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Summary: Electrochemical oxidation of saturated ketones involves specific
abstraction of one y hydrogen by the carbonyl oxygen in a six-membered ring
cyclic transition state, reminiscent of the first chemical steps of the

McLafferty rearrangement and Norrish type II photofragmentation.

Miller and coworkersl recently reported that anodic oxidation of saturated
straight chain aliphatic ketones in acetonitrile gives rise to acetamidated
products, e.g., oxidation of 2-octanone produces a mixture of 5-, 6-, and 7-
acetamido-2-octanones:
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This behavior is at variance with that observed upon anodic oxidation of other
aliphatic compounds,2 inasmuch as substitution in ketones does not occur pre-
dominantly near the end of the aliphatic chain. Miller's observationsl sug-
gested that for ketones the hydrogen abstraction step preceding acetamidation
is intramolecular, but he pointed out1 that the results did not show whether
the hydrogen abstraction would occur with positional specificity for long-
chain ketones with several potential sites of attack.

We have therefore reinvestigated the electrochemical oxidation of aliphatic
ketones,3 to establish whether the hydrogen abstraction step is site-specific.
Our initial results may be summarized as follows:

(i) The major product obtained by oxidation of long-chain ketones is the
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y-acetamidated ketone; lesser amounts of products substituted at positions
further removed from the carbonyl group are also formed.4 In addition, the
reaction leads to substituted dihydrofuran and 2-pyrroline products, e.g., 2
and 3. The pyrroline (3) is presumably formed in an intramolecular conden-
sation reaction of the 5-acetamidated ketone.
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(ii) oxidation of the deuterium labeled ketones5 4, 5 and 6 establish that
the hydrogen atom abstracted in the oxidation process is always derived from
the y-position, regardless of the position of the acetamido substituent in
the final product:
Oxidation of 5,5-dideuterio-2-octanone (5) yields exclusively monodeuterated
acetamido-octanones, whereas oxidation of the 4,4- and 6,6-dideuterio-2-octa-
nones (4 and 6) yield acetamidated products which all retain both deuterium
atoms. In acetamidated 4 these remain at C-4; 1likewise, the one D retained
by the three acetamidated ketones obtained in the oxidation of 5 remain at
C-5. The two deuterium atoms present in all three acetamidated ketones de-
rived from 6 remain in the 5-acetamido product at C-6, whereas the 6- and 7-
acetamido products both appear to have one D at C-5 and one at C-6.
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The firm experimental evidence for site-specific abstraction cf one y-hydrogen
implies that the hydrogen abstraction step is intramolecular, for only thus
can the specificity of reaction at the y-carbon be understood. Hence, oxi-
dation leads (possibly indirectlys) to the carbonyl cation-radical, which
abstracts a y hydrogen atom from the aliphatic chain, closely resembling the
McLafferty rearrangement and the Norrish type II photofragmentation. However,
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rather than reacting by C-C bond cleavage, the product is deprotonated and
further oxidized to the cation, which subsequently suffers nucleophilic attack
by solvent or carbonyl group, or undergoes carbonium-ion rearrangements (here:
1,2-hydride shifts].
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These results call attention to the possibility that there may be extensive
parallels between electrochemical oxidation and mass spectrometric decompo-

sition, both of which proceed via cation-radicals. Only a few examples of
analogies between these two branches of chemistry have been reported.l'7'8
Furthermore, the present results confirm the suggestionl that electrochemical
oxidation is one of the reactions where an intermediate with radical charac-
ter may undergo specific hydrogen transfer via cyclic six-membered ring tran-

sition states.9
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