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Bromination of Saturated Aliphatic Ketones in an Acidic Medium: Effects of
Structure on Apparent Rate Constants for Enolization and for Bromination
of the Enol

By J. E. Dusors* and J. TouLLEC

(Laboratoive de Chimie Ovganique Physique de la Faculté des Sciences de Paris, Associé au CNRS, 1, vue Guy de la Brosse,
Paris 5°, France)

IN a study of the effects of structure on keto-enol tauto-
merism of saturated aliphatic ketones, with particular
reference to rate of ketonization of the enol! we have
developed a kinetic analysis of the bromination under such
conditions that the two successive steps, enolizationt and
addition of halogen} to the enol, proceed at comparable
rates.
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(AH; = any acid species in the medium)

Two constants are calculated simultaneously from the rate
data:?

ky = X(kua; X [HAq]) = Overall enolization rate

constant,
and
ki = ko kpr, = Apparent enol bromination rate
kr constant,
by means of equation (1):
v —t
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which is only valid in very acidic media and at very low
bromine concentration?? ([Br,] and [Br,]’ are the analytical
bromine concentrations at times ¢ and #': [ketone] > [Br,]).

The ratio of the experimental rate constants is, in fact,
that of the rates of the two competitive reactions of the enol,
its bromination and its protonation:

ky/ki1 = k-1/kse, (2)

The introduction of a «-2 methyl group [¢f. (Ia) and (Ib)]
diminishes* 21 by a factor of 3 and increases k1 by a factor of
5-5. The preferred enol® of an unsymmetrical aliphatic
ketone is that stabilized by the hyperconjugative effect of an
alkyl group, which also decreases the rate of ketonization.
The large change in the value of &1/ky is, therefore, largely
attributable to a decrease in the ketonization rate by
hyperconjugation.

For R # H, k1/kn (= k_11/kBr,) 1s roughly constant. The
energies of the transition states for the attack by bromine

Apparent rate constants for enolization and bromination® of
ButCO-CH,R at 25°, in aqueous acetic acid (16%, vjv; [HBr] =
0-5M)

105 % &y ki 10% X ki/kn

Ketone R (sec.”) (l.mole~!sec.~?) (mole 1.7)
(Ta) H 2-10 0-49 4-30
(Ib) Me 0-72 2:7¢ 0-26
(Ic) Et 0-49 1-67 0-29
(Id) Pri 0-26, 0-82 0-33
(Ie) But 0084 0-13 0-4,
(If) Prn 0-59 2-2 0-26
(Ig) Bu? 0-58 2-24 0-26
(Ih) n-CH,, 0-58 21, 0-27

* Rates were determined by couloamperometry (J. E. Dubois,
P. Alcais, and G. Barbier, J. Electroanalyt. Chem., 1964, 8, 359)
for ketone concentrations between 10-2 and 5:10~2 M, and bromine
concentrations of ca. 10~* to 10" M. Values of k1 and kq,
computer calculated from Equation (1), agree to within 4+ 5%,
except that for (Ie} (+20%).

and acids on the enol must therefore have similar depen-
dence on structure. The small increase in ky/k11 for R = Me
< Et<Prl < But can be associated with the different
dependence of bromination and protonation rates on the
energy of the hyperconjugation-stabilized enol. Since the
transition state for the former reaction is closer to the initial
state, destabilization of the enol accelerates protonation
more than bromination. However, the change is very small
and steric differences between the two electrophiles may also
be significant.

The linear correlation with Taft’s values® (Figure) shows
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FiGure. Correlation of Eg with log k1 for B-2-methyl devivatives

t The first step is assumed to involve the rapid pre-equilibrium formation of an intermediate hydroxycarbonium ion.

t Enol bromination involves both free bromine and the tribromide ion.

The constant kBrz, defined in terms of the analytical

bromine concentration, is, in fact, a combination of constants for Br, and Br,-.
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that the enolization rate has a dependence on progressive 8-
2-methyl, characteristic of the operation of a predominantly
steric effect. However, it is not obvious whether this effect
is one of interference with the protonation of the ketone or of
destabilization of the enol. In fact, the behaviour of the n-
alkyl compounds, where the ethyl-substituted compound
has a particularly low %, value (Me > Pr® = Bu? = n-C;H,,
> Et) supports a special interpretation involving participa-
tion of feyminal methyl! groups. Such a minimum, already
observed in phenyl alkyl ketones* can be considered to arise

1 Little information on the enolization equilibrium constant is available for saturated aliphatic ketones.
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from an interaction between the terminal methyl group of
the chain and the carbonyl function.

Our preliminary results and discussion show that this
system is of considerable potential interest for the study of the
various structural effects associated with alkyl groups.
Further work on the direct determination of the enol
bromination rate, which has as yet been little studied,” and
on the reactivity of stable derivatives, i.e. ethers and esters
of enols, is in hand.
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