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Several experimental techniques have evolved to differentiate between two 

possible mechanisms of the thermal decomposition of oeroxv esters. These two 

mechanisms, the concerted and the non-concerted (Scheme I), have been investi- 
1 

aated bv studvinq activation parameters , the effect on rates of decomposition 

by changing solvent viscositv2, deuterium isotope effects3, volumes of activa- 

tionl, 
5 

scramblinq of isotopic O-18 labeled carbonvl oxvsen , and Hammett siqma- 

Scheme I 

Concerted: Q-C03~Bu------+ 9. + CO + -0tBu 2 - 

Non-Concerted: %-C03tBu ____) R-C?,*+ .r)tBu- R*+C02+'"tBu 

rho correlations 
6 
of many series of peroxy esters. From these studies has come 

solid evidence that the rates of peroxv ester decomposition (the rate of decar- 

boxylation in the non-concerted mechanism) are hichlv deuendent on such properties 

of the peroxides as conjugation, inductive polar and hybridization 
7 

effects. 

Briefly put, the more stable the 9. radical the faster both decomposition mech- 

anisms operate (the faster the rate of decarboxvlation in the non-concerted 

mechanism, although this will have minimal effect on the overall decomoosition 

rate if breaking the O-O bona is the rate determinina steo8). As the Q. radical 

becomes more stable in a series of peroxv esters, the tendencv For a shift from 

the non-concerted to the concerted mechanism might also be observed. 

Ve have studied the a-substituent effects of t-butyl cvcloprovvloercarbox- 

ylates (Fig. 1). Cvclopropyl peroxyesters la and lc have areviouslv been studied 

by !#chardt8. 
- - 

He concluded, on the basis of a careful investigation of the ef- 

fects of ring size in a series of cvclic peroxvesters and g-18 labeling experi- 

ments, that the a-H- and a-CH3- substituted cvclic peroxyesters decomnose bv a 

non-concerted mechanism. 

Bis conclusions as to the non-concerted nature of the decomposition of la - 
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Fig. 1 
IC. 9=CH_ 

la, Q=H 

lb, ?=D 

'CO3tBu 

and lc seem to be born out bv the results of our investiqations of a lamer - 
series of a-substituted t-butyl cyclouropvlnercarboxvlates. The first-order 

rate constants, averaqed over three or more runs, and the relative standard de- 

viations for the averaqe rate constants for the thermal decomoosition of la-ld -- 
are given in Table I. Each individual kinetic run was determined over at least 

two half-lives. In all individual runs no deviation from the straiqht line was 

observed. The standard errors for the individual runs were less than the rela- 

tive standard deviations for the average of each set. Each run gave a straiqht 

line with a correlation coe+ficient of qreater than 0.998. The rates were deter- 

mined by following the rate of disappearance of the carbonyl stretchinn teak by 

ir. The rate constant for la is similar to the value for the decomposition of - 
the same compound in ethyl benzene, as determined bv Wchardt8. 

The rate of decomposition of t-butyl cycloproovl percarboxylate (?=H) re- 

presents an 11-fold decrease from the decomposition rate of the acyclic isooro- 

pyl peroxv ester analog. This fact, together with the absence of an a-deuterium 

isotope effect, the relatively small rate enhancement when methvl or phenyl 

groups are out in the l-position, the decrease in rate upon changina from 2,2, 4- 

trimethylpentane to more viscous solvent of similar oolarity (dodecane) and the 

relatively hiqh enthaloies and entrooies of activation (Table I) suqqest that 

these oeroxy esters decompose by a non-concerted, two-step mechanism. 

A Hammett plot of the rates of decomposition of w-aryl-substituted 1A - 
gives a reasonable correlation only-with U+ (p =-0.31 + 0.06, correlation co- 

efficient = 0.94 
Q 

) and not at all with u or uI. The p-NO2 ooint lies consider- 

ably above the U plot (i.e., E-!IO~C~!I~ decomposes faster than oredicted). 

Omission of the p-NO2 point improves the overall plot vs. U+ considerablv (P- - 
-0.47 5 0.02, correlation coefficient = 0.9g3). Two features of this Bammett 

plot stand out. The first is the correlation with siqmas of stronq resonance 

effect character (U+). This seems at odds with the small rho values and the 

other experimental data which support the non-concerted nature of the decompo- 

sition mechanism. The second is the diverqence of the E-NO~ point from the other 

wise excellent correlation of the para-substituent groups. 

