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Abstract-Kinetics of the oxidation of methyl n-propyl ketone and methyl isobutyl ketone by N-bromosuccinimide 
(NBS) have been studied in perchloric acid media in presence of mercuric acetate. A zero order dependence to 
N-bromosuccinimide and a first order dependence to both ketones and hydrogen ion concentrations have been 
observed. Sodium perchlorate, mercuric acetate and succinimide additions have negligible effect while methanol 
addition has a positive effect on the reaction rate. A solvent isotope effect (k&O/k&O = 2.3-2.7 and 2.62.8 for 
MeCOnpr and MeCoi-Bu, respectively) has been observed at 35”. Kinetic investigations have revealed that the 
order of reactivity is methyl n-propyl ketone > methyl isobutyl ketone. Various thermodynamic parameters have 
been computed and corresponding 1,2-diketones were found to be the products. A suitable mechanism in conformity 
with the above observations has been proposed. 

Kinetic investigations involving aliphatic, cyclic, aroma- 
tic ketones and various oxidising agents have been 
reported by many workers-’ N-bromosuccinimide is a 
potent oxidising agent and has been used in the deter- 
mination of several organic compounds.6’7 Some in- 
vestigations involving NBS oxidation of esters,8 alco- 
ho1s9.” and ketones”.‘* are reported. The present work 
constitutes an investigation on the kinetics and 
mechanism of the oxidation of methyl n-propyl ketone 
and methyl isobutyl ketone by NBS in acidic media. 

Materials and methods. All the reagents used were of highest 
purity available. E. Merck (Germany) sample of methyl isobutyl 
ketone, Riedel sample of methyl n-propyl ketone and G.R.S. 
Merck samnle of NBS were used. Succinimide and mercuric 
acetate used were of H & W (England) and E. Merck grade, 
respectively. Sodium perchlorate and perchloric acid were of 
analar grade. NBS solution was always prepared fresh and its 
strength was checked by iodometric method. The solns of methyl 
n-propyl ketone and methyl isobutyl ketone were prepared in 
50% A.R., B.D.H. methanol. Triple distilled water was used 
throughout the course of investigations and reaction stills were 
blackened from outside. 

AU reactants except ketone were allowed to mix and the 
reaction was initiated by adding subsequently appropriate 
amount of ketone. The progress of the reaction was monitored 
by estimating unconsumed NBS iodometrically using starch as 
indicator. All the rate studies were carried out at constant tem- 
perature ( + 0.1”). 

Stoichiometry and product analysis. Various sets of experi- 
ments were carried out with varying NBS ketone ratios. The 
excess of NBS left in each set was estimated. These studies 
showed that one mole of ketone consumed two moles of NBS 
and accordingly the following stoichiometric equation could be 
formulated, where R represents n-CsH, and I-C,H9 groups in the 
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substrate molecule whilst R’ represents Et and iC3H7 groups in 
the respective diketone products. The end product, 1,Zdiketones 
were identified by adopting tic followed by conventional spot test 
analysis” and also through dinitrophenylhydrazine (DNP) 
derivative.14 

RESULTS AND DISCUSSION 
The oxidation of ketones by NBS were studied over a 

wide range of concentrations of the reactions, i.e. sub- 
strate (ketones), NBS and hydrogen ion (Table 1). The 
order in NBS was found to follow the zero order law and 
the rate of the reaction was found to be independent of 
initial oxidant (NBS) concentration. Zero order in NBS 
was further supported through the plots of “(a-x)” and 
“t” for varying concentration of oxidant (NBS) where a 
set of parallel lines were obtained. A proportional in- 
crease in the zero order rate constant in NBS was 
observed with the increase in initial concentrations of 
ketone (Fig. 1) (for methyl n-propyl ketone). The average 
values of the first order rate constants calculated as 
k, = k&ketone] were found as 4.27, 5.56, 3.51, 5.74X 
lo-’ set-’ at 35” and 40” for methyl n-propyl ketone and 
methyl isobutyl ketone respectively. 

A strong dependence on hydrogen ion concentration 
was observed and the average values of first order rate 
constants in hydrogen ion calculated as kl = kJ[HClO,l 
were found as 3.55,5.48; 2.93,4.86 x 10m6 see-’ at 35”, 40” 
for methyl n-propyl ketone and methyl iso-butyl ketone 
respectively. 

The overall second order rate constants k, calculated 
as k, = k&HCIO,] [ketone] were found to be 3.54,2.92 x 
10e4 mol-’ I set-’ at 35” for methyl n-propyl ketone and 
methyl isobutyl ketone respectively. 

(1) 
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The reactivity order methyl n-propyl ketone > methyl 
isobutyl ketone is explained on the basis of the steric 
factors” operative in the neighbourhood of the ketonic 
group. The larger the alkyl group in a particular sub- 
strate the slower is the rate of its oxidation. 

Sodium perchlorate, mercuric acetate and succinimide 
variations had negligible effect on the rate of reaction 
while methanol addition had a positive effect (Table 2), 

i.e. negative dielectric effect. Solvent isotope effect stu- 
died in different D,O-H,O mixture at 35” showed an 
increase of the rate constants values (Table 3). 

