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ABSTRACT. Kinetics of oxidation of indole by peroxomonosulphate (PMS) in aqueous acetonitrile medium has been inves-
tigated. The reaction follows a total second order, first order each with respect to [Indole] and [PMS]. The rate of the reaction
was not affected by added [H']. Variation of ionic strength (i) had no influence on the rate. Increase of percentage of acetonitrile
decreased the rate. Absen ce of any polymerization indicated a nonradical pathway. Activation and thermodynamic parameters have
bee n computed. A suitable kinetic scheme based on these observations is proposed. The reactivity of PMS towards Indole

was found to be higher than that with peroxodisulphate.
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INTRODUCTION

Indole is an electron rich hetero-atomic, nitrogen con-
taining compound which appears in various naturally
occurring compounds such as alkaloids and tryptophan
metabolities.! Metabolites of Indole can be produced by
bacteria, by the degradation of the amino acid tryptophan.
At very low concentrations, it has a flowery smell and is a
constituent of many flowerscents (such as orange blos-
soms) and perfumes. It also occurs in coal-tar. The name
indole arises from the words indigo and oleum, since
indole was first isolated by treatment of the indigo dye
with oleum. Indoles and bromoindoles are compounds
with high potential for applications in various domains,
especially in the electrochemical industry as electro cat-
alysts, anode Materials in batteries, anticorrosion coating,
and fast response potentiometric sensors.>> These com-
pounds have also attracted considerable attention in phar-
macology, mainly because of their ability to develop antifungal
and antibacterial agents. They also act as candidates for
direct oxidation/reductionof biomolecules, and other bio-
logical activities.*

The oxidation of indole into oxindole was carried out by
using various oxidants such as N-chloro-N-sodio-p-tolu-
enesulphonamide in alkaline medium catalysed by osmium
(VIID),? chromium(VI)® oxidation catalysed by ethylene
diamine tetraacetic acid, oxalic acid, picolinic acid, peroxide
oxidation of indole catalysed by chloroperoxidases,’ oxi-
dation of indole and indolederivatives catalysed by non-
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heme chloroperoxidases® and oxidation of indole by
cytochrome P450 enzymes.’ The hazardous nature of ele-
mental bromineand difficulties encountered in its han-
dling have led to preparation'® of new active bromine
reagents like tetra alkyl ammonium tribromides. These
reagents can be synthesized'' very easily by oxidizing
bromide to tribromide and then precipitating with qua-
ternary ammonium cation.

Oxidation of indole-3-acetic acid by dioxygen,'? Ce(IV),"
1,10-phenanthroline-manganese (II) complexes,'* hydro-
gen peroxide,' ferric salts,"* nitrite ion,'* potassium per-
sulphate,'* N-chlorosuccinimide,'* N-bromosuccinimide and
sodium hypochlorite' has been reported. Chlorophyll
sensitized photo-oxidation,'® peanut peroxidase,'® horse-
radish, and tobacco peroxidases'” catalysed oxidation of
indole-3-acetic acid have been studied. Electrochemical
and peroxidase oxygen-mediated oxidation of indole-3-
acetic acid at physiological pH has been reported.'® In
view of this, the present work is significant as it involves
the reaction of a peroxo linkage containing oxidant namely
PMS with indole. Although the oxidation of certain sub-
stituted indoles such as 2,3-dialkyl indoles by peroxodis-
ulphate,'® PMS," peroxomonophosphoric,'’ peroxodiphos-
phoric'® acids has been already reported in the literature,
Although the oxidation of indoles by tetrabutylammoni-
umtribromide (TBATB) has been already reported in the
literature, the lack of kinetic and mechanistic investiga-
tion on the oxidation of Indole by PMS investigated us to carry
out this work and is presented as a first report in this study.
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EXPERIMENTAL

Materials

Indole (Qualigens, India) of highest purity grade avail-
able was used as such. PMS was obtained from E.I. Du
Pont de Nemours Company, U.S.A. under the other name
2,3-Benzopyrrole, ketole, 1-benzazole. Solutions of this
salt were assayed iodometrically and by cerimetry.”’
Other chemicals and reagents such as sulphuric acid, ace-
tonitrile, sodium bisulphate, and acrylonitrile used were
of analytical grade with 99.9% purity. Water distilled from
Kilburn Manesty still was again distilled over alkaline
permanganate in an all-glass pyrex vessel. All reagents and
solutions were prepared using this doubly distilled water.

