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;iecently we have determined orientation and positional selectivity in the 

side-chain oxidation of alkylaromatic compounds by ceric ammonium nitrate (CAN).] 

In this note we report on the substrate selectivity of the same reaction. 

The oxidation reactions of some polymethylbenzenes promoted by CAN were 

investigated in acetic acid, at 20°, in the dark and under nitrogen. A careful 

product study showed that under these conditions the reaction leads exclusively 

to the form&ion of side-chain substituted products, nitrates and acetates. The 

sole exception was the reaction of mesitylene, where nuclear acetoxylation (=25$) 

was also observed. Slith one hydrocarbon (hexamethylbenzene) the stoichiometry of 

the reaction was determined. *ie found that 2 moles of CAN are necessary to 

oxidize one mole of substrate. Kinetics were carried out in the thermostatted 

cell compartment of a Beckman DBGT spectrophotometer and the disappearance of 

Ce(IV) was followed at 400 nm (E 9.7 x 10 
2 -1 
M cm-l). Th e concentration ol the 

hydrocarbon (between 2 X 
-3 

10 ana 4 x 
-1 

10 irl, depending on its reactivity) was 

always in excess with respect to that of CAN (1-Z x 10 -3 W). 

Although first order in aromatic compound, the reaction does not follow a 

simple kinetic law since the apparent order in Ce(IV) is larger than 1 and 

increases as the CAN concentration increases. Moreover the reaction is subject 

to strong salt effects. Thus, the times for 5% of reaction, at constant initial 

CAN concentration, were used to evaluate the relative rates of oxidation 

reported in the Table. 

The reaction is very sensitive to the electronic effec-ts of substituents, a 

strong accelerating effect being produced by the progressive introduction of 

methyl groups. Hexamethylbenzene is revealed as ca. lo5 fold more reactive than 
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Table 

Kinetic data for the oxidation reactions of scme polymethylbenzenes 

with CAN in acetic acid at ZOOC 

Substrate 

Iiexmethylbenzene 

Pentmethylbenzene 

Durene 

Isodurene 

PSXdOC~elle 

&iesitylene 

2.9x10 3.3xX’ 
9.2x10 

2 
1.0X10 

9.6x103 1 

4.3x104 2.2X10 
-1 

l.GXd 6.0x10-3 

Z.OXd 4.6x10-3 

1.1X10 3.2x102 

3.5x103 1 

(a) Time at 5% of reaction (t 
5s 

) multiplied 'by the concentration of substrate. 

Sach value is the average ci^ several determinations. The average error 

is 24% 

(b) Rate relative to duurene. 

mesitylene. Thus, in spite of the relatively 1o.n positionnl selectivityl, the 

oxidation reaction by Ce(IV) appears characterized by high substrate seiec.titity. 

Interestingly, a good linear relationship (r = 0.998) is obtained when 

-RTlnkrel (hC;frel) for the oxidation of poiyme~thylbenze:x?: is pl,ctted against the 

charge-transfer transition energies (hvCT) of the corresponding TCNE-complexes2 

(Figure). 'The high value of the slope (0.7)3 indicates that a substantial mount 

of electron transfer has taken place in the traxsitio-n state a& thereicre 

suggests that radical cations are involved in the reaction mechanism 
4~ ,~ . Pine 

remarkable difference between substrate and positional selectivity clearly 

indicates that, in the oxidation by CAN, rate and prcduc-ts iire detemined in 

different steps. ISnile any mechanism invclti~ a direct a-ttaci: of Ce(IV) ca 

the CH3 group can be ruled cut5, OUT data might be consistent with the necha- 

nism reported in the following scbene 6 if step (I) i s xxate iicternining: 



NO. 37 1345 

Fii(ure. AGfel for the oxidation by Ce(IV) of: (1) hexawthylbenzene; 

(2) pentamethylbenzene; (3) durene; (4) isodurene; (5) pseudocumene; 

(6) mesitylene, against charge-transfer transition energies of the 

corresponding TC?G&complexes. 

ArCH 
3 

+ Cc(U) _ Ar'x: 
3 

+ lx(III) (1) 

ArCIi~f __, 
2' 

ArCH2. + B+ (2) 

ArCH2* + Ce(IV) __, ?roducts (3) 

and one nssuae~ (in order to rationalize the order Ln Ce(IV) larger than 1) 

the intervention of dimeric and (or) polymeric forms of CS(IV)~. Further work 

aimedi ant obtaining information in this respect is in progress. 
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