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Chromic acid oxidation of a large number of organic _ ̂  
compound8 seems to proceed by the scheme"2: 

Cr(VI) + S - Cr(IV) + P 

Cr(IV) + Cr(VI) e 2Cr(V) 

2Cr(V) + 25 --+ 2Cr(III) + 2P 

Hence, what we call 'oxidation with chromic acid" la, In fact, 

an oxidation by Cr(V) to an extent of 67%. The reactivity of 
chromium (V) Is the--.?ore of prime Interest? 

Chromium IV) must resemble chromium (VI) In many of Its 

properties. Obvlously, In all reactions In which a single 

oxidation product Is produced, both valence states of chromium 

must react In a similar way, even though details of the 

mechanisms might be different. Furthermore, even the relative 

reactlvltles, or selectlvltles, of Cr(VI) and Cr(V) for closely 

related substrates do not differ appreciably a4 . For example, 

RAn alternative scheme Including the reactions of both Cr(V) 
and Cr(IV) with the organic substrate has also been considered. 
However, our recent results3 have led us, to question the 
reactivity of chromium (IV) towards organic compounds. The 
ensuing dlscusslon has therefore been simplified by considering 
only Cr(V) resoonslble for the Induced oxidation. 
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Wlberg and Rlchardeon2.have shown that the rate of oxidation 

of E-chlorobenzaldehyde relative to benzaldehyde la 1.38 for 

chromium (VI), and 1.20 for chromium (V). 

However, a few Instances are known In which the 

eelectlvltlee of chromium (VI) and chromium (V) are completely 

different. This lead8 to the effect known a8 Induced 

oxldat$on5*6, which Is beat exemplified by the facile oxidation 

of the otherwlae unreactive Iodide ion In the presence of 

ferrous lone.: 

Cr(VI) + I' + very alow reaction 

Cr(VI) + Fe2+ fast + Cr(V) + Fe9 

Cr(V) + I' " fast: Cr(II1) + IO' 

All except one of the syateme in which the relative 

reactivity of chromium (VI) and chromium (V) Is 80 drastically 

changed au to lead to induced oxidation conslete of pair8 In 

wtilch one or both of the components are Inorganic lone. The 

only purely organic example le the oxidation of Indigo Induced 

by oxalic acld7. In thl8 communication we wleh to report 

the first/example of an induced oxidation Involving two elmple 

organic compounds. 

The oxidation of cyclohexanone by chromic acid yield8 a8 

the main product adlplc acid, which is always acco 
"f; 
anled by 

smaller amounts of both glutarlc and succinlc acids . The 

simplest way in which the formatlo? of the lower dlcarboxyllc 

acid8 could be explained 18 by further oxidation of adlplc 

acid. 'However, adiplc acid 18 very unreactive towards 

oxidation by chromic acid. Snethlageg found the oxidation of 

adlplc acid by chromic acid In aqueous sulfuric acid too slow 

to be measured even at 100' at sulfuric acid concentrations lower 

than 502. From our prevloue measurement6 ln gg$ acetic acldlOSU 

one can e6tlmate that cyclohexanone 1s at least 10,000 times 

more reactive towards chromic acid than adlplc acid. Hence, 

no detectable degradation of adlplc acid by chromic acid CM 

be expected in the presence of even a emall amount of cyclo- 

hexanone. Therefore only Induced oxidation could be 
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reeponnible for the formation of the lower dlcarboqlic acids 

if adiplo acid was to be considered as the precursor. 

!Po prove that the lower dlcarboxyllc acids were Indeed 

formed by induced oxidation of adlplc acid ln which cyclo- 

hexanone acted a8 the inductor, the oxidation OS another ketone 

in the preeence of adipic acid was investigated. 3-Meethyl-a- 

butanone, a ketone reacting with ohromium (VI) 1.58 timee 

faster than cyclohexanone but unable to yield dlcarboxyllc 

acids a8 oxidation products, was selected as a suitable Inductor. 

The oxidation was carried out in 1.0 H perchlorlc acid 

at 50' with the initial concentrations: 3-n!!thyl-2-butanone 

1.5 M, adlplc acid 0.137 M, chromic acid 0.15 M. The 

dlcarboxyllc acids present in the final Maction mixture were 

collected and analyzed In the form of the dimethylestrrs by 

gas-liquid chromatography in a &y described elsewhere8. me 

presence of the products of induced oxidation waa irmnnedlately 

apparent from the chromatogram. On quantitative evaluation, 

It wae found that the mixture contained 2.3s glutarlc acid, 

3.5% eucclnlc acid, and 94.2% adlplc acid. 

Having thus demonstrated the existence of lnduoed 

oxidation In this case, It Is of Interest to estimate the 

relative reactivity of chromium (V) towards the two competing 

organic compounda, the ketone and the acid. 

the oxidation of cyclohexanone8, 

By analogy with 

It can be assumed that 

methylbutanone 1s oxidized to acetone and acetic acid via the 

reactive hydroxyketone intermediate.* Basing the etolchlometry 

of the reaction on thl6 assumption, the concentration of 

3-methyl-2-butanone at the end of the reaction should be about 

0.9 M, or more than alx times higher than that of adiplc acid. 

The average ratio of the inductor (ketone) to the eubetrate 

(adlplc acid) la thus about nine. From thle concentration 

ratio and from the amount of available chromic acid one can 

*The relative rate of 3-hydroxy-3-methyl-2-butanone to 
3-methylbutanone under the reaction conditions used in this' 
experiment Is 14.3. 
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estimate that about 7% of the adiplc acid should undergo 

oxidation. This estimate Is based on the assumption that 

chromium (VI) does not react with adipic acid at all and that 

chromium (V), on the other hand, is completely non-selective 

and reacts with adlpic acid and with the ketone in the ratios 

of their respective concentrations. !Phe,results given above 

show that actually about 6% of adlpic acid underwent a 

degradation reaction; this figure is in surprisingly good 

agreement with the predicted value. Hence, although the 

reactivity of the ketone towards ‘Cr(V1) is more than 15,000 

times higher than that of adiplc acid, both compounds are about 

equally reactive toyrds chromium (V). 

Acknowledgement 

We wish to thank the Petroleum Research Fund of the 

American Chemical Society for the support of this work. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

REFERENCES 

W. Watanabe and F. Ii. Westheimer, J. Chem. Phys., & 61 
(1949). 

K. B. Wiberg and W. II. Richardson, J. Am. Chem. Sot., 
&, 2800 (1962). 

J. RoEek In S. Patal, The Chemistry of the Carbonyl Qrou& 
p. 474, Interscience, ?.ondon (1966). 

L. Kaplan, J. Am. Chem. Sot., 22, 5469 (1955). 

For an excellent review see:’ F. H. Westhelmer, Chem. 
m., &j, 419 (1949), and Errata, June, 1950. - 

. 
: J. Ii. Bspenson, J. Am. Chem. 

C. F. Schbnbeln, J. Prakt. Chem., a, 108 (1858). 

J. RoEek and Sr. A. Rlehl, to be publlshed. 

Ii. C. S. Snethla e, Rec. trav. chlm.,. &, 873 (1937); 
3, 111 (1940); &, 710 (1941). ’ 

F. Mareg, J. Rozek and J. Sicher, Collection Czech,Chem, 
communs ., a, 2389 ( 1961). 

F. Mareg, J. RoEek and J. Sicher, Collection Czech Chem. 
ComImlns .) &, 2355 ( 1961). 


