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Recently we have defermined orientation and positicnal selectiviity in the
side~chain oxidation cf alkylaromatic compounds by ceric ammonium nitrate (CAN).l
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 reacticn leads exelusively
to the formation of side~chain substituted products, nitrates and acetates. The
sole exception was the reaction of mesitylene, where nuclear acetoxylation 0125%)
was also observed. With one hydrocarbon (hexamethylbenzene) the stoichiometry of
the reaction was determined. We found that 2 moles of CAN are necessary to
oxidize one mole of substrate. Kinetics were carried out in the thermestatted

cell compartment of a Beckman DBGT spectrophotometer and the disappearance of

Ce(IV) was feollowed at 40C mm (& S.7 x 102 Mml
3

cmfl). The concentration of the
hydrocarbon (between 2 X 10 ~ and 4 X 107t M, depending on its reactiviiy) was
always in excess with respect to that of CAN (i-2 x 1073 M)

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 1o evaluate the relative rates of oxidation
reported in the Table.

The reaction is very sensitive Lo the elecironic effectis of subgtituents, a
strong accelerating effect being produced by the progressive introduction of

methyl groups. Hexamethylbenzene is revealed as cas 105 fold more reactive than
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Table

No.,

37

Kinetic data for the oxidation reactions of some polymethylbenzenes

with CAN in acetic acid at 20°C

[CAN]:l.OA,XlO_BI{- [cwj=2.11x10‘3r-;1
Substrate 3 a 3 -8
. 1
107ty [RH] o 107 g, [RH] 1
. i . kO
sec i rel seq¢ il rel
. . - 2 . N 2
Hexzme thylbenzene 249x10 343x10 1.1x10 3.2%10
Pentamethylbenzene 9. 2%10° 140x10
Durene 9.6x103 1 3-5X103 i
Isodurene 4.3X104 2.2X10_1
Pseudocumene 1.6XlO6 6.0}{10'“3
Nesitylens 2,0x10° 4.8x1073

{a) Time at 5% of reaction (t5f) miltiplied by the concentration of substrate.
s
Bach value is the averzge of several determinations. The average error
is +4%.

(b) Rate relative to durene.

. - . . s Lo, 1
mesitylencs Thus, in spite of the relatively low positional selectivity , The

oxidatior reaction by Ce{IV) appears characterized by high substrate gelactivity.

Interestingly, a good linear relationship {r = 0.998) is obiained when

#
o A i
Rilnkrel { brel) Tor

charge-transfer transitiocn energies (thT) of the corresponding TCNE~complexes

the oxidation of polymethylbenzenes is plotted against the
(Figure). The high value of the slope (0.7)” indicates that a substantial amount
of electron transfer has taken place in the transition state and thereifore
suggests that radical cations are involwved in the reaction mechanism4. The
remarkable difference between substrate and yositional selectivity clearly
indicates that, in the oxidation by CAN, rate and products are determined in
different steps. While any mechanism involving a direct atiack of Cel(IV) on

the CH cur data might be consgistent with the mecha-

3

nism reported in the following scheme

group can be ruled out”,

if step (1) is rate determining:
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Figure. AG: for the cxidation by Ce(IV) of: {1) hexamethyibenzene:

el
{2} pentamethylbenzene; (3) durene; (4) isodurene; {5) pseudocumene;
(6) mesitylene, against charge-transfer transition energies of the

corresponding TCNE-compleXes.

ArCH, + Ce(IV) T ArCHBi“ + Ce(IIT) (1)
+ Lt

ATCE,L ———>  AXCH,e + (2)

ArCil,e + Ce{IV) ——» PFroducts (3)

and one assumes (in order te rationalize the order in Ce(IV) larger than 1)
the intervention of dimeric and (or) polymeric forms of Ce(IV)7. Further work

aimed at obtaining information in this respect is in progress.
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