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A tentative oxidation mechanism has been re- 
cently advanced by Mosher and Whitmore2 to 
explain the formation of normal as well as anoma- 
lous oxidation products from the chromic acid 
oxidation of some secondary alcohols containing an 
alpha-neo carbon atom. This tentative oxidation 
mechanism involves the concept of an intermedi- 
ate containing an electronically deficient oxygen 
atom whose stabilization involves the rupture of a 
carbon to carbon bond resulting in the formation 
oi anomalous oxidation products or the loss of a 
proton resulting in the formation of normal oxida- 
tion products. 

In  the chromic acid oxidation of some secondary 
aliphatic alcohols, i t  has been reported that the 
amount of anomalous oxidation observed decreases 
as the electron attracting power of the group at- 
tached to the carbinol carbon atom increases and 
the steric strain decreases.3 It appeared advan- 
tageous to study the oxidation of a series of sec- 
ondary alcohols with one radical held constant, 
and the other varied. By using alcohols contain- 
ing the phenyl group as the constant radical and 
varying an aliphatic group, i t  should be possible to 
gain further information on electrostatic effects in 
anomalous oxidation. At the same time, the re- 
sults should indicate whether the Mosher theory 
may be extended to include aliphatic-aromatic 
secondary alcohols. 

A series of secondary alcohols with the general 
formula Ph-CHOH-R, where R is a n-butyl-, i- 
propyl-, t-butyl- and t-amyl group, were prepared 
and oxidized with chromic anhydride in acetic acid 
and potassium permanganate in acetic acid. Ke- 
sults of these oxidations are shown in Table I ,  
where the normal oxidation product is the corre- 
sponding ketone and the anomalous oxidation 
product is benzaldehyde or benzoic acid. 

TABLE I 
OXIDATION PRODUCTS 

Potassium 
permanganate 

Chromic anhydride in acetic acid 
in acetic acid, ?4 Anoma- 

Normal lous oxidation oxidation 
Anoma- Normal lous 

Carhiuol oxidation oxidation '$$ % 
i-Propylphenyl- 74.8 5 , 5  71 .O 8.8 
72-Butylphenyl- 93.1 , . 96.0 . . 
&Butylphenyl- 77 .0  17 .5  34 .3  46.0 
t- Atnylphen yl- 73.6 14.4 33 .2  5 5 . 7  

In  the chromic anhydride-acetic acid oxidation, 
the n-butyl-, i-propyl-, t-butyl- and t-amylphenyl- 
carbinols give the expected ketones and with the 

(1) (a) University of Delaware, Newark, Del.;  (b) Drexel In- 

(2) W. A. Mosher and F. C. Whitmore, THIS JOURNAL, 70, 2544 

(3) W. A. Mosher and E. 0. Langerak, a i d , ,  71, 268 (1949). 

stitute of Technology, Philadelphia, Pa. 

(1 948). 

latter three alcohols small amounts of benzalde- 
hyde. The formation of benzaldehyde is of para- 
mount importance in considering the electrostatic 
forces functioning in the molecule. 

In applying the mechanism for the oxidation of 
secondary alcohols as advanced by J1Iosher and 
Langerak,a the first step in the oxidation of P h -  
CHOH-R would involve in effect the removal of a 
hydride ion from the hydroxyl group giving an in- 
termediate containing an electronically-deficient 
oxygen atom. The stabilization of this interme- 
diate could be accomplished by two different meth- 
ods. First, the loss of a proton from the carbinol 
carbon atom would give the ketone, Ph-CO-R, 
the normal oxidation product. Second, the de- 
ficient oxygen atom could appropriate the electron 
pair involved in the bond joining the aliphatic 
group to the oxygenated carbon atom. The 
cleavage of this bond would result in the formation 
of a molecule of benzaldehyde and a new carbo- 
nium ion, which upon the addition of a hydroxy 
ion would form an aliphatic alcohol. 

It is possible that the stabilization of the inter- 
mediate containing the electronically-deficient 
oxygen atom could occur by the aliphatic radical 
and a pair of eleetrons rearranging to the oxygen 
atom, which would then cleave to give the anoma- 
lous oxidation products. Rearrangements of this 
type have been suggested in the case of the oxida- 
tion of tertiary alcohols by llosher, Langerak and 
Coleman.J 

In the stabilization of the corresponding inter- 
mediate from the secondary alcohols here re- 
ported such a rearrangement might be possible, 
In the case of the aliphatic-aromatic secondary 
alcohols, the aromatic group, because of its 
greater migration aptitude, should rearrange. 
This would result in the eventual formation of 
phenols, and carbonyl compounds derived from 
the aliphatic portion of the molecule. Such 
compounds have not been found. The general 
formation of benzaldehyde and aliphatic alcohols 
indicate clearly that the electrons in the carbonyl 
group came from the aliphatic group. In  view 
of the low electronegativity and low migration ap- 
titude of these groups, i t  would appear, in this 
case at  any rate, that the cleavage reaction in- 
volves only an electron shift and not group rear- 
rangement. 

When potassium permanganate in acetic acid 
was used as the oxidizing agent, a greater amount 
of cleavage took place with those carbinols con- 
taining a branched group in the alpha position. 
An explanation of the increase in anomalous oxida- 
tion might possibly be based on the fact that po- 

(4) Presented before the Division of Organic Chemistry, American 
Chemical Society, N e w  York, September 15, 1947. 



iurn permanganate possesses a higher ositlix- 
ing potential than chromic acid. .I very signifi- 
cant point is that the LMosher theory of oxidation 
can be applied not oiily to chromic acid oxidations 
but also to acid permanganate oxid:ttion of second- 
x y  aliphatic-aromatic alcohols. 

