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KINETICS AND MECHANISM OF OXIDATION OF MALATHION
BY PYRIDINIUM CHLOROCHROMATE (COREY’S REAGENT)
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Kinetics of oxitlation of malathion by Corey’s reagent in chlorobenzene-nitrobenzene
mixture has been reported. The oxidation process exhibits unit dependence in each
of the reactants namely malathion and Corey's reagent i.e., pyridinium
chlorochromate. 1:2 Stoichiometry is observed in the oxidation and the reaction is
associated with a marginal negative entropy of activation. The observation is consis-
tent with a rate limiting step involving formation of a bimolecular transition state
which subsequently transforms into the product.
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INTRODUCTION

PHOSPHOROTHIONATE or phosphor dithionate derivatives like malathion and
parathion are extensively used as insecticides or pesticides. Their toxic behaviour
towards mammals are well known. However, a reaction product of parathion with
N-bromo succinimide is known to be an active inhibitor.23 The reaction product is
reported to be an oxone presumably obtained by oxidation of parathion. Panigrahi’s
interest*3 in the use of modified Cr(VI) reagents as oxidants prompted us to in-
vestigate the oxidation of these molecules with a view to throw light on the pathways
of the oxidation process. As a first step in this direction, we report the kinetics of
oxidation of malathion by pyridinium chlorochromate (PCC) known as Corey’s
reagent.b

MATERIALS AND METHOD

The technical grade malathion (commercial sample) was purified by column
chromatography using silica-gel (60-120 mesh) as adsorbent, petroleum benzine (40-60
°C) and benzene (80-81 °C) as the mobile phase. Major fractions in the eluting sol-
vent mixture petroleum benzine: benzene (1:1) and benzene were found to contain
single spot at AR, 35 to 36 by TLC’ in the solvent system benzene: chloroform and
with 0.2% PdClI, spray. The solvents were removed by evaporation over the hot
water bath and pure malathion thus collected was subjected to kinetic study.

All the solvents used were distilled in an all glass apparatus and middle fractions
were collected. PCC was prepared by the method of Corey and Suggsé and was
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estimated by iodometry. Dichloroacetic acid was of Rieael and was used as such after
their physical constants had been checked.

Solutions of reactants in the desired solvent mixtures were prepared in 50mt flasks
by weighing out appropriate quantities of reactants so that the pseudo-first order
conditions were maintained in the reaction mixture with respect to the oxidant. The
thermostat was maintained at the desired temperature +0.1 °C and the reaction was
followed iodometrically. In the solvent composition used, the reaction mixture was
homogeneous and PCC remained stable over the period of the kinetics. Experiments
in the presence of acrylamide were performed by adding appropriate amounts of
acrylamide to the substrate flask.

RESULTS AND DISCUSSION

Malathion being susceptible to decomposition in aqueous systems under the influence
of both acids and bases, it was considered safe to carry out oxidation studies in non-
aqueous medium. Oxidation of malathion by Corey’s reagent namely pyridinium
chlorochromate (PCC) in chlorobenzene-nitrobenzene mixture was facile at moderate
temperatures. The half life period for the reactions at 50 °C is about 130 minutes.

Kinetics of oxidation process was studied under pseudo-first order conditions with
respect to PCC, that is by taking at least ten-fold excess of malathion. Pseudo first
order rate constants are observed to be constant at least upto three half lives in any
single run. The pseudo first order constants are observed to be independent of the
varying initial concentration of PCC in presence of constant excess of malathion.
In order to fix the order with respect to the malathion concentration, kinetics were
determined in presence of constant concentration of PCC but containing varying con-
centrations of malathion. The rate data are recorded in Table I.

Effect of Organic Acids

As the reactions were studied in perfectly non-aqueous medium, effect of mineral
acids could not be studied due to immiscibility. When organic acids like chloroacetic
acid were employed, rate of the reaction was observed to be irreproducible and hence
results were not reliable. Therefore, rate studies in the presence of chloroacetic acids
were abandoned. Surprisingly this behaviour is in contrast with effect of chloroacetic
acid in the oxidation of alkyl sulphides by PCC.

Effect of Radical Traping Agents

Reaction of malathion with PCC when carried out in presence of radical traping
agents like acrylamide, no turbidity due to formation of poly-acrylamide was observed.
Kinetics of the reaction in presence of acrylamide was neither affected nor the rates
were different from those obtained in the absence of the reagent.
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TABLE |
10% [Substrate]  10* [Oxidant] Solvent Temp. 10% &, 10% &,
(mol dm™%) (mol dm™3) CIC¢H; (min™!) (dm3 mol™
CeHNO, (v/v) SD.=0.22 min~!)
$.D.=4.95
5.03+£0.005 5.10 £ 0.005 95: 5 35°C 3.20 63.7
2.52 90:10 1.27 50.3
4.88 90:10 2.43 49.8
5.03 90:10 2.77 55.1
7.32 90 : 10 3.63 49.5
9.74 90:10 3.39 39.9
5.03 85:15 2.13 42.3
80:20 1.83 36.3
5.60 95: 5 40 5.34 106.1
5.31 90: 10 336 67.0
6.55 90: 10 3.18 63.6
9.31 9:10 3.07 61.2
10.34 90: 10 3.15 62.9
20.80 90: 10 2.68 53.6
5.10 85:15 2.88 57.3
80: 20 2.40 47.7
95:5 45 9.79 194.9
90:10 8.31 164.6
85:15 6.57 130.5
80 :20 5.71 113.4
95:5 50 16.75 332.9
90: 10 14.54 289.0
85:15 11.29 223.7
80:20 9.92 196.4

