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Autoxidation kinetics of potassium O-butyl dithio-
carbonate catalyzed by cbbalt(II)tetrasulfophthalo-
cyanine has been studied polarographically. The reac-
tion follows two parallel pathWaYs of zero and first
order with respect to dioxygen, each being a "Michaelis"
function of the substrate concenfration. On the basic
of data obtained and those reported previously for
cysteine autoxidatibh, a general reaction mechanism

is suggested.

Honsporpaduueckd M3yueHa KMHETHKA aYTOOKHCJIeHHs O-6yTuin-
ANTHOKaPGOHATA KallMsi, KaTalu3MpYeMoro TeTpacyibbodrano-
uMaHnHoM KobSanbTa (Il ). Peaxnus uoeT Nno OABYM napaljeib-
EBIM MapmpyTaM, HYJIEBOro M INEpBOTO IHOPAAKOB I10 KHCIOPO-
Ry, Kaxnoii H3 KOTODHX MMEeT ''MUXa3JIMCOBCKYK" '3aBUCHMOCTD
OT KORHewTpauuy cybcTpaTa. Ha OCHOBaHUM 3THX, a TaKEe
paHee IPEANOKEHHBIX UJI aYTOOKHCIEHWS HUCTEHHa, MaHHEX
npepjiokeH o6MHHA MEeXaHH3M pEeaKiHH.

INTRODUCTION

Cobalt(II)tetrasulfophthalocyanine (CoTSPc) is known to
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be an active catalyst for the autoxidation of thiols into the
éorrespondig disulfides [1-4]. Previously we have studied the
catalytic properties of CoTSPc in cysteine autoxidation [1].
The reaction kinetics, however, appeared to be'quite different
when going to less acidic and less oxidizable mercaptans. Here
we present the results of the kinetic study of O-butly di-
thiocarbonate ion autoxidation as an example of a process with
an acidic>mercaptan: for the conjugated acid m%fZ.Z [51, whereas
for the SH-group of cysteine it is 8.2 [2].

EXPERIMENTAL

The reaction kinetics was studied like in Ref. [1]. All
experiments were carried out at 25%¢, ionic strength of 0.6
mol dm_3 and pH=6.2, which is optimal for the maximum catalytic
activity of CoTSPc synthesized and purified like in Ref.[41].
Potassium O-butyl dithiocarbonate (BuOCSSKi'was twice precipi-

tated from acetone by hexane.

RESULTS AND DISCUSSION

The initial rate’of BuOCSSK catalytic autoxidation (vo) is
directly proportional to CoTSPc concentration ranging within
1078 - 107% mol an™>. The plotted dependences of v, on dioxygen
concentration at various concentrations of BUuOCSSK is shown in
Fig. 1. Unlike the similar dependences for dysteine (11, in
this case no "saturation" to dioxygen is exhibited and when
extrapolated to zero oxygen concentration, one can observe posi-
tive intercepts. The latter indicates the existence of a zero-

order path

Vo = A+ B [0? (1)
Both the intercepts "A" and the slopes "B" of linear de-~
pendences in Fig. 1 appear to be Michaelis-type functionsof
BuOCSSK concentratioii. Their linearization as a double recip-
rocal plot is shown in Fig. 2. According to all these data, the
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Fig. 1. Initial rates of the catalytic BuOCSSK aut-
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Fig. 2. Double reciprocal plot of intercepts (A; e)
and slopes (B; o) from Fig. 1 as functions
of BuOCSSK concentration
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catalytic reaction can be represented by the following kinetic

equation
k,[CoTsPcl [ 8™ 1 k[ CoTspcl [§~100,]
_ 1 2 : 2
vo_ - + = (2)
»K1+ES] K+ [5]
where S = BuOCSS . Numerical values for the constants in eq.2

are listed in Table 1.

Table 1
Rate and equilibrium constants in kinetics equation

K K

ky k2 1 2
(s (am® mo1™! s71) (mol dm~3)  (mol am™>)
(451)x10™2  (1.0£0.3)+10° 0.028:0.012 0.060%0.022

Previously we have proposed a mechanism for cysteine auto-
xidation involving a ternary thiol - reducéd CoTSPc - dioxygen
intermediate [1]. Mercaptide ions of low basicity do not reduce
Co(1I)TSPc [3]. Furthermore, the stability of B—CoL4-02 ternary
complexes usually diminishes with decreasing the axial ligand
B basicity [6]. The first-order-path, apparently, proceeds
thrcugh the binary complex {BuOCSS LCoTSPc. We have detected
this complex spectrophotometrically under anaerobic conditions
with the instability constant K_ = (0.030£0.005) mol dm > that
is close to Ky and K, (Table 1). Due to the low basicity of
BuoCcsS~, this complex does not bond dioxygen and its reaction
with 0, is bimolecular

K
CoTSPc + 5~ === (S )CoTSPc (3)
- k2
(S YCoTSPc + 0, ——> Products (4)

The zero-order path could be due to the following fact.
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Spectrophotometric studies show that under anaerobic conditions
in DMF solvent, Co(II)TSPc undergoes slow reversible re~
duction by BuOCSS™ . This reaction by analogy with the cysteine
system can be described as

K
BuOCSS~ + Co(II)TSPc === (BuOCSS )Co(II)TSPc (5)

i

(BuOCSS °) Co (I) TSP

The reduced form of CoTSPc should be very reactive toward
dioxygen. So, in the presence of the latter, after reaction 5
the reduced form must be rapidly oxidized to form the end pro-
ducts. In this case, kl in eq. 2 has the same sense as k1 in
reaction 5.

In accordance with the mechanisms discussed, both cons-
tants Ky and K2 should be equal to Ks' Indeed, they are close
within a factor (Table 1) and the observed difference is most
likely to be due to experimental errors. The results ?exmit to
suggest a general autoxidation mechanism for mercaptans cata-
lyzed by CoTSPc

TN TN

(S 1Co (II) TSPc (s*)Co(I)TSPc.
/ /”*\
02 1 S _,/f 2 02 S
Co(1I1)DPSPc (s* )CO(I)TSPC(S )(O )

Product N———’////// \\\\\\\‘_—’//////ﬁ
products

When S = BuOCSS, cycle 1 gives a first-order path and
cycle 2 gives a zero-order path to 'dioxygen, since the rate-
determiﬁing step of cycle 2 is the formation of (S°*)Co{I)TSPc.
When S = cysteine, the formation of (S')CoTSEd is rapid and
practically quantitative [7]..So, cycle 1 is suppressed and
we have the scheme of cycle 2 discussed previously [1].
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