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Evidence for the Formation of Triplet 1,3=Biradicals on Photolysis of 
cis- and frans-3,4-Dimethyl-A1-pyrazoline 

By S. D. NOWACKI, P. B. Do, and F. H. DORER* 
(Department of Chemistry, California State College, Fullevton, California 9263 1) 

Summary The stereochemistry of the cis- and trans-1,2- 
dimethylcyclopropanes produced on photolysis of cis- 
and traizs-3,4-dimethyl-A1-pyrazoline indicates that trip- 
let biradicals are intermediates ; the results also indicate 
that triplet biradical production becomes more important 
on photolysis a t  shorter wavelengths. 

BECAUSE they are thought to decompose to biradical 
intermediates, there has been considerable interest in the 
photochemical and thermal decomposition of cyclic azo- 

trimethylene intermediate that has only a small barrier to 
internal r ~ t a t i o n . ~  We present here evidence that the 
photolysis of Al-pyrazolines also results in the production 
of a triplet trimethylene biradical intermediate. The 
relative importance of the triplet trimethylene pathway 
appears to increase on photolysis of these Al-pyrazolines a t  
shorter wavelengths in their first singlet band. 

Tables 1 and 2 summarize the product compositions 
observed on decomposition of trans- and cis-3,4-dimethyl- 
Al-pyrazoline. The gas-phase photolysis measurements 

TABLE 1. Decomflosition products of trans-3,4-dimethyl-A1-pyruzoline (mol %)a 

Excitation 
Thermalb 
334 nm 
313 nm 
313 nm 
297 nm 

(B) 
16.3 
17.1 
13.9 
16.7 
11-2 
1.1 
0.8 

(C) 
15.8 
15.1 
13.0 
13.1 
10.7 
3-4 
0.3 

(D) 
21.8 
36.7 
42.4 
39.0 
48.2 
66 
72 

(El 
46 
26.4 
23.6 
24.6 
21.2 
26 
26 

a (A) = trans-but-2-ene; (B) = 2-methylbut-2-ene; (C) = 2-methylbut-l-ene; (D) = trans-1,2-dimethylcyclopropane; (E) = cis- 

were carried out with a 200 W high-pressure mercury lamp in 
conjunction with a grating monochromator. Because of 
the relatively small contribution of the pentene isomers to 
the total products3 (ca. 7%), we did not characterize care- 

1,2-dimethylcyclopropane. b Ref. 3. C Ref. 6. 

corn pound^.^-^ Specifically, the thermolysis of Al-pyra- 
zolines has been interpreted to proceed through a tri- 
methylene intermediate of defined stereochemistry,z where- 
as their photolysis is.thought to produce an excited singlet 
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fully the lJ2-hydrogen migration products produced on 
photolysis of cis-3,4-dimethyl-h1-pyrazoline ; consequently, 
we report only the ratio of the dimethylcyclopropanes 
produced on photolysis of this isomer. Under the con- 
ditions of our experiments no other c5 compounds were 
observed in the products photolysis of either Al-pyrazoline. 

TABLE 2. Product ratio of trans-l,2-dimethylcyclopropane (D) 
to cis-lJ2-dimethylcyclopropane in the decomposition of cis-3,4- 

dimethyl- Al-pyrazoline 

Excitation 
Thermal& 
334 nm 
313 nm 
297 nm 

E&O. 
8 Ref. 3. b Ref. 6. 

Pressure 
(Ton) (D) /w 

100-200 0.8 
270-320 (N,) 0.7 
160-380 (N,) 1.4 

2.5 
2.2 
2.6 

E 121 
liquid 

For some systems there is considerable confidence that a 
triplet 1 , 2-dimethyltrimethylene biradical is formed as an 
intermediate : the addition of triplet methylene to but-2- 
enesI4 the mercury- and triplet-benzene-sensitized decom- 
position of 2, 3-dimethylcyclobutanonesJ6 and the mercuryJs 
and benzophenone-sensitized3 decomposition of 3,4-di- 

methyl-A1-pyrazoline. In  all of these cases there appears 
to be a characteristic tram-dimethylcyclopropanelcis-di- 
methylcyclopropane product ratio of GU. 2.2-2.9, indepen- 
dent of the stereochemistry of the precursor, apparently 
indicative of an equilibrated triplet trimethylene biradical. 
The variation in the stereochemical ratio is due to the 
different vibrational energy content of the intermediate 
formed in these various systems.s Moreover, i t  appears 
that 1,2-hydrogen migration is relatively unimportant in 
the triplet biradical. 

The results given in Tables 1 and 2 illustrate that on 
photolysis a t  shorter wavelengths of both Al-pyrazoline 
isomers, the stereochemical ratio of the dimethylcyclo- 
propane product, as well as the relative amount of 1,2- 
hydrogen migration product, become more characteristic of 
that observed on triplet sensitized decomposition of these 
Al-pyrazolines. It appears likely that on photolysis, 
dissociation of the Al-pyrazoline occurs in part from a 
triplet state that gives rise to triplet trimethylene biradicals, 
and that the relative contribution of the triplet state to 
decomposition becomes greater a t  shorter wavelengths. 
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