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Photosensitized Decomposition of Diazopropene. 
Intermolecular Reactions of Vinylmethylene 

Sir: 

We have studied the triplet-photosensitized decomposi
tion of diazopropene (1) and have observed intermolecular 
abstraction reactions. These results are compatible with 
triplet vinylmethylene (2-T) as reactive intermediate. This 
species may abstract chlorine or hydrogen atoms but appar
ently prefers hydrogen abstraction over either chlorine ab
straction or addition to olefinic double bonds. These reac
tions are the first examples of intermolecular reactions of a 
simple vinylmethylene and provide a systematic approach to 
its reactivity in the triplet state. 

Vinylmethylene and many of its derivatives have triplet 
ground states.1 However, the pyrolysis or photolysis of their 
precursors (diazo compounds, diazirines, 3/f-pyrazoles, or 
cyclopropenes) yields only intramolecular addition or inser
tion products,2 which are most reasonably rationalized via 
the corresponding singlet states. In an attempt to study in
termolecular reactions of vinylmethylene and to test the re
activity pattern of its triplet state, we have studied the ben-
zophenone-sensitized decomposition of diazopropene3 in the 
presence of simple chlorinated substrates (CCI4, CHCI3), 
saturated hydrocarbons, and olefins. 

The benzophenone-sensitized decomposition5 of 1 in 
tetrachloromethane produced the geometric isomers, 3 and 
4, in comparable yields totaling >50%.6 The formation of 
these products can be rationalized on the basis of a mecha
nism involving chlorine abstraction by 2-T and coupling of 
the resulting radicals, chloroallyl and trichloromethyl (pair 
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Figure 1. 1H NMR spectrum (60 MHz) of diazopropene in tetrachlo
romethane containing benzophenone-dio (bottom) and CIDNP spec
trum observed during uv irradiation of this solution (top). 

A). A radical pair mechanism is supported by the strong nu
clear spin polarization7 (Figure 1), which was observed 
when the irradiation was carried out in an NMR spectrom
eter. We found enhanced absorption for the allylic and the 
terminal olefinic protons of products 3 and 4 and emission 
for the internal olefinic protons. The additional enhanced-
absorption signals, three doublets at 4.8, 5.4, and 5.5 ppm, 
were assigned to a third tetrachlorobutene isomer, 5. Since 
we failed to isolate this product, it must either be formed in 
trace amounts only or it must be unstable under the reac
tion conditions. 
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The signal direction of a CIDNP spectrum is determined 
by four parameters and may be used to derive the initial 
spin multiplicity of the intermediate radical pair and its im
mediate precursor. For the formation of 3, 4, and 5 from 
pair A we assign these parameters as follows. The 1-chlo
roallyl radical should have a spin density distribution simi
lar to that of the allyl radical («1,3 < 0 < aj). Its g factor 
should be somewhat higher than that of the allyl radical (g 
= 2.0026),8 but certainly considerably smaller than that of 
the trichloromethyl radical (g = 2.0091),9 hence, Ag < 0. 
Given these parameters and the assumed coupling mecha
nism (« > 0), the observed signal directions indicate that 
pair A was generated in the triplet state (n > 0). The iden
tification of the precursor is somewhat problematic since it 
is difficult to rule out the participation of the diazo com
pound in an excited state.10 Nevertheless, we view the for-
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mation of pair A in terms of the simplest (and most attrac
tive) mechanism, i.e., as an abstraction reaction of triplet 
vinylmethylene. 

Products of abstraction-recombination reactions also 
were observed when vinylmethylene was generated in hy
drocarbons; for example, the triplet-sensitized decomposi
tion of 1 in cyclohexane yielded allylcyclohexane. The ob
servation of CIDNP effects during the reaction support the 
assumption of a radical pair mechanism. In contrast, the di
rect photolysis of 1 failed to produce either intermolecular 
products or CIDNP effects. These results are compatible 
with 2- T as an intermediate in the photosensitized decom
position of 1 and indicate that this species abstracts hydro
gen atoms from hydrocarbons. 

Having found evidence that vinylmethylene may abstract 
both hydrogen and chlorine atoms, we investigated the 
question of selectivity. In earlier work we had shown that 
triplet methylene, in reactions with substrates bearing hy
drogen and chlorine atoms, displays a pronounced prefer
ence for hydrogen abstraction." If triplet vinylmethylene 
displays similar selectivity, its reaction with trichloro-
methane should yield only one primary coupling product, 
and accordingly, a relatively simple CIDNP spectrum. On 
the other hand, if 2-T is less selective or if it has a prefer
ence for chlorine abstraction, three additional primary cou
pling products are possible and a complex CIDNP spectrum 
is expected. 

The benzophenone-sensitized decomposition of 1 in tri-
chloromethane produced 4,4,4-trichlorobut-l-ene, 6, as 
major product,12 and the CIDNP experiment showed en
hanced signals for all protons of this product: a weak, feat
ureless emission (5.5-6.0 ppm) for the internal proton, 
three broad absorption signals (5.1, 5.25, and 5.4 ppm) for 
the terminal olefinic protons, and one absorption doublet 
(3.55 ppm) for the allylic protons. The direction and rela
tive magnitude of these signals reflect the hyperfine cou
pling patterns of the allyl radical and suggest a mechanism 
involving coupling of a triplet-generated radical pair, B. In 
addition, two emission signals (2.15 and 4.85 ppm) were ob
served; these apparently represent an "escape" product,7 

possibly hexa-l,5-diene. This CIDNP spectrum is consider
ably simpler than one expected for chlorine abstraction and, 
therefore, supports the concept of a selective intermediate. 
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Although triplet carbenes readily abstract hydrogen 
atoms from saturated substrates, it has been argued13 that 
addition is preferred in their reaction with olefins. Hydro
gen abstraction, though observed in the cases of phenyl-
methylene14 and diphenylmethylene,15 was considered un
usual. The ratios of addition to abstraction products ob
served in some of these systems may not correctly represent 
the reactivity of the triplet methylene, since it is difficult to 
rule out the participation of the singlet state. The vinyl
methylene system is not affected by this restriction, since 
the singlet state does not undergo intermolecular reactions.2 

Consequently, the observed product ratio is not distorted by 
singlet-derived products. 

The photosensitized decomposition of 1 in cyclohexene 
yielded a mixture of two hydrocarbons. The major product 
was identified as 3-allylcyclohex-l-ene (7), formed most 
likely via hydrogen abstraction and coupling of the resulting 
radicals.16 The second product, as yet unidentified, was 
found in less than one-tenth the yield of 7. Whether this 
material is the addition product, 8, or not—it appears clear 
that addition to olefinic double bonds is not an important 
process for the intermediate derived from diazopropene. 

Cu 
CO 

This conclusion and the abstraction reactions of phenyl-
methylene and diphenylmethylene are not at odds with the 
addition reactions reported earlier. In our opinion, the bal
ance between addition and abstraction reactions of triplet 
carbenes is not as one-sided as assumed.13 We consider both 
hydrogen abstraction and addition typical reactions of trip
let carbenes with olefins. 
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