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Mechanism of Hydrolysis of Esters by Superoxide 
Alexander R. Forrester" and Vemishetti Purushotham 
Chemistry Department, University of Aberdeen, Old Aberdeen AB9 ZUE, Scotland, U. K. 

Experimental evidence is presented indicating that hydrolysis of an ester by superoxide in an aprotic solvent does 
not proceed via the corresponding acyl peroxide, although the peroxycarboxylate anion is involved. 

Alkyl esters of carboxylic acids are hydrolysed by reaction 
with superoxide1.2 in aprotic media-crown ethers to give, after 
work-up, the corresponding acid and alcohol. Reaction is 
thoughtl--3 to proceed via the corresponding peroxide as 
indicated in equations (i)-(iv). We now present evidence to 
show that this sequence certainly does not occur with esters of 
o-phenylbenzoic acid and hence may not be general. 

Treatment of ethyl o-phenylbenzoate with potassium super- 
oxide (2.2 mol. equiv.) in benzene-18-crown-6 at room 
temperature for 24 h gave a good yield (88%) of o-phenylben- 
zoic acid. No acyl peroxide [cf. equation (iii)] was detected 
(t.1.c.) during the course of the reaction and when one 
molecular equivalent of superoxide was used about half (48%) 
of the ester was recovered. However, similar treatment of 
o-phenylbenzoyl peroxide (1) with potassium superoxide (2.2 

mol. equiv.) gave a mixture of the benzocournarin ( 5 )  (44%) 
and acid from (3) (52%). The former is a known4 product of 
o-phenylbenzoyloxyl radicals (2). In the absence of super- 
oxide the acyl peroxide (1) underwent decomposition to only a 
minor extent to give the benzocoumarin (5). The ratio (ca. 
1 : 1) of benzocoumarin ( 5 )  to acid (3) strongly suggests that 
for this peroxide at least electron transfer from superoxide 
effects peroxy bond cleavage, (1) -+ (2) + (3). Hence 
cyclisation of (2) to give the cyclohexadienyl radical (4) must 
be fast relative to its reduction to (3) by electron transfer from 
superoxide. 

Since no benzocoumarin (5)  was formed on reaction of the 
ester with superoxide the peroxide cannot mediate in the 
hydrolysis of the ester. How then does hydrolysis of the ester 
proceed? Peroxy acids appear to react with superoxide to give 
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the parent acid 
ment with superoxide (2.2 mol. equiv. j in benzene-18-crown- 
6 gives m-chlorobenzoic acid (95%) after aqueous work-up. 
However, when rn-chloroperoxybenzoic acid is treated with 
an aqueous solution of superoxide the parent acid is again 
formed in high yield (90%). Therefore the superoxide is 
simply a source1J of hydroxide ion [equation (v)] and the 
rn-chloroperoxybenzoic acid is reduced to the acid during the 
aqueous work-up [equation (vi)] and not by reaction with 
superoxide in the aprotic solvent.5 

Since acid chlorides are readily converted into acyl per- 
oxides with superoxide6 under the conditions that we 
employed for the ester reactions, the course of reaction of acid 
derivatives with superoxide depends on the rate of reaction 
(iii). If this is fast (as with acyl chlorides) then acyl peroxides 
ensue which may react further to give carboxylic acids if 
sufficient superoxide is present. With alkyl esters reaction (iii) 
is relatively slow and reductive hydrolysis to the carboxylate 
prevails [equation (vi)] . Interestingly, the anhydride of 
o-phenylbenzoic acid, which is more reactive than ethyl 
o-phenylbenzoate but less reactive than o-phenylbenzoyl 
chloride towards nucleophiles, reacted with superoxide (2.2 
mol. equiv.) under the conditions previously described to give 
acid (3) (81 Yo) and benzocoumarin ( 5 )  (16%). o-Phenylben- 
zoyl peroxide was detected (t.1.c.) as an intermediate in this 
reaction. The yield of ( 5 )  is a measure (25% corresponds to 
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Thus rn-chloroperoxvbenzoic acid on treat- 
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complete reaction) of the extent to which reaction proceeds 
via the peroxide. 
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