
In a typical experiment with methyl phenyl sulphide,
the product isolated after carrying out the reaction for
48 hr at room temperature was identifted (co-TLq as
methyl phenyl sulphoxide.

Stoichiometric runs indicated that two mol of V(V)
were consumed for the oxidation of one mol of sulphide
in accordance with Eq. (1)

R2S+ 2 VOi + 2H + --+ R2SO + 2V02+ + H20 ... (1)
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i Oxidation of aryl methyl sulphides by vanadium(V) in aqueous acetic acid follows overall second order kinetics, first order

e.ch in (sulphide] and (V(V)]. Electron-donating substituents in the benzene ring al.;celerate the rate while e1ectron­~thdrawing ones retard the rate. Good Hammett plot is obtained for meta-substituted phenyl methyl sulphides with high

~rgative value of the reaction constant. The correlation of the para-substituted phenyl methyl sulphides with (1 + values is good.1possible mechanism for the oxidation is suggested.
I
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We r~ort in this paper our kinetic results on the
oxida on of some meta- and para-substituted phenyl
methy sulphides by V(V) in aqueous acetic acid in the
prese e of sulphuric acid. Though Srinivasan et al.1

have ported the oxidation of aryl alkyl sulphides by
Cr(VI in aqueous acetic acid and proposed a
mech nism for this reaction, no attempts have sO far
been ade to study the kinetics of oxidation of these
subst tes by other metal oxidants.

I

Matet·als and Methods

All the sulphides viz. mjp-methoxy-, mjp-methyl-,
mjp-c loro-, mjp-bromo-, mjp-nitro- and p-iodo­
phen I methyl sulphides were prepared by known
meth ds2 and purified by distillation under reduced

press~re or recrystallization from suitable solvent(TLq pure). Acetic acid was purified over chromium
triox~e. All other chemicals used were of AR grade.
Dou~ly distilled water was used throughout.

Kine~ic measurements

Vapadium(V) solution was prepared and standar­
dized! according to the method of Gopal Rao and
cowdrkers3. The reactant solutions were equilibrated
at t~e desired temperature (maintained with an
accu~acy of ±0.1C C) and mixed. The reaction was

foll0lved by quenching aliquots of the reaction mixtureat d~finite intervals of time in sulphuric acid solution
contuining known excess of Fe(II) solution and the

unre~cted Fe(II) titrated against V(V) solution usingN-p~enylanthranilic acid as an indicator.

Upless otherwise stated the solvent used was aqacedc acid (50 '!~,vjv). Measurements were made at 30°,
40° ~nd 500±0.10 and are reproducible within ±3 '!~.

i
tpre.ent address: Department of Chemistry. P B Siddhartha

Coll~ge, Vijayawada 52QOIO.
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Results and Discussion
The kinetics of oxidation of methyl phenyl sulphide

was studied in detail under second order conditions
because of the difficulty involved in the solubility of
sulphide. Varying either [V(V)] or [sulphide] has no
appreciable effect on the second order rate constants.
For example, at fixed [H2S04] = 1 mol dm-3 and
temp. = 30°C, (i) [V(V)] was varied from 2.35 x 10-3 to
5.88x 10-3 mol dm-3 at constant [C6HsSCH3]
=6.54 x 10-3 mol dm -3 and (ii) [C6HsSCH3] was
varied from 2.62 x 10-3 to 6.54 x 10-3 mol dm-3 at
constant [V(V)] =2.35 x 10-3 mol dm-3• In all these
cases 103 k2 remained constant at 17.3±0.2 dm3 mol- 1

s- 1 indicating that the reaction followed second order
kinetics-first order each in sulphide and V(V).

No reaction occurs in the absence of sulphuric acid
and the rate increases with increase in [H2S04] at
constant ionic strength. For example under the
conditions [V(V)] = 2.34 x 10 - 3 mol dm - 3,

[C6HsSCH3J = 2.45 x 10-3 mol dm-3 and 30°,103 k2

increased from 2.70 to 17.40 dm3 mol- 1 s- 1 when

[H2S04J was varied from 0.5 to 1.0 mol dm - 3. The
effect of the acid is not conforming to any order with
respect to [H +]. The reaction rate increases with
increase in acetic acid content in the solvent mixture.