Kinetic Measurements

Kinetic studies were carried out in 50% (v/v) aqueous
acetonitrile medium under pseudo first-order conditions
with a large excess of indole over PMS in the temperature
range of 283-293 K. The reaction was followed by esti-
mating the unreacted PMS as a function of time by using
the iodometric method. The liberated iodine was titrated
against standard sodium thiosulphate solution by using
starch as indicator. From the titre values, plots of log [PMS] vs
time were made and from the slope of such plots, the
pseudofirst order rate constants, k (s™') were obtained. It
was checked that the results were reproducible within
+5% error.

Product Analysis

A reaction mixture containing slight excess of PMS
(0.125 M), Indole (0.05 M), and acetonitrile—water mix-
ture was kept aside at room temperature for a day, so that
the substrate was completely converted into product. The

mixture was extracted with ether. A resinuous mass was
obtained in the ether layer and it could not be identified.
The aqueous layer was treated with acetone and filtered.
No compound was detected from the filtrate. Now the
solid mass was treated with methanol and filtered. The
final product was obtained from the alcoholic solution and
identified by IR (Fig. 1) and NMR spectra. The above
product was identified as Isatin.

The proton NMR spectrum of the product obtained in
our experiment showed distinctly different features from
that of the starting material, Indole. That is the product
spectrum exhibited signals at 6=8.1 corresponding to
>NH, another at 5=7.1-7.8 corresponding to benzene aro-
matic ring.

RESULTS AND DISCUSSION

Factors influencing the rate of oxidation of [Indole] by
PMS such as effects of (i) [Indole]o, (ii) [PMS]o, (iii) ionic
strength (u), (iv) [H']o, and (v) dielectric constant have
been studied. Rate and activation parameters were eval-
uated.

(i) Effect of [Indole]o: At a constant [PMS], [H'], u,
and fixed percentage of acetonitrile, kinetic runs were car-
ried out with various initial concentrations of Indole,
which yielded [Indole] dependent rate constants. The val-
ues of pseudofirst-order rate constants k(s thus obtained
were found to increase with [Indole] (7Table 1 & Fig. 2)
over a range of [Indole] used (2.0 x 1072—4.0 x 107> mol
dm™). This shows that the reaction obeys first order with
respect to [Indole]. This was confirmed by the linear plots
of k'(s™") vs [Indole] passing through origin (+=0.999)
(Fig. 3). Such a kinetic behaviour indicates the absence of
any self-decomposition of PMS.?! In the oxidations of

C=0 str 1816 cm’”

C=0 str( Amide) | 1836 cm™
*»

N-H str 3624 cm’

Fig. 1. FT-IR spectrum of product.
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Table 1. Effect of [Indole]

[Indole]” k'(10*s™)
(10> mol dm™) 283K 288 K 293K
2.0 2.0381 2.6254 3.1167
25 25179 3.1896 3.8306
3.0 3.0092 3.8383 4.5349
3.5 3.6310 4.4870 5.1280
45 4.0878 5.0358 6.0914

9[PMS]: 2.0 x 107> mol dm™, [H']: 0.02 mol dm™, p1: 0.3 mol dm™,
CH3CN: 50%.
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Fig. 2. Variation of [Indole].

variety of organic compounds by PMS, such observations
have been made. The value of k> (mol™' dm® s™') was eval-
uated from the slope of k'(s™") vs [Indole] plots. The
ky(mol™! dm?® s7!) values thus obtained (#=0.999) from
such plots were in agreement with the corresponding val-
ues calculated from the factor k'(s™')/[Indole].

g T T T
Temperature
10°C)

7+ " .
e 15°C
4 2°C

k' x 10%s!