Effect of Solvent

Oxidation rates have been measured in solvent mixtures of varying chlorobenzene-
nitrobenzene proportions. The rate constants have been presented in Table 1. As seen
from the table, increasing the proportions of nitrobenzene i.e., polar component
marginally decreases the oxidation rate. But in the case of oxidation of alky! sulphides
by PCC, decrease of rate with increase in proportion of nitrobenzene was substan-
tial. In order to correlate the rate with solvent property, dielectric constants of the
mixtures were computed by assuming linearity in the variation of dielectric constants
of pure solvents in mixtures, since both components are hydrocarbons and no in-
teraction or solvent organisation can be expected to take place in the nitro-
chlorobenzene mixtures. Plot of log k, vs 1/D are observed to be linear and the
slopes of the plots are small but positive. This points to nrobably the reactants are
solvated more than the transition state. However, the positive slope® points to an
ion-dipole type of reaction.

Product Study

The reaction mixture containing malathion and pyridinium chlorochromate in the
proportion 1:3 in dichloromethane was left to equilibrate at 35 °C for a week. The
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mixture at the end of a week was subjected to T.L.C. using benzene: acetone (90-10)
which indicated the presence of a single spot other than the starting molecule namely
malathion. When the T.L.C. plate was developed with PdCl, (0.2%) the malathion
gave a characteristic yellowish spot where as the product appeared as a dark brown
spot with a lower R, value compared to that of malathion. The reaction mixture was
shaken with water to remove the inorganic matter and the organic layer was concen-
trated and subjected to preparative T.L.C. (using the standard plates 20cm x 20cm).
The zone corresponding to the product was cut-off, extracted with benzene. The
benzene extract was then evaporated and the I.R. for the residue was taken by film
method. The presence of strong absorption at 1350cm-! can be attributed to
assymetric stretching of sulphone group.?

Stoichiometry

Stoichiometry of the reaction was studied under conditions of excess oxidant namely
PCC. A mixture of malathion (0.00251 mol dm! and pyridinium chlorochromate
(0.01107 mol dm3) was equilibrated for about a week in the solvent mixture
chlorobenzene-nitrobenzene (85:15 v/v at 35 °C. Analysis of PCC at the end of one
week showed that 0.004608 moles of PCC have been consumed. When TLC for the
malathion in the reaction mixture was performed, no residual malathion could be
detected, indicating that the whole of malathion has been consumed. The stoichiometry
for the reaction was thus observed to be malathion: PCC 1:1.83.

This is consistent with two moles of the oxidant needed for oxidation of one mole
of malathion and in all probability, the unsaturated sulphur end is oxidised to sulphone
derivative as it is already established that parathion is converted into corresponding
oxonium derivative in presence of either N-bromo succinimide or bromine water.

The results of product and stoichiometry study are in agreement with 1:1
stoichiometry for one step oxidation observed by Brown and coworkersi0 in the PCC
oxidation of 1-octanol. An investigation by Patro et al. also indicated 1:1 stoichiometry
in the oxidation of cyclohexanol by PCC and the reduction product of PCC was
analysed to be a Cr(1V) derivatives both by iodometry and magnetic measurements.
All these studies have led to postulation of a two-electron transfer accompanying
the PCC oxidations.

Activation Parameters

For computation of activation parameters rates of oxidation have been measured
in the temperature range 35-50 °C in the solvent mixtures of 5-20% (v/v)
nitrobenzene-chlorobenzene mixtures. The Arrhenius plots are observed to be linear.
The energy of activation computed from Arrhenius plots in all the solvent mixtures
is the same and entropy of activation being small negative, decreases with nitrobenzene
content. The data are collected in Table II.

Decrease of entropy with increasing nitrobenzene content implies loss of degrees
of freedom for the transition state in presence of larger proportion of nitrobenzene.
This may be responsible for decrease of rate with increase in the proportion of
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TAaBLE 11
Solvent E AS
CICgH; : CgHNO, & J mol™} K 'J mol™!
(v/v)
95:5 91.8 —3.27
90:10 92.3 -3.19
85:15 92.3 —4.98
80:20 91.8 —8.31

nitrobenzene or on the other hand reactants are better solvated that the transition
state in the solvents containing higher proportion of nitrobenzene.

It has been postulated by the authors earlier (Joc. cit.) that the oxidation path in
case of alkyl sulphides involved formation of a complex between alkyl sulphide and
PCC which decomposed to products in the rate limiting step. However, no complex
formation between malathion and PCC could be detected, it is reasonable to assume
that the oxidation proceeds through a bimolecular transition state as visualised below
(Scheme 1) for the first step of the oxidation process.

OCH,
| +

R-S-P=S + O=Cr-OPyH"* —
|

OCH, Cl OH
OCH, OCH,
| + ]
R-S-P-S ... O-Cr-OPyH* _, R-S-P=S=0 + Cr(V)
! | |
OCH, Cl OH OCH,

(Activated complex)

where R= -CH-COO-C,H;
{
CH,-COO-C,H;

Scheme 1

It appears formation of the bimolecular transition state with concurrent electron
transfer to the chromium complex is thermodynamically favoured. It has been
postulated that the unsaturated sulphur atom rather than the saturated sulphur is
the site of attack for the following reasons: —
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(1) Sulphur atom in the P =S end is more electro-negative than the sulphur atom

in the chain -R-S-P due to the presence of a highly withdrawing group R which will
hinder flow of electron from the saturated sulphur atom.

(2) Due to presence of a bulky group (R) in the vicinity of saturated sulphur atom,

approach of the oxidant and consequent formation of the transition state would be
hindererl.
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