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Recently we reported the enol-specific photochemical cycloaddition of a-formyl ketones
to symmetrical alkenes.2 In our note we suggested that this reaction would provide a powerful
annelation tool when coupled to an aldol cyclization of the crude photoproduct. We now wish
to report an application of the above reaction to the synthesis of the cis-9,10-
dimethyldecalin moiety of the valerane sesquiterpenes, specifically valerane (1) and isovaler-
ane (2). Although other syntheses of the valerane skeleton have been reported,3 it is our
opinion that the preparations described herein are sufficiently novel to merit mention.

The primary challenge in valerane syntheses has been the construction of the cis-9,10-
dimethyldecalin group. No completely general and efficient route to this system has yet
emerged. To this end it seemed likely that the photochemical addition of an o-formyl ketone
(or other active enone) to 1,2-dimethylcyclohexene (3) would occur so as to generate the desired
ris relationship of the angular methyl groups.4 This has been verified as shown below.

Irradiation of a pentane solution of formylacetone (&)5 and 1,2-dimethylcyclohexene (§)6
afforded keto aldehyde 5 in high yield. A singlet at § 9.82 (-CHO) in the nmr spectrum
indicated that the photoaddition had occurred via the aldehyde enol tautomer, as expected.7
Acid catalyzed cyclization of the crude material then gave cis-9,10-dimethyl-3-octal-2-one (6)
in 86% yield for the two steps. Compound (6) was identical in all respects with an authentic
sample prepared by the method of Marshall,8 thus verifying that the initial photochemical
reaction had been cis with respect to the alkene. It was then possible to convert 6 to a

mixture of valerane (1) and isovalerane (2) in three steps. Catalytic hydrogenation of 6
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produced 7 in good yield, again identical with an authentic sample.8 The isopropylidene group
of §,9 formed by the reaction of 7 with isopropyltriphenylphosphorane, was then reduced
catalytically to give 1 in a ratio of '\:40/60.10

It was also possible to incorporate the valerane isopropyl group directly in the initial
photochemical step. Thus irradiation of 4-isopropylformylacetone (2)11 in the presence of 3
afforded keto aldehyde 10 (8 9.65, singlet, -CHO) which was directly cyclized to octalome 11
as a single homogeneous compound (66% for the two steps). The conversion of 11 to valerane
and isovalerane was accomplished in two ways. First the tosylhydrazone of 11 was treated with
methyl lithium12 to afford diene 12 which was then catalytically hydrogenated yielding 1 and 2
in a ratio of 40/60. Alternatively Birch reduction of 11, quenching of the derived enolate
with diethylchlorophosphate, followed by reductive cleavage of the enol phosphate with
Li/EtNH:l3 gave alkene 13. Catalytic hydrogenation of 13 afforded 1 and 2 in the same 40/60
ratio.

The nearly complete lack of selectivity in the hydrogenation of alkenes 8, 12, and 13 is
of interest. Previous workers have noted that catalytic reduction of olefin mixture 14 affords
the two isopropyl isomers 15 and 16 in a ratio of 20/80, although the exact composition of 14

was not specified.14 Our results, which show a slight increase in the amount of a-isopropyl
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isomer (40/60 vs 20/80), are consistent with an alkene in which the a face in one conformation
is slightly less accessible to the catalyst surface than is 14 by virture of the additional
a-hydrogen at C-1. We have not explored alternative methods for rendering this final step

more stereoselective.
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The results presented here demonstrate the synthetic potential of photoannelations with

a-formyl ketones. The complex valerane ring system has been produced efficiently in as few as

five steps from readily available starting materials. The photochemical production of 5 and

10 provide further confirmation 6f the enol specificity of the photoaddition and also indicate

that the reaction with 1,2-dimethylcyclohexene occurs in a cis fashion.
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