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Chelation is often invoked to explain the stereochemical outcome 
of the reaction between organometallic reagents and chiral a- and 
/3-alkoxycarbonyl compounds.2"8 However, evidence other than 
the observed stereochemistry for the role of chelation has been 
scarce;9 only static N M R spectra of the chelate formed between 
2-methoxycyclohexanone and TiCl4 in CD2Cl2

1 0 and of two (3-
benzyloxy aldehydes complexed with TiCl4 , SnCl4, and MgBr2 

in CD 2 Cl 2 " have been reported. These studies show that stable 
chelates can be observed under equilibrium conditions in nonbasic 
solvents such as CD2Cl2

12 but do not establish that such chelates 
are kinetic intermediates in nucleophilic additions to a- and /3-
alkoxycarbonyl compounds in ether solvents, rather than products 
of a nonproductive equilibrium.13 We report here preliminary 
results of a rapid-injection N M R 1 4 investigation of the reaction 
of dimethylmagnesium (MgMe 2 ) with a- and /3-alkoxy ketones 
1-4 as direct evidence for the role of chelation in the transition 
state of this reaction. 

Ketones 1 and 2 were chosen because synthetic evidence3,5,6,8 

suggests that benzyl ethers chelate very effectively. In contrast, 
ketones 3 and 4 represent models for a- and 0-alkoxy ketones 
which cannot chelate because of the steric bulk of the triiso-
propylsilyl group;15,16 2-hexanone served as a simple alkyl ketone 
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reference. MgMe 2 was chosen as a well-characterized17,18 or­
ganometallic reagent which exists as a single species in solution 
in THF. 

The mechanism of MgMe 2 addition to benzophenone has been 
investigated by Ashby17 and House.18 The initial reaction is first 
order in both MgMe 2 and ketone and the first formed product 
is the methylmagnesium alkoxide. Ashby assumed rapid di-
merization of this alkoxide based upon the work of Coates.19 We 
restricted our study to the reaction of the first magnesium-bound 
methyl group disregarding the subsequent, much slower, reaction 
of the second methyl group. McGarri ty 's rapid injection tech­
nique14 was employed, with a small amount of MgMe2 in THF-^ 8 

(ca. 20 jiL) being injected into an N M R tube containing a 0.06 
M solution of ketone (or a mixture of two ketones) at low tem­
perature in the probe of a Bruker 360-MHz N M R . The N M R 
singlets of the magnesium-bound methyl groups at -1.5 to - 2 ppm 
were found to be most useful for following the reaction.20 In the 
initial experiments, the ketones and MgMe2 were at approximately 
the same concentration (0.06 M) with the temperature adjusted 
for a convenient rate of reaction (Z1^2 = minutes at 243 K for 2, 
4, and 2-hexanone, Z1/2 ~ seconds at 213 K for 1 and 3). 

In Figure 1 is shown the -1.5 to - 2 ppm N M R region recorded 
during reaction of MgMe2 with 2-hexanone in THF-^ 8 at 243 K.2' 
Spectrum a shows the MgMe 2 singlet at -1 .79 ppm; 61 s later 
the signal of the product methylmagnesium alkoxide had appeared 
at -1.61 ppm (b), and after 765 s a new signal arose at -1.67 ppm 
(c,d), presumed to be the dimeric methylmagnesium alkoxide 517 

(vide infra). After 2210 s (d) the signal assigned to the dimeric 
methylmagnesium alkoxide (-1.67 ppm) had grown substantially 
and eventually the monomer (-1.61 ppm) was completely con­
verted to dimer. Compound 4 reacted with MgMe 2 at almost the 
same rate as 2-hexanone and with the same qualitative evolution 
of N M R signals. Figure 2 shows the N M R spectrum of the 
reaction products of a mixture of 4 and 2-hexanone with MgMe2; 
it provides the best evidence for the dimeric nature of the slowly 
formed methylmagnesium alkoxide. The initially appearing signals 
due to the monomeric methylmagnesium alkoxides formed from 
4 and 2-hexanone, appear respectively at -1 .60 and -1.61 ppm, 
whereas at -1.65, -1.67, and -1.66 ppm are later appearing signals 
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(21) The reaction of 2-methyl-2-hexanol with dimethylmagnesium gives 
identical signals in this region, albeit at a much faster rate. 
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Table I. Relative Rate" of Reaction with Dimethylmagnesium 

(a) 

Figure 1. NMR spectra of 2-hexanone reacting with dimethylmagnesium 
in THF-(Z8 at 243 K: (a) 1 s after injection; (b) 61 s; (c) 765 s; (d) 2210 
s. 

