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Investigations of the redox reactions of biologically
important thiols have aroused considerable interest of
late. As a result of these studies, several proposals
which enhance the understanding of their roles as
electron transfer enzymes are now documented
[1-6]. In general, the oxidation of thiols to disul-
phides occurs through either of two pathways. In the
first, electron transfer is preceded by the formation
of intermediate complexes with significant thermo-
dynamic stabilities as in the reactions of Cr(VI) with
L-cysteine [1], glutathione and penicillamine [2],
and ferricytochrome ¢ with glutathione [3]. In some
cases, these metal--thiol complexes are linked with
the effectiveness of the thiol in removing unwanted
metal ions [4, 5] from biological systems. Alterna-
tively, simple electron transfer occurs without prior
complex formation. This class of thiol reactions is
exemplified by the oxidations of glutathione and cys-
teine by Mo(VI) [6] and the reactions of cysteine,
mercaptoethylamine and mercaptoacetic acid with
12-tungstocobaltoate(III) [7] .

Reports of the use of various heteropoly molyb-
dates and tungstates as electron acceptors in biological
processes such as photosynthesis [8, 9] have been
made. 12-Tungstocobaltoate(III) ion, CoTO,W,,-
056>~ (hereafter designated [Co(1I)]), and 12-tungs-
tocobaltoate(Il) ion, Co'0,W,,056° (hereafter re-
ferred to as [Co(II)]) are examples of heteropoly
tungstates in which the cobalt atoms are surrounded
by several WO, units. These anions have been estab-
lished to be substitution inert [10, 11]. As part of
our continued interest in the reactions of a wide spec-
trum of thiols with [Co(III)], we studied the title
reaction in the hope of relating our findings to the
points raised above.
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Experimental

Materials

Potassium salts of 12-tungstocobaltoate(lII) and
12-tungstocobaltoate(Il) ions were prepared, charac-
terized and standardized as described by McAuley
and his coworkers [11]. Reduced glutathione
(Aldrich chemical), perchloric acid (B.D.H.) and
sodium perchlorate, B.D.H. (A.R. grade) were used
without further purification.

Stoichiometry

The reaction stoichiometry was determined by
spectrophotometric titrations. Spectra of solutions
containing various concentrations of the thiol (0.8—
9.6 X 107%M), at constant oxidant concentration of
2.0 X107*M, and [H* = 0.05 M were measured after
the reactions had been completed. Plots of absor-
bances at 390 nm versus thiol concentration gave the
titration curves from which the stoichiometry was
evaluated.

Kinetics

Kinetic investigations were carried out using
pseudo-first-order conditions (excess glutathione).
Under these conditions, reaction rates conformed to
the conventional range. Consequently, decreases in
absorbance due to [Co(Ill)] were studied at 390 nm
on a Unicam SP 8000 spectrophotometer with fully
thermostatted cell compartments.

Pseudo-first-order plots were linear to more than
90% reaction. The slopes of such plots gave kqpg at
different initial concentrations of glutathione and
hydrogen ion*. Replicated measurements agreed to
*3%.

Results and Discussion

Stoichiometric studies showed that 1.03 £ 0.2 mol
of glutathione was oxidized per mol of the oxidant,
consistent with the reaction:

2[Co(III)] + 2GSH — 2[Co(II)] + GSSG + 2H* (1)

where glutathione is represented as GSH and GSSG is
the disulphide product.

Observed rate constants, kg, show a linear depen-
dence on glutathione concentration at constant [H"]
(Fig. 1). The linearities of the pseudo-first-order
plots as well as the latter plot indicate that the reac-
tion is first order in both glutathione and [Co(III)].
However, the decrease in the rate constant as a func-

*A table of kopg at different thiol and acid concentrations
at 23.8 + 0.2 °C is available on request.
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Fig. 1. The dependence of observed rate constant (kgpg) on
the concentration of glutathione at 23.8 + 0.2 °C. [Co(IID}] =
2.0 X 1074M; 1= 1.0 M (NaClOy); [H*] = 0.02 M (&); [H*] =
0.06 M (a); [H*] = 0.50 M (X).
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Fig. 2. The dependence of observed rate constant (kgphg) on
1/[H*]. [CodID] = 2.0 X 10~* M; [GSH] = 6.0 X 1073M.

tion of [H*] (Fig. 2) strongly suggests a preequilib-
rium step involving the release of a proton. One ob-
vious rationalization of this is the deprotonation of
the sulphydryl group in the thiol as in the reactions
of the oxidant with L-cysteine, mercaptoacetic acid
and mercaptoethylamine [7] as well as the oxidation
of glutathione by ferricytochrome ¢ [3]. This view is
upheld by the observation that the reactions of
[Co(Ill)] with thiols like methionine [12] and
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thiourea [13] (which have no sulphydryl groups)
were acid independent.

Hence, from the experimental data the following
scheme can be proposed for the title reaction:

Ka _

GSH —2= GS™ +H* )
k

[Co(IID)] + GS™— Products 3)

where K, is the acid dissociation constant of the -SH
group in glutathione. This scheme leads to the expres-
sion for the observed rate constant shown in eqn. 4:

kK, [GSH]
i @)
[H'] +K,

Under conditions where [H*] > K, [14] eqn. 4 can
be simplified as

_ kiK,GSH] )
(H']

which is in good agreement with the plots of kg,
against GSH and 1/[H*] (Figs. 1 and 2) observed in
this study.

Since [Co(II)] and glutathione are one-electron
reactants, the most likely feature of the rate-deter-
mining step is a simple electron-transfer from the
ligand to the oxidant, reminiscent of the outer-sphere
mechanism. When the absorbances of solutions of
the oxidant alone and those of glutathione, acid and
the oxidant were compared at 390 nm, there was no
difference. Similarly, the spectra of [Co(IIl)] and
those of solutions containing [Co(IIl)], acid and
glutathione showed a clear shift in the A, of
[Co(II1)] on addition of the substrate. These results
suggest that no complex of significant stability was
formed between [Co(Ill)] and glutathione at the
time of mixing. Although they are not by themselves
sufficiently convincing to rule out the operation of
the inner-sphere mechanism, when they are supple-
mented by the substitution inertness of the oxidant,
it could be inferred that the most plausible mechanis-
tic option open to this reaction is the outer-sphere
mechanism. Thus, the oxidation of glutathione by
[Co(IIT)] can be placed alongside those of the oxi-
dant with L-cysteine, mercaptoacetic acid and mer-
captoethylamine [7] as well as the reduction of
Mo(VI) by glutathione [6] in which the thiols were
oxidized to the corresponding disulphides without
the formation of complexes of significant thermo-
dynamic stabilities. Further studies on this and simi-
lar reactions are presently in progress.
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