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SUBSTITUENT EFFECTS ON THE DECOMPOSITION OF 1,2-DIOXETANES 
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Summary. Rates of decomposition for 1,2-dloxetanes obtained from addition of singlet oxygen 
to substituted 2,3-diaryl-1,4-dioxenes have been found to obey a Hammett relationship with p+ = 
-0 24 (n = 15, r = 0.92). The results are taken as support for a brradrcal mechanism. 

The chemlluminescent decomposition of 1,2-dioxetanes has generated considerable interest 
, 

during the last few years.l The involvement of these peroxides in some bioluminescent systems 

has also been established.L Although a large number of dloxetanes have now been synthesized, 

wide varlatlons in structural type have made comparisons difficult and hampered the detection of 

mechanlstlc trends. To avoid these problems and to probe the mechanism(s) for dFoxetane decom- 

posltlon, we have investigated a series of dloxetanes derived from 1,4-dloxene, in particular 

1,6-draryl-2,5,7,8-tetraoxablcyclo[4.2 Oloctanes 2. 

Concerted3 and blradical 
4 

mechanisms have been proposed for the cleavage of dioxetanes More 

recently, It has been suggested that dioxetanes bearing easily oxidized substituents may decompose 

vra intramolecular electron-transfer processes. 
5 

We now describe the results of a study which - 

indicate that "normal" , stable dloxetanes cleave by a stepwise mechanism involving rate-limiting 

homolysis of the O-O bond 

Dioxetanes G-R were prepared by photooxygenation of the corresponding olefins la-p in - 

methylene chloride or acetone at -78°C with polymer-bound Rose Bengal6 (SENSITOX I) and a 400-W 

high pressure sodium lamp. The dloxetanes were identified by 1H and 
13 

C NMR spectroscopy and by 

their quantltatlve cleavage to diesters 3a-p which have been fully characterrzed. - 
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Rate constants for the decomposition of dioxetanes 2b-p were obtained at 45-9O'C from measure- 

ments of the decay of chemiluminescence intensity of 10 
-z-10-5 

M solutions in c-xylene. A fluor- - 

ester, 9,10-dibromoanthracene (10S5 M), was added to the solutions in order to visualize the 

excited triplet states of 3b-o 
7 - 

Rates showed varia- -- The thermolyses were cleanly first order. 

tions of less than 3% and gave excellent Arrhenius plots (r > 0 999). Relative rates of decompo- 

sition for the dioxetanes calculated at 25'C are listed in the Table As shown in the Figure, 

dioxetanes 2b-p were found to obey a Hammett relationship where p+ = -0.24 (n = 15, r = 0.92) for - 

a correlation with o+ and p = -0.38 (n = 15, r = 0.84) with a It should be noted that this cor- 

relation includes unsymmetrically substituted dioxetanes 19 and 2h. - 

Table Activation Parameters and Rates of Decomposition for 1,2-Dioxetanes 2 

dioxetane (X)a Ea (kcal/mol)b log A k rel (25“C) 
+e 
u og 

2a - (NMe2, NMe2) 19.3c 10 99 382 -1 7 -0.83 

2b (OiPr, OiPr) 23.6 12.25 5.46 -0.9gf -0.45f - 

2c (OMe, OMe) 24 1 12 38 3.51 -0.78 -0.27 - 

2d (OH, OH) 24.2 12 50 3.43 -0.92 -0.37 - 

2e (OPh, OPh) 24.0 12 24 2 93 -0.5 -0 32 - 

2f (NHAc, NHAc) 24 6 12 65 2 48 -0.6 0.00 - 

& (OH, H) 24.4 12.38 2.10 -0 92, 0 -0 37, 0 

2h (OMe, H) 24.5 12.50 2.07 -0 78, 0 -0.27, 0 - 

21 (Me, Me) 25 1 12.54 1.21 -0 31 -0.17 - 

a (Ph, Ph) 24.7 12 56 1 66 -0.18 -0.01 

2k (Cl, Cl) 24.3 12.28 1 17 0.11 0 23 - 

21 - (H, H) 24.8 12.39 ld 0 0 

2m (m-OMe, m-OMe) 24.4 12.22 1.42 0 05 0.12 - 

2n (m-Cl, m-Cl) 25 1 12 51 0.85 04 0.37 - 

20 24.4 12 16 1.04 0 52 0.43 - (m-CF3, m-CF3) 

3 (3.4-C4H4,3.4-C4H4) h 24.6 12.49 1.94 -0.14 0.04 

iUnless otherwise indicated the substituents are located at the para positIons of phenyl groups 

Precision of E, values is ?rO 2 kcal/mol or less 
was +O.O5'C In c-xylene from approxrmatel 

Temperature control for kinetic experiments 

Corre- 
sponding to a rate constant of 1.61 xflO- H C. Brown and Y. Okamoto, 
J. Am. Chem. Sot., so, 4979 (1958) C.G. Swain and E.C Lupton, Jr , J Am..Chem SOC , 90, 
4328 (1968). gD.H. McDaniel and H C Brown, J Org Chem., 23, 420 (1958). u 2-Naphthyl. - 
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For comparison, the relative rate for the dimethyamino-substituted dioxetane 2a is also - 

shown on the plot. As described previously, the properties of 2a are distinct being relatively - 

unstable and exhibiting a singlet chemiexcitation efficiency of 22%.8 Further, the stability of 

2a IS dramatically diminished in polar solvents whereas the unsubstituted dioxetane 21 shows no - 

significant solvent effect on the rate. These observations are consistent with the proposed 

intramolecular electron-transfer mechanism for the decomposition of 2a. - 

Dioxetanes 2b-2, on the other hand, are "normal" - dioxetanes being relatively stable and 

yielding predominately triplet excited cleavage products.8 For example, the half-life of dioxe- 

tane 21 at 25'C in g-xylene is 120 h. - The modest p value for the decomposition of 2b-p provides - 

additional support for a biradical mechanism. A substantically more negative p value might be 

anticipated for a concerted process In which an unsaturated carbonyl carbon bearing a partial 

positive charge is developed in the transition state. Model reactions for the biradical process 

which exhibit similarily small negative reaction constants include thermolyses of substituted 

benzoyl peroxides' (p = -0 38), substituted 2-thenoyl peroxides" (P = -0.44), and substituted 

tert-butyl peroxybenzoates " (p = -0.29). Richardson12 has recently found that substituted 

3-aryl-3-methyl-1,2-dioxetanes also exhibit a Hammett correlation with p = -0.22. Although 

the present results are inconsistent with a fully concerted mechanism, the lower activation 

energies for 2b-e suggest that a small degree of C- -- C bond stretching may occur in the transi- 

tion state for the cleavage of dioxetanes with electron-releasing substituents. 
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Figure. Hammett plot for the decompositi$n of dioxetanes G-p in o-xylene 
at 25'C against the sum of the o substituent constants ;;+ c -0.24 
(n = 15, r = 0.92). 
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