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THERMlLYSIS CIF 3,4-DIALKYL-1,2-DIOXETANES: EFFECT OF CYCLIC SUBSTITUENTS 
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Summary: In 3,4-dialkyl-1,2-dioxetanes, the effect of ring size of cyclic substituents on E, was 

found to be 5 = 7 < 8 < 6 while little or no effect was observed on AS'. 

The thermolysis of alkyl-1,2-dioxetanes has been shown' to produce two carbonyl fragments, 

one of which may be produced in an excited state (direct production of high yields of excited 

triplets). Two mechanistic extremes have been traditionally proposed' to describe the thermal 

decomposition of alkyl substituted dioxetanes: a) diradical and b) concerted. Calculation of some 

dioxetane activation parameters by a youp additivity method' was taken as support for the 

diradical mechanism.3 The insensitivity of dioxetane activation parameters to many5 substituent 

effects and changes; including deuterium substitution6 and additional ring strain7 seem to favor 

the diradical interpretation.* Studies of the effects of cyclic substituents on the activation 

parameters are scarce. We have previously shown9 that the activation energy for the thermal 

decomposition of 3,4-tetramethylene-1,2-dioxetane was substantially lower than those of cyclic or 

acyclic model compounds. We wish to report a study of the thermal decomposition of 3,4-tri- 

methylene-1,2-dioxetane (I_), 3,4-pentamethylene-1,2-dioxetane ($1, and 3,4-hexamethylene-1,2- 

dioxetane ($1. 

a 0 0 

1 2, 3 

.l, i?, and 2 were prepared in law yield by closure of the corresponding bromohydroperoxides 
10 

with base at lm temperature. The products of the thermolysis of l-3 were the expected cleavage __ 

products. Without added fluorescers, the thermolyses of l-3 were only weakly chemiluminescent. __ 

Thermolysis of l-3 directly produced high yields (-10%) of excited triplet carbonyls as determined __ 

from the intensities of chemiluminescence of varying concentrations of dibromoanthracene or 

diphenylanthracene. The yields of excited singlet products were low in all three cases (<O.l%). 

The rates of thermal decomposition of 1-2 were determined by monitoring the decay of 

chemiluminescence intensity in aerated xylenes with or without added fluorescers. The rates were 

cleanly first order, showed no dependence on added fluorescer, and were unaffected by addition of 

EDTA=. The activation parameter data for l-3 are summarized in Table 1. _,., 

The effect of cyclic substituents on the activation parameters of 3,4-disubstituted-1,2- 
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Table I 

Dioxetanea 

Activation Parameters 

hsec-l 

3.8 x 1D-4 

1.1 x 10-2 

4.0 x 10'4 

4.5 x 10-4 

for the Thermal Decomposition of 1-3 in Xylenes. -- 

Ea kcal/mole log Ab 
#b 

AS eu 

26.0 f 0.3 13.6 t1.6 

22.5' f 0.3 12.8' -2.1 

25.9 f 0.3 13.6 t1.9 

24.8 f 0.3 13.0 -1.6 

a) Initial Concentration -10-4& bl Calculated at 60". c) See Ref 9. 
--------_-__-_--_-_------------------------------ 
dioxetanes yielded an interesting result. The order of the effect on the activation energy is 5 = 

7 > 8 > 6 while little or no effect is observed in AS+ term. As for the decomposition of many 

dioxetanes', the values of AS+ for the present cases are within experimental error of 0 f 5 eu. 
11 

Consistent with the present data, Lechtken found thy; several trisubstituted dioxetanes showed 

similar effects. A ring-size effect has been reported on the product distribution of the decom- 

position of postulated dioxetanes in the photooxygenation of sulfur-substituted cycloalkenes. 

2 is the first example of a dioxetane containing an eight membered ring. The Ea value for 2 

is close to that of an acyclic cis-3,4-dialkyl-1,2-dioxetane.g The observed trend in the 

activation energies for cyclic substituents is not readily explained by the diradical mechanism4. 

Extra ring strain, due to the substituents, has been shown6 not to effect dioxetane activation 

parameters. The conformation of a cyclicg substituent could affect the activation energy of 

dioxetane thermolysis if a twisting mode of O-O bond cleavage were involved in dioxetane 

cleavage. Such a process would require that dioxetanes that have rigid substituents show higher 

activation energies. The present data seem consistent with the involvement of a twisting mode for 

dioxetane cleavage. The conformation of the 5- and 7-ring lead to unusually high tctivation 

energies for disubstituted dioxetanes suggesting the lack of the specific interactions observed 

for the 6-ring containing dioxetane. 
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