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Thallic ion is of particular intereet as an oxidant because unlike most 

other metal ion oxidante, it appaare capable only of effecting a two electron 

ch8nge. ’ The reaction of thallic ion with cyclohexanons in aqueoue perchloric 

acid solution has been reported by Littler’ to proceed via rate determining 

enolisation leading to a-hydroxycyclohexanone ae the product in analogy with 

the results of Kabbe’ on the oxi&tion of cyclohexanone with thallic acetate in 

acetic acid q olution. 

In hopes of learning more about the detaile of the reaction, we also have 

investigated the oxidation in aqueoue perchloric acid solution. In contrast to 

the report of Littler, we find the producta to be cyclopentanecarboxylic acid 

(75%) along with a trace (O-3%) of a-hydroxycyclohexanone and some recover- 

ed cyclohexanone (22-2590). 

Cyclopentanecarboxylic acid could be formed by one or mora of three 

general routee. Firet, a-hydroxycyclohexanone could be an intermediate, 

and be converted to the acid by Tl(III) or Tl(1); second, an a-thallium deriva- 

tive could be formed from the enol, and this undergoee a Favorskii rearrange- 

ment via a cyclopropanone intermcdiate:S and third, the a-thallium derivative 

could be formed and undergo a Favorskii rearrangement via attack of water at 
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the carbonyl function followed by rearrangement in a fashion similar to 

that for a-bromocyclobutanone. 6 
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The first possibility was shown to be incorrect since a-hydroxy- 

cyclohexanone was not converted to the acid under the reaction conditions. 

The second and third possibilities could be distinguished by deuterium 

labeling. Using cyclohexanone-2, 2, 6, 6-d,, mechanism 2 would give the 

acid containing a maximum of two deuterium whereas mechanism 3 could 

lead to acid having three deuterium. The reaction was carried out as 

usual in 35% perchloric acid, the reaction mixture was quickly extracted 

with pentane, and the pentane solution immediately treated with lithium 
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aluminum hydride. The cyclohaxanol had the composition 4964. 19% da. 33% 

d,, and 45&d,, and the cyclopentylcarbinol had the composition 6O%dr, 25%dd,, 

and 15%dr, as determined mass spectrometrically. The high deuterium con- 

tent of the cyclohexanol indicates that oxidation is competitive with return of 

the enol to the keto form, as suggested by Littler’s kinetic data. The high 

dauterium content of the product demonstrates that the third mechanism is 

correct. 

The oxidation of 2-methylcyclohexanone gave a mixture of products 

consisting of 70$ 2-methylcyclohexen-2-one and 22% 2-methyl-2-hydroxy- 

cyclohexanone. The lack of ring contraction in this case might be expected 

since enoliaation will occur toward the methyl group, and loss of Tl(I) from 

the intermediate will give a better stabilized a-keto carbonium ion, de- 

creasing the driving force for rearrangement. Under the same conditions, 

3-methylcyclohexanone gives mainly 2-methylcyclopentanecarboxylic acid; 

4-methylcyclohexanone gives 3-methylcyclopentanecarboxylic acid; and 2,2- 

dirnethylcyclohexanone gives 2,2-dimethylcyclopentanecarboxylic acid. cis- - 

and trans-@-Decalones also undergo the ring contraction. The stereochem- 

istry of the products is under investigation so that the stereochemistry of 

the reaction may be determined. 

The ring contraction did not occur with cyclopentanone, cycloheptanone 

or cyclooctanone. The products from some of these appear to contain thal- 

lium; the structures are under investigation. The relationship between the 

present reaction and the ring contraction with selenium dioxide and hydro- 

gen peroxide observed by Payne and Smith’ is also being studied. 
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