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CuEMIcAL COMMUNICATIONS

Photolytic Generation of Free-radical Anions

By Hans J. S. WINKLER, H. WINKLER, and R. BOLLINGER
(Monsanto Research SA, Zirich, Switzeviand)

PreviousLY,! it has been shown that radical
anions of benzophenone and nitro-substituted
aromatics may be produced by photolytic reduc-
tion in which alkoxide ions function as reducing
agents. It has now been shown that lithium salts
of free-radical anions in general may conveniently
be prepared by photolysis (in an inert atmosphere)
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constant-temperature bath (20°) where it was
irradiated at a distance of ca. 5cm. from an
immersed high-pressure lamp.? The intensely
coloured solution was diluted by vacuum distilla~
tion from the main solution in the reaction vessel
and the electron spin resonance spectrum
measured.?
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FIGURE. Electron spin vesonance spectrum of lithium anthracene vadical-anion in diethyl ether.

of the corresponding hydrocarbon in the presence
of phenyl-lithium.

In a typical example a reaction vessel was
charged with 20 ml. of diethyl ether, 3 ml. of
0-5 M-phenyl-lithium solution? and 0-1 g of anthra-
cene. A small amount of the solution was trans-
ferred to a side-arm of quartz and immersed into a

The method is general and has been applied to
the following hydrocarbons: biphenyl, tri-
phenylene, naphthalene, phenanthrene, chrysene,
pyrene, anthracene, perylene, pentacene, and
acenaphthene.

Some of the advantages of the method are: (1)
Unlimited choice of inert solvents.> (2) The ready
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adjustment of concentration by the time of photo-
lysis. (3) The removal of trace amounts of
moisture and oxygen by the organolithium
reagent.® (4) No induction period as in the con-
ventional type of preparation of alkali-metal salts
of radical anions.

Usually the electron spin resonance spectra of
lithium or alkali-metal salts of radical anions of
aromatic hydrocarbons are measured in tetra-
hydrofuran or dimethoxyethane.” We have now
found that some of the above-mentioned salts in
diethyl ether show unusually high hyperfine split-
ting constants due to lithium (°Li, I = 3/2). This
is presumably caused by the increased intimacy of
ion pairing. The spectrum? of lithium anthracene
radical-anion is shown in the Figure together with
the spectrum calculated on basis of the following
hyperfine splitting constants: a, = 5:53; a, =
2-45; ap = 1-58; ay; = 1:70 gauss.

Several of the other hydrocarbons give similar
hyperfine splitting by lithium in ether.

We had previously, in agreement with a recent
communication,® noticed that biphenyl (in addition
to benzene) is formed on photolysis of phenyl-
lithium on a preparative scale. However, we find
the reaction extremely sensitive to reaction
conditions.

The reaction for the production of the lithium
salts of free-radical anions is in our opinion a photo-
sensitized one-electron transfer from the “‘anion of
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the organolithium reagent” to the hydrocarbon.
It is very much dependent upon the following
equilibria.?

Arene 4 Li = Lit+ (Arene)~

2 Li* (Arene)~ = Arene -+ Li, (Arene)?~

In the case of biphenyl as photosensitizer—
electron acceptor, the first equilibrium lies far to
the left.l® In contrast, for anthracene the equili-
brium favours the radical anion; or, in the presence
of an excess of lithium, the dilithio-compounds.
In agreement with this proposal we have found
that the free-radical anion of anthracene is formed
spontaneously, but slowly, in the dark from
phenyl-lithium and anthracene. Under ultra-
violet irradiation the reaction is accelerated (under
our experimental conditions) by at least a factor of
10°. In the absence of anthracene (or biphenyl)
as photosensitizer, phenyl-lithium slowly yields
finely dispersed lithium. An e.s.r. spectrum of
anthracene radical-anion can be observed on
addition of anthracene to such dispersions.

An alternate route involves the intermediacy of
lithium or the biphenyl radical-anion which
readily transfers an electron to a hydrocarbon of
higher electron affinity. Studies of the mechanism
are in progress.
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