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ORGANIC PREPARATIONS AND PROCEDURES INT. 13(6), 395-399 (1981) 

THE ELECTROCHEMICAL OXIDATIVE HYDROLYSIS OF KETONE OXIMES 

M. R. Van De Mark* and A. M. Scornavacca 
Department of C hemistry, University of Miami 

Coral Gables, Florida 33124 

Recent findings on the ability of oxime dianions to direct alkylation 

with both regio- and stereochemical control has made oximes significant and 

potentially versatile synthetic intermediates. Existing methodologies for 

regeneration of the carbonyl are somewhat limited.2 

oxidative technique for the transformation ofoximes to the ketone in good 

yield. 

We now report an anodic 

The transformation was accomplished by oxidation of the oxime at a 

graphite anode (and cathode) in a one compartment cell containing aceto- 

nitrile and water. Tetraethylammonium tetrafluoroborate was the supporting 

electrolyte. 

current density on the yield of ketone. 

vent increases the yield of the ketone increased. At low current densities 

(<500mA), the yield is also much higher. These observations are readily 

explained by the fact that the anodic process generates an acidic region 

which can either cause the Beckman (or abnormal) rearrangement or simply 

result in protonation of the oxime thus precluding its oxidation. 

Table I illustrates the effect of solvent composition and 

As the water content of the sol- 

During electrolysis of the oximee, a faint blue color developed and 

remained throughout the work-up. However, upon distillation of the ketone, 

the color disappeared. 

nitroso compound which may be an intermediate in the reaction (Scheme I). 

Iffland and Criner3 as well as Kropf and Lambeck4 have reported that the 

oxidation of oximes (such as cyclohexanone oxime) with lead tetraacetate 

produces the nitrosoacetate, a deep blue compound. 

The blue color is probably due to traces of a 
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VAN DE MARK AND SCORNAVACCA 

TABLE I. Cyclohexanone Oximea 

Current Charge Passed % Yield of 
b Solvent 

Ratio i F/Mole Ketone 

99: l  0 .5  A 2 0 

95:5 0.5 A 2 10 

9O:lO 0.5 A 2 25 

80 : 20 0.5 A 2 59 

80 : 20 1.0 A 2 91 

80 : 20 0 .3  A 2 63 

80 : 20 0.2 A 4 68 

a. 5g Cyclohexanone oxime i n  150ml so lvent  
degrees. b.  A c e t o n i t r i l e  t o  water r a t i o .  
e l ec t rode  a rea .  

containing 
c .  Current 

- 2  e‘ HO, ,NO II 
c - ,c, ,+ HNo 

R’ ‘R’ R R  -2H+ 
C 

R’ ‘R’ 

2g e l e c t r o l y t e  a t  t en  
shown is  per 15 cm2 

0 

S C H E M E  I 

A b r i e f  survey of s e v e r a l  a l i p h a t i c  ketones demonstrates t he  v e r s a t i l -  

i t y  of t h e  r eac t ion  (Table 11). 

yzed Beckman rearrangement of the  oximes. A s  i s  t o  be expected, the proton 

concent ra t ion  near the  su r face  of t he  e l ec t rode  i s  a func t ion  of the  

cu r ren t  dens i ty ,  of t h e  so lven t s  a b i l i t y  t o  t r anspor t  t he  proton t o  the  

cathode where it i s  reduced t o  hydrogen and of the  s t i r r i n g  rate. 

t h e  Beckman rearrangement usua l ly  r equ i r e s  a long contac t  t i m e  o r  e leva ted  

temperatures,  t he  a c i d i t y  near t he  e l ec t rode  sur face  need not be eliminated 

only minimized. 

t h e  so lvent  is e i t h e r  buffered o r  t h e  percentage of water maintained a t  20%, 

t he  a c i d i t y  w i l l  be minimized nea r  t h e  e l ec t rode .  

There i s  the  p o s s i b i l i t y  of acid-catal-  

Since 

I f  t he  cu r ren t  dens i ty  is maintained below 30mA/cm2 and 

By c a r e f u l  choice of 
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THE ELECTROCHEMICAL OXIDATIVE HYDROLYSIS OF KETONE OXIMES 

conditions the  oximes can be maintained soluble in the  media and rearrange- 

ment minimized o r  suppressed. 

TABLE 11. 

Oximea ib F/Mole XI Yield of Ketone 

Cyclohexanone 0.2 4 68 

2-Oc tanone 0.25 2 73 

2 -0c tanone 0.2 4 90 

4-t-Butylcyclohexanone 0.2 4 67 

Camphor 0.15 4 3 

a. 
of e l ec t ro ly t e  a t  10". b. 

Five grams of oxime i n  15Oml 20% aqueous a c e t o n i t r i l e  containing 2 grams 
Current shown is i n  amps/15cm2 electrode area. 

