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Oxidation of a few typical aliphatic, aralkyl and alicyclic ketones with acid bromate has been investigated. The
reaction is first order in both [bromate] and [ketone]. The rate increases with increase in [acid] of the medium. Ion-
ic strength effect is marginal but, the oxidation rates are susceptible to change in dielectric constant of the medi-
um. The mechanism proposed involves the attack of acid bromate on the enol-form of the ketone in the rate-de-
termining, formation of an intermediate followed by a fast decomposition to products. The order of reactivities is:
(i) ethyl methyl ketone > n-propyl methyl ketone > dimethyl ketone for simple aliphatic ketones; (ii) acetophe-
none > propiophenone > butyrophenone for aralkyl ketones; and (iii) cyclooctanone > cyclohexanone > cyclo-
heptanone for alicyclic ketones. Thermodynamic parameters have been evaluated and discussed.

Oxidation of aliphatic and aralkyl ketones in acid-
ic and alkaline media has been extensively studied
using both one and two-electron oxidants! 8.
Since the keto-form of a ketone is always in equi-
librium with the corresponding enol-form, and de-
pending upon the oxidant it can attack either the
keto! "3 or the enol-form*~8. A variety of oxida-
tion products have also been reported in the oxi-
dation of aliphatic and aralkyl ketones by a varie-
ty of oxidants*®8~10: Similar studies using acid
bromate as an oxidant are lacking, hence the title
.investigation.

Materials and Methods

All the chemicals used were of either LR or
AR (BDH/E Merck/Fluka) grade and were fur-
ther purified by either distillation or recrystalliza-
tion. Purified acetic acids (AR, BDH) was used.
Titrimetric procedure was followed to determine
the rate constants which are reproducible within
1 3%. Liberation of Br, (from an auto-catalytic
reaction) was suppressed employing mercury(Il)
acetate.

Results and Discussion

Under the psuedo-first order conditions,
[Br(V)], << [substrate], the plot of log[Br(V)],
against time was linear upto three-half lives, indi-
cating the order in (Br(V)] to be unity. But, the
pseudo-first order rate constants (k') decreased
with increase in [bromate],. A similar observation
was also recorded in the acid bromate oxidation
of pinacol", olefinic acids'?> and tert-alcohols'>.
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The decrease in rate was explained by assuming
the bromate dimer which was inactive towards re-
duction. At low [acid], k" remained practically con-
stant but, at higher |acid| the kX’ value decreased
with increase in [oxidant]. The magnitude of dec-
rease in k was expected to be more at higher [ac-
id]. Hence, in the present study rate parameters
were studied at one particular [bromate].

An increase in [substrate] increased the reaction
rate (Table 1). The plots of log Kps Versus
log[substrate] were linear with unit slopes indicat-
ing first order dependence in [substrate]. Further,
the values of k, (=k,,/[sub]) were almost ident-
ical confirming first order dependence in [ketone].
the reaction rates were facilitated by an increase
in [H,SO,]. The plots of log K versus 1/D were
linear with positive slopes. From the slopes of lin-
ear plots of log k, versus 1/T, the Arrhenius acti-
vation parameters were computed and are re-
corded in Table 2. The reaction system did not
induce polymerisation of added acrylonitrile thus
ruling out the involvement of free radicals. Car-
boxylic acids were the final products of oxidation
and were identified by usual tests.

Mechanism and rate law
The experimental observations suggest the rate
law (1)

—d[Br(V))/dt = k,[ketone|[Br(V)]. h, ..(1)

It is well established that halogenation of ketones
proceeds via rate-controlling enolisation process.
The fact that the oxidation rate of ketone with
bromate is slower than that of halogenation and
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Table 1 —Dependence of Rate on [Ketone] in Acid
Bromate-Ketone System™*