These apparent anomalies might be resolved by suqqestinq a mixed mechanism 

(part concerted and part non-concerted) 

lates. In going from la and Id (E-NO,) - - 
para groups of Id, the mechanism may be 

certed decomposition. If this is true, 

questionable value as far as beinq used 

for the t-butyl cycloprowyl percarboxy- - 
to lc and the more electron-donatinq - 
shiftins to a higher percentane of con- 

much of the data in Table I would be of 

per se to differentiate between the two -- 
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Table I -7 
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First-Order Rate Constants (x104 , in set -1 at l13.0°C.), Activation 
Parameters and Solvent Viscosity Effects on Some Substituted t-butvl 
Cyclopropyl Percarboxylates. 

9 Rate Constanta 

H 0.678 + 0.008 

D 0.678 + 0.006 

CH 0.956 + 0.011 
3 

'sH5 0.896 + 0.006 

P-CH~OC~H~ 2.13 + 0.02 

E-CH3C6H4 1.19 f. 0.01 

E-ClC6H4 0.861 + 0.001 

E-NQ~C~H~ 0.670 + 0.022 

36.0 15.1 

---_ -_-_ 

32.9 7.9 

33.2 8.5 

31.8 6.6 

32.9 8.1 

32.5 6.5 

34.4 11.0 

k(C-8)/k(c-12jd k(predicted)f 

1.13 + 0.02 

-__---_____ 

-_---___--- 

1.03 + 0.01 1.13 - 

__-_-_----- 1.35 

1.03 + 0.02 1.26 

1.05 + 9.01 9.97 - 

0.95 + o.r)qe (0.67) 

a) Average of at least three kinetic runs, 2,2,4_trimethvluentane solvent. 

b) The maximum standard errors for AH* are 2 1.6 kcal/mole. 

c) The maximum standard errors for AS* are + 4.2 eu. 

d) Rate constant for 2,2,4_trimethylpentane over that for n-dodecane. 

e) k(C_8)/k(hexadecane) = 1.07 + 0.04,for e-N02C6H4. 

f) Predicted "non-concerted" rate constant. (x lo4 , in set -' at 113.OOC). 

mechanisms. Thus the activation parameters would be of little meaning, since 

they might be a composite of contributions from the two mechanisms. The rela- 

tively insensitive solvent viscosity effects might also be of limited useful- 

ness since these effects would be felt mainly by that part of the mixed mechanism 

that is most sensitive to changes in solvent viscositv (namely, non-concerted). 

The E-nitro substituted peroxy ester in the t-butyl phenylperacetate 

series is believed to have some partial non-concerted character in its thermal 
2,9 decomposition . If one assumes that the Id @-N02) peroxyester is decomposing - 

entirely by the non-concerted mechanism (an arbitrary assumption given the pre- 

sent data, but note the similar rate constants for la and Id Q-N02)), one could - - 
estimate the amounts of concerted character in the other Id peroxyesters. Assum- 

ing an attenuation factor on the rho of 0.431° 
-. 

due to the interwosition of a 

saturated carbon between the benzene ring and the carboxyl group and usinc the 

rho value (-0.676 vs a) for the t-butyl perbenzoates 6 , one estimates a "non- - 
concerted" rho (~'1 of -0.29 for the Id peroxv esters for those parts of the - 
reaction that decompose via non-concerted mechanism: 
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P’ = pcperbenzoates) x 0.43 

log k (predicted) = p' ( U(X) -a(NOZ)) + loq k (~2) 

Using this estimated "non-concerted" rho, one can calculate the predicted non- 

concerted rates for other substituent groups. These predicted rates are com- 

pared with the actual experimental rates in Table I. 

Qf course, the predicted rate constants should all be less than or eoual to 

the actual rate constants. .Any "excess" rate of actual rates as compared to ore- 

dieted rates would then be attributed to the concerted mechanism. The fact that 

the predicted rates are larger than experimental (exceot for E-CH30) indicates 

the possible arbitrariness of the damping factor we used to calculate our esti- 

mated "non-concerted" rho. One would hope that an attenuation factor which 

more accurately measured the transmission of polar effects through a cvclowro- 

pane carbon (i.e., through two exo bonds of enhanced g character) would show a 

steady and increasinq divergence between predicted and actual rate constants in 

going to oara groups of greater electron-donating power. e 
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