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While the use of N-bromo succinimide as e versatile oxidising
agent is well mown, the kinetios and mechanism of these oxidation reactions
have not been olearly established, although several interpretations have been
advunoodl. It has been suggested thgt oxidations of alcohols by this reagent
in polar media take place yia molecular bromine or by a ‘'positive’ halogen
and that the reaction proceeds either by a rate-determining formatiom of a
hypo bromite which readily loses hydrogen bromide to form the carbonyl
preduct?, or by a rate-determining formation of a a-halo intermediate followed
by a fast dehydrobmj.nations. A8 the mechanisms of oxidation of alcohols
by bromine have been placed on surer munda“vs and this involves an attacking
species of the above type we have now investigated the kinetics of the
oxidation of a typiocal secondary alcohol, isopropyl alcohol, by NBS in solvemt
mixtures of acetic acid end water (v/v). We report, in this communiocation,
oertain peoculiarities noted in the kinetics for the first time.

The kinetics was investigated by following the rate of
disappearance of NBS by iodometric estimation, and the data reveal a second
order kinetics - £irst with respect to both NBS and the alcohol. But a
second order plot (Fig.) for the oxidation shows that the reaction is indeed

oomposed of two second order reactions —- the first, a comparatively slow

one being superseded after a particular stage by a faster second order
reaction.

Our interpretation of this behaviour is based en the following
arguments. During the oxidation, after about 20f of the resstion the solution
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rig. Second order plet for the oxidation of I-émm
aloohol by WBS at 38°C.
A -— 30% scetic aocid.
B ——= 80f acetic acid.

becomes distinetly yellow in coleur -- obviously due to the liberation eof
bremine by an intersotion between the unrescted ¥BS snd Br”, cme of the
produets of redustion. ZThat the sescond and faster part of the reaction is
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due to the oxidation of the alcohol by molecular bromins (presumadly with a
1ittle competing oxidation by NBS also*) has been yroved by two independent
routes., We have followed the oxidation of isopropyl alcohol dy bromine under
the same conditions and the second order rate constant of the reaction is
very nearly the same as for the seoond part of the reaction. Purther initisl

TABIE I
Oxidation of Isopropyl alcohol by NBS.
Second order rate constants (kz x 10° litre-mol~l! seo’l) for
the first and second stage at 35°C.
Solvent Mrat Stage Second 3t
L age
¢ HSI0-Hg0 v/v
30 1.651 6.008
50 1.923 8.414
70 2,507 6.564

addition of potassium bromide completely suppresses the first part of the
reaction, the reaction now being of a simple second order right from the
begiming and the rate constant is nearly the same as that obtained either
for the second stage of the'r?action or for the bromine oxidation under
identical conditions (Table II)

We have further achieved in another way, a total suppression of the
second stage of the reaction with only the slower first part being observed
from the beginning to over 70% of the reaotion. If the incursion of the
seocond stage is due to the accwmlation of Br™ in the system, the addition
of Hg(0X¥)p should fix it up both as unienised HgBr, er more likely as HgBr,

* Portunately the lodemetric estimation of unreacted NBS would give the amount
of unreacted oxidant and/or bromine and these two are equivalent quantities.
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ZABLE 11 ‘ -
Second order rate oonstants (ko x 10° 1itre-mol~! sec~l) for the oxidation of
Iso 1 sloobol b in the ence of 0.009456M XKBr at 35°C.
Solvent m ¢ pr- .1
. presence o Bro oxidation
£ HOIC-Eo0 v/v
30 8.330 oo
50 6.482 ‘ 7.660
70 5.129 7.508

80 that the evolution of moleoular bromine would be totally prevented®, Tnis
is exmotly what is observed in our investigations, (Table III) The rate
constants observed in the presence of added mercuric acetate are thus possibly
the pure NBS oxidation rates and the slightly higher rates obtained from the
slopes of the first part of the reaction between the alcehol and NBS in the
gbesence of added mercuric acetate are likely to be a mixture of NBS and
bromine oxidations.

IABIE III

Seoond order rate constants for the o_ﬁ dation of Isopropyl algohol by NBS
in the presence of 0,01416M mercuric acetgte at 35°C.

Solvent 1 1
Xo x 105 11tre-mol~l sec™
£ HOAC-Hg0 v/v
30 5.208
50 4.618

70 7.150
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That the role of mercuric acetate is esséntially that of effectively
eombining with the Br~ formed during the course of the reaotion is also
well 1llustrated by another method. Changes in concentration of added
merouric acetate over a nearly fourfold range still give the same value for
the rate constant while at concentrations below 0,004M, the concentration of
the mercuric salt 1s not sufficiently high to keep all the Br~ produced

back, with the result that bromine evolution sets in slowly. (Table IV)

Conon. of Hg(OX¥)g K, X 10° 11tre-mol ™} oo™t
0,0039656M 17.04
0.008000M 17.28
0,010500M 16.68
0.014160M 17.26

It should also be pointed out that the NBS oxidations (in presence of
Hg(OX),) are between 70 and 100 times slower than the corresponding bromine
oxidations. This should be surprising because both seem to oxidise via the
same ‘positive' end. One reason for the slower rate with NBS, we feel, is
the oyclic nature of the mechanism and the emtropy factor might outweigh the
energy factor in the case of NBS leading to a considersble reduction in the
rate.

We also notice that an initial addition of 0,101M succinimide reduces
the second order rate constant to 4.771 x 10~% ang 2.672 x 1072 for the first
and second stages of the oxidation in 70f HOUAC at 35°C. This reduction in
rate is certainly a mass-law effeot, as added succinimide will reduce the
concentration of the active oxidising species Br* in the equilibrium

CH,-CO CHo=C,
B = 2% . mt
Hp~00 CHp~CO
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We further notice that the inoursion of the bromine oxidation
(1.e. the second 1imb) is solvent dependent and oocours at different stages
of the total reaction. Thus for the oxidation of isopropyl aleohol at
35°¢ it ocours at 16%, 195, and 25% in 30, 50 and 70% acetic acid. This
is quite in accordance with the dielectric constants of three solvent
systems-—-for the concentration ot. Br=, which has to react with NBS to form
molecular bromine, will be largest in 30f HOAC and least in 70% at eny
8pecified interval of time since the reasction between the alcohol and WBS is
essentially a dipole-dipole resction.
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