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ABSTRACT

The oxidation kinetics of 4-hydroxyacetanilide by N-chloro-4-methylbenzenesulphonamide in aqueous acidic
medium has been studied iodometrically at 303 K. The values of K; remain unaltered with the variation of N-
chloro-4-methylbenzenesulphonamide , indicated the order to be unity with respect to oxidant. Reaction was
studied under similar conditions by varying the concentration of substrate. Order was found to be unity at its
low concentrations but tending towards zero order at its higher concentrations. The Stoichiometry between
reactant and oxidant was confirmed as 1:2. The plot of rate of reaction versus the concentration of the catalyst
indicated the order towards catalyst. Thermodynamic parameters were computed by performing the kinetic
runs at various temperatures. A mechanism consistent with observed parameters is proposed and rate law is
derived. The overall sequence described here is consistent with all the experimental evidence including the

product, mechanistic, and kinetic studies.
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I. INTRODUCTION

4-hydroxyacetanilide or acetaminophen or Tylenol or 4-acetamidephenol is a well-known drug that finds
extensive applications in pharmaceutical industries. It is also used as an intermediate for pharmaceuticals (as a
precursor in penicillin) and azo dyes, and as a stabilizer for hydrogen peroxide and photographic chemicals. It is
used as an alternative to aspirin

Aromatic N-halosulfonamides act as mild oxidants in both acid and alkaline solutions due to the presence of
strongly polarized N-linked halogen in +1 state. Many organic substrates were oxidized by these sulfonamides
and the kinetic and mechanistic aspects of these reactions are well documented ©®. A prominent member of this
group N-chloro-4-methylbenzenesulphonamide Chloramine-T (CAT) is used as haloginating and oxidizing
agent in acidic and basic media”*". It is a versatile oxidizing agent and has shown a variety of kinetic results
due to formation of various oxidizing species depending upon pH of the medium. Recently, use of transition
metals as catalyst in various redox processes has attracted considerable interest 2. Ru (111) Chloride is known

as a nontoxic and homogenous catalyst™™ but a little attention is paid to explore role of Ru(lll) as catalyst . In
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the present communication we are reporting kinetic, mechanistic and thermodynamic aspects of oxidation of

acetaminophen by chloramine-T in alkaline medium at 303 K.
I1. EXPERIMENTAL

All the chemicals were A.R. grade and double distilled water was used throughout the investigations. A solution
of 4-hydroxyacetanilide (CDH Ltd, New Delhi) of required strength was freshly prepared every time. The
Stock solution of the oxidant was prepared in double distilled water and its concentration was checked
idometrically. The stock solution of Ruthenium Chloride was prepared by dissolving the known amount in HCI
of known strength in a black coated flask to avoid photochemical effects. KCI , HCIO,4, Hg(OAc), of known
strength are also used without further purification. All other reaction vessels were also coated black from outside
to avoid any photochemical degradation. A thermostatic water bath was used to maintain the desired
temperature. Aliquots of the reaction mixture were placed in the thermostat-controlled water bath, which was
per-equilibrated at 313 K. Requisite volume of 4-hydroxyacetanilide solution, also thermo stated at the same
temperature was rapidly pipette out and poured into the reaction vessel. The total volume of the reaction mixture
was 50 ml each time. 5 ml aliquots of the reaction mixture was pipetted out at different intervals of time and
quenched with 4% acidified Kl solution. The progress of the reaction was monitored by iodometric estimation
of unreacted oxidant in measured aliquots of the reaction mixture withdrawn at regular intervals of time. The

kinetic runs were carried out at 303 K.
I1. STOICHIOMETRY AND PRODUCT ANALYSIS

Different sets of the reaction mixture with excess of oxidant were kept for 48 hrs at room temperature.
Determination of unconsumed oxidant in each set confirmed 1:2 Stoichiometries between substrate and oxidant.
The reaction products were extracted with ether. From the ether layer the oxidation product was identified as
quinone oxime. The nature of quinone oxime was confirmed by FTIR (1652 cm™ due to C=0 stretching, 1615
cm™ due to C=N stretching of oxime, 3332 cm™due to OH stretching) . Acetic acid was confirmed by spot

test,
1V. KINETIC RESULTS AND DISCUSSION

Effect of reactants concentration on the rate: The kinetics measurements were performed by varying the
concentration of any one reactant and keeping the concentrations of all other reactants constant. The values of
K, remain unaltered with the variation of [CAT]. The same was also confirmed by the plot of [CAT] versus (-
dc/dt) was linear passing through the origin (graph-a), indicated a first order dependence of the rate of reaction
on [CAT]. The constant K on varying the concentration confirmed the first-order dependence on Ru(lll) also.
The plot of rate of reaction (-dc/dt) versus [Ru] indicated first order with respect to catalyst. Reactions were
studied under similar experimental conditions by varying the concentration of [PA]. First order dependence on

substrate at its low concentrations and tends to zero order at its higher concentrations as seen from the (table-1).
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Effect of ionic strength on the rate: Effect of ionic strength was studied by adding NaClO4. The rate

of reaction did not show any significant change confirming the involvement of non ionic species in

the rate determining step.

