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A verification of the photolytic decomposition pathways of
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Abstract—C60 acts as a mechanistic probe for the formation of carbene and for the rearranged product via the excited state in the
photolysis of 3-t-butyl-3-chlorodiazirine.
� 2004 Published by Elsevier Ltd.
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Scheme 1.
It is now clear that the generation of carbenes by photo-
lysis of alkylchlorodiazirines is often accompanied by
electronically excited diazirine, which directly affords
the final rearranged product, as demonstrated by the flu-
orescence studies of Platz and co-workers.1 The elegant
methodology of Moss et al.2 presented convincing evi-
dence for excited diazirine in the photolysis of 3-t-
butyl-3-chlorodiazirine (1) yielding 2,2-dimethyl-1-chlo-
rocyclopropane (2, 87%) and 2-chloro-3-methyl-2-bu-
tene (3, 13%) as products (Scheme 1). Photolysis of
diazirine 1 in 2-methyl-1-butene afforded cyclopropane
adduct 4, in addition to the products 2 and 3. When
the product distribution of this reaction was studied as
a function of the concentrations of 2-methly-1-butene,
the ratio of intermolecular/intramolecular product, 4/2,
was linear with alkene concentration. The yield of 1,2-
methyl shift product 3, was independent of the alkene
concentration. This suggests that 3 was formed exclu-
sively from the excited diazirine. These results convinc-
ingly demonstrate that the carbene partitioned directly
into products 2 and 4.
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We have recently introduced the C60 probe technique,
which is a nonspectroscopic method to determine the
photolytic decomposition pathways of diazirines.3 The
carbene adds to C60 to form methanofullerene, whereas
the diazo compound adds to C60 to form fulleroid.3,4 In
particular, the partitioning of carbene, diazo and rear-
rangement in excited state (RIES) are quantitatively
obtained. For example, the photolysis of 3-chloro-3-iso-
propyldiazirine in the presence of C60 resulted in the
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formation of 5% carbene, 13% diazo and 82% RIES
product. The results obtained from chemical derivatiza-
tion by 3-chloro-3-isopropyldiazirine agree with results
obtained by laser flash photolysis5 and fluorescence
studies1 of the same compound.

We now wish to report the photolysis of diazirine 1 in
the presence of C60. We prepared diazirine 1 by the oxi-
dation of the corresponding amidine by NaOCl accord-
ing to Graham�s procedure.6 We photolyzed (>300nm)
solution of diazirine 1 (0.9·10�2M) in the presence of
C60 (2.6·10�2M) in ODCB/C6D6 (9/1) at �30 �C for
15h to an approximately 80% conversion. We repeated
this experiment three times and averaged the results.

1H NMR (300MHz, o-dichlorobenzene/C6D6 (9/1))
measurement of the reaction mixture showed the yields
of 2,2-dimethyl-1-chlorocyclopropane (2, 3%, d 1.13
(s), 0.87 (s)), 2-chloro-3-methyl-2-butene (3, 6%, d
1.91, 1.69, 1.52 (each br s)), azine (5, 6%, d 1.23 (s))
and 6,6-methanofullerene adduct (6, 55%, d 1.81 (s))
(Scheme 2). The NMR data of compounds 2, 3 and 5
are in excellent agreement with those published by Moss
and Ho.2b We isolated the adduct 6 by HPLC separation
with Buckyprep column, and characterized by means of
a spectroscopic analysis.7

On the basis of these observations, we have concluded
that the formation of yield of adduct 6 in the photoreac-
tion of C60 with diazirine 1 reveal the formation of yield
of carbene. Also, the yields of 2 and 3 reveal the forma-
tion of the products via the RIES processes. The rate
constant for C–H insertion of t-BuCCl carbene is slow,
9.3·105s�1.2 As a result, the carbene can either be
trapped by C60 or react to a lesser extent with diazirine
1 to form azine 5.8 The formation ratio of carbene/RIES
in this reaction was estimated as 87/13.

Our results agree with Moss�s estimate that in the photo-
lysis of diazirine 1 yields 87% carbene, and that 4% of 2
and 9% of 3 derive from the RIES processes. The agree-
ment between our result with that of Moss is remarkable
considering that the two methodologies used completely
different experimental approaches. We believe that our
C60 probe technique presents unambiguous results in
the assignment of photolytic decomposition pathways
in diazirine. The application of diazirines as photoacti-
vatable reagents is an area of intense research in bio-
chemistry and molecular biology.9

Diazirines have been used as photoaffinity reagents to
label receptors and also to act as reagents for investiga-
ting the organization of biological membranes. When di-
azirines are irradiated, the loss of nitrogen to yield
carbenes is the optimum desirable reaction because the
carbenes react covalently with the receptors. In view of
these reactions, the understanding of the various ele-
mentary processes in the photochemistry of diazirines
is of paramount importance. We are convinced that
the C60 probe can be used to obtain quantum yields in
the photolysis of diazirines.
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