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SHORT COMMUNICATIONS

Formation of radical-anions of conjugated sterically hindered olefins via
electron transfer from organolithium compounds

We wish to report that organolithium compounds, e.g., #-butyllithium, phenyl-
Lithium, or benzvilithium, react with stericallv hindered olefins in tetrahvdrofuran
solution (THF) to form tue olefin radical-anions. Details are reported for 1,2,3,4-
tetraphenylbutadiene (TPBD)} which owing to its geometric isomerization! in the
presence of its radical anion is the most interesting. Other sterically crowded olefins,
such as tetraphenyvlethylene, behave the same. Organolithium reagents usuallv add
to, or pelvmerize conjugated olefins, but no TPBD addition products are detectable
by GLC even at large excess of organolithium reagent. In solvents less polar than
THF, e.g., benzene, there is nc reaction.

Evidence for electron transfer is derived from ultraviolet and visible absorption
spectra, electron paramagnetic resonance and proton magnetic resonance experiments
and in some instances the recovery of olefin reduction products after quenching. The
identification of the TPBD reduction products, 1,2,3,4-tetraphenvl-z-butene and
I1,2.3,4-tetraphenvibutane, which are also obtained on quenching the TPBD radical-
anion and dianion forred from lithium, is the first reported chemical evidence of
olefin reduction by organolithium reagents. Reaction with organolithium compounds
causes geometric isomerization of TPBD. Radical-anions of TPBD formed in low
concentration from either lithium or sodium also effect geometric isomerization of the
TPBD]}, in agreement with the formation of radical-anions via organolithium electron
transfer.

Electron transfer has been reported to occur from triphenvimethyvlsodium, a
stable radical precursor, to cyvclooctatetraene®, benzophenone®, and naphthalenei.
Other anions, ¢.g., alkoxides® or thiolates®, undergo electron transfer to give the
radical-anions of nitroaromatic acceptors. Reaction of n-butyvifithium with azulene?
or fert-butvilithtum with diphenviacetyvlene® results in radical-anton formation. Our
experiments show that in the presence of an electron acceptor, and provided the
mere normal reactions of addition or abstraction are unfavorable, organolithium
compounds may be expected to react by electron transfer. Conceivably, electron
transfer alwavs occurs to some extent in competition with the former reactions.

Adding s-butyvliithium to TPBD in THF produces a blue, paramagnetic solution
having broad absorption maxima at 440 mg and 560 my. The reaction is illustrated
by equation (I)-

RLi + TPBD —» Re = TPBD* Li ()

These absorption maxima® are to be compared with those of TPBD* (radical-
anion) Zmax 585 mp and TPBD2— (dianion) Zmax 425 myu formed from lithium. TPBD

* The abserved absorption maxima vary with the ratio TPBD radical-anion to dianion because
cf overlap of the broad absorption curves. The absorption maxima also show small shifts with
different organolithium compounds. The features characteristic of the radical-anion and dianion
are, however, evident.
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is analogous to tetraphenylethvlene in that its radical-anion disproportionates to
dianion and neutral olefin' according to eqn. (2).

2ITPBD® Li* TPBD + {TPBD*-{Li*), {2)

Both the EPR and PMR spectra provide compelling evidence for the formation
of TPBD radical-anions by electron transfer from organolithium compounds. The
occurrence of a rapid exchange between olefin and radical anion, shown in equilibrium
(3), 1s well known for radical-anion syvstems®. This exchange is evident in the NMR

TPBD®* +- TPBD ——— TPBD -+ TPBD* (3)

and EPR spectra. The PMR spectrum of the phenyvl protons of TPBD is broadened
by addition of an organolithium compound and with time (approx. 2o min with 1:x
n-butyllithium-TPBD) the spectrum is obliterated, although the solvent and internal
tetramethylsilane resonances remain sharp. On ethanol quenching the TPBD spec-
trum becomes well resolved and, independent of the starting isomer, is predominantly
that of the 147° m.p. isomer!. This behaviour can be explained by occurrence of
exchange (3) such that during the relatively long time of the PMR measurement each
of the phenyl protons of TPBD is being perturbed to some degree by the unpaired
electron!?, even when only a small fraction of the TPBD is converted to radical-anion.

