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We recently reported the singlet-state photochemical rearrangement of 3-methylene-2,2,5,5- 

tetramet~lcyclohexanone (1) via a 1,3-sigmatropic acyl shift to 3,3-dimethyl-5-isopropylidene- 

cyclohexanone (g).", However, 17~-acetoyy-4,4-dimetQrl-19-norandrost-5-en-3-one (3)isknown to 

undergo a triplet-state 1,2-acyl shift to the cycloproWlketone steroid Cft) .5 Asapartial 

explanation for the differing reactivities of 1 and 2, &spite their essentialJy isosteric 

/j,y-unsaturated ketone chromophores, we suggested that the lowest triplet state of&was only 

apparently unreactive, dissipating its energy in an undetected cis-trens isomerization. Such a -- 

characteristic Tf-ll* process would have been consistent with our finding that the phosphorescent 

triplet of 1 at 77°K was of the n-p configuration (mean lifetime 0.21 se@). 

Since our cormnunication, 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 Fn ethanol glass and the photoreduction of 

acetophenone in isopropyl alcohol at 3500 61. Accordingly, we chose to exsmine the photoreactivity 

of j-etblidene-2,2,5,5-tetreanet~lcyclohexanone (2). Synthesis by Wittig reaction of 2,2,5,5- 
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tetramet~lcyclohexane-1,3-done with 1.4 equivalents of ethylldenetriphe~lphosphorane in 

dimet&lsu.lfoxide at 5O“C gave a 60% yield of 2 as a 85~15 mixture of the twu geometric isomers 

Sa Sb 

The major isomer zwas determined to be the one in which the allylic methyl was syn to the 

C.2 geminal dimethyls on the basis of its 100-MHZ nmr spectrum (CC4): 60.92 (6H, singlet, 5,5- 

dimetwl), 1.26 (6H, singlet, 2,2-dimetwl), 1.70 (3Ha, doublet of triplets, J,,=p, J~~=IHHz, 

allylic methyl), 2.04 (2Hc, broad singlet, allylic met&ylene), 2.13 (2H, singlet, -Cg&), 

5.26 (lI$,, quartet, Jab=7Hz, vinyl). The anti arrangement of the allylic and& geminal 

methyls in the minor isomer 2 is also based on the 100~MHz nmr spectrum (CC4): 60.89 (6H, 

singlet, 5,5-dimethyl), 1.14 (6H, singlet, 2,2-dimethyl), 1.58 (3H 
a' 

doublet, Jab =m,allylic 

methyl), 2.18 (2H, singlet, -C&-&O), 2.27 (2H, broad singlet, aUylic methylene), 5.41 (lHb, 

quartet, Jab =7Hz, vinyl). These assignments are consistent with previously noted deshielding 

by proxinmlmetbyls7 and with more pronounced homoallylic coupling in trensoid arrangements.' 

Irradiation through a corex filter of a 0.1 M deoxygenated solution of the 5ab mixture' in - 

benzene resulted in the formation of a single photoproduct 5 in 30$ yield, which could be 

isolated by evaporation of solvent at reduced pressure and preparative gas chromatograp@ on a 

3-ft. by l/4-in. BDS (10% on Chromosorb P) co1m at 65". The identity of kwas established as 

3-isopropylidene-2,5,5-trimet@lcyclohexsnone by ozonolysis to acetone and 2,5,5-trimethylcyclo- 

hexane-1,3-dione, and by its 60-MHZ nmr spectrum (CC4): 60.78 and 1.08 (two 3H singlets, C5 

methyls), 1.14 (3Ha doublet, Jab= m, C2 methyl), 1.68 and 1.72 (two 3H singlets, allylic 

metwls), 2.24 (4H multiplet, -C&-&O and -CgdkC-), 3.27 (lHb quartet, Jab=7Hz, C2 methine). 

o$$HcH~be~~ene ) 'p 

5 6 



lo. 14 1369 

The quantum yield for the conversion nf 2 to 6 is 0.20.1° Ae is generally the case for 

photochemical lJ-acyl shifts of ,3,y-unsaturated ketones, the transformation is reversible, with 

682 of 2 and 322 of 5 present at a photostationary state. The predominsnce of 2 in the steady- 

state mixture may simply reflect the higher n-l?+ molar absorptivity of 5 (Xl3 at & 299 rim for 
r. 

g,v8.61at&298Trm13 _ for 5ab) sincequantum efficiency is about the seme in either 

direction. Thus, the singlet-state photochemistry of 5 closely parallels the behatior of the 

methylene analog A. 

However, in Contrast to the deceptive apparent inertness of the triplet state of L, photo- 

sensitization of a 5ab mixture at 3500 1 produces a discernible reaction. The EaCtiOn observed 
- 

is not, however, the 1,2-acyl shift canrmonly obsenred in cyclic p,y-unsaturated ketones such as 

3, but rather cis-trans isomerization of 5& to 2. Ketone sensitizers with triplet energies in 

hv 

benzene 

hv 

the range of 74 (xanthone, acetophenone) to 65 kcal/mole (104hioxanthone) were all effective. 

That the triplet reaction product from photosensitization of zwas indeed 2, and vice versa, 

was confinued by quantitative (s. 95$) ozonolysis of the prcduct mixture to acetaldehyde and 

2,2,5,5-tetrsmethylcyclohexane-l,j-dione. A ll-p configuration is probable for the reactive 

triplet states of 5a and zin the rocnn-temperature geometrical isomerization, but not certain. - 

At n"K, however, a broad phosphorescence spectrum (both ethanol and isopentane glasses) wa8 

recorded, with an approximate (O-O band) triplet energy of 69% kcal/mole and mean lifetime of 

0.16 set, clear* indicative of a n-fl triplet state. 

Thus, our finding8 clearly demonstrate that two virtual3y isosteric /.3,y-unsaturated ketones 

such as 2 and 2 differ in their photochemical reactivity largely because of the presence (in 2) 

or lack (in 5) of a steric constraint to geometric isumerization. When no such restraint is 

present, the oleflnic moiety is camble of acting a8 a "free r&or," thereby dissipating triplet 

energy. When free rotation is impaired, the CyClOprOWlkCtOne-producing l,2-acyl shift may be a 

triplet reaction pathway of last resort. Since 2 and 2 both have triplet state8 accessible by 

singlet n-IT* excitation and subsequent intersystem crossing, the reactivity differences cannot 
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de due solely to the singlet-state partitioning ratio of a-cleavage to intersystem crossing, 

although this may be a contributing factor.14'15 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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