthetic route to substituted decalones 2 with predictable stereo=
chemistry starting from 1-acetylcyclohexene (L). We had hoped this would

be a very convenient starting material, and we could easily transform it into
the pentadienone system Z In the following step Z could then react with

diene 4, which can also be prepared from 12.

Reactions between _1__ and aldehydes R-CHO yielded the expected pentadienones
2 in yields ranging from O to 57%. As by-products we isolated compounds

3=A with yields 1o - 55%3. Careful structure elucidation by NMR spectroscopy -
250 MHz - combined with an X - ray structure analysis of a related com=

pound'4 established the proposed structure and stereochemistryS.
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Major coupling constants are shown in figure 1. Furthermore, calculation
of relative energies of possible conformers® of 3 is in full agreement with

structure 3A.

The Diels-Aldar reaction between the dien= 4 and 1+ 4-methylcinnamoyl )-1-
cyclohexene occursedonly in the presence of ethylaluminium dichloride at

OOC ( 1h, CH2C12 ). For separation of aluminiumhydroxide we had to hydrolize
the reaction mixture with hydrochloric acid. Thereby we obtained 3 isomers,
3A, 3B, and 3C after chromatographic workups. Their stereochemistry
results from the primary adducts Ae and Be, which we could not isolate

under these reaction conditions.
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Both products are effected by endo attack: in Ae the cyclohexenylcarbonyl
group directs in this position, whereas Beresults from an endo orientation
of the aromatic ring. Hydrolysis of Ae then gives 3A, and 3B and 3C

are formed from Be.

When we tried to run the reaction between ; and the pentadienone g in the
presence of lithium diisopropylamide in THF at - 780C, we isolated only
the stereo isomer EL} in high yield after warming up to room temperature
and acidic workup. The yield was even higher ( up to 1loo% ), when we added
stoichiometric amounts of 1,3-dimethyltetrahydro-Z(lH)—pyrimidinone'7 to the
reaction mixture before adding of 2 From the reaction conditions evidence
is provided that the best way of understanding this reaction is assuming a
sequential Michael reaction8 instead of an anion accelerated Diels-Alder
reaction. This is supported by isolation of an open chained intermediate in
a similar reaction with B—nitrostyreneg. The high selectivity of this seqaen=
tial Michael reaction probably can be explained by the '"lithium effect”. That

means lithium is fixing the product of the first addition step resulting only
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isomer 3A. As the diene in the Diels-Alder reaction has two directing

groups, the selectivity in this case is much lower.
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