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Tertiary alcohols are in general very unreactive towards 

direct oxidation. Except for cobaltic salts (1) no clearly documen- 

ted example of a direct oxidation of a tertiary alcohol seems to be 

available. The chromic acid oxidation of a number of tertiary 

alcohols has been studied (2-8) and even though direct oxidation 

was originally postulated in some cases, kinetic studies later revealed 

(9,lO) that the oxidation is preceded by an olefin-forming elimin- 

ation of a water molecule. Thus, the substrate undergoing oxidation 

is an olefin and not the alcohol itself.** In this communication we 

wish to report what we believe is the first example of an unambiguously 

demonstrated direct oxidation of a tertiary alcohol by hexavalent 

chromium. 

l-Methylcyclobutanol is a tertiary alcohol very reluctant to 

undergo dehydration. Studies by Riesz, Taft and Boyd (12) indicated 

that 1-methylcyclobutanol is dehydrated (in aqueous solution at 30°) 

* To whom inquiries should be directed at the Dept. of Chemistry 
University of Illinois at Chicago Circle, Illinois 60680. 

** Two tertiary alcohols incapable of undergoing simple dehydration 
have been investigated (6,ll). However, no kinetic data allowing 
to draw conclusions about the mechanisms is availhble. 
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at least 300 times slower than tertiary-butanol and lo5 times slower 

than 1-methylcyclopentanol. The low dehydration rate would make the 

oxidation of this alcohol by the normal route, i.e. by way of the 

olefin, very slow and thus improves the chance of detecting a direct 

oxidation. Further, the large ring strain existing in the cyclobutane 

system should aid any reaction involving ring cleavage in the rate 

limiting step. As it is reasonable to 

of a tertiary alcohol would proceed by 

this factor should also favor a direct 

cyclobutanols. 

assume that a direct oxidation 

carbon-carbon bond cleavage, 

oxidation of tertiary alkyl- 

We found that the oxidation of l-methylcyclobutanol in 1M aqueous 

perchloric acid at 30" proceeds at a relatively slow (220 times 

slower than cyclobutanol) but still a well measurable rate indicating 

a first order dependence on the concentration of chromic acid. A more 

detailed investigation was carried out in aqueous acid solutions. Table 

1 summarizes the results obtained in determining oxidation rates for 

TABLE 1 

Oxidation of l-Methylcyclobutanol in 90% Acetic Acid at 30". 
Concentrations: HC104 - 0.4M, 1-methylcyclobutanol - O.lM. 

m-031, 102k, 

103M M-l, s-l 

0.22 
0.32 
0.44 
0.68 
0.70 
0.70 
1.31 
2.15 
2.83 
3.13 
5.61 

58.;: 
11:57 
13.80 

0.94 
0.92 
0.93 
0.95 
0.98 
0.94 
1.09 
0.86 
1.13 
0.96 
1.09 
1.04 
1.19 
1.26 
1.37 
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1-methylcyclobutanol in 90% acetic acid over a 50 fold concentration 

range of chromic acid. It is evident from the data in the table that 

the reaction is first order in the oxidant.* 

The rate of dehydration of l-methylcyclobutanol under these 

conditions is too slow to be measured (no noticeable reaction during 

16 hours), but can be studied in 99% acetic acid.**_ The results 

together with measurements of dehydration rates of tertiary-butanol 

and of 1-methylcyclohexanol are given in Table 2. The rate of de- 

hydration of 1-methylcyclobutanol is about 160 times slower that that 

of tertiary-butanol and 1,500 times slower than of l-methylcyclo- 

hexanol. The dehydration of 1% of methylcyclobutanol would thus require 

about 140 minutes, whereas the oxidation of the alcohol under com- 

parable conditions with a 11O:l ratio of alcohol:chromium(VI) proceeded 

with a half-life of less than 3 minutes. It is thus clear that the 

oxidation of 1-methylcyclobutanol cannot be preceded by a dehydration 

reaction and that the oxidation of 1-methylcyclobutanol thus represents 

a genuine example of a direct oxidation of a tertiary alcohol by 

chromium(V1). 

The chromic acid oxidation cf 1-methylcyclobutanol differs from 

the oxidation of secondaq alcohols in two respects. One, the typical 

decrease in the second order rate constant observed in the oxidation 

of secondary alcohols (14) as well as of aldehydes (15, 16), and 

w A slight increase in the second order rate constants at very high 
chromium(V1) concentrations may be due to further oxidation of 
primary reaction products. This oxidation of products formed 
from the tertiary alcohol will obviously grow in importance with 
increasing the chromium(VI):alcohol ratio. 

** The measurements were carried out spectrophotometrically by de- 
termining the rate of the uptake of bromine present in the solution 
at 450 mu; good zero order plots were obtained in all cases. The 
method was tested by including l-methylcyclohexanol for which the 
rates of dehydration have been previously determined using a class- 
ical bromometric procedure (13). 
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TABLE 2 

Dehydration Rates in Acetic Acid Solutions 

Alcohol Conditions Acid,M Br2,10-3M 104k, see-l 

l-Methylcyclohexanol A 0.4 2.7 0.66 

B 0.3 4.5 1.65a 

Tert.-Butanol B 0.3 5.2 0.23 

B 0.3 8.9 0.18 

B 0.9 5.2 2.00 

l-Methylcyclobutanol A 0.4 2.7 b m-m_ 

B 0.9 5.2 0.12 

A: HC104 in 90% Acetic Acid at 30". 

B: H2SO4 in 99% Acetic Acid at 20°. 

a By a different method a value of k = 1.25 x lo-' set -1 was 
obtained previously (13). 

b No observable reaction in 16 hours. 

connected with the HCrOt 2 Cr20y equilibrium is missing in the 

case. Second, the oxidation of the tertiary alcohol increases 

present 

less 

steeply when the solvent is changed from water to acetic acid than is 

usual for secondary alcohols (17,18). This results in the relative 

rate of oxidation of cyclobutanol to 1-methylcyclobutanol increasing 

from 200 in water to 2400 in 90% acetic acid and to 3100 in 99% acetic 

acid. 

The oxidation of 1-methylcyclobutanol results in an extensive 

degradation probably all the way to carboxylic acids, dicarboxylic 

acids and carbon dioxide. No carbonyl compounds, which should be 

formed earlier in the oxidation, could be detected. In the absence of 

sufficient information about the nature of the reaction products, the 

interpretation of the mechanism would be premature. It is hoped that 
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now that direct oxidation has been demonstrated on one example, other 

tertiary alcohols reacting directly with chromic acid will be found 

and that their study will supply the information needed for a detailed 

understanding of the mechanism of the reaction. 
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