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Complex formation between a carbonyl group and a Grignard reagent
has frequently been invoked to explain the camposition of precipi-

tates ,1’2’ 3 the effect of magnesium bramide on relative rates of addition

and reduction,? and the kinetics®’®’7 of a Grignard reaction. Direct
spectroscopic evidence has now been obtained for the occurrence of
canplexes between some diaryl ketones and methylmagnesium bromide in
diethyl ether solvent.

2,b-Dimethyl-4' -methoxybenzophenone (I) at 5 x 104 M in ether
displays a strong absorption with Xm 274 mp (€ 1.9 x 10%). In the
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presence of a filtered solution containing 0.0l to 0.22 M methylmeg-
nesium bromide® in ether an additional absorption band is observed,
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SThe concentration of the Grignard reagent in the cell was determined
by titration of the base developed upon addition of excess ethanol
and by iodine titration.
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410 Grignard reagents and ketones No.7

)\ma.x 315 mp, figure 1. Both the ketone band and the new band disappear
rapidly at 25.0° , the rate of disappearance of the two bands being iden-
tical. The decrease in absorbance follows good first order kinetics®
and is approximately first order in the concentration of the Grignard
reagent. n preparative scale experiments an 85‘}' yield of the olefin,
b.p. 16L-1657 (1.3 mm.) derived from the elimination of water from
the expected tertiary alcohol was obtained.

React:on order has recently been employed as & measure of the com-
position of' the transition state in reactions of Grignard reagents with

ketones.”?+°

However, because of ambiguities regarding the nature
and state of aggregation®® of Grignard reagents kinetic order is
actually a poor guide to the number of molecules of Grignard reagent
involved in the transition state.

The equilibrium between ketone, Grignard reagent, and complex in-
dicated by the reaction kinetics in conveniently studied if the highly
hindered ketonel® II is employed since this substance reacts very slowly

with methy megnesium bromide in ether at 25°, As illustrated in figure 2,

Ketone + MgXzs ‘f—'—__ Compl.ex

magnesium bromide, methylmagnesium bromide and dimethylmagnesium each
give rise to a unique nev absorption band with ketone II, the position of
the absorption maximum occurring at 319, 313 and ca. 308 my, respectively.
As expected,*l addition of dimethylmagnesium and magnesium bromide curves
does not reproduce the absorption spectrum obtained in the presence of
methylmagnesium bromide.

The concentration of complex and free ketone at various concentrations

SThe low concentration of ketone apparently avoids the kinetic compli-
cations noted by Bikales and Beckerl® in the reaction of benzophenone
with methylmagnesium bramide in tetrahydrofuran.
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No.7 Grignard reagents and ketones 413

of magnesium bromide may be estimated from the absorption coefficient of
the ketone and the total concentration of ketone assuming no additional
interactions. Such data at various magnesium bromide concentrations are
adequately described by a simple equilibrium constant,'¢ K, as is illus-

trated in figure 3 and summarized in table I. Since solutions containing

TABLE I
MegXo Complex l/mgle
)\max €
MgBro 319 2.4 x 10% 6.5
BeMgBr 313 a 3.7
MezMg | ca. 308 a 1.3
8pssumed to be 2.4k x 10%.

Complex / Ketone

0.0 0.04 0.08 0.2 " 0.6
MgX,, M

Fig. 3. Flot of the ratio of the concentration of complex to ketone vs.
concentration of various magnesium compounds for ketone II in ether at 25.0°.

14g, T. McBee, O. R. Pierce and D. D. Meyer, ibid. 77, 83 (1955), have re-
ported that acetone, propionaldehyde and ethyl ac®tate form 2:1 com-
plexes with magnesium bromide in phenetole solvent.
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either metaiylmagnesium bromide or dimethylmagnesium absorb strongly
below about 280 mu equilibrium constants for these magnesium derivatives
could not be determined directly. However, assuming that Grignard and
dimethylmagnesium camplexes have the same absorption coefficient as the
magnesium bromide complex the equilibrium constants summarized in

table I mey be calculated. These constants indicate that in the presence
of 0.1 M methylmagnesium bromide 25‘fo of the unreacted ketone is complexed
with the Crignard reagent. The relationship between these complexes,

the structure of the Grignard reagent, and the rate and nature of the
products cbtained in a typical Grignard reaction will be discussed in &
subsequent publication.



