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The fate of cyclic o,B-unsaturated ketones on irradiation with ultraviolet light
depends markedly on the size of the carbocyclic ring. Cyclopentenone (1) affords two
isomeric dimers in nearly equal amounts, while cyclohexenones undergo either dimer-
ization (2) or rearrangement (3). 1In contrast, 2-cycloheptenone (%) and 2-cyclooctenone
(5) undergo isomerization to the highly strained trans-2-cycloalkenones. 2-Cyclo-
dodecenone (6) is converted to the photochemically stable cis-3-cyclododecenone, a
process analagous to the rearrangements of acyclic ¢,B-unsaturated ketones possessing
a y-hydrogen (7). We wish to report that cis-2-cyclodecenone (1) undergoes a novel
isomerization on photolysis to give a ring contracted cyclooctanone derivative,

Irradiation (8) of a 1% solution of 1 in either benzene or t-butyl alcohol led
to rapid isomerization to a mixture of cis- and trans-3-cyclodecencne (2 and 3) (9).
After one hour another product was detectable by vapor phase chromatography (vpc)
whose conéentration gradually increased until an apparent photostationary state was
achieved after ca, 18 hr. At this time vpc analysis indicated the presence of two-
major componentd in the ratio 3:2 along with several very minor components.

The major product (~50% yield) collected by preparative vpc after vacuum
distillation of the crude product is an inseparable mixture of cis- and trans-3-
cyclodecenone (10). The infrared spectrum of the mixture showed absorption at 3030,
1706, 1620, 980 and TO7 em™! and an ultraviolet absorption maximum ( EtOH) at 287m.

(e 67). The nmr spectrum (11) of the mixture was consistent with the assigned
structures and the appearance of two distinct doublets in the region & 3.1-2.7
(J = 7 cps, C-2 methylene protons) of approximately equal area indicated that 2and 3

were present in nearly equal amounts., On catalytic hydrogenation over palladium on
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charcoal the mixture absorbed one mole of hydrogen and gave cyclodecancne in quanti-

tative yield,

bl
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The second major product (~35% yield) isolated by preparative vpc under carefully
controlled conditions gave analytical results which indicated it was an isomer of the
starting material. The infrared spectrum of this product showed absorption at 3100,
1705, 1630, 990 and 915 cm”! and an ultraviolet absorption maximum (EtOH) at 293 m.

(e B1) consistent with a non-conjugated ketone containing a terminal vinyl group.

The nmr spectrum (11) confirmed these assignments and showed, inter alia, a typical
vinyl pattern in the region & 6.00-4.80 (3H) and & multiplet at & 3.1 (1H) for a
methinyl proton adjacent to a carbonyl group and double bond. These data suggested
that the photoproduct was 2-vinylcyclooctanone (L). This assignment was confirmed

by catalytic hydrogenation to 2-ethylcyclooctanone, identical with an independently
prepared sample. Compound & underwent a facile isomerization on vpc 1f the conditions
were not rigorously controlled to an isomeric ketone, 2-ethylidenecyclooctanone (z).

Compound 5 showed infrared absorption at 3025, 1680 and 1620 em~! and had an ultraviolet

CHCH,

2

absorption maximum (EtOH) at 241 my (¢ 5000). The nmr spectrum showed a one proton

absorption at 5 5.60 (quartet, J = 7 cps) for the olefinic proton and a three proton
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doublet at & 1.77 (J = 7 cps) for the methyl group. Catalytic hydrogenation produced
2-ethylcyclooctanone.

The photochemical formation of the ring contracted ketone & is reversible since
irradiation of 2-vinylcyclooctanone (U4) (containing some 5) led to partial comversion
to the isomeric 3-cyclodecenones 2 and 3. One possible mechanism for these photochemical
transformations would involve cleavage of the bond between C~1 and C-2 in the B,y-

unsaturated ketones (12, 13) to give the diradical §, It is likely that § is not

hvy

generated in a free state with an appreciable lifetime, but that the conformation is
held with the radical centers in close proximity and bond formation occurs at either
allylic position. If § had a sufficiently long lifetime to become essentially a
ten-carbon acyclic diradical, it is unlikely that ring closure to eight- and ten-
membered rings would occur (1k). Cleavage reactions of this type have previously
been observed with acyclic and bridged bicyclic p,y-unsaturated ketones, but this
represents the first example of such a rearrangement with a simple monocyclic ketone.

We are currently examining the generality of this type of ring contraction reaction
with other médium ring ketones.
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