Substrate

Dimethyl
ketone

Ethyl methyl
ketone

n-Prophy methyl

ketone

Acetophenone®

Propiophenone

Butyrophenone

Cyclohexanone

Cycloheptanone

Cyclooctanone

M[KBrO;] = 2.0 x 1073 mol dm~3 [H,SO,] = 2.0 mol
dm™3; HOAc-H,O = 1:1

0.01
0.02
0.03
0.04
0.05
0.10

0.01
0.02
0.03
0.04
0.05
0.10
0.01
0.02
0.03
0.04
0.05
0.10

0.01
0.02
0.03
0.04
0.05
0.10

0.01
0.02
0.03
0.04
0.05
0.10
0.01
0.02
0.03
0.04
0.05
0.10

0.01
0.02
0.03
0.04
0.05
0.10
0.01
0.02
0.03
0.04
0.05
0.10

0.01
0.02
0.03
0.04
0.05
0.10

dm™3; temp =40°C

“at 30°C

(v/v);

[Substrate] 10* x k., 10* X k, {=
(mol dm™3)

(s71)

0.026
0.051
0.078
0.105
0.131
0.261

0.16
0.33
0.49
0.65
0.82
1.62

0.15
0.23
0.35
0.46
0.56
1:15

1.12
2.27
3.34
4.44
6.64
11.23

0.98
1.98
2.96
3.92
4.84
9.89
0.51
1.03
1.54
2.06
2.58
5.18

5.61
11.14
17.60
2217
27.52
55.86

2.90

5.76

8.75
11.51
11.41
28.96

7.92
16.12
23.89
31.99
39.90
79.64

obs [S]}
(dm3*mol s 1)

2.60

2.55

2.60

2.62

2.62

2.61

16.00
16.50
16.33
16.25
16.40
16.20
11.50
11.50
11.67
11.50
11.20
11.50

112.00
113.50
111.33
111.00
110.67
112.30

98.00
99.00
98.67
98.00
96.80
98.90
51.00
51.50
51.33
51.50
51.60
51.80

561.0
557.0
586.6
554.3
550.4
558.6
290.0
288.0
291.0
287.8
288.4
289.6

792.0
806.0
789.7
799.7
799.6
796.4

); [Hg(OAc)] = 0.01 mol
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Scheme 1

that the reaction exhibits first order dependence
in [oxidant] rule out the enolisation step being the
rate-determining step. Bromate, being a two-elec-
tron oxidant, attacks the enol form of the ketone!.
With these facts a possible mechanism, showing
the attack of the oxidant on the enol form, may
be given as in Scheme 1. In this mechanism, the
active species of the oxidant is H; BrO,, in con-
firmity with the literature evidence'! =15,

The order of reactivities for aralkyl ketones is
found to be acetophenone > propiophenone >
butyrophenone. This sequence can be explained
as follows: In accordance with Scheme 1 enolisa-
tion step involves equilibrium protonation fol-
lowed by deprotonation from the a-carbon atom.
These two steps affect the enolisation process de-
pending on the structural factors. In propiophe-
none the methyl group enhances the electron-
density at the carbon atom adjacent to the carbo-
nyl group due to inductive effect. Therefore, the
ease of deprotonation from that carbon atom in
proprophenone decreases as compared to that in
acetophenone. This should result in the decrease
in the enolic content of propiophenone and sub-
sequently to a decrease in the rate, as is actually
observed. And also the +I effect of the methyl
group in propiophenone opposes the n-electrons
of C=C polarisation compared to that in ace-
tophenone. Therefore the attack of electrophile is
less facile and hence the observed decrease in the
rate. In the case of butyrophenone due to the
presence of C,H; the +I effect becomes more
pronounced, resulting in a further decrease in the
oxidation rate. This decreased trend in the case of
enolisaltion on passing from acetophenone to
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Table 2 —Thermodynamic Parameters for Acid Bromate-Ketone Systems”

