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Complex formation between a carbonyl group and a Grignard reagent 

has frequently been invoked to explain the ccolposition of preclpi- 

tates,lj2" the effect of magnesium brmide on relative rates of addition 

and reduction,* and the kinetics"e" of a Grignard reaction. Direct 

spectroscopic evidence has now been obtained for the occurrence of 

canplexes between some diary1 ketones and methylmagnesium bromide in 

diethyl ether solvent. 

2,4-Dimethyl-4'-methoxybenzophenone (I) at 5 x lo-* 1 in ether 

displays a strong absorption with A_ 274 II&I (E 1.9 x lo*). In the 
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( CIIS) 2fJ.I 

I II 

presence of a filtered solution containing 0.01 to 0.22 8 methylmag- 

nesium branidea in ether an additional absorption band is observed, 
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&he concentration of the Grigrxwd 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 

A 315 w, 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. Thr 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. 164-1~15” (1.3 mm.) deri ved from the elimination of water from 

the expected tertiary alcohol was obtained. 

React:.on order has recently been employed as a 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 aggregatior? 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 ketone 's II is employed since this substance reacts Very slowly 

with methy:magnesium bromide in ether at 25'. As illustrated in fiwe 2, 

Ketone + I@,& &= Complex 

magnesium brmide, methylmagnesium bromide and dimethylmagnesium each 

give rise ';o a unique new absorption band with ketone II, the position of 

the absorpxion nasimum occurring at 319, 313 and s. 308 mu, respectivelY. 

As expecteti,ll 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 

'The low concentration of ketone apparently avoids the kinetic ccmpli- 
cations noted by Bikales and Becker lo in the reaction of benzophenone 
with methylmagnesium bromide in tetrahydrofuran. 
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NO.? Grigndrd reagents and ketones ‘$13 

of magnesium bromide may be estimted from the absorption coefficient of 

the ketone and the total concentration of ketone assuming no additional 

interactions. Such data at various nmgnesium bromide concentrations are 

adequately described by a simple equilibrium constant,14 K, as is illus- 

txated in figure 3 and summar ized in table I. Since solutions containing 

TAELEI 

I Ma;x, I Complex l/Gle 

t 
2 0.4 

s . 
f 
z 0.2 
E 

s 

0.02 0.12 0.18 

w$, M 

m3. 3. Plot of the ratio of the concentration of ccmplex to ketone vs. 
concentration of various magnesium compounds for ketone II in ether at 25.0~. 

‘f. T. MC&e, 0. FL Pierce and D. D. Meyer, w. J'J, 83 (1955), have re- 
ported that acetone, popionaldehyde and ethyl acTTate form 2:l com- 
plexes with magnesium bromide in phenetole solvent. 
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either met~ylmagnesium bromide or dimethylmagnesium absorb strongly 

below about 280 m&~ equilibrium constants for these magnesium derivatives 

could not be determined directly. However, assuming that Grignard and 

dimethylmagnesium canplexes have the same absorption coefficient as the 

magnesium bromide complex the equilibrium constants sunrmarized in 

table I may be calculated. These constants indicate that in the presence 

of 0.1 fi methylmagnesium bromide 25s of the unreacted ketone is complexed 

with the Grignard 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 a 

subsequent publication. 


