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We recently reported the singlet-state photochemical rearrangement of 3-methylene-2,2,5,5~
tetramethylcyclohexanone (_J:_) via & 1,5-sigmatropic acyl shift to 3,3-dimethyl-5-isopropylidene-
cyclohexanone (2) .3°% However, 178-acetoxy-k,i-dimethyl-19-norandrost-5-en-3-one (3) is kmown to

undergo a triplet-state 1,2-acyl shift to the cyclopropylketone steroid Q\t_).5 As a partial
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explanation for the differing reactivities of 1 and 3, despite their essentially isosteric
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Bsy~-unsaturated ketone chromophores, we suggested that the lowest triplet state of 1 was only
apparently unreactive, dissipating its energy in an undetected cis-trans isomerization. Such a
characteristic T-IT* process would have been consistent with our finding that the phosphorescent
triplet of 1 at TT7°K was of the T-T* configuration (mean lifetime 0.21 sec®).

Since our communication, preliminary support of our contention was provided by the fact
that although no discernible reaction of 1 could be photosensitized, addition of 1 did indeed

quench both the phosphorescence of acetophenone in ethanol glass and the photoreduction of

acetophenone in isopropyl alcohol at 3500 2 Accordingly, we chose to examine the photoreactivity

of 3-ethylidene-2,2,5,5-tetramethyleyclohexanone (5). Synthesis by Wittig reaction of 2,2,5,5-
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tetramethyleyelohexane~1,5-dlone with 1.4 equivalents of ethylidenetriphenylphosphorane in
dimethylsulfoxide at 50°C gave a 60% yield of 5asa 85:15 mixture of the two geometric isomers

Sa and 5b.

H; H

Sa 5b

The major lsomer Sa was determined to be the one in which the allylic methyl was syn to the
Co geminal dimethyls on the basis of its 100~MHz mmr spectrmm (CCl,): 60.92 (6H, singlet, 5,5-
dimethyl), 1.26 (6H, singlet, 2,2-dimethyl), 1.T0 (31{&, doublet of triplets, J,, =THz, J, =1Hz,
allylic methyl), 2.0k (2Hc, broad singlet, allylic methylene), 2.13 (2H, singlet, -CH2-6=0),
5.26 (:LHb, quartet, J_, =THz, vinyl). The anti arrangement of the allylic and Co geminal
methyls in the minor isomer 5b is also based on the 100-Miz mmr spectrum (ccl,): 60.89 (6H,
singlet, 5,5-dimethyl), 1.14 (6H, singlet, 2,2-dimethyl), 1.58 (BHa, doublet, J_, =THz, allylic
methyl), 2.18 (2H, singlet, -CHE-c':=o), 2.27 (2H, broad singlet, allylic methylene), 5.L1 (mb,
quartet, Ja.b =THz, vinyl). These assigmments are consistent with previously noted deshielding
by proximal methyls’ and with more pronounced homoallylic coupling in transoid arrangements.®

Irradiation through a corex filter of a 0.1 M deoxygenated solution of the Za:_lg_ mixture® in
benzene resulted in the foma.tior; of a single photoproduct é in 30% yield, which could be
isolated by evaporation of solvent at reduced pressure and preperative gas chromatography on a
3-ft. by 1/b-in. BDS (10% on Chromosorb P) column at 65°. -The identity of §_ was established as
3-isopropylidene-2,5,5~-trimethylcyclohexanone by ozonolysis to acetone and 2,5,5-trimethyleyclo-
hexane-1,3-dione, and by its 60-MHz mar spectrum (CCly): 60.78 and 1.08 (two 3H singlets, Cs
methyls), 1.1k (31{a doublet, J . =THz, C2 methyl), 1.68 and 1.72 (two 3H singlets, allylic

methyls), 2.24 (4H multiplet, -CHE-C'!—_«O and -CHg-('J=C-), 3.27 (1Hb quartet, J, =THz, Cz methine) .
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The quantum yield for the conversion of 5 to §_ 1s 0.20.10 g is generally the case for
photochemical 1,5-acyl shifts of 8,y-unsaturated ketones, the transformation is reversible, with
68% of 5 and 32% of 6 present at a photostationary state. The predominance of 5 in the steady-
state mixture may simply reflect the higher n-T* molar absorptivity of 6 (113 at Apay 299 m for
6, vs. 61 at Apax 298 m'® for 5ab) since quantum efficlency is about the same in either
direction. Thus, the singlet-state photochemistry of 2 closely parallels the behavior of the
methylene analog 1.

However, in contrast to the deceptive apparent inertness of the triplet state of 1._, photo-
sensitization of a ze‘m_'g' mixture at 3500 R produces a discernible reaction. The reaction observed
is not, however, the 1,2-acyl shift commonly observed in cyclic B,y-unsaturated ketones such as

35 but rather cis-trans isomerization of 2@_ to 5b. Ketone sensitizers with triplet energies in
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the range of T4 (xanthone, acetophenone) to 65 kcal/mole (10-thioxanthone) were all effective.
That the triplet reaction product from photosensitization of oa was indeed i‘t}_, and vice versa,
was confirmed by quantitative (ca. 95%) ozonolysis of the product mixture to acetaldehyde and
2,2,5,5~tetramethyleyclohexane-1,3-dione. A T-1* configuration is probable for the reactive
triplet states of Za; and 213_ in the room-temperature geometrical isomerization, but not certain.
At T7°K, however, a broad phosphorescence spectrum (both ethanol and isopentane glasses) was
recorded, with an approximate {0-O band) triplet energy of 69%2 kcal/mole and mean lifetime of
0.16 sec, clearly indicative of a T-T triplet state.

Thus, our findings clearly demonstrate that two virtually isosteric B,y-unsaturated ketones
guch as 3 and 5 differ in their photochemical reactivity largely because of the presence (in 2)
or lack (in 5) of a steric constraint to geometric isomerization. When no such restraint is
present, the olefinic moiety is capable of acting as a "free rotor," thereby dissipating triplet
energy. When free rotation is impaired, the cyclopropylketone-producing 1,2-acyl shift may be a
triplet reaction pathway of last resort. Since 3 and 2 both have triplet states accessible by

singlet n-Tr* excitatlon and subsequent intersystem crossing, the reactivity differences cannot
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de due solely to the singlet-state pertitioning ratio of g-cleavage to intersystem crossing,
although this may be a contributing factor.14?25 Further studies are in progress to assess the

degree of steric restraint that must be applied to eliminate the free-rotor effect.l®
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