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ABSTRACT

Selective excitation of the ketone chromophore in r-azidoacetophenones, 1, leads to intramolecular triplet energy transfer to the azido group,
which forms the corresponding triplet alkyl nitrene, 2. Azides 1 also undergo r-cleavage to form benzoyl and methyl azido radicals in competition
with nitrene formation. Thus the major photoproduct, 2-benzoylamino-1-phenylethanone, 3, comes from trapping of 2 with a benzoyl radical.
This appears to be the first observation of bimolecular trapping of triplet alkyl nitrenes in solution.

Upon irradiation or thermal activation, alkyl azides rearrange
with loss of nitrogen to form imine derivatives, possibly
through nitrene intermediates. However, there are only a few
examples where products have been isolated, which could
be attributed to the decomposition of alkyl azides into alkyl
nitrene intermediates.1 This has led to the view that the
rearrangement of the alkyl azide takes place not through a
singlet nitrene intermediate but directly from the excited state
of the azide.2 More recently, physical measurements have
been reported that support the existence of triplet alkyl
nitrenes in the gas phase and in matrices.3

We set out to study the reactivity of triplet alkyl azides in
solution, with the intention of intercepting triplet alkyl
nitrenes in bimolecular reactions. Triplet alkyl nitrene is
presumably the ground state, as triplet methyl nitrene is 38.6
kcal/mol lower in energy than singlet methyl nitrene.4

Furthermore, a spin barrier prohibits the triplet nitrene from
rearranging to a singlet imine product, whereas there is no
such restriction on the singlet nitrene. Triplet alkyl nitrene
can therefore be expected to be longer-lived than the singlet
and thus easier to intercept by chemical reactions.

We selectedR-azidoacetophenone derivatives for this study
since they contain an intramolecular triplet sensitizer, which
ensures efficient formation of the triplet alkyl nitrene by
bypassing the singlet nitrene intermediate (Figure 1). The
UV spectra of azides1 trail out to 365 nm due to the
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absorption of the aryl ketone chromophore, whereas the UV
absorption spectra of simple nonconjugated alkyl azides
exhibit only a weak band around 285 nm.5 Thus, by
irradiating azides1 with a light source above 300 nm, it can
be ensured that the ketone chromophore absorbs most of the
light. We anticipate the intersystem crossing from the singlet
manifold to the triplet state in azides1 to be similar to the
analogous acetophenone. The intersystem crossing from the
singlet to the triplet excited state in acetophenone is of the
order 1011 s-1, and the quantum efficiency approximates
unity.6 Furthermore, we expect to observe reactivity mainly
from the triplet manifold of the azido group since Wagner
et al. have shown that phenyl ketones are efficiently
quenched by intramolecularγ-azido groups.7

The thermal decomposition of azide1a yields 2-imino-
1-phenyl-ethanone, presumably via a singlet nitrene inter-

mediate that undergoes a 1,2 H shift.8 We do not expect to
observe any 2-imino-1-phenyl-ethanone formation upon
irradiation, since 1,2 H shifts are not allowed in the triplet
manifold.

Azides 1 were photolyzed at ambient temperature in
toluene under argon. Preparative photolysis of azide1a
yielded one major product, 2-benzoylamino-1-phenyletha-
none (3a, 73%), and acetophenone (9a, 15%) plus small
amounts of 2-benzylamino-1-phenylethanone (4a),N-benzyl-
N-(2-oxo-2-phenylethyl)benzamide (5a), benzaldehyde (6a),
1,2-diphenylethanone (7a), 1,2-diphenylethane-1,2-dione (8a),
and 1,4-diphenyl-1,4-butadione (10a) (Figure 2). The major

product,3a, was isolated and characterized using spectros-
copy and crystallography.9 All of the other products were
characterized by injecting authentic samples in a GCMS.
From the product study, it is apparent that azide1aundergoes
R-cleavage to form a benzoyl radical in competition with
nitrene formation. Benzoyl radicals do not readily abstract
H atoms from appropriate solvents but are quenched rapidly
by molecular oxygen.10 Similarly, interception of a benzoyl
radical by triplet nitrene2a yields radical12a (see Figure
3), which can abstract an H atom from toluene to form the
major product3aand a benzyl radical. Product5a is formed
when radical12acombines with a benzyl radical. The minor
product4a comes from nitrene2a reacting with a benzyl
radical. Products6a-8a result from the benzoyl radical
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Figure 1. Intramolecular sensitization in azide1.

Figure 2. Products from photolysis of azide1a.
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reacting with the solvent or itself. The product ratio indicates
that nitrene2a does not abstract H atoms efficiently from
the solvent and is therefore similar to triplet phenyl nitrenes
that dimerize to form azo compounds rather than abstract H
atoms from typical solvents or undergo rearrangement.11 We
did not isolate the corresponding azo dimer (11a, see Figure
3) of nitrene 2a, but we speculate that9a and 10a are
secondary photoproducts from photolysis of11a and that
under our experimental conditions11a is not photostable. It
is, however, also possible that azide1aundergoesâ-cleavage
to form acetophenone and azide radicals, which can then
yield compounds9a and10a.

We investigated how temperature affects the product ratio.
As the temperature of the photolysis is lowered,10abecomes
more predominant in the product mixture, as well as9a,
whereas at higher temperatures7a and benzaldehyde are
more prevalent. In Figure 4, the percent of products coming
from triplet nitrene2a, benzoyl, and acetophenone radicals
is plotted at 100, 0, and-63 °C. Since benzoyl radical-based
products are favored at higher temperatures theR-cleavage
must have a larger activation energy than the energy transfer
leading to formation of nitrene2a. At lower temperatures
when less benzoyl radical is formed to trap nitrene2a, more
9a and10a are formed, which suggests that these products
come from nitrene2a, unless the directâ-cleavage of1a
has an even lower activation energy than either theR-cleav-
age or internal energy transfer.

We studied the photochemistry of azide1b to verify that
R-azidoacetophenone derivatives generally undergoR-cleav-
age in competition with nitrene formation. Preparative

photolysis of azide1b at ambient temperature yielded
products3b and 9b (see Figure 5) in the ratio of 9:1,

indicating that thep-bromo group on the phenyl ring does
not affect the photochemistry significantly.

In conclusion, photolysis ofR-azido acetophenone leads
to intramolecular energy transfer to the azido group as well
as R-cleavage to form benzoyl radicals. Presumably, the
triplet excited azido group fragments to a triplet alkyl nitrene
and a nitrogen molecule. Since neither the triplet alkyl nitrene
nor the benzoyl radical efficiently abstracts H atoms from
the solvent, the triplet alkyl nitrene is intercepted by the
benzoyl radicals. To the best of our knowledge this is the
first time that triplet alkyl nitrenes have been intercepted in
bimolecular reactions in solution. We are further investigating
the triplet reactivity of alkyl azides and are currently
undertaking studies to detect the triplet nitrene intermediates
directly with laser flash spectroscopy.
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Figure 3. Possible reaction pathways for azide1a in toluene.

Figure 4. Product ratio from photolysis of azide1a at different
temperature.

Figure 5. Products from photolysis of azide1b.
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