
7812 J. Am. Chem. Soc. 1995,117, 7812-7813 

Communications to the Editor 

Reactions of Oxaziridines Initiated by nji* Triplet 
States of Photosensitizers1 

Scheme 1 

Alan J. Post and Harry Morrison* 

Department of Chemistry, Purdue University 
West Lafayette, Indiana 47907-1393 

Received March 31, 1995 

The photoinduced rearrangements of oxaziridines continue 
to command attention because of the successful utihzation of 
this chemistry in synthesis.2 We recently reported on the aryl-
sensitized photoisomerization of N-alkyl spiro oxaziridines to 
lactams, as exemplified by the toluene-sensitized transformation 
of 2-isobutyl-l,2-oxazaspiro[2.5]octane (1) to the ring-expanded 
lactam, 2 (eq I).3 Because of the apparently endothermic nature 
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of a vertical singlet—singlet energy transfer process involving 
the aryl 7t,7t* singlet state and the oxaziridine chromophore,4 

we proposed that "nonvertical" singlet energy transfer6 was 
responsible for this chemistry. As part of this work, and in 
agreement with previous reports,7 we observed that the oxaziri­
dine could also be photosensitized with the classical triplet 
sensitizer, benzophenone. However, as had been noted by 
earlier workers, photosensitization with benzophenone did not 
afford the lactam but rather the ring-opened JV-isobutylcapro-
amide, 3 (eq If (in addition to cyclohexanone). Upon con-
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sidering this observation, it seemed unlikely that the oxaziridine 
triplet would lie below that of benzophenone (ET = 69 kcal/ 
mol),9 and we again found ourselves searching for a mechanism 
for photosensitization other than vertical (e.g., triplet—triplet) 
energy transfer. We now report that the chemistry shown in eq 
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2 results from the involvement ofketyl radicals, formed during 
the photolysis of ketone n,n* triplet sensitizers. 

To elucidate the mechanism of the benzophenone sensitization 
we first explored whether the carbonyl group of the sensitizer 
was a requirement by photolyzing a mixture of 1 and triphen-
ylene10 in hexane using light absorbed solely by the aromatic 
hydrocarbon (A = 300 nm). No caproamide was formed though 
there was significant conversion to lactam resulting from singlet 
sensitization. With this observation in hand we next examined 
the importance of the sensitizer having a lowest lying n,Jt* triplet 
excited state by taking advantage of the fact that acetophenone's 
lowest lying triplet state is known to be n,xc* in hexane and 
Jt,Ti* in acetonitrile." In fact, though photolysis of a mixture 
of 1 and acetophenone in hexane12 did produce a mixture of 3 
and cyclohexanone, no reaction was observed when the 
analogous photolysis was conducted in acetonitrile. Confirma­
tion that this was not a solvent effect was provided by 
photolyzing 1 in hexane with p-methoxyacetophenone, a 
compound known to have a lowest lying jr,7r* triplet excited 
state in both polar and nonpolar solvents.11 Again there was 
no evidence for the formation of the amide and cyclohexanone, 
consistent with the requirement for an n,jr* ketone triplet for 
sensitization. 

Since it has been shown that alkoxy radicals may be used as 
a model for the n,jr* triplet excited state of ketones,13 we 
subjected 1 to conditions known to generate the ferf-butoxy 
radical (refluxing an n-heptane solution of tert-butyl peroxide). 
There was no evidence for the formation of 3 or cyclohexanone. 
As an alternative we focused on the formation of ketyl radicals 
from the 3n,jr* state by hydrogen atom abstraction since there 
is precedent for such species to be involved in "chemical 
sensitization" as the source of what has otherwise been thought 
to be photosensitization chemistry. Thus, it has been demon­
strated that such radicals can reduce aryl A'-alkylimines by 
hydrogen atom transfer.14 Following the earlier work, a mixture 
of benzpinacol and 1 was refluxed in n-heptane so as to produce 
the diphenylketyl radical (4) in the presence of the oxaziridine 
(Scheme 1). Conversion to 3 and cyclohexanone was observed. 
In addition, we generated the ketyl radical 5 in the presence of 
1, by refluxing a 2-propanol solution of benzoyl peroxide, and 
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again observed the formation of 3 and cyclohexanone.15 We 
conclude that ketyl radicals are indeed involved in the "triplet" 
sensitization chemistry of oxaziridines, with a proposed sequence 
for this photochemistry outlined in Scheme 2. The novel step 
in this mechanism is the transfer of a hydrogen atom from a 
ketyl radical to the oxaziridine nitrogen with concomitant 
cleavage of the N-O bond to form an alkoxy radical 6; we are 
unaware of an analogous hydrogen atom induced ring-opening 
reaction.1718 The radical 6 may then undergo /J-scission by 
either losing an alkylamino radical to form cyclohexanone or 
undergoing ring cleavage, followed by hydrogen atom abstrac­
tion from the solvent, to give amide. 

We are exploring the potential extension of the hydrogen atom 
induced ring-opening reaction to other small ring heterocycles, 
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while continuing our elaboration of the mechanisms involving 
the photoinduced rearrangements of oxaziridines. 
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