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Chromic acid oxidizes alkenes by reacting with the double bonds as well as 

with the allylic positions.' The reaction at the double bond is due to attack of 

chromium(VI).* Oxidation of the allylic CH bonds, however, is believed to invol- 

ve an intermediate valence state of chromium, presumably Cr(IV).3 

In the absence of double bonds Cr(V1) also reacts with CH bonds. Alkanes4 

and aryl alkanes' are oxidized by hydrogen transfer to Cr(V1) with concurrent 

formation of an organic radical. 

Although Cr(V1) shows a strong preference for double bond in comparison to 

allylic oxidation, we have found two alkenes, 1,4-cyclohexadiene (1) and 1,2,3- 

tri-t-butylcyclopropene6 (2) reacting at the allylic CH bonds. Furthermore, 

although Cr(V1) usually oxidizes CH bonds by hydrogen abstraction, our results 

suggest that these reactions are two-electron transfer processes involving 

hydride transfer from the substrate to the oxidant. 

1,4-Cyclohexadiene (1) was oxidized at room temperature for 16 hours in 80% 

acetic acid with one equivalent of CrO,. GC analysis after work-up revealed the 

presence of a single product in the organic phase, namely benzene in 85% yield. 

The reaction of z with one eq. of CrO, was investigated in 80-90% CD,COOD/D,O. 

After 24 hours a peak appeared in the NMR at 6 1.56 ppm, characteristic for the 

tri-t-butylcyclopropenium cation (2).6 Addition of authentic 3 to the reaction - 

mixture produced no additional peaks. The reactivity of 1. and 2 with respect to 

chromic acid was investigated under pseudo first-order conditions with excess 

substrate. The disappearance of Cr(V1) was monitored by measuring the absorbance 

at 350 nm.' Under these conditions Cr(V1) is the only kinetically relevant Cr 
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rated by 5000 and 15000, respectively over that of triphenylmethane, the latter 

compound representing a typically activated substrate. In comparison with less 

activated hydrocarbons, the rate enhancement is event more important. 

We believe that these results are best explained with a change in mechanism 

from hydrogen to hydride transfer to Cr(V1) due to aromatic stabilization of the 

transition state. Hydrogen abstraction from 2 would lead to a cyclopropenyl ra- 

dical. The tri-t-butylcyclopropenyl radical is a u radical,' and for radicals 

of this type no particular (aromatic) stabilization is possible.g We may expect 

reactions leading to such radicals to proceed at moderate rates. This is indeed 

the case. Methyl radicals abstract hydrogen from triphenylcyclopropene 6 times 

slower than from triphenylmethane." Even in a more "polar" radical generating 

reaction such as perester pyrolysis, the di-n-propylcyclopropenyl radical forms 

only 20 times faster than diphenylmethyl." On the other hand, hydride transfer 

from cyclopropenes leads to an aromatic cyclopropenium ion,12 the stability of 

which is reflected in the transition state of the reaction and leads to impressi- 

ve rate enhancement. For example, triphenylcyclopropene reacts with triphenyl- 

methylfluoroborate or 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) lo3 to lo5 times 

faster than with simple model compounds." The rate acceleration in the oxida- 

tion of 2 with chromic acid suggests that this reaction proceeds also by a 

hydride mechanism leading to 2 in a single oxidation step. The same mechanism 

has been proposed for the exothermic reaction of 2 with m-chloroperoxybenzoic 

acid. Similarly, dehydrogenation of 1 with DDQ or triphenylmethylfluoroborate 

proceeds at rates comparable to hydride transfer from cycloheptatriene or tri- 

phenylcyclopropene.'3 A mechanism involving simultaneous transfer of two cis 

hydrogens in a two-electron process was proposed for the reaction, and the high 

rate of 1 was explained by a transition state reflecting in part the aromatic 

stabilization of the product, benzene. The same effect must be responsible for 

the high rate of 1 with chromic acid. - An additional parallel between the reac- 

tion of 1 with DDQ and chromic acid is found in the magnitude of the kinetic iso- - 
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tope effect. The simultaneous breaking of two CH bonds results in an unusually 

high isotope effect of 10.0 with DDQ." With chromic acid the effect is less 

impressive, namely 8.5, however this value is still above the usual range. 

While for oxidation of CH bonds with Cr(V1) one-electron (hydrogen) transfer 

seems to be the general rule, the two-electron (hydride) mechanism is not without 

precedent. Wiberg5 suggested the same pathway for the oxidation of p-methoxy- 

diphenylmethanes. It appears therefore that the possibility to form a highly 

stabilized carbenium ion in a single oxidation step can provoke a mechanistic 

change from hydrogen to hydride transfer to Cr(V1). 
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