
52 J.C.S. CHEM. COMM., 1976 

Generation and Reactivity of Aminyl and Aminylium Radicals 

By ROBERT W. LOCKHART, RODNEY W. SNYDER, and YUAN L. CHOW* 
(Department of Chemistry, Simon Fraser University, Burnaby, British Columbia, V5A 1S6, Canada) 

Summary Photolysis of N-nitropiperidine under neutral 
conditions generates the piperidinyl radical and under 
acidic conditions the piperidinylium radical, indicated by 
their addition reaction with cyclohexene. 

IT has been clairned1y2 that the aminyl radicals generated 
from tetra-alkyltetrazenes do not undergo addition to a 
simple double bond. In contrast, the aminyl radicals (or 
the metal-complexed aminyl radicals) generated from 
chloramine2s3 and nitrosamine* decompositions add to 
olefins very efficiently. We now demonstrate that nitr- 
amine photolysis can generate aminyl or aminylium 
radicals depending on the solution acidity, and that these 
radicals differ substantially in reactivity. 

One might reasonably expect nitramine photolysis to cause 
homolysis of the N-N bond, although there are literature 
reports indicating o t h e r ~ i s e . ~  This is considered to be the 
best model reaction since a nitramine remains unaffected 
under weakly acidic conditions in which an aminyl radical 
(pKa cw. 7) is rapidly protonated. Irradiation through a 
Vycor filter of N-nitropiperidine (1 g)  in MeOH, 0.05 N in 
HCl, in the presence of cyclohexene (0.65 g)  under nitrogen 
gave a mixture of the addition products (2-nitro- and 2- 
methoxy-l-piperidinocyclohexanes, 2-piperidinocyclohexa- 
none oxime and a piperidinocyclohexene) . The same 
reaction under oxygen gave a mixture of unstable cis- and 
trans-l-nitrato-2-piperidinocyclohexanes which were im- 

mediately reduced by lithium aluminium hydride to the 
corresponding cis-alcohol (m.p. 83-85 "C) and trans- 
alcohol (m.p. 30-32 "C) in 71% yield and a 1 : 1 ratio. This 
reaction resembles nitrosopiperidine photoaddition in 
weakly acidic conditions under nitrogen and oxygen in 
which the piperidinylium radical acts as the reactive 
ix~termediate.~,~ A similar photolysis in neutral MeOH 
under nitrogen gave piperidine and N-formylpiperidine 
which were derived by hydrogen abstraction of the piperi- 
dinyl radical from MeOH; no addition product to cyclo- 
hexene could be detected. The photoreactions are illus- 
trated in equations (1) and (2). 

hv 

MeOH 
C6Hl0NNO2 ---+ .NO, + C5H,,N. + H-abstraction (1) 

C5HloN. + H+ + C6HloNH.+ _I__, Addition (2) 
CBH,, 

The quantum yield of nitropiperidine disappearance in 
neutral MeOH is 4.8 while in O - ~ N - ~ N  H2S04 either in the 
presence or absence of oxygen and cyclohexene it is 74-7-8. 
These data suggest that the reactive species is the piperidinyl 
radical in neutral photolysis and the piperidinylium radical 
in acidic photolysis. 
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