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Ground state molecular conformations can influence photochemical behavior m cases 

where excited state reactions are more rapti than conformational momerlzatlon. 2 Our mterest 

m the role of molecular conformation 111 photochemistry led us to reexamine the photochemistry 

of cyclohexyl phenyl ketone @) and its CIS- and -4-i-butyl derivatives (2 and 2). Previous - 

mvestlgatlons of J and 2 have revealed mefflclent formation of acetophenone, s presumably via 

consecutive type II elrminatlons (eq 1,2). The antmlpated prnnary photoproducts 4 and/or 2 

4 
have not been ldentlfred. The relative stablllty of _j and 2 has been attributed to the macces- 

slbllrty of the v-hydrogen to the carbonyl group m the more stable conformers of _j (equatorial) 

and 2 (dlequatorml twist boat).)b The mefflclency of product formation from 1 seemed 

surprising for the followmg reasons. (a) at least several percent of the ground state molecules 
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should be m conformer la and (b) chair-chair interconversion m the excited state should 

compete with radz&onless decay of conformer le. Even more surprlsmg are the reported 

results for 2 which we would expect to exist m a highly reactive chair conformatlon.4 

The conformational preference of the benzoyl group was determined by base catalyzed 

equilibration of 2 and 3 (eq 3) to be 1.79 kcal/mole at 25’ C. Tlus value 1s only slightly larger 

&J&L mph (3) 

2 3 

than those for the acetyl (1.52 kcal/molePa and methyl groups ( 1.7 kcal/mole).5b Thus 

there IS no reason to expect -2 to have a most stable twist boat conformation.4 

Irradlatlon of 2 m degassed benzene solution through Pyrex results m the formation of 

6 (@= 0.024) as the only observed primary photoproduct (eq 4).6 The low quantum yield could 

&Y+- &pLphA,f$ (1) 

2 

result from inefficient biradrcal formatlon and/or reversion of the biradical mtermedlate to 

ground state ketone (k,). Since alcohol solvents are known to suppress biradlcal reverslon.7 

the effect of added 1-propanol on the quantum yield was mvestigated. The quantum yield 

increases with 1-propanol concentration to a value of 0.098 in 8.9 M 1-propanol-benzene. 8 

Thus the inefhcrency of product formatlon from 2 1s due at least m part to blradical reversion. 

as IS the case for several bicycloalkyl phenyl ketones with similar ryld geometrles.s The 

excited state lifetune (T) of 2 was estimated by the usual Stern-Volmer method usmg 1,3- 

pentadlene as the trlplet quencher m 4.5 M 1-propanol-benzene solution. The value for I/ T = 

6.8 x 109 (Table I) is in good agreement with that for endo-2-benzoylnorbornane (7).s 

Irradmtlon of 3 does not lead to the formatron of 6: however the quantum yield for 

disappearance of 3 (a - 0.1) 1s surprlsmgly high. The products are thermally unstable and 

have not been isolated. Stern-Volmer quenching of the disappearance of 3 m degassed benzene 

gives a value of */T = 2.1 x 107 set-i . Thus the triplet llfetune of 3 is 300 times that of 2. 

Irradiation of I in degassed benzene solution results m the mefflcrent formatlon of 4 and 

an lsomerlc alcohol, tentatively ldentifled as 5 (# = 0.005). 1 o Even at moderate converslons 

(<IO’%) 4 1s converted to acetophenone as raprdly as It 1s formed, thus precludmg the 1soIatlon 

of 4 In Wmflcant CpaUtltles upon irradiation of 1 m benzene. Addltlon of I-propanol again 
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Table I. Quantum Yield and Kmetic Data for Cyclohexyl Phenyl Ketones 

Ketone @PrOHa k b 
q 

‘/ , set-1 

2 0.008 0 13 ‘I65 2.9 6 1 7 6x x 109 106 
2 0.024 0.098 0.74 6 8x log 
;c 0.10 0.10 0:;s 239 0.70 7.1 2.1 x x 109 107 

aQuantum yield 111 8.9 M l-propanol-benzene. bSlope of Stern-Volmer plots where kq 1s the 

rate constant for triplet quenching by pentadlene, assumed to be 5 x 109 M-1 set-1 ‘Data 

from ref. 9. 

results m a marked increase mthe quantum yield for 4a (Table I), however, no increase 111 the 

quantum yield for 5 was observed. Since the ground state population of the axial conformer 

la (4-50/o)* t IS significantly less than the quantum yield for blradical formation (s_ 0.13), the 

excited equatorial conformer le* must undergo ring mverslon followed by biradical formation 

m competition with other processes which deactivate the excited state 

The formation of 4 upon excitation of both la and le was confirmed by quenchmg 

expernnents m 4.5 M I-propanol-benzene (Figure 1). The two linear portlons of the Stern- 

Volmer plot have markedly different slopes, mdlcatlve of product formatlon from a short 

lived (la*) and a long lived (!e’+) excited state Kinetic analyslsl 2 of the quenching data 

provides values of I/ = 1.7 x 109 see-1 for la and I/ = 6.6 x 106 set-1 for le. These values 

are m reasonable accord with those for the model compounds 2 and 3. Approximately 80% of 

the product results from mltial excltatlon of le m 4.5 M 1-propanol-benzene. 

In conclusion, the axial conformer of cyclohexyl phenyl ketone (la) and cls-4-.-butyl- - 

cyclohexyl phenyl ketone (2) have very short trlplet llfetlmes due to their favorable geometries 

for -hydrogen abstractlon. The short llfetnne of la precludes competltlon of conformatlonal 

lsomerlzatlon with -hydrogen abstraction. In contrast, the longer trlplet llfetlme of le’ 

allows rmg mversion to compete with radmtionless decay processes. The low quantum 

yields for product formation from la and 2 in benzene solution are due at least in part to 

efflclent biradlcal reversion to ground state ketone. It 1s mterestmg to note that conformatlon- 



ally non-mobile excited ketones such as &, _& and _S which have geometrically accessible 

x’-hydrogens, undergo exceptionally rapti v-hydrogen abstraction. Furthermore, the same 

non-mobile conformations which enhance blradlcal formatloon also favor biradlcal reversion to 

ground state ketone, resulting in low quantum yields for product formatlon. 
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