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A s imple  reaction scheme and kinet ic  data are  presented for the oxidation 
of 2, 6-xylenol  by Co(III) chelates in toluene.  

1-1pocTari cxeMa peaxlirla 14 coo~e~rcTBylouale KUHe~a'tleCKHe ~amlble npHBOI~ITC$I ]]JI$l OI.r 
nemI~ 2,6-I<cHneHona xenaTaMri Co(III) ~ Tonyone. 

INTRODUCTION 

Recently the oxidation cf organic substrates by chelates of t r ivalent  cobal t  

in non-aqueous solvents has drawn a t t e n t i o n / 1 ,  2, 3 / .  This study presents some data 

regarding these reactions. N-substituted tr is(sal icyl ideneiminato)cobalt(III)  che-  

lates were used as oxidizi~ag agents, whereas 2, 6-xylenol  was chosen as a substrate, 

EXPERIMENTAL 

Bis(n-butyl-N-salicylideneiminato) cobalt(II) (COB2) 0 tris(n-butyl-N-salicyl- 

ideneiminato) cobalt(Ill) (COB3). and bis(phenyl-N-salicylideueiminato) cobalt(II) 

(CoP 2) were prepared according to Charles/4/. Tris(phenyl-N-salicylideneiminato)- 

cobalt(Ill) (CoP 3) was prepared by reacting CoP 2 (in CHCI 3 solution) with dilute 

aqueous H20 2. The crude product obtained after evaporation of the organic layer 

was purified by recrystaUization from CCI 4 by the addition of hexane. Analyses of 

Co and N agreed with the theoretical values. 

20 6-xylenol contained < 0.01% of impurities. 
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The reaction was carried out in small glass bulbs. The bulbs were filled 

with a solution of reaction components, sealed under argon, and placed for a 

chosen time interval into a thermostated bath. After cooling, the bulbs were 

opened and the concentration of Co(III) was determined spectrophotometrically at 

600 nm (CoB 3) or 620 nm (COP3). The absorbance of the Co(II) chelates is small 

at these wavelengths. The oxidation products were analyzed by the combination 

of tlc and spectral methods. 

RESULTS AND DISCUSSION 

The final products of 2, 6-xylenol oxidation were found to be 3, 5, 3" 5'- 

tetramethylbiphenyl-4, 4' -diol and 3, 5 ,3 ' ,  5 '  -tetr amethyldiphenoquinone-4, 4 ' ,  

while the Co(III) chelate decomposed to the Co(II) chelate and the free ligand. 

The relations between the rate of this decomposition and the other variables were 

not explicit. A very complex dependence has been observed between the decrease 

of Co(III) (determined at excess [XH]) and time. The initial reaction rate (deter- 

mined as the slope of the tangent to the conversion curve) was proportional to the 

initial concentration of Co(III) chelate, whereas its dependence on the initial con-  

centration of 2,6-xylenol was nonlinear, Since phenoxy radicals were reported as 

primary products of these reac t ions /2 / ,  it was assumed that the 2,6-dimethyl-  

phenoxy radical (X') should, in the presence of free ligand HL, react with the 

Co(II) chelate and give the original Co(III) chelate. This assumption was confirmed 

by the significant decrease of the initial rate after addition of both Co(II) chelate 

and free ligand to the reaction mixture. Consequently, the following scheme is 

suggested for the reaction studied 

k 1 

CoL 3 + XH <--'--+ CoL 2 + HL + X" (1) 
k2 

k3 
2 X" ~ dimer (2) 
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Provided that [XH]~[Co(III)]  and d i x ' ] / d t  = 0, expression (3) holds for the rate r 

of this reaction (C is the concentration of Co(III), index o refers to the initial con-  

ditions, f(XH) expresses the dependence on [XH]. z is either 1 or 2, if the reverse 

reaction in eq. (1) obeys second or third order kinetics, respectively, 

r :  klf(XH) C + (C o - c )  2z 1 - + ] (3) 
2 k 3 k 2 (Co-C) 2z  ) 

A good agreement was found between this equation and the experimental results 

provided that the reverse reaction obeys second order kinetics (z = 1). 

To explain the nonlinear relation between the initial rate and the initial 

concentration of 2,6-xylenol (i. e. f(XH)), a reaction scheme assuming the forma- 

tion of an association complex between substrate and Co(III) chelate is p roposed /2 /  

CoL 9 + XH ~ [complex] k ~ products (4) 

If the rate-determining step is the decomposition of this complex, and 

[XH] > [Co(III)], expression (5) should be written for the initial rate r o ([XH] n 

is the initial concentration of unassociated substrate): 

r o = k K [Co(llI)] o [XH]n .  (1 + K[XH]n ) ' 1  (5) 

As the tendency of 2,6-xylenol to associate is very s l igh t /5 / ,  [XH] n should be 

substituted by the initial concentration, [XH]o, and the equation corrected so 

should be used to correlate the kinetic data. The following rate and association 

constants were calculated from this equation: oxidation by COB3: k = 0, 53 x 10 -4 

s e c ' l  (79.7 ~ 1.9 x 10"4 s e c ' l  (89, 7 ~ 6.1 x 10"4 s e c ' l  (99.9 ~ 

E a = 130 x 103+ 5x  103 kJ /Kmol ,  A = 8.3 x 1014sec "1. K =  141/mo1(79.7 ~ 
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17 l/tool (89.7 ~ 11 1/mol (99, 9 ~ Oxidation by COP9: k = 2, 5 x 10 .4 sec -1 

(60.5~ 9 . 5 x  10 "4see "1 (70,0 ~ 22.0 x 10 "4see "1 (79.3 ~ g a = 

115 x 103 +23 x 108 kJ/Kmol ,  A = 2.3 x 1014 see "l, K =  20 I /mo1(60.5~ 

17 l/tool (70.0 ~ 21 l/tool (79.3 ~ 

Direct IR measurements at room temperature gave somewhat lower values 

of constants K (9.1 1/moI for associate [XH. COB3], 10.6 l/tool for [XH. CoP3]). 

We believe that this discrepancy is caused by the formation of labile adduets be-  

tween the Co(II) chelate, 2,6-xylenol and the 2,6-dimethylphenoxy radical /6,  7/. 

These adducts should probably prefer the reverse reaction to 2,6-xylenol and 

the Co(III) chelate, and thus influence the course of the observed kinetic depen- 

dences. Unfortunately, little experimental proof has so far been collected to give 

an exact description. 
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