"We wish to thank the Research Corporation for 
it Frecleric Cottrrll Crant which tnatlr thiq work 
pns.;ihlr 

Experimental 
General- -rz-Butyl- r -propyl -. t-l)utyl- &ti it1 t-.rmyl- 

I,huiylcarbinol were prelurt ci b y  t h t  nctioii of the dppro- 
pridte Grigmrd reagent 011 heiiddcliydr. according to tht. 
p iera1 procedure of Comnt ant1 Blatt 1deiitificLttioIi 
of all products was by me:tw of mixed nieltirig points of 
both compound and solid derivative. 

These oxidations were carried out in the following manner 
exemplified by the oxidation of t-amylphenylcarbinol : 
solution of 9.5 g. of chromic anhydride (0.09 mole) dis- 
wlved in 125 ml. of water aiid 400 ml. of glacial acetic acid 
%vas added dropwise to a stirred solution of 25 g. of thc 
carbinol (0.14 mole) over a period of three hours during 
which time the temperature was maintained lwtween 25 
30'. The reaction mixturr wdi steamed diitilled m d  
from the distillate an oil layer n:js obtaiiid 1 l i  18.2 gA 
I 73.6%) t-amyl phenyl ketone, 1). p. at 17 mm , 118-12U 
.mrl n 1 8  ?D 1.512P Tht :queouL h v c r  froiii thc STC im 

Oxidations: (a) Chrernic Anhydride in Acetic Acid.- 

1 iilii t. 11 

c HKOMIC c i U  1 I) F f?X I IlATT( ) 1 5 

Product, -- --- .. 
CHOW-K, 0x1- Ketnne 14rn7oir Acid 

- 
Molar 

Y h- relatiomhip. 

\there R 1%' Alcohol cianc i: ', 1 ;  

i-IJropyl 0 066.5 I! 01  7 4 7'4 8 0 4,i 5 
,?-Butyl- 152 11.7 2:: 0 93 1 
f-Hutyl- 061 i i i  7 7 ( 1  1 3  1 7 5  
/ Amyl 1.1 OX IS 2 73 (i I 1  1 2 .'?I 

1.8 g. ( 1 2 9 )  of bcnmldehyde also ohtailitad 

tlistillntion yielded (11) 1 8 g. (12') benzaldehyde. 
Prom thi  \team distillation rrs~duc,  i I I1 l  0 1 p ' 5 . 3 7 )  
henzoic zcid W ~ S  obtained. 

The results of the oxidations of t-butyl-,. i-propyl-, t -  
amyl- and n-butylphenylcarbinol are shown in Table 11. 

(b) Potassium Permanganate in Acetic Acid.-The 
w n e  method of oxidation and isolation of products was 
employed as described in the chromic acid oxidations. 
The rewlts of the oxidation of l-butyl-, l-amyl-, i-propyl- 
i n r l  ,;-',nti.lphenvlc.trl,inol ire -hewn i n  Table 11 1 

I L R I  k I J I  
I I  M PFRbf4XC.i \  41r ( k I D A r I O Y 5  

hlolrr 
f'll I ,  1 , i t i o n ~ h i p  - Prothicts - - 

CfIOf1 K ( ) \ I  Kctone Bf!l170lC 1 C l d  
I t h i m  R I, ilcohul (lant i, 

i i'ropyl- 0 040 0 O(j + I) 71 (J 0 3 h \ 
wHutyl- lq5 06 23 2 96 3 
t Butyl- 165 14 9 2 34.3 . .  
[-Amyl- . 14 0 5  8 2 33 2 0.8 4 7h 

8.2 g. (46oJ0) of benzaldehyde was isolated. * 7 A 
y '51 1 7 )  of benzaldehyde was isolated. 

Summary 
The chromic acid oxidation of n-butyl-, i- 

propvl-, /-butyl- m t i  f-amylphenylcarbinols gives 
the expected ketone ant1 with the latter three car- 
binols small amounts of hen~aldehyde and/or ben- 
mic acid. 

When using acid permanganate, n-butyl-, i- 
propyl-, t-butyl- and t-amylphenylcarbinols gives 
the corresponding ketones and with the latter 
three carbinols a significant amount of benzalde- 
hyde and/or benzoic acid. 

The Mosher theory of oxidation can be ap- 
plied to  the chromic acid and acid permanganate 
oxidations of secondary aliphatic-aromatic carhi- 

1. 

2 .  

3. 

11015. 

.is part of a research program 011 utilizatiori nt' 
nicotine, a study has been made of the acetyla- 
tion of ;~,?'-iiicotyntie (i), which is readily oh- 
tainetl from nicotine by catalytic dehydrogena- 
tioiil or ~x ida t ion .~  The acetylation of S-nieth- 
ylpyrrole" with acetic anhydride and anhydrous 
sodiutn acetate has been reported to yield 1- 
tnethyl-1!-acetylpvrrole. Use of these reagents a t  
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(4) Woodward, Badgett and Haines I' S Patent 2,432,642 
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reflux temperature with I, however, gave only a 
iiegligible yield of any product. Hartough and 
Kosak6 acetylated thiophene and furan, with 
iodine and hydriodic acid as catalyst. The ef- 
ficiency of this catalyst prompted its use in the 
acetylation of 1. 

The principal product obtained when (I) is acet- 
ylated with acetic anhydride containing small 
amounts of hydriodic acid and free iodine has been 
assigned the structure 1 -methyl-2- (3-pyridyl) -5- 
acetylpyrrole (11) on the basis of a comparison of 
its absorption spectrum with that of the model 
compound. If anhydrous aluminum chloride is 
used as catalyst a small yield of an isomeric sub- 
stance is obtained to which structure (111), 1- 

(6) Hartouph and K-k Tms JOURNAL, 68, 2639 (1946). 