Substrate 10* X k, (dm*mol~'s™!)atK A Hf =iA ST A G*
(kJmol™!') (Jk 'mol™?) (kJmol™')
298 303 308 313 318
Dimethyl ketone 1.30 1.50 2.03 2.55 4.12 49.70 153.8 96.39
Ethyl methyl ketone 1.63 2.87 6.25 1512 30.03 119.32 -80.9 94.76
n-Propyl methyl ketone 1:25 2.25 4.50 11.00 16.07 117.14 -71.8 95.41
Acetophenone 85.13 113.50 201.50 268.50 415.60 66.40 63.1 85.52
Propiophenone 33.92 4545 74.11 99.07 167.10 64.49 77.2 87.87
Butyrophenone 31.54 38.02 47.53 51.54 67.09 36.16 163.9 85.83
Cyclohexanone 128.50 223.0 330.5 557.0 671.4 52.18 104.5 83.84
Cycloheptanone 115.0 147.2 2174 288.0 398.2 54.92 98.9 84.90
Cyclooctanone 151.1 2334 383.3 806.1 1274.5 88.43 =15.5 84.22

“[KBrO;] = 0.002 mol dm~? [substrate] = 0.02 mol dm 3

[H,SO,] = 2.0 mol dm~?% HOAc-H,O = I:1 (v/v); [Hg(II)]

0.0l moldm™'; AH?, AS? and A G” values are calculated at 303 K

propiophenone to butyrophenone has been verifi-
ed by conducting an independent study of iodina-
tion of these ketones. The observed rate constants
are 453 x 1072, 1.0 x 1072 and 0.88 x 1072
dm?® mol~! s~ ! respectively'®. These values indic-
ate that the rate of enolisation decreases with in-
crease in thc carbon chain length adjacent to
carbonyl group.

Amongst the simple aliphatic ketones studied
the order of reactivities is ethyl methyl ketone ' >
n-propyl methyl ketone > dimethyl ketone,
which is in consonance with the enolisation
rates!’.

The order of reactivities among the alicyclic ke-
tones studied is: cyclooctanone > cyclohexanone
> cycloheptanone. It is generally presumed that
the most favoured conformation of cyclohepta-
none'® is the twist chair form, which is responsi-
ble for the lowest rate observed. The investig-
ations of Allinger et al'® and Leonard er al*
show that the cyclooctanone exists in the crown
form though the spectral data are consistent with
the chair form (vC=0 at 1710 cm™!). The differ-
ences in the reactivity between cyclooctanone and
cycloheptanone are due to the existence of former
in the crown form and the latter in the chair form.
The results are quite consistent with the studies
on the determination Qf enol contents of the cyc-
lic alkanones?! where it has been observed that
the enol content (8 > 7) alternates with ring size.

The enolisation rate constants are reported!’ to
be 473 x 1075, 129 x 1075, 2.51 x 1073 and
21.1 x 1075 s™! respectively for cyclopentanone,
cyclohexanone, cycloheptanone and cycloocta-
none, respectively. The higher enolisation con-
stant of cyclohexanone is probably the most im-
portant factor contributing towards greatér reac-
tivity of this ketone compared to that of cyclo-
heptanone. In step (iii) (Scheme 1) there is a
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change in the hybridization in the ketone from sp?
to sp* at the site of attack. The conversion from
sp? into sp® is most favoured when it is a six-
membered ring and least favoured when it is se-
ven-membered ring??.. The higher reactivity of
cyclooctanone over cyclohexanone is a consequ-
ence of higher enolic content?*. This trend can be
seen in the rate data reported in Table 2. A dif-
ferent order of rectivities, viz. cyclohexanone >
cyclopentanone > cyclooctanone > cyclohepta-
none has been observed in-the vanadium(V) oxi-
dation?* where it is suggested that the preferential
mechanistic route is via their keto-forms involving
single electron transfer in the rate-determining
step.

The free energy of activation (A G™) is nearly
the same (90 %6 kJ/mol) and the isokinetic and
Exner’s plots are linear with r=0.998 and 0.996
respectively, supporting the operation of an ident-
ical mechanism for all the ketones studied. There-
fore it can be concluded that the slow step in-
volves attack of the oxidant on the corresponding
enol form giving rise to an intermediate (see
Scheme 1) and this intermediate decomposes to
form the products.
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