The rate study measurements carried out at five 
different temperatures (30”-50”) led to compute the 
energy of activation (AE’), frequency factor (A), 
entropy of activation (AS’), heat of activation (AH’) and 
free energy of activation (AC’) as 16.9, 20.2 K cal mot-‘, 

Table 1. Effect of concentration of reactants and [H+] on the rate. [H,(OAC),] = 2.0 X IO-' M 

103 (NBS] lo2 [Ketonq [HClOJ 
k, x lo7 mol 1-l BBC -I 

M M 

J 

Mecon-pr t4eCOi-Bu 
M 35O 400 350 400 

0.8 1.0 0.12 4.17 6.50 3.33 5.67 

1.0 1.0 0.12 4.25 6.58 3.50 5.83 

1.2 1.0 0.12 4.37 6.67 3.42 6.00 

1.4 1.0 0.12 4.08 6.33 3.58 5.57 

1.6 1.0 0.12 4.42 7.00 3.67 6.16 

1.0 0.6 0.12 2.58 3.83 2.17 3.33 

1.0 1.4 0.12 6.00 9.33 4.83 8.33 

1.0 1.6 0.12 7.50 11.67 6.42 10.00 

1.0 2.2 0.12 9.42 14.66 7.50 13.34 

1.0 1.0 0.08 2.85 4.33 2.42 3.83 

1.0 1.0 0.16 5.75 8.83 4.75 8.00 

1.0 1.0 0.20 7.00 10.84 5.75 9.50 

1.0 1.0 0.24 8.58 13.32 6.82 12.00 

Table 2. Effect of methanol on the reaction rate at 35”[NBSl= 1.0 X 1@ M, [Ketone] = 1.0 X 1OP M, W.ZlOJ = 
0.12M, [Hg(OAC)J = 2.0x 10-j M 

Methanol 

% 

0 

10 

20 

30 

40 

k x lo7 in01 1-l 
-1 

set 

MeCon-pr MeCoi-Bu 

4.25 3.50 

4.67 3.75 

5.02 4.17 

5.66 4.52 

6.42 4.84 

Table 3. Solvent Isotope effect on the reaction rate at 35” [NBS] = 1.0 x IO-’ M, [Ketone] = 1.0 x 10e2 M[HC1041= 
0.12 M, [Hg(OAc),] = 2.0x lo-‘M 

D2° - H20 k. x lo7 ml1 
-1 -1 

set 

% h&Con-Dr MeCOi-Bu 

40-60 9.8 7.5 

60-40 10.6 8.6 

80-20 11.4 9.8 



Mechanism of oxidation of some aliphatic ketones 

2.9 X lo*, 4.7 x 10” I mol-’ set-‘, -20.9, -10.7e.u., 16.3, 
19.5 K cal mol-‘, 22.8, 22.9 K cal mol-’ for methyl n- 
propyl ketone and methyl isobutyl ketone respectively. 

In acidic media NBS is known to exist in the following 
equilibria: 
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Thus, NBS itself or Br’ or the protonated NBS oiz 

iBSH are the possible oxidising species’“‘8. 
It may be pointed out that all kinetic studies have been 

made in presence of Hg(OAc)2 in order to avoid any 
possible bromine oxidation which may be produced as: 
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Mercuric acetate acts as a capture agent for any Br- 
formed in the reaction and exists as HgBL*- or union- 
ised HgBr, and ensures that oxidation takes place purely 
through NBS.19 

Ketones are known to enolise in acidic media as 
follows: 
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where S represents the ketone, S’ the conjugate acid and 
s” its enolic form. 

It has been established through kinetic investigation 
that the order in NBS is zero and taking into con- 
sideration Littler and Water’O’s contention that in such 
cases enolisation step will be slow and rate determining, 
following mechanistic scheme is formulated in which 
NBS itself acts as an oxidising species: 

S+H+&S fast (6) 
k-1 
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Fig. 1. Zero order rate plots at 35”. [NBS] = 1.0~ lo-‘M, 
[HClO,] = 0.12 M, [Hg(OAc),] = 2.0 x lo-’ M, [MeCOn-pr] = 0.6, 

1.0, 1.4, 1.5 and 2.2 x lo-* M in I, 2, 3,4 and 5, respectively. 

S’&‘+H+ (7) 

slow and rate determining step 

S”+NBSAX fast (8) 

(Intermediate species) 

X + NBS 2 Products fast. (9) 

Application of steady state treatment to s’, S” and X 
gives the rate law as: 

- $ [NBS] = & [SI[H+I 

The above mechanism is supported by the following 
experimental observations: 

(1) The experimental stoichiometry is in good 
agreement with the mechanism proposed. 

(2) The rate law derived above, is in accordance with 
the experimental observations. 

(3) A negative dielectric effect is supported by the 
above mechanism. 

(4) The magnitude of the solvent isotope effect also 
supports the proposed mechanism. The higher rate value 
in 40 indicates a pre-equilibrium fast proton transfer 
with specific acid catalysed reaction. It is reported in the 
literature that for any proton catalysed reaction one 
should expect a solvent isotope effect (k,/k& of 
about 2.0 to 2.5.*’ A value of kRO/kHIO = 2.1 has been 
found for the rate of acid catalysed enolization of 
acetone.** In the present investigation a solvent isotope 
effect corresponding to k,,/k,,, = 2.3-2.7 and 2.4-2.8 
for MeCon-pr and MeCOi-Bu, respectively, has been 
obtained in 40%-80% D,O. Thus the observed solvent 
isotope effect is in the close agreement with the reported 
values and further establishes that the oxidation pro- 
ceeds through the enol and not through the keto form. 
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