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The Pentalene Radical Anion
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The title radical anion has been prepared for the first time by photolysis of a pentalene dianion dilithium salt.

The sensitivity and selectivity of the e.s.r. technique makes it
possible to observe the spectra of radical ions of hydrocarbons
which cannot themselves be isolated. In a number of cases in
which the neutral hydrocarbon is not stable, however, the
dianions are readily accessible.!—3 The corresponding radical
anions may then be observed by chemical oxidation of the
dianion*> or even in thermal equilibria.6-7 We now report the
photochemical oxidation of the pentalene dianion? to give the
hitherto unknown unsubstituted pentalene radical anion.$.?

The pentalene dianion (1) can be prepared conveniently as
the 2,5-diaza-2,5-dimethylhexane (TMEDA) complex of its
dilithium salt by direct metallation of the mixture obtained by
pyrolysis of cyclo-octatetraene at 530 °C10 with a 1: 1 mixture
of Bu"Li-TMEDA. The TMEDA complex of the dilithium
salt of (1) is the only hexane-insoluble product, and can be
isolated by filtration [equation (1)].

When (1)-2Li*-2TMEDA is dissolved in dry tetrahydro-
furan (THF) and photolysed at —48°C in the e.s.r. cavity the
spectrum shown in Figure 1(a) is observed. Addition of dry
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12-crown-4 removes the lithium coupling, yielding the spec-
trum shown in Figure 1(b). Both spectra disappear on
shuttering the light. The observed coupling constants [7.8 G
(4H)t and 0.9 G (2H)] are in agreement with those [-7.37 G
(4H) and +1.74 G (2H)] calculated® for (2) using the
McLachlan equation. The lithium coupling increases, as

FT1G=104T.
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Figure 1. E.s.r. spectra of (2)-Li+: (a) in THF at —48°C; (b) on
addition of 12-crown-4.
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Scheme 1. MNDO Optimised structures of (1)-2Li*, (2)-Li*, and (3)
(bond lengths in A).
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Table 1. E.s.r. spectral data for (2) (coupling constants in G).

Solvent Temp. (°C) a(4H) a(2H) a(Li) g-Value
THF 25 7.76 095  0.27 2.00267
THF —48 7.80 090 0.17 2.00267
THF-TMEDA 17 790 085 0.50

THF-12-crown-4 22 773  0.83 2.00268
THF-12-crown-4 —47 7.73 0.83 2.00269

expected,!l on warming but also on addition of excess of
TMEDA (see Table 1).

The oxidation of (1)-2Li+-2TMEDA, which could not be
achieved electrochemically,8 is similar to the photochemical
generation of the cyclopentadienyl radical from
cyclopentadienyl-lithium!2 and of the fulvalene radical anion
from the sodium salt of the dianion.4 This behaviour may be
related to a common structural feature. MNDO Calcula-
tions!3 indeed suggest that (1)-2Li* has a doubly pentahapto
structure, analogous to that of cyclopentadienyl-lithium
(Scheme 1).14 The calculated structure for (2)-Li* is that
obtained by removal of one lithium atom from (1)-2Li+. The
observed equivalence of the hydrogen atoms can be brought
about by a fast isomerisation via the C,, structure (3), which is
calculated to be 37.2 kJ mol-1 higher in energy than (2)-Li+.
This barrier will be substantially reduced by solvation.
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