The electrochemical oxidation of camphor (I) represents a good example 

of the e f f e c t  of acid generated by the anode. 

phor oxime is suscept ible  t o  acid-catalyzed abnormal Be~kman .~  

react ion leads predominatly t o  the  two nitriles shown below. 

It is w e l l  known that cam- 

The 

The anodic 

oxidation produced compounds I1 and 111 in equal amounts with a t o t a l  

conversion of 38%. 

t i o n a l  27%. 

Compounds I1 and I11 under the e l ec t ro lys i s  conditions are electroact ive 

and would undergo oxidation analogously t o  thore demonstrated by Shono with 

the oxidation of a va r i e ty  of olef ins .6  Therefore the low y i e ld  of I1 and 

111 may be due t o  fur ther  oxidation which would y i e ld  several  new products. 

It should be noted t h a t  the conversion and r a t i o  of products 11 and 111 are 

q u i t e  i r reproducible  unlike the y i e ld  of ketone. 

Also recovered s t a r t i n g  material accounted f o r  an addi- 

The remaining material w a s  unidentified due t o  the  complexity. 

The electrochemical oxidative removal of the oxime group appears t o  be 

a viable  a l t e r n a t i v e  t o  the current methodology. Its assets are the high 
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VAN DE MARK AND SCORNAVACCA 

y i e l d ,  e s p e c i a l l y  f o r  l i n e a r  o r  h igh  molecular  weight  s p e c i e s ,  t h e  low c o s t  

(very l i m i t e d  expendi tures  requi red  s i n c e  only a c o n t r o l l e d  c u r r e n t  power 

supply is r e q u i r e d )  and f i n a l l y  t h e  ease of work-up w i t h  no metal salts t o  

remove. 

EXPERIMENTAL 

Power supply w a s  e i t h e r  an E I C O  Model 1020 (0-36V, 0-0.2A) o r  Trygon 
E l e c t r o n i c s  Model RS60-7.5 (0-60V, 0-7.5A). A s imple 1 2 V  b a t t e r y  charger  i s  
a l s o  s u f f i c i e n t .  
carbon rods  a v a i l a b l e  from Ultra Carbon Corporat ion (Cat. N o .  7312541 
ST-50). E l e c t r o l y t e ,  tetraethylammonium t e t r a f l u o r o b o r a t e  w a s  ob ta ined  from 
Southwestern A n a l y t i c a l  Chemicals. A c e t o n i t r i l e  w a s  ob ta ined  from Burdic 
& Jackson and d i s t i l l e d  from phopsphorous pentoxide.  A l l  ke tones  w e r e  AR 
grade and used wi thout  f u r t h e r  p u r i f i c a t i o n .  Oximes were prepared by 
s tandard  procedures .  

Graphi te  e l e c t r o d e s  were 0.25" diameter  Spec t ro  Tech 

E l e c t r o l y s i s  were performed i n  a 250ml e l e c t r o l y t i c  beaker8 wi th  150ml 

of s o l u t i o n  conta in ing  2 grams (0.01 mole) tetraethylammonium t e t r a f l u o r o -  

b o r a t e  as suppor t ing  e l e c t r o l y t e .  F ive  grams of t h e  oxime w e r e  added and 

s t i r r e d  magnet ica l ly .  Two g r a p h i t e  e l e c t r o d e s  were mounted i n  a rubber  

s t o p p e r  1 112" a p a r t  and 3" i n t o  t h e  s o l u t i o n  ( a  vent  h o l e  w a s  a l s o  

r e q u i r e d  t o  avoid p r e s s u r e  bui ld-up) .  

A f t e r  passage of t h e  r e q u i s i t e  c u r r e n t ,  i n t e g r a t e d  wi th  an Acromag 

Counter o r  a copper coulombmeter, t h e  s o l u t i o n  w a s  concent ra ted  by d i s t i l -  

l a t i o n  t o  50ml. Addit ion of 50ml water and e x t r a c t i o n  wi th  f o u r  50ml 

p o r t i o n s  of e t h e r ,  d ry ing  over  sodium s u l f a t e  and c o n c e n t r a t i o n  i n  vacuo 

y i e l d e d  t h e  crude ketones.  

Analysis  by gas chromatography produced t h e  d a t a  shown i n  Tables  I 

and 11. 

yie lded  r e s u l t s  c o n s i s t e n t  w i t h  t h e  GC d a t a .  

nuc lear  magnetic resonance s p e c t r a  w e r e  observed f o r  a l l  products  w i t h  

r e s p e c t  t o  a u t h e n t i c  materials. 

D i s t i l l a t i o n  fol lowed by 2,4-dinitrophenylhydrazone d e r i v a t i z a t i o n  

Matching i n f r a r e d  and pro ton  
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