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1.INTRODUCTION

The oxidation of aldehydes, organic sulfildes and alcohols by
pydridiniumbromochromate has been the subject of an
intensive investigation by Banerji and Co-workers1-4.
Pyridiniumbromochromate is a mild and selective oxidant
that has been used in the oxidation of a number of organic
compounds5. Hydroxy acids can be oxidized, either like
alcohols6 yielding corresponding oxoacids.The induced
electron – transfer reactions, in which a Co(III) –bound
organic ligand suffers a net two-electron oxidation initiated
by an external oxidant such as Ce(IV), yielding a carbon
radical intermediate, have been studied in detail by Taube and
Coworkers7. The cation radical formed subsequently
undergoes an intramoleculer second one-electron transfer,
resulting in the reduction at the cobalt (III) center without
altering the carbon skeleton of the ligand 8. The present work
concern the highly reactive oxidant
pyridiniumbromochromate oxidation of
pentaamminecobalt(III) complex of mandelic,lactic and
glycolic acids in aqueous medium.

2.MATERIALS AND METHODS

The pentaamminecobalt(III) complex of α-hydroxy acids
were prepared as their perchlorates following the procedure

of Fan and Gould9. Mandelic, lactic and glycolic acids
(Aldrich) used were of extra pure variety and physical
constants agreed with literature values. The
pyridiniumbromochromate(PBC) was prepared by the
reported method10 and its purity checked by Iodometric
method. Cobalt analysis9of  these complexes are in agreement
with the assigned structures.

Product analysis

Kinetic studies on the pyridiniumbromochromate of
pentaamminecobalt(III) complex of  α-hydroxy acidshas been
made in aqueous perchloric acids medium  under pseudo-first
oxidation by maintaining a large excess the Co(III) complex
over oxidant CoIIwas estimated after 9 half  lives of reaction
in the results of excess of PBC, by dilution 10-fold with conc.
HCl, allowing evalution of chlorine to cease, an then
measuring the absorbance at 692 nm (€=560). This
corresponded to nearly 13% of the initial concentration of the
cobalt (III) complex. Absorbance with blank solutions
containg PBC were also measured to apply suitable correction
which came to less than 2% of the absorbance done to the
chlorocoplex of CoII. The other products of the oxidation
involving (NH3)5CoIII-mandelaro or (NH3)5CoIII-lactato or
(NH3)5CoIII-glycaloto as the reactants, was found to be
(NH3)5CoIII-phenylglyoxalato or (NH3)5CoIII-pyruvato
respectively. After the reactions were complete, the reaction
mixtures were neutralizedto pH = 6.0 by the addition of a
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saturated solution of KHCO3 when the excess of axidants
PBC precipitated as their hydroxides and ClO4

-precipitated as
KClO4 which were removed by filteration. The filterate was
transferred to a 50 cm3 R.B. flask and distilled at 60°C under
reduced pressure to remove the solvent, at the same time
avoidind decomposition of the complexes. The i..r.spectra of
the product CoIIIcomplexes were recorded and compared with
recorded spectra of authentic samples ofCoIIIketo acid
complexes. Similar experiments with the other CoIII– complex
yielded corresponding CoIII – oxoacids in 80-83% yields after
recrystallization. Stoichiometry with an excess of the
reductant could not be studied because of the difficulty in
measuring [reductant]. Stoichiometric determination and
excess of PBC in aqueous medium showed that 1.2 mol of
PBC were consumed for 1 mol of the cobalt(III)complex
(Table 1).

Table 1 Stoichiometry data for PBC oxidation of cobalt(III) complexes
of α-hydroxyacidsa

104[comp]
(mol dm-3)

103[PBC]ini

(mol dm-3)
103[PBC]fin

(mol dm-3)
104∆[PBC]
(mol dm-3)

104[Co11]b

(mol dm-3)
[Comp]
∆[PBC]

Co111-
mandelato

1.00
1.50
2.00
2.50

1.00
1.00
1.00
1.00

0.822
0.746
0.665
0.579

1.78
2.54
3.35
4.21

0.123(12.2)
0.180(12.0)
0.230(11.5)
0.282(11.3)

1.00:1.78
1.00:1.61
1.00:1.65
1.00:1.68

Co111-
Lactato

1.00
1.50
2.00
2.50

1.00
1.00
1.00
1.00

0.824
0.738
0.658
0.578

1.76
2.62
3.42
4.22

0.125(12.5)
0.180(12.0)
0.230(11.8)
0.280(11.3)

1.00:1.76
1.00:1.74
1.00:1.71
1.00:1.68

Co111-
glycaloto

1.00
1.50
2.00
2.50

1.00
1.00
1.00
1.00

0.827
0.732
0.650
0.527

1.73
2.68
3.50
4.26

0.125(12.50)
0.183(12.35)
0.236(11.81)
0.287(11.50)

