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SPECTROSCOPIC DETERMINATION OF RADICAL ANIONS IN
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Summany: A 3¢ wir method was developed for quantitative detenrmination of nadical
anions in nelatively high concentration and applied to the reaction of phenylLithium
with carbon monoxide where those species were detected,

The usefulness of the reactions of phenylh’thium,l’2 and of other ary1-3 and a1ky11ithiums,4
and of lithium amides5 with carbon monoxide in organic synthesis has been recently shown, A
polar mechanism for the reaction of phenyllithium with CO had been previously postu]ated6 and
the reactions were always written as conventional polar 1:»"ansformat1'ons.1’5 Nevertheless,
recent observations indicate the presence of radicals in relatively high concentrations in
these reactions. Since methods usually employed to study the role of radicals as real inter-
mediates in the reaction pathways, e.g. UV or EPR detection of radical spec1’es7'9 or identi-
fication of products indicative of radical intermediates 10-12 may have inherent 11mitations}3
an NMR method was developed and applied at concentrations similar to those of reactions in
preparative conditions.

The method is based on the interaction between radical anions and THF molecules, It was
found that the a and g carbon 13C NMR signals of THF are widened by the presence of radical
anions: the effect is larger on the a signal and the broadening is proportional to the radical
concentration in the range 0,2-1.2 M.14 Measurements of the Ty and T, relaxation times under
several conditions proved that the phenomenon is due to a specific interaction (any spurious
cause such as impurities, low solubility, field inhomogenities, etc. were examined and exclud-
ed) and allowed proposal of the mechanism for the spin density transfer from the radical to
the THF molecu]es.14

The method was applied to the study of the reaction between phenyllithium and CO, The
formation of radical anions in Low concentrations (ca. 10'5M) was first detected by UV (Amax
610 nm, reaction mixture in THF) and EPR measurements under several conditions. Fig. 1 shows
the spectrum of the reaction mixture carried out in THF at r.t., Simulation of the spectrum
of lithium benzophenone ketyl, 3, closely resembles that of Fig. 1. The reaction was then
carried out at concentrations similar to those of preparative conditions. Solid pheny!lithium
was prepared as descr'ibed,15 and the reaction with CO has been carried out under several reac-
tion conditions. When the reaction is carried out in solution the main products are: benzo-
phenone, benzoin and a,a-dipheny]acetophenone2 (the relative yields are highly dependent on
the reaction conditions) while the reaction in the absence of solvent quantitatively renders
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Figure l. e.s.r. spectrum of the reaction mixture of PhLi + CO in THF at r.t.

a,a-diphenylacetophenone at 110°C.15 In the present work once the CO absorption ceased, a known

amount of THF was added to the reaction mixture in diethyl ether or hexane; for reactions with
solid phenyllithium, the purple solid product was diluted with THF, while reactions in THF were
analyzed without any work-up. Some representative runs are shown in Table 1, the so called FAr"ﬂ
represents the overall concentration of species (considering one benzene ring/molecule, in
mmoles/ml THF) after treatment with THF, A satisfactory correlation is found between EVh“ﬂand
av (because of the effects of co-solvents,14 proportionality holds better for reactions carried
out in THF). Although, 1ikely more than one e-unpaired species is present in the reaction
mixture, a rough estimation of the overall radical-anion concentration indicates a high conver-
sion of the reagent into radical intermediates. When the reaction is carried out in the presence
of a good electron accepton such an alkyl bromide, the signal broadening is licst, indicating the
absence of radical anions.

Table 1. Reaction of Phenyllithium with CO. Changes in the THF a- carbon 3¢ NMR
signal width ( A v, Hz) by the Presence of Radical Anions in the Reaction Mixture.

Reaction "an . Y

o itione [PhLi] (narm] A v ["Radical"]
THF / 25°C 0.33 0.33 5.1 0.33
0.67 0.67 12.8 0.84
1.00 1.00 23.8 1.50
1.40 1.40 27.6 1.80
Hexane/ 25°C 1.00 0.62 5.6 0.37
1.00 0.83 10.3 0.67
1.00 1.66 15.9 1.05
1.00 2.00 32.8 2.10
Diethyl ether/25°C 1,00 0.77 7.0 0.46
1.00 1.03 7.2 0.47
1.00 2.05 11.2 0.73
Solid / 110°C 7.0 mmol 4.2 22.9 1.3
THF/-78°C/C3H7Br 1.00 1.00 2.0 0.0
THF/-78°C/04H931' 1.00 1.00 2.0 0.0

30verall concentration of "radical equivalents" estimated from the plot of Av wvs. [3].14
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The determination of radical anions in concentrations similar to the reagent concentration

suggests that radical anions are real intermediates in the reaction pathway and not a mere
blind step. Preliminary studies of reactions of l-naphtyl-, l-mesityl- and 9-anthryllithium
with CO in THF also show increase of the bandwidth in the 13C NMR signals of THF, In the
reactions of these compounds the main products are 1,2-diary1ketones,3’16 since these compounds
are formed by dimerization of .the first reaction intermediate,3 the fact that paramagnetic
species are observed in these reactions suggest that radical anions are formed in the first
steps.

A mechanism consistent with the above and additional observations is presented in the
Scheme.17 The first step is electron transfer from PhLi to the highly electron deficient CO,
producing the radical anion-radical cation pair 1. This may react in the solvent cage to form
the 1ithium acyl-anion 2, which is in equilibrium with an oxy-carbene structure, 3, (eq.l)
as it has been previously demonstrated. 2 (PhL'i);L may escape the cage and react with 2 to
form 4 , which by one-e oxidation renders benzophenone after work-up (eq. 2)}. This mechanism
is simpler than the one we initially proposed for the formation of benzophenone that required
a two-e oxidation,6 and explains the finding of benzopinacol(formed by dimerization of 4)
in low yield. Reaction of (C0)* with unreacted PhLi produces the radical anion 5 (eq. 3),
which by reaction with 3 forms the 1ithium benzoin ketyl 6 (the cis configuration allows
coordination of both Tithium atoms) which renders 100% cis-benzoin diacetate, 7 , after treat-
ment with acetic anhydride (eq. 4).2'4 Eqs. 5-7 explains formation of the other main products,



2536

The fact that in the reaction with solid phenyllithium at 110°C (which only produces 10)
significantconcentrations of radical anions are also observed (Table 1) requires an e-unpaired
precursor for 10 ( such as 9 in eq. 7) instead of the initially proposed.6 Finally, the
trapping of the first intermediate with alkyl bromides, and the fact that alkyl chlorides

do not react under similar reaction conditions, are also in favour of the electron transfer
mechanism,
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