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STEREQCHEMISTRY OF INTRAMOLECULAR [2+2] PHOTOCYCLOADDITIONS
OF 4-(4,5-HEXADIENYL)-2-CYCLOHEXEN-1-ONES

William G. Dauben* and Gideon Shapiro
Department of Chemistry, University of California, Berkeley, California 94720

Abstract. Intramolecular [2+2] photocycloaddition of 4-(allenic-substituted)-2-cyclohexen-1-
ones has been shown to be sensitive to change in substitution pattern and the nature of the re-
acting unsaturates. Initial bonding at C-2 of the enone is indicated.

It has recently been shown that the intramolecular photocycloaddition of 3-substituted 1,6-
unsaturated-cyc]ohexenones1 proceeds with initial bond formation at C-3 of the enone both for
allenes and olefins (i.e., 1 to2and 3 to 3).2 We would Tike to present results which indicate
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that initial bonding at C-2 is an important process in the intramolecular photocycloaddition of
4-(allenic-substituted) cyclohexenones. Recently, we have reported3 that the irradiation of
compound 5, as a 60:40 mixture of anti to syn diastereomers at -70 °C, resulted in quantitative
cycloaddition of the anti diastereomer to yield §.4 The structure of § was determined by con-
version to 7 whose structure was determined by X-ray crystallography. Compound { was, subse-
quently, transformed to 10 resulting in a formal synthesis of trihydroxydecipiadiene. The
stereospecific formation of a cis-decalin ring fusion in § was quite surprising in light of the
previously reported irradiation of olefin }1 which afforded a 1:1 mixture of trans-fused
cycloadducts 4% and "ene" products lg.s In addition, irradiation of acetylenes 14 and 15 af-
fords mixtures of cycloadducts in which the trans-fused isomers 16 and 18 predominated.®
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It is possible that the different stereoselectivity observed with R, a 4-substituted
cyclohexenone, as compared to k&, kﬁ and LQ is due to a fundamental mechanistic difference
between the cycloaddition of allenes and the other types of unsaturation in this series. How-
ever, the possibility that the hydroxyl group in ] influences the stereochemical course of re-
action cannot be completely ruled out. To establish the effect of the allene function and the
hydroxyl group on the stereochemical course of cycloaddition, compound 8 was prepared by acid
catalyzed equilibration of its known g,y-unsaturated isomer.3 Room temperature irradiation of
an equal diastereomeric mixture of Q (5.3 mM in ether)3 gave six products {capillary GC analysis,
elution order) in 23, 14, 26, 9, 14 and 14% yie1d5.7 However, irradiation at -70 °C gave five
of the six previous products in 38, 13, 19, 0, 19 and 11% yields, the fourth eluted product not
being found. The major product of the low temperature irradiation was shown to be anti-cyclo-
adduct 2 by conversion to relay compound %Q.

This result shows, conclusively, that the allene function confers the stereoselectivity
on this system. There are examples in the literature where photocycloadditions of olefins are
stereoselective while those of allenes are not, both in the intermolecular and intramolecular
reaction with cyclohexenones and that the specificity is dependent upon the structure of the



991

enone.8 The complete stereospecificity of anti-5 and the stereoselectivity of Q contrast with
these results. The opposite stereoselectivities observed for the different types of unsatura-
tion in 4-substituted-cyclohexenones can be accounted for by the site of initial bond formation.
It is clear from the formation of 13 that initial C-3 bond formation is most 1ikely occurring
with 11. One cannot be certain that the diradical obtained from initial C-3 closure leads to
cycloadduct i2. However, the stereoselectivity observed is consistent with a decalin inter-
mediate in which one would anticipate preferential formation of a trans ring fusion. If initial
C-2 bond formation occurs, a bicyclo[5.3.1] diradical is produced which should show a marked
preference for a cis orientation of the bridgehead substituents (H, OH). This species prefers
a closure to an all cis cyclobutane, on thermodynamic grounds, which leads to a cis-decalin
fusion, as is observed for allenes ) and §.

Room temperature irradiation of compound gggg gave straight cycloadduct g& the b1cyc10-
[5.3.1] diene %%1 and two unidentified products in 41, 29, 16 and 14% yields, respectlvely.
The formation of £¢ is more evidence for the importance of initial C-2 bonding in the intra-
molecular photocycloaddition of 4-substituted, 1-7-unsaturated, allenic cyclohexenones. However,
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a mechanism for formation of gg involving initial hydrogen abstraction by C-3 of the excited
enone followed by radical combination cannot be ruled out. 12 In the irradiation of the anti
diastereomer 20b, cycloadduct g§13 and compound £4 are the only products received in 4:1 ratio
at room temperature and 9:1 ratio at -70 °C. The postulated structure of 24 has been assigned
on the basis of spectral data14 and is in line that initial bonding at C-2 is occurring. We
have not as yet, however, been able to formulate a satisfactory mechanism for its formation.

In conclusion, these results indicate that the intramolecular photocycloaddition of 4-
substituted cyclohexenones is a very complex reaction which is very sensitive to changes in
substitution pattern and the nature of the reacting unsaturation. With the allene derivative,
initial attack at the C-2 position of the enone is indicated.
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5.73 (dt, 1, 4 = 10.5, 8.2 Hz), 4.70-4.85 (s, 1) 3.50-3.59 (m, 2), 2.68-2. 87 (m, 2), 2.16-
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