0
00 05 10 1.5 20 25 3.0 35 40
[Indole] X 10* mol dm™

Fig. 3. Evaluation of k.

Table 2. (A) Effect of [PMS] at 293 K

[PMS]¢ (10~ mol dm™) k' (10%™)
1.0 4.5637
2.0 4.5369
3.0 45177
4.0 4.5253

“[Indole]: 3.0x107> mol dm~, [H']: 0.02 mol dm™, p: 0.3 mol dm™,
CH;CN: 50%.
(B) Effect of pat 293 K

b (mol dm™) k'(10%7h)
0.1 4.5560
0.2 4.5599
03 4.5369
0.4 4.5597

P[Indole]: 3.0x1072 mol dm~, [PMS]: 2.0x107> mol dm™>, [H']:
0.02 mol dm™3, CH3CN: 50%.
(C) Effect of [H'] at 293 K

[H'T (mol dm ) K (10% )
0.005 45023
0.020 4.5369
0.050 4.6021
0.090 4.5906

“[Indole]: 3.0x10 mol dm™, [PMS]: 2.0x10> mol dm™, [H']:
0.02 mol dm=, CH;CN: 50%.
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Fig. 4. Variation of [PMS].

(ii) Effect of [PMS]o: It is observed that the reaction
rate was unaffected as evident from the constant slopes of
log [PMS] vs time plots for various [PMS]o (1.0 x 107 —4.0 x
107 mol dm™) at fixed [Indole]o, [H']o, 11, and percentage
of acetonitrile (Table 2 (A) & Fig. 4). This observation con-
firms the first-order dependence of rate on [PMS].

(iii) Effect of p: The influence of ionic strength (p)
maintained by the addition of sodium bisulphate on the
reaction rate was found to be negligible (7able 2(B)). This
shows that the reaction occurs between a neutral species
namely the Indole molecule and the mononegative ion
HSOs™, the active species of the oxidant.

(iv) Effect of [H']: The reaction rates measured at con-
stant [Indole], [PMS], p, and percentage of acetonitrile
but with various [H] (5 x 10°-9 x 107 mol dm™) were
found to be the same (Table 2(C)). Such a kinetic behav-
iour indicates the nonexistence of any protonation equi-
librium with respect to both PMS and Indole under the
present experimental conditions employed.

(v) Effect of Dielectric Constant: So as to determine
the effect of dielectric constant (polarity) of the medium

2013, Vol. 57, No. 2

Table 3. Effect of Acetonitrile

%CH;CN k(10°s7)
i 283K 288 K 293K
40 5.5047 7.6714 9.6380
50 3.0124 3.9412 4.5369
55 1.9523 22831 32092
60 1.0217 1.2052 1.4163

[Indole]: 3.0 x 1072 mol dm™3, [PMS]: 2.0 x 107> mol dm™, [H']:
0.02 mol dm™, pi: 0.3 mol dm™.

Table 4. Rate and Activation Parameters

Temp (K) k> (10° mol™" dm® s7") SD
283 1.0176 +0.0027
288 1.2817 +0.0044
293 1.5181 +0.0076

E,=27.62kJ mol™; AH*=25.19+ 0.0067 kJ mol™'; AS*= —275.07
+2.0690 kJ mol™"; AG" =105.78 + 0.9648 kJ mol™".

on rate, the oxidation of Indole by PMS was studied in
aqueous acetonitrile mixtures of various compositions
(Table 3). The data clearly reveals that the rate increases
with decrease in the percentage of acetonitrile, i.e. with
increasing dielectric constant or polarity of the medium,
and lead to the inference that there is a charge develop-
ment in the transition state involving a more polar acti-
vated complex than the reactants,”” a neutral molecule
(Indole), and a mononegative ion (HSOs ) suggesting a
polar (ionic) mechanism.

(vi) Rate and Activation Parameters: The effect of
temperature on k' (s”') was studied in the range of 283—
293 K and the results are shown in (7able 4). The Arrhe-
nius plot of log k> vs 1/T was linear. From the above plot,
the values of energy of activation (E,) was calculated (Fig.
5). The value of AS” was computed from Eyring equation.
The large negative value of entropy of activation (AS")
obtained is attributed to the severe restriction of solvent
molecules around the transition state.”

