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Absence of the 'pNitro Effect' in the Photochemical Reactions of 
3-Chloro-3-aryldiazirines in the Presence of Amines 
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Photochemical generation of arylchlorocarbenes from 3-chloro-3-aryldiazirines in the presence of diethylamine 
afforded N,N,N',N'-tetraethylbenzylidenediamines regardless of the nature of the aryl substituent. 

Photolysis of diazo compounds is believed to generate free 
carbenes, and has been conveniently employed for carbene 
generation. 1 Conceivably, however, excited diazo compounds 
may act as carbenoid species, mimicking free carbenes in their 
reactions. Indeed, a recent product analysis2 and spectro- 
scopic studies3 have revealed that carbene-mimicking reac- 
tions of excited diazo compounds are involved in the 
photochemical processes of several a-diazocarbonyl com- 
pounds. More recently we have noted4 that electron transfer 
reactions compete with the carbenic reactions. Thus, irradia- 
tion of phenyldiazomethane in diethylamine afforded pri- 
marily the N-H insertion product, whereas similar irradiation 
of p-nitrophenyldiazomethane resulted in the formation of 
p-nitrotoluene almost exclusively. The results were explained 
as indicating that the excited p-nitrophenyldiazomethane 
participates in electron transfer from diethylamine. Similar 
electron transfer reactions have subsequently been founds to 
occur generally in the photolysis of most aryldiazo compounds 
bearing a p-nitro substituent, in the presence of an amine. 
Schuster has reported6 that electron transfer is also involved in 

the photochemistry of p-nitrophenyl azide, a possible precur- 
sor of a nitrogen analogue of a carbene, in the presence of 
amines. These observations that electron transfer is often 
involved in the photochemical generation of divalent species, 
with extrusion of a nitrogen molecule, prompted us to 
investigate the photochemical pathways of diazirines, which 
are also important precursors7 of divalent carbon, in the 
presence of amines. 

Irradiation of a solution of 3-chloro-3-phenyldiazirine (la) 
in degassed benzene in the presence of a 5 molar excess of 
diethylamine at 0°C resulted in a white precipitate of 
diethylamine hydrochloride. Evaporation of the filtered 
reaction mixture afforded N ,  N ,  N',N'-tetraethylbenzylidene- 
diamine (2a), which was purified by short-path distillation. 

The mechanism of this reaction is interesting in connection 
with Moss's observations that 3-bromo-3-phenyldiazirine (3) 
reacts with diethylamine in the dark to give (2). The latter 
reaction was explained in terms of initial amine/bromide 
exchange affording the unstable 3-amino-3-phenyldiazirine 
(4), followed by spontaneous loss of nitrogen and liberation of 
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the amino(pheny1)carbene (5)  [reaction (l)]. Not surprisingly, 
however, compound (1) does not undergo thermal reaction 
with the amine at 25 “C in 24 h; the poor chloride leaving group 
inhibits amine/halide exchange. It is probable then that 
irradiation results in the generation of free chloro(pheny1)car- 
bene (6), which reacts with N-H bonds of the amine to afford 
the a-chlorobenzylamine (7). The ar-chloro amine (7) easily 
undergoes attack by a second diethylamine to give (2) and the 
amine hydrochloride [reaction (2)]. 

In order to establish whether electron transfer from the 
amine is involved in the diazirine route to carbene under 
irradiation, a series of 3-chloro-3-aryldiazirines (la-f) bear- 
ing various aryl substituents, including p-nitro, were irra- 
diated in diethylamine. The results are summarized in Table 1. 
The p-nitro group showed no appreciable effect on product 
distribution; no trace of benzyl chloride, expected to be 
formed in the electron transfer reaction, was detected. This is 
in marked contrast to the photochemical reactions of many 
aryldiazo c0mpounds4~5 as well as aryl azides6 in the presence 
of amines , where dramatic ‘p-nitro effects’ were observed, and 
clearly indicates that electron transfer is not involved in the 
photochemical reaction of diazirine generating carbene. 

The exact reason for the observed difference in photo- 
chemical behaviour between diazo compounds and diazirine is 
not clear at present. It is important, however, to note that, 
while diazo compounds are highly sensitive to acid, 3-chloro- 
diazirines are known7 to be resistant to strong acid; they are 
decomposed only by 80% sulphuric acid! The crucial step of 
the electron transfer process in the photochemical reaction of 
p-nitrophenyldiazo compounds with amines is presumed4J to 
be the protonation of the diazonium anion radical by the 
amine cation radical, with simultaneous loss of nitrogen. A 
reasonable explanation might be, then, that even if a single 
electron is transferred to the excited diazirine from the amine, 
the resulting diazirinium cation radical does not effectively 
undergo protonation, presumably owing to the lack of a 
driving force for elimination of nitrogen. 

Table 1. Photolysis of 3-chloro-3-aryldiazirine (1) in the presence of 
diethylamine. 

X in (1) Yield (%)aof (2) 
a H  
b 4-Me0 
c 4-Me 

e 3-N02 
d 4-C1 

f 4-NO2 

76.1 
67.6 
65.2 
65.5 
65.0 
64.9 

a Determined by g.1.c.; a small amount (<2-3%) of benzaldehyde 
was also detected. 

On the other hand, Schuster6 has demonstrated that, in the 
photochemical reaction of aryl azides in the presence of an 
amine, electron transfer from the amine involves the triplet 
p-nitrophenylnitrene , not the excited nitrene precursor. 
Although we have no experimental data which clearly identify 
the intermediate involved in electron transfer, the observed 
difference might be due to a difference in the ground state 
multiplicity between arylcarbenes and chlorocarbenes. It is 
well known9 that most arylcarbenes have a triplet ground state 
whereas arylchlorocarbenes have a singlet ground state. 
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