Figure 2. NMR spectrum of 2-hexanone and 4 reacting with di­
methylmagnesium in THF-rfs at 243 K. 

assigned to the homo dinners from 4 and 2-hexanone and the 
corresponding mixed dimer, respectively.22 Spectra of ketone 2 
reacting with MgMe 2 showed only the signal due to MgMe 2 and 
a single methylmagnesium alkoxide species at -1.59 ppm over 
several hours. A tentative explanation is that chelation in the 
monomeric magnesium alkoxide prevents dimerization, as depicted 
in 6.23 

Ketones 1 and 3 reacted with MgMe 2 much faster (J1^2 = 10 
s at 213 K) than 2, 4, or 2-hexanone, so that it proved impossible 

(22) On the basis of the fact that CH3MgO-J-Bu is a tetramer in benzene 
and diethyl ether," a referee has suggested that we may be observing a dimer 
to tetramer equilibrium for the product of 2 and 2-hexanone with MgMe2. 
Such an equilibrium cannot explain the NMR spectra presented in Figure 2 
as readily as a monomer to dimer equilibrium, and the extrapolation of 
structural results in benzene and diethyl ether to a more disaggregating solvent 
such as THF may not be justified. For example, Ashby et al. (Ashby, E. C. 
Pure Appl. Chem. 1980, 52, 545) have reported that Grignard reagents which 
aggregate strongly in diethyl ether are monomers over a wide concentration 
range in THF. 

(23) Reaction of a mixture of 2 and 4 with MgMe2 shows no evidence for 
formation of mixed dimers, which supports this hypothesis. However, even 
if the reaction of 2 with MgMe2 forms the monomeric chelated product 6 this 
is not necessarily evidence for chelation in the transition state. 

* l / * 3 

kilh 

* 4 / ^2-hexanone 

>100* (213 K) 
1.18 (283 K), 1.72 (243 K), 

1.99 (223 K), 2.54 (203 K)c 

0.90 (243 K) 

"Determined by integration of initial and final (before reaction of 
the active methyl group of the methylmagnesium alkoxide) ketone sig­
nals vs. internal pentamethylbenzene. * 100 is an estimate of the upper 
limit measurable by NMR techniques. CAAS'2_4 = -3.4 ± 0.3 cal 
deg"1 mol"1, AAAV4 = -1.08 ± 0.10 kcal mol"1. 

to measure their rate of reaction at any temperature where 2, 4, 
and 2-hexanone reacted at reasonable rates. This must be due 
to the inductive activation of the carbonyl of 1 and 3 by the 
a-alkoxy group. (The /3-alkoxy group in 2 and 4 has a very small 
effect as seen by the similar rates of reaction of 4 and 2-hexanone, 
cf. Table I.) At 213 K the reaction of 1 and 3 with MgMe 2 

produced species with essentially identical N M R spectra in the 
region -1.5 to - 2 ppm consisting of only two signals for CH 3 bound 
to magnesium: one at -1.79 ppm from MgMe 2 and one at -1.67 
ppm due to the methylmagnesium alkoxide product. The nature 
of the aggregation state of the methylmagnesium alkoxide products 
in these two cases is unknown and further study of these products 
is under way. 

Quantitative analysis of the kinetics of the above reactions with 
concentrations of the ketone and MgMe 2 approximately equal 
proved difficult,173 and therefore competition experiments were 
performed to determine the relative rates of reaction of the ketones 
studied9'24 (cf. Table I). The most important result is the finding 
that the benzyl-protected ketone 1 reacts with MgMe2 much faster 
than its triisopropylsilyl counterpart 3; in fact the difference in 
rates was too great to be measured. Benzyl-protected ketone 2 
also reacts faster than 4 but only by a factor of about 2. We 
interpret the rate difference between 1 and 3 to result from rate 
enhancement due to chelation in the reaction of the a-alkoxy 
benzyl-protected ketone 1. The smaller difference in rates between 
2 and 4 does not allow firm interpretation but is consistent with 
the synthetic finding that chiral a- but not /3-alkoxy ketones react 
stereoselectively with Grignard reagents and alkyllithiums.4,25 

This interpretation assumes that there is no inherent difference 
between the reactivity of the a-benzyloxy and triisopropylsilyloxy 
ketones other than that due to the benzyl ethers' ability to chelate. 
To test this asumption we carried out competition experiments 
between 1 and 3 (and 2 and 4) using the nonchelating reagent8'26 

diisobutylaluminum hydride (DIBAL). Preliminary results in­
dicate that corresponding benzyl- and triisopropylsilyl protected 
ketones are reduced at approximately the same rate with DIBAL, 
supporting the assumption that their difference in reactivity with 
MgMe 2 is not due to effects, electronic or steric, other than the 
ability or inability to chelate. 

On the basis of the evidence presented, we believe the large 
difference in reaction rate with MgMe 2 between 1 and 3 is, in 
fact, due to chelation in the transition state during the reaction 
of 1. This appears to be the first strong kinetic evidence that 
chelation—long postulated in Cram's chelate rule2,7—does occur 
during the reaction of a-alkoxy ketones with alkylmagnesium 
reagents. In 0-alkoxy ketones these experiments suggest that 
chelation is of minor importance, which is in accord with synthetic 
findings.4,25 
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(24) Experiments carried out under pseudo-first-order conditions (excess 
ketone17') for 2, 4, and 2-hexanone are in agreement with the relative rates 
reported in Table I. 1 and 3 react too rapidly to be examined under pseu­
do-first-order conditions but their relative rate of reaction is in agreement with 
their qualitative absolute rates. 
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where both a- and /3-chelation was possible was best explained in terms of 
exclusive or near exclusive a-chelation control. 
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