Effect of temperature on the rate:

The effect of temperature was studied by carrying out the

reaction at different temperatures (303, 308, 313, 318) but keeping other experimental conditions

constant (table-3). The activation parameters were computed from the Arrhenius plot of log k

versus 1/T (plot-e).

TABLE -1 Effect of variation of substrate, oxidant, catalyst & medium at 303K

[PA] X 10° [CAT] X 10° Ru(l1l) X 10° [H+] X 10° -dc/dt x 10°
1.2 1.0 2.0 1.0 4.10
1.4 1.0 2.0 1.0 4.60
1.6 1.0 2.0 1.0 5.20
1.8 1.0 2.0 1.0 6.10
2.0 1.0 2.0 1.0 6.40
2.2 1.0 2.0 1.0 6.60
2.5 1.0 2.0 1.0 6.70
5.0 1.0 2.0 1.0 6.80
1.0 0.83 2.0 1.0 1.50
1.0 1.25 2.0 1.0 2.70
1.0 2.50 2.0 1.0 2.90
1.0 3.33 2.0 1.0 4.20
1.0 5.0 2.0 1.0 6.60
1.0 1.0 0.7 1.0 1.10
1.0 1.0 0.9 1.0 1.50
1.0 1.0 1.1 1.0 1.80
1.0 1.0 1.4 1.0 2.30
1.0 1.0 1.8 1.0 3.20
1.0 1.0 2.2 1.0 3.60
1.0 1.0 2.0 0.66 13.6
1.0 1.0 2.0 0.83 11.0
1.0 1.0 2.0 1.25 8.30
1.0 1.0 2.0 2.5 3.80
1.0 1.0 2.0 3.33 0.58

[Hg(OAC),] = 1.00 x 10 M, [HCIO,] = 1.00 x 10° M, [KCI] = 1.00 x 10° M
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(e) Plot between 1/T vs. log K
TABLE-2 Effect of variation of KCI, NaClO, and Hg(OAc), at 313K

[KCI] x 10° M [Hg(OAC),]x10° | [NaClO,] x 10° (-dc/dt) x 10°
M M
1.00 1.00 - 2.22
1.40 1.00 - 2.18
2.00 1.00 - 2.22
2.41 1.00 - 2.18
1.00 1.20 - 1.50
1.00 1.66 - 1.61
1.00 2.50 - 1.51
1.00 3.33 - 1.70
1.00 1.00 1.1 27
1.00 1.00 1.5 26
1.00 1.00 2.0 27

Solution conditions: [CAT]=1x 10° M, [PA]=1x 10° M, [Ru(ll]=2x10° M, [H+]=1x10° M
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TABLE -3 .Effect of temperature and activation parameters on the rate

Temperature Kix 10° Activation
(K) (sh parameter
303 2.15 -

308 3.10 -

313 4.42 -

318 5.63 -

Ea (kj mol™) - 52.9
AS* (J K* mol™) - -96.87
AG* (kJ K™ mol™) - 79.96
log A - 9.15

Solution conditions : [CAT]=1 x 10° M, [PA] =1 x 10° M, [Ru(I11)] =2 x 10° M, [H+] =1 x 10° M, , [KCI] =
1.00x 10° M

the rate of reaction and rate law may be derived as-
lcat]

Rate =-d i =2 K [complex]

The rate law can be written as-
7 K, Ky Es [Rul [DAI[CAT]
[TsNHIIH*]+H, [H™]+K; K [P4]

Rate =

The above equation is based on the observed kinetic orders with respect to each reactant of the reaction and is in
conformity with the derived rate law.

V. CONCLUSION

The reaction has been carried out HCIO, medium. The reaction stoichiometry of 1:2 (PA:CAT) involving the
oxidation of PA by CAT has been observed. Quinone oxime has been identified as the reaction product. The
effect of dielectric constant and halide ion on the reaction was studied. From the Arrhenius plots the
thermodynamic parameters have been computed and a mechanism has been proposed which was in conformity
with the observed rate law.
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