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Summary Toluenes give benzyl acetates with mangan- as intermediates in these oxidations-a problem of 
increased interest in view of the suggestion that the forma- 
tion of cation radicals may be the initial step in chemical 
carcinogenesis by polycyclic aromatic hydrocarbons1-we 
have studied the reaction of a series of substituted toluenes 

LITTLE is known concerning the formation and subsequent with Mn(0Ac) 3. 
decomposition of cation radicals derived from simple Kinetic evidence suggested that oxidation of P-methoxy- 
aromatic compounds. To examine the role of cation radicals toluene to the acetate of P-methoxybenzyl alcohol by 

ese(m) acetate by a radical process involving potassium 
bromide as catalyst, but without catalyst oxidation is by 
one-electron transfer. 
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hln(OAc), in acetic acid at  70" proceeds by an initial 
one-electron transfer to the intermediate cation radical2 
(Scheme 1). At higher temperatures, the one-electron 

SCHEME 1 

transfer oxidation is less important and oxidation proceeds 
by homolytic decomposition of Mn(OAc),. Catalysis by 
potassium bromide has been ~bserved.~ With the more 
powerful Co(OAc), substituted toluenes are oxidized by 
one-electron transfer and the intermediate cation radicals 
have been detected spectroscopically ; and the catalysis of 
the reaction by lithium chloride has been attributed to the 
formation of a cobalt (111) complex of higher oxidation 
p~tent ia l .~  XO Hanimett o-p correlation has been examined 
for one-electron transfer oxidations of Mn(OAc), but with 
Co(OAc), a correlation with G+ yielded a p value of -2.4 
for the non-catalysed reaction and a p value of -1.35 for 
the lithium chloride catalysed oxidation.5 

TYe have examined the reactivities of 18 substituted 

€1 (oxidat ion)  v 
12 

FIGURE. Reactivit-v of substituted toluenes with Mn(OAc), at 70" 
i n  acetic acid plotted against E) determined an acetonitrile at a 
plat inum electrode against Ag+/041N-A4g+. 

toluenes with hln(OA4c), a t  70" in acetic acid and compared 
the reactivities with the corresponding halfwave oxidation 
potentials (E+) measured in acetonitrile a t  a platinum 
electrode. Initial rates were measured spectroscopically at  
510 nni after mixing carefully deoxygenated solutions of the 
substituted toluene (8 x 10-2~f) and Mn(OAc), (5 x ~ O - , M )  
in acetic acid. The relative reactivities of 6 substituted 
toluenes in the potassium bromide catalysed oxidation with 
Mn(OAc), were measured by competitive experiments in 
which the products a t  low percentage conversion were 
analysed by g.1.c. Relative reactivities were also determined 
for the competitive photochemical bromination of the same 
6 toluenes in acetic acid using molecular bromine. 

We observe a non-linear Haniiiiett correlation for the non- 
catalysed reaction, but find a good linear correlation of In 
k / k ,  with E )  for the more reactive toluenes and conclude 
that reaction is by an initial one-electron transfer (Scheme 
1). In such an oxidation the ionisation potential or E )  
value is a much better criterion of reactivity than CT- (see 
Figure). The relative rates of p-methylthioanisole (o,-SMe 
- 0.60) and P-methoxytoluene (04,-o~ge -0.78) and of wz- 
methoxytoluene (of,-OBIe + 0.05) and P-methoxytolucne 
illustrate this point. The toluenes of low reactivity are 
probably oxidized by ? different mechanism. 

We conclude that in contrast to the oxidation of toluenes 
by Co(OAc), which is catalysed by lithium ~hlor ide,~ and is 
interpreted as an electron transfer process, the potassium 
bromide catalysed oxidation using Mn(OAc), proceeds via 

radical intermediates (see Scheme 2). This is shown by the 
following observations : 

(i) correlation of a+ yields a p value of -1.81 for the 
catalysed oxidation and a value of -1.82 for the photo- 
chemical bromination ; (ii) isopropylbenzene reacts much 
faster than toluene in the catalysed oxidation, with a rate 
difference similar to that found in the photochemical 
broniination ; and (iii) intermediate bromides are initially 
formed, which subsequently acetolyse under the reaction 
conditions. 

In the catalysed reaction high yields ( >90%) of benql 
acetates may be obtained with the more reactive toluenes. 
In the non-catalysed reaction P-substituted toluenes give 
mainly substituted benzyl acetates ( > 90%) but m-sub- 
stituted toluenes give nuclear acetates in addition to benzyl 
acetates thus indicating nucleophilic substitution of the 
cation radical in addition to elimination (see Scheme 1). 
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Potassium chloride is a poor catalyst. 
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