The rate increases only slightly with increase in ionic
strength. For example at 11= 2.40, 2.55, 2.70 and 2.85
the second order rate constants obtained are 9.49, 9.70,
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Exceptionally high negative p + values obtained in the
present reaction may be due to the greater electrophilic
nature of the oxidising agent. On the basis of Scheme 1

Mechanism of oxidation
Under the conditions employed, it is assumed that

the V(V) exists as [V(OHhHS04J + (refs 6-9). The
increase in oxidising power of V(V) with increase in
[acid] is mainly due to the increase in the oxidation
potential of V(V) species. The equilibrium (2) may be
written for the formation of active oxidant species:

vot +H30+ + HSOi;:=[V(OHhHS04J + .•. (2)

Increase in the percentage of water decreases the rate
probably due to the solvation of sulphide, thereby

. decreasing its nucleophilicity. A similar decrease in rate
with increase in water content of the solvent has been
observed earlier in the oxidation of sulphides as well as
sulphoxides 1o.

An increase in ionic strength shifts the equilibrium
(2)to right giving rise to more of active species. Also the
effect of ionic strength indicates that the reaction
occurs betweeh an ion and a neutral molecule.

Addition of manganous sulphate or mercuric
chloride to the reaction mixture causes no appreciable
change in the reaction rate. Also no polymerisation is
observed when acrylonitrile is added to the reaction
mixture. These tests exclude the possibility of the
oxidation involving a radical mechanism.

On the basis of the foregoing kinetic data, a polat
mechanism shown in Scheme 1 may be proposed for
the oxidation of sulphides by V(V).The mechanism is
consistent with negative value of p + obtained for the
reaction. Electron depletion occurs at the reaction
centre and is stabilised by electron-releasing para­

substituents. Similar type of mechanism was proposed
for the oxidation of aryl alkyl sulphides and
phenylthioacetic acids by peroxydisulphate11 where a
low value of the reaction constant was reported.
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Table I-Second Order Rate Constants, Enthalpies and
Entropiesof Activationfor Oxidationof SubstitutedPhenyl

Methyl Sulphidesby V(V)

10.3and 11.0x 10-3 dm3 mol- t S-1 respectively under
similar reaction conditions.

The rates of oxidation of several meta- and para­

substituted phenyl methyl sulphides indicate that
electron-releasing substituents in the benzene ring
accelerate the rate while electron-withdrawing
substituents have opposite effect (Table 1). The L\Ht
and L\St collected in Table I have been calculated
using Eyring equation.

Linear free energy relationship could not be applied
since in the present reaction neither the entropies are
constant (Table 1) nor they vary linearly with L\Ht.
However, Exner plot gives very good correlation
indicating that all the substrates undergo oxidation by
a common mechanism.

The plot of log (rate constants) for meta-substituted

phenyl methyl sulphides against Hammett constants is
linear (r= -0.977, standard deviation =0.094 at 30°)
with high negative reaction constant, p = - 3.21.
Similar plot using para-substituted compounds is also
good (r= -0.974, standard deviation=0.128 at 30°)
with still higher r\eaction constant, p = - 3.85.
However, the correlation is improved (r= -0.982,
standard deviation =0.101) when log k is plotted
against (1+ values of Brown and Okamat04 giving p +

= - 3.24. Conformity to (1+ values indicates that the
transition state is stabilised by direct mesomeric
interaction with electron-releasing para-substituents.
The p+ -values obtained in the present reaction are
considerably higher as compared to the values
reported for the oxidation of sulphides by earlier
workers and are comparable to the values reported by
Miotti et al.5 for the oxidation of aryl methyl sulphides
with bromine.

{[H2S04] =0.80 mol dm-3; solvent=aq. acetic acid (50~~. v/v):

Substi- k2 x 103 (dm3 mo\- I s - I) liH; -liSt
tuent ----------- kJ mo\-t JK-' mo\-I

30°40°50°

None

9.4926.451.066.165.0

p-OCH3 647.5 p-CH3

75.80156.9269.549.2103.7

p-CI
6.5616.532.362.679.9

p-Br
7.8717.237.360.984.4

p-I
7.85

p-N02

0.0230.05\0.12867.4111.5

m-OCH3

16.733.666.453.5102.0

m-CH3
23.441.285.750.3110.5

m-CI
1.032.626.0869.971.3

m-Br
1.032.546.0569.772.0

m-N02

0.072

3S
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the rat~law for the oxidation of methyl phenyl sulphide

by V(V~ can be written as-d[V<Y>]/dt=k2 [sulphide] [V(V)]
I
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