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Our interest in the synthesis of highly hindered ketones has prompted us to codify and
evaluate the available synthetic methods (1). As a result of this bibliographical synopsis we
have opted in favour of a promising reaction which has been known for some time (2), viz. the
condensation of an acid chloride and a Grignard reagent catalysed by cuprous chloride. We
would like at this time to present the results of a study of reactivity using a competition

method which reveals some interesting structural requirements of this reaction.

Because the heterogeneous nature of the reaction precludes a conventional kinetic study,
we have turned to a competition method in which a pair of acid chlorides is reacted with a

single Grignard reagent. The overall reaction may be represented by Equation I.

1 L]
L R'COC1 cucl R'COR
+ RMgCl —_— + MgCl

R"COC1 R"COR

Current thinking on the mechanism of this reaction (3) centres around the preliminary formation
of an organo-copper species by a reaction between Grignard reagent and cuprous halide. This
intermediate then reacts with acid chloride yielding ultimately a ketonic product. For the
particular case described by Equation I, a rate ratio can be obtained from an analysis of the
relative amounts of ketone formed, by assuming that the reaction with respect to acid chloride
is first order. The reaction order with respect to intermediate is unimportant since it is

common to both acid chlorides (4).
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TABLE 1

Reactivity of Acid Chlorides

Relative to Pivalyl Chloride

*

R ¢ Es kR/kt-Bu
Et -0.100 -0.07 28.2
i-Pr ~0.190 -0.47 3.06
i-Bu -0.125 ~0.93 24.2
t-Bu -0.300 -1.54 1.00 ®
neo-CE‘H]1 -0.165 -1.74 5.40
(Et) ,CH -0.225 -1.98 2.60
(Et) ,C -0.340 2 -3.8 0.826
(i-Pr) ,CH -0.250 2 - 0.662
t-Bulte,,C -0.380 2 -3.9 0.413
a ic*
b by definition
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The results given in Table I show how the reactivity of a series of acid chlorides with

respect to pivalyl chloride varies when the Grignard is neopentylmagnesium chloride. These data

were treated by the four parameter version of the Taft equation (5) (log (k/kR = p*c* + 6ES)

demonstrating that the change in relative reactivity with changing alkyl substituent is succes-

sfully correlated by means of the Taft o* alone. This is shown by the plot given in Figure 1!

where it can be seen that a reasonable straight line is traced out by all points except that

corresponding to the group (i-Pr)ZCH .

log[kg /ky.g,]

Figure 1.-
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That a correlation in terms of o¥ is noteworthy may be seen by examining reactions which
resemble at least formally the present case and whose mechanistic details are to some extent
known. The trans-esterification reaction, involving as it does the displacement of a group —OR
by another such group of differing structure, provides a formal analogy. The rates of acid-cata-
lysed methanolysis of B-naphthyl esters (6) has been shown to correlate with Es (6 = 1.38),
while the rates of base-catalysed methanolysis of £-menthyl esters (7) correlate with a linear
combination of o* and Es ®* = 2.7, § = 1.3). A recent study by Vaiga et al of the rates of
addition of ethylmagnesium bromide to a series of alkylmethyl ketones (8a) is relevant as well.
These authors find that the rates are correlated entirely in terms of E; (6 = 1.87) (8b). So
the reaction under investigation here and those cited for purpose of analogy, in spite of the
formal similarity uniting them, i.e. reaction at the carbonyl group, have quite different
requirements when viewed in terms of Taft's polar and steric parameters. The trans-esterifica—
tion reaction, as well as the Grignard addition reaction are believed to take place via transi-
tion states involving addition to the carbonyl group (6,7,8a). The fact that the relative rates
reported here do not exhibit a steric effect, in contrast to these other reactions, suggests a
mechanistic difference. A mechanism in which the halogen of the acid chloride is displaced by
the organo-copper intermediate is a reasonable alternative. A conception of the transition state
of this reaction depends on a knowledge of the structure of the organo-copper intermediate. The
results of recent studies (3) tend to favour this entity as a mixed cuprate I or a symmetric

cuprate II.

[RCu X]” Mgx* [RCu R]” Mgx*

X = Halogen

Accepting this, our experimental conditions would favour the formation of I rather than II
since the reaction was carried out by slow addition of Grignard reagent to a mixture of acid
chlorides and excess CuCl in ether. Formation of II requires excess Grignard reagent. Thus a

reasonable picture of the transition state would be III.

5* )
Cl Mg Cl----- M
0] o . \
\\ /\_/ \ \\,’l \
RC X = RC X
\ 6- “\ a_/’l
R—Cu—~—X R----- Cu—X

in which the R group is added to the acid chloride and the halogen removed in a concerted

manner with no substantial interference with the integrity of the carbonyl group.
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From the point of view of synthesis the absence of a dependence on ES in the correlation
presented here, as well as the dependence on o* , involve a consequence of some importance.
Since the range of d* values for alkyl groups is quite limited, even for bulky groups, the
result implies that this method should be applicable to the synthesis of very hindered ketones
in reasonable yields. A recent paper from this laboratory (9) discussed the optimum experimen—
tal conditions for this reaction which has since permitted a synthesis of the highly hindered
di-triptylketone (t—BuMeZC)ZCO in 70% yield. (10).

The sensitivity of this reaction to changes in Grignard structure is an important consi-

deration which we are currently investigating.
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