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TWO INTERMEDIATES OBSERVED IN THE GRIGNARD REACTION
WITH BENZOPHENONE
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Intermediates in the reaction of Grignard reagent with
benzophenone in THF were investigated by both ESR and stopped-
flow techniques. The short-lived (blue colored) and other long-
lived (pink colored radical) intermediates were observed. The
pink colored radical intermediate could be in a state of dimeric
aggregate of benzophenone anion radicals ion-paired with

Grignard cation [”RMgBr”]t in solution.

In 1964, unambiguous appearance of radical species in the Grignard reaction
with benzophenone and its substituted derivatives was first reported by

1

K.Maruyama. Recently, the Grignard reactions with ketones have been outlined

to proceed via an initial electron transfer from Grignard reagent to ketones and

2)

subsequent alkyl (or aryl) radical transfer. However, the detailed reaction
mechanism 1is still hidden in a veil. Especially, the true structure of the
"intermediate" anion radical, probably being ion-paired with Grignard cation
[”RMgBr”]t and how alkyl (or aryl) radical does transfer to the anion radical
are not known. This paper will deal with these problems.

When Grignard reagents were allowed to react with benzophenone in a tetra-
hydrofuran (THF) solution under dry and strictly deaerated conditions, blue and
pink colored species appeared. The one (pink colored) of the two species showed
quite well-resolved ESR spectra, but decayed rather slowly, and the other (blue
colored) could not be observed by ESR because of its extremely short life-time.
The color and the proton hyperfine coupling constants (hfcc) of pink colored

species are given in Table 1, together with those of benzophenone magnesium

mono-halide ketyl, and magnesium mono-alkyl ketyls.
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Table 1.
Hyperfine Coupling Constants of Benzophenone Anion Radicals a)
( mT )
Counter cations o- m- pP- Color

1 ("MeMgBr")22+ 0.290 0.104 0.357 pink

2 ("EtMgBr") 2% 0.291 0.107 0.357 pink

3 ("i—PngBr")22+ 0.289 0.105 0.357 pink

4 (”n-BuMgBr")zz+ by _ - - no color
5 ("PhMgBr")22+ 0.288 0.106 0.357 pink

6 ( BrMg )" ©  0.295 0.108 0.357 purple
7 ( BrMg )22+ d) 0.295 0.108 0.357 pink

8 ( Brig ),°" ) 0.205 0.108 0.357 pink

o (EtMg Ot T o0.204 0.108 0.357 blue

10 ( paMg )t 8 0.204 0.108 0.358 blue

a) The value of hfcc is an average of three experiments at 25 °C in
THF . Standard deviation of .the values was smaller than 0.001 mT.

b) The radical was too short lived to be measured. c¢) Generated by
5) d) Gen-
erated by the reaction of "EtMgBr" with 1,1,2,2-tetraphenylethane-
1,2-diol (TPEG).S) e) Generated by the reaction of '"PhMgBr" with
TPEG.S) f) Generated by the reaction of "EtzMg” with TPEG.B)

g) Generated by the reaction of ”Ph2Mg" with TPEG.S)

the reaction of MgBr2 with benzophenone potassium ketyl.

As shown in Table 1, there is an unambiguous difference in the hyperfine
coupling constants (hfcc's) Dbetween anion radicals observed in the Grignard
reactions (column 1-5) and the benzophenone magnesium mono-halide ketyl (column
6-8) or magnesium mono-alkyl ketyls (column 9,10). In addition, the hfcc values
are varied with size of the alkyl (or aryl) groups in the Grignard reagents
(column 1-5). The latter is a clear indication of "tight" ion-pair formation
between benzophenone anion radical and Grignard cation [”RMgBr”]t . In benzo-
phenone ketyl, the smaller proton hfcc's of o-hydrogens are generally observed
in the case of the ketyl "tight" ion-paired with a large cation, compared with

3 Consulting to the results given

that associated with a smaller size cation.
in Table 1, we arrive to the following conclusions; Grignard cation '"tight"
ion-paired with benzophenone anion radical is different from simple magnesium

+ +
mono-halide cation (Bng)22 or magnesium mono-alkyl cations (RMg) . Our



Chemistry Letters, 1986 603

experiments indicate further that the addition reaction of Grignard reagent to
benzophenone proceeds stepwise; i.e., initial electron transfer and subsequent
alkyl (or aryl) radical transfer.

Then, what is the true structure of Grignard cation in the reacting mix-

4,5) it should affect the

ture ? If it were in a state of monomeric cation,
hyperfine line-width of benzophenbne anion radical, the lines should be broad-
ened because of strong spin-spin interaction, but this is not the case. Or
simply the ESR signal of Grignard cation radical should be observed, but again
it is not. 1In ESR experiments, we observed a stable (pink colored) benzophenone
ketyl giving well-resolved hyperfine structure, and could not detect any other
""stable' radical or remarkable line-broadening of the ESR signals. In addition,
simple organometallic cation radicals are extremely short-lived because of their

6) The answer to this problem

high tendency to cleave the metal-carbon bond.
may be given from the results of stopped-flow kinetic studies.

As mentioned above, there appeared two kinds of (blue and pink) intermedi-
ates in the initial stage of the reaction. First of all, the blue colored
species which has Apax 2% 600 nm is very short-lived (decay rate: 1.1x107 M 1s71
in the reaction of EtMgBr (1 M = 1 mol dm_s)). This species may be a monomer
ion pair; that is, monomeric benzophenone anion radical ion-paired with Grignard
cation, because the Xmax of the species is in a good agreement with that of

benzophenone magnesium ketyl.sa)

Even in the presence of a large excess of
Grignard reagent, the decay of this blue species obeyed good second-order
kinetics, suggestiﬁg formation of a dimer. The other pink colored species which
has Amax at 550 nm appeared in accordance with decay of the blue species, as
shown in Fig.1l. This pink colored species long-lived (decay rate: 0.07 s_1 in
the reaction [ 0.023 M EtMgBr ]) is just corresponding to the intermediate

studied by ESR technique.l’4)

We could, hence, concluded that the pink species
is an aggregate, possibly dimer, of the blue species.7) Thus, the radical
feature of the Grignard cation is extinguished by dimerization. Possible struc-

ture of the pink colored radical in solution may be depicted as structure 1.
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Summarizing our results, we
realized two intermediates (blue
colored and pink colored) in the
Grignard reaction of benzo-
phenone. The blue colored
decays to the pink colored by
second order kinetics. The pink
colored which is unambiguously
fairly stable radical could be
in a state of structure 1 in
solution, but decayed to give

final addition product.
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Fig.1l. Decay of blue species and appear-
ance of pink species in the reaction of
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