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Direct Evidence Supporting a Dimer Structure of Stable Radical Intermediate

Appeared in the Grignard Reaction

*
Kazuhiro MARUYAMA and Toshimasa KATAGIRI
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Sakyo-ku, Kyoto 606

A pink colored intermediate radical which appeared in the
Grignard reaction of 2-methylbenzophenone in THF showed a
well-resolved ESR spectrum of 2-methylbenzophenone anion radical
at room temperature and a clear ESR spectrum of triplet radical
pair in rigid state, which suggested that this radical species
consisted of two 2-methylbenzophenone anion radicals and a dimer

di-cation of Grignard reagent.

It has been gradually disclosed that the Grignard reaction of ketones

proceeds by an initial electron transfer from Grignard reagent followed by

1-6)

subsequent alkyl ( or aryl ) radical transfer. Recently, we reported the

a)

reaction mechanism of benzil with Grignard reagents,1 where we proposed the

structure of stable intermediate radicals, which are in the state of aggregated

dimer. However, even at the present stage whether such a state is special or

general in the Grignard reaction of ketones remains to be clarified.7)

In the Grignard reaction of benzophenone occurrence of two different

1b)

kinds of intermediate radicals has been reported by us. From kinetic

investigations of the decay ( blue colored ) and the growth ( pink colored )
processes, short-lived blue colored species ( Amax: 600 nm ) was identified to

the monomeric radical anion - radical cation pair, and stable '"long-lived'" pink
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colored species ( Amax: 540 nm ) which showed well-resolved ESR signal to the
dimer of the blue colored species. As in the case of benzil in the dimer the
two cation moieties of Grignard reagent could aggregate to cancel their magnetic
effect toward surrounding anion radicals as shown in structure l,S)but we hardly
succeeded in observing a magnetic evidence for the dimer formation in this case,
because of 1lower concentration of the pink colored '"stable" radical in a 2-
methyltetrahydrofuran solution.lb)

In the reaction of 2-methylbenzophenone in 2-methyltetrahydrofuran,
however, we succeeded in observing the unambiguous triplet ESR signal of the
aggregated dimer of pink colored intermediate radical ( Fig. 1 ) in rigid state
at 77 K. This finding could confirm the dimer structure of stable radical
intermediate, indicating the generality of the structure proposed previously in
la,b)

the Grignard reaction of benzil or benzophenone.

From the fine structure, we can determine the energy parameter D' as

-~ 24.6 MmT—

Fig. 1. The triplet ESR signal of pink colored species in rigid
media in the reaction of "EtMgBr" with 2-methylbenzophenone in

2-methyltetrahydrofuran at 77 K.
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12.3 mT, which enables us to estimate that the distance between two free
o]
spins on two anion radicals is 6.1 A. The evaluated distance is close to the
o o
reported values on benzophenone sodium ( 6.5 A ) and lithium ( 5.9 A ) ketyl

dimers.g)
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Structure 1

In the reaction of ethylmagnesium bromide ("EtMgBr") with 2-methylbenzo-
phenone in THF under strictly dry and deaerated conditions, the pink colored
radical species ( Amax: 540 nm ) appeared in the solution, which showed well-
resolved ESR spectra at room temperature ( Fig. 2 ). When we used methylmagne-
sium bromide ('"MeMgBr'") as well as
n-butylmagnesium bromide

("n-BuMgBr'") instead of "EtMgBr",

the same ESR signals with the same

hyperfine structures were oOb-

served. From the detailed

analysis of hyperfine splitting

constants of the ESR signals,

these radicals are identified to

an anion radical of 2-methylbenzo-

phenone ( a(lH) = 0.540 mT, a(zH)
s = 0.481 mT, a(ZH) 0.193 mT,
-~ 10 — - -
a(5H) z 0.057 mT, and a(2H) =
Fig. 2. The ESR spectrum observed in the 0.019 mT )

reaction of "EtMgBr'" with 2-methylbenzo-
phenone in THF at 25 °C.
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The dimer formation is

sufficiently faster compared with

the initial electron transfer.
\ Pink Colored Agax-540nm
Thus, we observed only a trace

amount of the blue colored

species which could be a monomer
Blue Colored Apax:600nm

ion-radical pair at the initial

stage of the radical formations

; 1000 Timesms by stopped-flow method

( Fig. 3 ).

Fig. 3. Initial stage of the radical

formations, in the reaction of "EtMgBr"
with 2-methylbenzophenone in THF at 25 °C
under N2, followed by stopped-flow method.
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