
INTRODUCTION

Recently considerable attention has been
focused on the diverse nature of the chemistry of
N-halo compounds, due to their ability to act as
sources of halonium cation, hypo halite species
and nitrogen anion which act as base and
nucleophiles. A review of literature shows that N-
halo-compound such as N-bromsuccinimide1-4 N-
bromacetamide5-6, N-bromobenzamide6, N-
bromophthalimide8, N-chlorosaccharin9-10, N-
halosulphonamide11-15 (chloramine-T, bromamine-
T, chloramine-B, bromamine-B etc) are commonly
used for the oxidation of various organic compounds
such as alcohols, aldehydes, amino acids, keto
acids and hydroxy acids etc. N-bromoanisamide is
also potential oxidant which has not been used so
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ABSTRACT

The kinetics of the oxidation of the malic and by N-bromoanisamide in HC1O4 and in the
presence of Hg(OAc)2 have been studied. The reactions exhibit a first order rate dependence with
respect to the oxidant and substrate. The reactions are acid catalyzed and retarded by the
addition of anisamide, a byproduct of reaction. The rate of oxidation decreases with decrease in
dielectric constant of the medium. The effect of temperature on the reaction has been investigated
in the temperature range 313-328 K. The stoichiometric studies revealed 1:1 mole ratio. Various
thermodynamic parameters have been computed and a possible operative mechanism is proposed.
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far, especially in oxidation of hydroxy acids. Many
well known hydroxy acids are useful building blocks
in organic synthesis, the most common and simple
are malic acid, glycolic acid, lactic acid, acid, and
mandelic acid etc. Malic acid is a dicarboxylic
hydoxy acid which is contributes to the pleasantly
sour taste of fruits and is used as food additive.
Malic acid is widely used in medications, foods,
industry.14

Scheme 1: Molecular Structure
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EXPERIMENTAL

N-bromoanisamide was prepared by the
reported method and its purity checked by an
iodometric method. All the other chemicals used
were of AR grade. Solution of NaClO4  perchloric
acid and mercuric acetate were prepared in doubly
distilled water.  Water (de-ionized) and glacial acetic
acid were used as the solvent through the work. A
thermostated water bath was used to maintain the
desired temperature.

RESULTS AND DISCUSSION

The kinetics of oxidation of malic acid is
found pseudo first order. Reactions were initiated
by addition of the NBA solution. The progress of
reaction was followed by determining NBA
iodometrically in aliquots withdrawn after suitable
time. Stoichiometry of the reaction was studied and
found that one mole of hydroxy acid consumes one
mole of NBA in very case. The results may be
represented by the following stoichiometric
equation which indicate mole ratio 1:1.

C4H6O5    +  > NBr CH3CHO +  >NH + HBr  +  2CO2

Effect of  N-bromoanisamide
A plot of log [NBA] versus time gave a

straight line which indicates that reaction under
chosen condition follows pseudo first order kinetics.
(table1)

Effect of substrate
A change in the initial concentration of

Table 1: Effect of NBA on the reaction rate

Malic acid = 0.03 M; HClO4 = 0.010 M; Temp. =
313K[Hg(AcO2)] = 0.002M; Solvent; AcOH-H2O =

25-75 / (v/v)

NBA   ×   10-2M K  ×  10-3

1.0 4.559
1.5 4.553
2.0 4.549
2.5 4.546
3.0 4.540
3.5 4.528

Table 2: Effect of Substrate, HClO4,
CH3COOH on the reaction rate

NBA =0.02 M; [Hg(AcO2)] = 0.002M; Temp. 313K

Substrate HClO4 CH3COOH K  ×
10-2M 10-2M % (v/v) 10-3

0.5 1 25 2.355
1 1 25 3.364
2 1 25 4.145
3 1 25 4.549
4 1 25 5.184
5 1 25 6.188
3 0.5 25 5.253
3 1 25 4.549
3 2 25 4.222
3 3 25 3.556
3 4 25 3.061
3 5 25 2.455
3 1 25 4.549
3 1 30 4.367
3 1 40 3.341
3 1 50 2.362

Table 3: Effect of Temperature, on the reaction rate

NBA =0.02 M ;  Malic acid = 0.03 M; HClO4 = 0.010 M ;
[Hg(AcO2)] = 0.002M; Solvent; AcOH-H2O = 25-75 / (v/v)

Temperature K K  ×  10-3

313 4.549
318 5.879
323 9.182
328 12.070

Table 4: Activation parameters
for the oxidation of malic acid

NBA =0.02 M ;  Malic acid = 0.03 M; HClO4 = 0.010 M ;
[Hg(AcO2)] = 0.002M; Solvent; AcOH-H2O = 25-75 / (v/v)

Substrate Ea ΔΔΔΔΔH* ΔΔΔΔΔS* ΔΔΔΔΔG*
(k.J1 (k.J1 (Jk-1 (kJ.
mol-1) mol-1) mol-1) mol-1)

Malic Acid 59.06 56.45 101.51 88.23
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malic acid resulted increase in the rate constant
(Table 2) a plot of k1 versus [MA]  at different
temperatures are straight lines indicating that the
reaction is first order with respect to [MA]

Effect of perchloric acid
The effect of [H + ] on the reaction rate was

studied at fixed ionic strength maintained by sodium
perchlorate. An increase in [HClO4] lead to a
decrease in the pseudo-first-order rate constants
(kobs) and the plots of (1/ kobs) versus [HClO4] were
linear.

Effect of Variation of dielectric constant and
anisamide

The effect of dielectric constant of reaction
medium was studied by adding acetic acid in the
reaction medium at constant concentration of other
reactants. Addition of anisamide (one of the reaction
product) at constant NBA and malic acid conc.

decreases the rate of reaction.

Activation parameters
The reaction has been studied in the

temperature range 313-328 K and the results are
recorded in (table-3). Using Arrhenius equation the
energy of activation for substrate has been
calculated this value has been subsequently utilized
in computing various other thermodynamic
parameter and all the results are presented in
(table-4).

Reaction Mechanism
Based on the above mentioned

experimental observation, the following
mechanism is suggested in which the protonated
hydroxy acid react with active form of the oxidant
HOBr in the rate determining step. The proposed
mechanism for the reaction is

From the above mechanism, the following rate law is derived.

Rate =   K
1 
K

2 
K

3 
[NBA][H+][Sub]  [Anisamide]

k
obs

    =    K
1 
K

2 
K

3 
[H+] [Sub]  [Anisamide]

which support the observed kinetic parameter like first order with respect to [substrate], [oxidant] and [H+] and

inhibition by anisamide and also non-involvement of water molecule in rate determining step.
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