The EPR spectrum resulting from the reaction of #n-butyllithium, methyl-
lithium, or phenvllithium with TPBD, is a single line ~ 7 gauss in width*. TPBD
radical-anion prepared from lithium at low degree of conversion, 7.e., in the presence
of excess TPBD, gives the same EPR spectrum. The absence of hvperfine structure
possibly results from exchange narrowing owing o (3) and is being investigated.

At a 1:1 n-butvllithium-TPBD ratio the only products detectable by GLC*~
after 5 h reaction and quenching with ethanol, are TPBD isomers. With a n-butyl-
lithium-TPBD ratio of 25:1, approximately 102, of the TPBD is converted to the
reduction products, tetraphenvibutane and tetraphenvl-z-butene which were identi-
fied by comparison of their GLC traces with those of authentic sample. These same
reduction products are obtained from the reaction of lithium with TPBD followed
by quenching. No addition products are detected.

The effect of structure of the organolithium compound on reaction (I) is very
pronounced. The formation of radical-anion is almost instantaneous with benzyl-
lithium. Its formation is somewhat slower with #-butylithium and very slow with
methyllithium and phenylithium. This order of reaction rate is the same as that of
decreasing radical stabilities!l. With increasing ratio of organolithium reagent to
TPBD both the extent and rate of reaction (1) increase. Reaction (1) does not, how-
ever, go to completion within a reasonable time. For example, at a n-butyllithium—
TPBD ratio of 1:1 approximately 3¢5 of the TPBD is converted to radical ion and
dianion, in five hours, whereas with a 25:1 ratio approximately 489} of the TPBD
reacts in five hours. The rate of radical-ion build-up after the first hour is many
times slower than it was initially. Although z-butyllithium would be expected to
react with the THF, other organohithium compounds, e.g., methyllithium or phenyl-
mk Bririy Loy of the Physics Laboratory, The Dow Chem. Co., Midland, Mich., for
making these EPR measurements.

“* Using a two foot column of QF-1 on chromosorb and programming from 200° to 240° at
5°jminute.
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lithium which are more stable toward THF, behave similarly. Reacdon (1) is not an
equilibrium and apparently the radical R* abstracts H* from THF!2 in preference to
dimenizing. It is unusual, that, at least with the more stable organolithium compounds,
the extent of radical-anion formation is not more complete.

The electron transfer in equation (I} is temperature sensitive, as are other
electron transfer reactions'. At —7;0° there is no perceptible reaction. Equilibrium
(=) is also temperature dependent. Decreasing the temperature of a 1:x n-butyvl-
lithium-TPBD svstem to -—-40 after 5 h reaction at 20° causes, as measured by
visible absorption spectrum, a 7 2 increase in TPBD radical-anion and a cortesponding
decrease in TPBD dianion. By analogy with the reported behavior of tetraphenyl-
ethyvlene-sodium adducts!?, this is the expected behavior for a system representzd by
equation (2). It seems likely that a charge-transfer complex is an intermediate in the
electron transfer reaction, which owing to solvation forces dissociates into a radical-
anion and a free radical'>. Further experiments are underway.
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Radical-anions of olefins; a mechanism for geometric isomerization

The finding that organolithium compounds cause geometric isomerization of
1,2.3,4-tetraphenvibutadiene (TPBD) combined with evidence that electron transfer
from organolithium compounds forms the TPBD radical-anion?, prompted experiments
which demonstrate that olefins and dienes undergo geometric isomerization in the
presence of their radical-anions. Geometric equilibration of the olefin occurs readily,
even when onlyv a small fraction of the olefin is converted to its radical anion. Iso-
merization probably takes place during the olefin’s lifetime as a radical-anion (see

eqn. 1); the unpairsd electron ii the lowest anti-bonding orbital presumably
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