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Long-lived Triplet States and Their Occurrence in Carbene Reactions 
By H. M. FREY 

(The University, Southampton) 

THE reactions of methylene produced by the 
direct photolysis of keten, diazomethane, and 
diazirine are consistent with the radical being in 
its singlet state.' There appear to be two charac- 
teristic reactions of singlet methylene with 
hydrocarbons, (1) stereospecific addition to double 
bonds, and (2) insertion in carbon-hydrogen 
bonds. Triplet methylene may be produced, 
with some difficulty, by carrying out reactions in 
the presence of very large excesses of inert g a ~ e s , ~ , ~  
or, more readily, by the mercury-photosensitized 
decomposition of keten4 or the benzophenone- 
sensitized decomposition of diazomethane.5 Trip- 
let methylene is characterised by the absence of 
the insertion reaction and the non-stereospecific 
nature of the addition reaction. It is also apparent 
that the triplet radicals or molecules formed by 
triplet addition reactions are relatively longer 
lived than the corresponding singlet species.6 
Thus in gas-phase experiments triplet species of 
this type have more chance of being collisionally 
stabilised at  any particular pressure. We adduce 
evidence below for the occurrence of some triplet 
methylene in the direct photolysis of the various 
methylene precursors and also show how the 
postulate of the existence of triplet states in 
several analogous systems leads to a simplification 
in the interpretation of many of the experimental 
results. 

The photolysis of diazomethane or keten in the 
presence of cis-hex-2-ene gives rise to 1,2-diethyl- 
cyclopropane by addition of the methylene to the 
double bond,' At  very low pressures the initially 

formed cis- 1,2-diethylcyclopropane can undergo a 
reversible cis-trans-isomerization before being 
collisionally stabilised. However even at pres- 
sures where all the initially formed cis-compound 
would be stabilized, some trans- 1,2-diethylcyclo- 
propane was detected. We suggest this compound 
is formed by a path involving the addition of 
triplet methylene to the olefin, and hence some 
triplet methylene is formed in the direct photolysis 
of keten and diazomethane. Supporting evidence 
for this comes from the observation that in the 
presence of oxygen the yield of the trans-cyclo- 
propane is drastically r e d ~ c e d . ~  The photolysis 
of diazomethane or keten in the presence of excess 
of cyclobutene yields all the expected products 
formed by the addition and insertion of the singlet 
methylene and their rearrangement products. 
As well as these compounds, vinylcyclopropane is 
formed in quite appreciable quantities a t  high 
pressures (-20%). We envisage that this com- 
pound arises from the addition of triplet methylene 
as follows:- 

? 

Again photolysis in the presence of oxygen virtually 
suppresses the formation of this compound.8 
Addition of methylene (from keten) to ethylene 
yields cyclopropane which may isomerize to 
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propene unless deactivated. An early observationQ 
that a t  low pressures the ratio of cyclopropane to 
propene was decreased by the presence of oxygen 
is readily explicable if it is assumed that some 
triplet methylene is present in the system. The 
observations of Strachan and Noyeslo on the 
effect of the presence of oxygen on the quantum 
yield for the formation of ethylene in the photo- 
lysis of keten can be explained by postulatingll 
the formation of CH,COCH2- with a relatively 
long lifetime. The reaction of this radical with 
oxygen and its long lifetime are both consistent 
with it being a triplet species formed by the 
reaction of triplet methylene with keten. It is 
possible that the formation of acetylene and ethane 
in this system also involves the intermediacy of 
triplet methylene. The yield of ethylene in the 
photolysis of mixtures of diazirine and cyclo- 
propane, with diazirine : cyclopropane from 1 : 2 to 
1 : 70, is independent of this ratio.12 This implies 
that the ethylene precursor cannot react with 
cyclopropane, and is readily explained if the 
photolysis yields some triplet methylene. This 
presumably reacts with diazirine to give ethylene 
and nitrogen but is unable to insert in the carbon- 
hydrogen bonds of cyclopropane. The photolysis 
of diazirine also yields some diazomethanelaJ3 
and the yield appears to be pressure-independent 
over a wide pressure range. The diazomethane 
cannot be formed as a vibrationally excited 
ground-state molecule since its lifetime would be 
too short. For the same reason it cannot be 
produced in the same electronic state as results 
from the direct photolysis of diazomethane. We 
suggest that this photoisomerization proceeds by 
intersystem crossing to give triplet diazomethane. 

To account for the pressure-dependence of the 
yields of ethylene and acetylene in the photolysis 
of methyldia~irinel~ it is necessary to postulate the 
formation of ethylene by two distinct paths. 
These two species of ethylene have very different 
lifetimes with respect to decomposition to acetylene 
and hydrogen. We suggest that the longer lived 

species is triplet ethylene probably formed from 
triplet ethylidene. The absence of any addition 
reactions of the ethylidene in this system would 
be consistent with this radical being in the triplet 
state. The occurrence of two “types” of ethylene 
has already been postulated to account for the 
results in the mercury-photosensitized reactions of 
ethylene.ls,ls Recently, as a result of their work 
on the photolysis of ethane at  1470 A, McNesby 
and Hampson concluded that one of the processes 
(which may involve triplet ethylidene) produces 
ethylene as a triplet, which does not decompose 
into acetylene and hydrogen.” The absence of 
these triplets in the photolysis of diazoethanels 
and methylketenlQ may be rationalised in terms of 
the production of much less energetic species in 
these systems, which are not able to undergo 
intersystem crossing. 

In essentially the same manner the results on 
the photolyses of pentamethylenediazirinezo and 
3-t-butyldiazirineal require the formation of two 
molecules, in each system, of the same chemical 
identity but with different lifetimes. The longer 
lived species in each case is probably in the triplet 
state, and may be formed by rearrangement of the 
appropriate triplet carbene. Finally the photo- 
lysis of 3,3-dimethyldiazirine at  low pressures 
yields small quantities of cyclopropane. The 
yields are almost pressure-independent .22 These 
results are readily explicable if the cyclopropane is 
formed from triplet propene (from triplet dimethyl- 
carbene) . The formation of cyclopropanes from 
triplet olefins has already been noted previou~ly.~~ 

A crude semi-quantitative treatment of the 
data a t  present available suggests that the 
photolysis of keten (at -3130 A) and diazo- 
methane (at -4360 A) results in the formation of 
between 20 and 30% of methylene in the triple 
state. In the case of methyldiazirine the triplet 
species accounts for about 40% of the primary 
process. 
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