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COMMUNICATIONS TO THE EDITOR

THE OXIDATION OF FREE RADICALS BY METAL
IONS

Sir:

The effects of metal ions on free radicals have
been delineated as reactions involving the modi-
fication of free radical activity! and oxidation-
reduction.? Ligand transfer® as a mode of an
oxidation-reduction reaction has been described
recently.* We wish to report here some oxida-
tion-reduction reactions which occur by electron
transfer rather than ligand transfer.

The electron transfer mechanism for the oxida-
tion of free radicals by metal ions is described by
the equations

Olefin 4 M**—1 4+ H+ (a)
R + M'“'—f
Rt 4 Min=t
R+ +4 H;O0 —> ROH -+ H* (b)

The distribution of the oxidation products between
R+ (solvolytic products) and olefin is dependent
on the structure of the alkyl radical. Table I
shows the oxidation of the simple alkyl radicals
by cupric ion in aqueous solution to olefinic and
alcoholic products.

TasLE I

PropucTs FROM THE OXIDATION OF ALKYL RADICALS BY
CUPRIC SULFATE

Cupric ion, Olefin, Alcohol, AH®
Radical M % % (kcal./mole)
Methyl® 0.05 0 81 262
Ethyl® .05 48 39 224
.50 59 28

sec-Butyl® .05 19¢ 65 180
teri-Butyl® .05 9 82 166
Allylic® .05 0 85 218

¢ Heat of formation of the gaseous ion. ® From fert-alkyl
hydroperoxide and Ti*% ¢ From photolysis of methyl
ketone. ¢ 249 cis and 769, trans-butene-2. ¢ From fert-
butoxy and butadiene.

In general there is a correlation between the
heat of formation of the gaseous ion® and the ease
of oxidation of the radical to alcohol by cupric ion.®
The exception is the allyl radical whose anomaly is
probably attributable to the different solvation
requirements of the resonance stabilized carbo-
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nium ion compared to its saturated counterparts.
Although it is possible in some cases that the sol-
volytic product arises vig a ligand transfer process
at present, we prefer the alternative two-step
mechanism involving electron transfer and then
solvation of the carbonium ion, especially with the
allylic systems.

The oxidation of alkyl radicals by cupric ions is
demonstrated by the preparative reactions. 1-
Methyl cyclohexyl hydroperoxide reacts with
ferrous sulfate’ in the presence of cupric sulfate
to form 6-hepten-2-one in 959, yield. Tetrahy-
dropyranyl-2-hydroperoxide reacts® under similar
conditions to form 3-buten-1-ol in approximately
209 yield. The cyclohexanone-hydrogen per-
oxide adduct® is oxidized by the ferrous—cupric
couple to 5-hexenoic acid in 769, yield.

Acyl radicals are quantitatively oxidized to
carboxylic acid derivatives. Biacetyl is photo-
lyzed in the presence of 0.05 M cupric ions to
produce acetic acid quantitatively. In methanol
methyl acetate is the exclusive product. Acetone
similarly is oxidized to acetic acid and methanol.
In neither case is carbon monoxide a product.
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ON A TRANSANNULAR PHOTODESMOTIC
TRANSITION!

Sir:

We wish to report the use of solvent effects to
identify a transannular electronic transition in-
volving a carbon—carbon double bond and a car-
bonyl group. We further suggest that such tran-
sitions, which lead to a bond in the excited state
between atoms not bonded in the ground state, be
called photodesmotic (fron the Greek, ¢wrodesuos,
link caused by light).? In many cases, photodes-
motic transitions will be intramolecular charge-
transfer transitions,® but exceptions will exist
when the two groups are equivalent.? The present
case, frans-3-cyclodecenone, is typical of those in
which the transition in question is located close to
2000 A., and therefore near the absorption positions
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