Stoichiometry

Solutions of Indole containing an excess of PMS were
kept overnight at room temperature. Titrimetric estimation
of the concentration of PMS consumed and assuming that
all the Indole taken had reacted, the stoichiometry of
Indole: PMS was found to be 1:2.

Test for Free Radical Intermediates

The observed total second-order dependence of rate,
beside first-order dependence each on both [Indole] and
[PMS], shows that the reaction involves a nonradical
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Fig. 5. Evaluation of Ea.

pathway. Moreover no polymer formation was observed
when a freshly distilled acrylonitrile monomer was added
to the deaerated reaction mixture indicating the absence of
free radical intermediates.

Rate Law
In accordance with the above observations, the rate law
for the disappearance of PMS is given as follows:

_d[PMS}/dt = 2 k» [PMS][Indole]
rate / [PMS] = k'(s™") = 2 ky[Indole]
(ize:) k™' = 2 k» [Indole]

where k' = pseudofirst order rate constant and k> = second
order rate constant.

Mechanism

Based on the foregoing observations such as first-
order dependence of rate each on [Indole], [PMS], zero-
order dependence on [H'], negligible effect of [u],
and the stoichiometry, the following mechanism is sug-
gested:

/\cp 0-50,-0

Indole 1) J

% W O\—/gp/
/?{ N,
mﬁé 80.50,.0 ©\—Cj'-‘:®so,@
SO, N

2-hydroxy indole @
3) \
SO,

CL. *-—thm

Isatln

(6)

PMS ion is known to be a mild electrophilic reagent
capable of substituting activated aromatic compounds. From
our experimental results we suggest that the reaction pro-
ceeds through an electrophilic attack of the oxidant (PMS)
at C-3 by a mechanism involving nucleophilic displace-
ment of peroxide oxygen®' to form Sulfuric acid mono-
(3H-indol-3-yl) ester (1) as the rate determining step. Such
a similar electrophilic attack on the C-3 of indoles is sup-
ported by earlier reports.** The compound (1) undergoes
an intramolecular rearrangement to give 2-hydroxy-indole
(3) through a cyclic intermediate (2). Infact, evidences for
the involvement of a similar cyclic intermediate in the oxi-
dations of o-benzoquinone,* 3,5-dimethyl-2,6-diaryl 1-
4-piperidones® and 2,6-diphenyl-4-piperidones®’ by PMS
were obtained. The second PMS ion attacks the com-
pound 3 to form 2,3-dihydroxy-indole (4) which gives isatin
(6) has final products through the intermediate (5).

Biological Activities of Isatin

Central nervous system (CNS) depressant activities:
Isatin has a range of actions such as CNS-MAO inhibi-
tion, anticonvulsant and anxiogenic activities. Its effect as
amono amino-oxidase (MAOQ) inhibitor is the most potent
in vitro action recorded to date. It is a selective MAO B
inhibitor with an inhibitory concentration (ICsp) of about 3 g
mL- 28

Anticonvulsant activity: Bhattacharya and Chakraborti*!
reported isatin to be an endogenous compound with anx-
iogenic properties, which occur within a narrow intra-peri-
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toneal (i.p.) dose range (15-20 mg kg '). Bhattacharya et
al.** have found isatin to function as a potent antagonist on
anti-natriuretic peptide (ANP) receptors in vitro, and to
inhibit anxiolytic, memory facilitating and diuretic actions of
intracerebroventricularly administered ANP. Blackburn et
al.* reported that indoles, such as 1-5-(2-thienyl methoxy-
1H-indol-3-yl) propan-2-amine, were used in the treatment
and prevention of epilepsy and mi-graine. Isatin has also
been found to increase vigilence.” At a low dose (15 mg
kg™), it is anxiogenic and prolongs pentylenetetrazole
(PTZ) induced seizures while athigher dosage (80 mg kg™")
it becomes sedative and anticonvulsant and the brain 5-
HT levels are found to be significantly raised.*
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