1.00:1.73
1.00:1.78
1.00:1.75
1.00:1.70

Kinetics measurements

The reaction were carried out under pseudo-first order
conditions by maintaining a large excess of the cobalt(III)
complex over PBC in aqueous medium at 30± 0.2°C. The
reactions were carried out at a constant temperature and were
followed by monitoring the decrease in absorption due to
[PBC] at 358 nm upto 90% reaction. The pseudo first order
rate constants kobs, were computer from the linear (r < 0.98)
least Squares plot of  log [PBC] versus time. The second
order rate constant k2, was obtained by the relation k2= kobs/
[CoIII - complex]. Duplicate kinetic runs showed that the rates
were reproducible to with in ±5%.

3.RESULT AND DISCUSSION

Representative Kinetic data regarding the PBC oxidation of
cobalt(III) complexes of mandelic, lactic and glycolic acids
are summarized in (Table 2). The reaction are first order with
respect to PBC. Further, the kobsvalues are dependent of the
initial concentration of PBC with increasing cobalt(III)
concentration , the rate of induced electron transfer in the
Co111- complex increase and the graph of k1versus [CoIII] is
linear with slope equal to unity indicating that the order with
respect to cobalt(III) is one. The dependence on the
concentration of the cobalt(III) complex was studied at

different temperatures (Table 3). From Eyring;s plot log k2/T
versus 1/T activation parameters are evaluated.

The specific rate of oxidation of the mandelato compound is
higher when compared to both the rate of oxidation of
unbound ligand and mandelato complex and deserves an
explanation.

Co(III) – Mandelato>Co(III) -glycolato>Co(III) – Lactato
1.08 0.82 0.37

The oxidation of cobalt(III) bound and unbound α-hydroxy
acids by PBC suggests the formation of binuclear complex
between PBC and the mandelato complex. The binuclear
complex proceeds further by two paths, yielding C-C
cleavage products  (13%) and C-H bond cleavage products
(87%). In all cases, ligation of the cobalt(III) center reduces
the rate of PBC oxidation of ligands due to the electrostatic
influence of the cobalt(III) center. Thus PBC oxidation of
these substrates seems to be susceptible to polar influences to
some extent. Introduction of one phenyl group (mandelato) in
the place of a methyl group (lactate) increase the rate.

The formation of cobalt(II) and CO2 to the extent of nearly
13% of [CoIII]initial in the PBC oxidation of
mandelatopentaammine cobalt(III) complex suggests that the
cleavage of C-C bonds, occurs to the extent of 13% in a
synchronous fashion. As this formation is only 13% of the
total reaction, the reaction is also accompained by the
formation of phenyl glyoxalatopentaamminecobalt(III)
complexes (87%) in which these are only C-H cleavages. The
above observation are also in agreement with the observed
decreases in absorbance at 502 nm for the
mandelatopentaamminecobalt(III) complex which is only Ca.

13% of the initial absorbance. PBC oxidizes thecenterand
induces the formation of a radical which in a synchronous
step undergoes C-C bond cleavage, yielding cobalt(II) and
CO2 to the extent of  13% suggesting that this reaction path
forms only 13% of a total reaction. PBC is known to be a
good C-C cleaving reagent like Ce(IV)11. The formation of a
radical as intermediate is also evidenced by initiation of
acrylonitrile  polymerization by this reaction mixture only.To
account for the above observation, the following reaction
mechanism (Scheme 1 and Scheme 2) has been proposed.

Table 3 Temperature dependence and activation parameters of the
oxidation of pentaamminecobalt(III) complex of α-hydroxy acids by

PBC.

[(NH3)5

Co111-L]
104 (s-

1)
303K

308K 313K 318K
∆H#

kJ
mol-1

-∆S#

JK-

1mol-1

∆h#

kJ
mol-1

L-
mandelato

1.08 1.81 3.00 4.92 76.58 131.36 116.38

L-
lactato

0.372 0.480 0.618 0.797 37.24 112.74 91.40

L-
glycalato

0.82 1.29 1.99 3.07 66.51 126.37 104.80
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Scheme-1

Scheme-2

4.CONCLUSION

Induced electron transfer reaction has been attempted
presently with  Pyridiniumbromochromate (PBC) and
pentaammine cobalt(III) complexes of α-hydroxy acids like
Mandelic, lactic and glycolic acids in perchloric acid
medium. The reaction exhibits second order kinetics and in
the case of mandelato complex. The amount of cobalt(III)
reduced corresponds to nearly13% of initial concentration and
amount of cobalt(II), PhCHOnd CO2formed is nearly 13%. In
all the cases, ligation of cobalt(III) center reduces the rate of
PBC oxidation of ligands due to the electrostatic influence of
cobalt(III) center.
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