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ABSTRACT 

The kinetics of reduction of osmium tetraoxide by L-sorbose, I,-galactose. D-xylose, and L-arabinose 
in aqueous alkaline medium exhibit a pseudo-unimolecular rate with respect to [osmium tetraoxide]. 

First-order kinetics were observed with respect to both [sugar] and [OH-] at their lower concentrations, but 

tends towards zero order with respect to each at higher concentrations. The experimental results suggest 

formation of an activated complex between enediol and osmium tetraoxide which slowly decomposes into 

OS(W) species and intermediate products. The reaction products were identified. and results were also 

confirmed by statistical regression-analysis data. 

INTRODUCTION 

The kinetics of oxidative degradation of sugars by metal complexes have been the 
subject of numerous investigations’-‘. Oxidants used include K,Fe(CN), (ref. l), Cu(I1) 
(ref. 2) Ce(IV) (ref. 3) V(V) (ref. 4) Cr(VI) (ref. 5) Hz02 (ref. 6) Ru(III)-catalysed 
N-bromosuccinimide’, and pyridinium fluorochromate”. Recently the kinetics of reduc- 
tion of dodecatungstocobaltate(II1) by D-fructose, D-glucose, and D-mannose in aque- 
ous medium have been investigated’. 

This paper describes experiments designed to examine pathways for the oxidation 
of L-sorbose, D-galactose, D-xylose, and L-arabinose by osmium tetraoxide in aqueous 
alkaline medium by use of the stopped-flow technique. 

STOICHIOMETRY AND PRODUCTS 

Several reaction mixtures containing [OSO,(OH)~’ ] > [sugar] at fixed [OH-] were 
prepared. After the completion of reaction, the [Os(VI)] produced was determined 
spectrophotometrically. In all instances the reaction stoichiometry was found to be 8: 1 
osmium tetraoxide:sugar, and thus the reactions may all be represented as follows: 
C,H,?O, + 8 Os(VIII) + 8 Os(V1) + other products. 

The organic products were identified by paper and thin-layer chromatography”. 

* Author for correspondence. 
’ P. G. Department of Chemistry, A. N. College, Patna 800013, India. 

000%6215/91/$03.50 0 1991 - Elsevier Science Publishers B.V. 



236 11. s. SINGIf Cf (I/. 



MECHANISM OF OS(VlI1) OXIDATION FOR REDUCING SUGARS 237 

CC and D)t [S] * IO-'M 
L5 LO 35 30 25 

I I I I I 
0 5 10 15 20 [s;: 30 

103~ --t 

:i 

ond 

4,": 45 

Fig. 1. Effect of variation of sugar concentration on reaction rate; plot of kI vs. [S]; 0, A, sorbose; 0, B, 
galactose; O,D, xylose; [OsO,(OH),*-] 1.17 x lo-‘M;paOH] 4.23 x lo-‘M; [KC11 0.1~;~ 5.22 x 10-h; 
Temp. = 35”. 0, C, arabinose; [OSO,(OH),~~] 9.43 x 10d4~ [NaOH] 2.82 x lo-‘M [KCl] 7.2 x ~O-‘M 
p 3.65 x lo- ‘M Temp. 35”. 

S + OH- 5 enediol (I) 
(en) K, 

en + OSO,(OH)~*- e complex 

k 
Complex + OsO,(OHjP + intermediate product 

(II) 

(III) 

According to the foregoing scheme, the complex formed in step (II) decomposes 
slowly into an intermediate species. The formation of osmium(VI) species has been 
reported’4,‘5 previously. Mayell” has provided spectrophotometric evidence for the 
formation of osmium(V1) species in the ferricyanide oxidation of alkenes in the presence 
of osmium(VIII) used as catalyst. 

Thus, from the foregoing mechanistic steps, the total concentration of osmium 
(VIII) may be given as: 

[Os(VIII)], = [OSO,(OH),~-] + [complex] (4 

With the help of these equations, the final rate in terms of decreasing concentration of 
osmium(VIII) may be given as: 
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- d[OsO, (OH);-] = 2kKK, [S] [OH-] [Os(VIII)], 
dt 1 + KK, [S] [OH-] (3) 

and 

- WsO, (OH):-1 = k 2kKK, [Sl [OH -1 
I 

= (4 
dt x [Os(VIII)]r 1 + KK,[S] [OH-] 

The rate laws (3) and (4) clearly explain the first-order kinetics with respect to 
osmium tetraoxide concentration. The retarding effect of [S] as well as of [OH-] on 
reaction rate may also be explained from Eqs. (3) and (4). 

At low concentrations of the substrate and hydroxide ion, it might be safely 
assumed that the inequality 1 > > KK, [S] [OH-] under such conditions is valid and Eq. 
(4) reduces to: 

k, = 2kKK, [S] [OH-] (5) 

Eq. (5) explains the observed first-order kinetics at low concentrations of sugar 
and of hydroxide ion. The calculated kKK, values are been given in Table II. The close 
similarity in kKK, values obtained by two different methods [namely (i) from a plot of k, 
us. [sugar], Fig. 1; and (ii) from a plot of k, us. [OH-]; Fig. 21 provides support for the 
rate-law equation (5). 

At sufficienly high concentrations of hydroxide ion and sugars, the inequality KK, 
[S] [OH-[ > > 1 will be valid. Under such conditions the rate-law equation (4) reduces 
to: 

k, = 
-d[Os(VIII)(OH)3 

[Os(VIII)], x dt 
= 2k 

Eq. (6) explains the observed zero-order kinetics at higher concentrations of hydroxide 
ion and of sugar. 

In order to verify the rate-law equation (4) for concentrations of hydroxide ion 
and of sugars in an intermediate range, Eq. (4) might be written in the form: 

1 1 1 -_= 
k, 2kKK,[S][OH-] + 2k 

(7) 

Eq. (7) predicts that the plots of the reciprocal of the velocity constant (namely, 
l/k,) versus the reciprocal of [sugar] at fixed [OH-], or of [OH--] at fixed [sugar], should 
be straight lines with positive intercepts at the Y-axis; such plots were actually observed 
(Figs. 3 and 4). The values of kKK, and k obtained from the slope and intercept 
respectively of these straight lines are recorded in Tables II and III, respectively. 

Inspection of Tables II and III reveals that the values of kKK, and k obt.ained 
from different plots, based on Eqs. (5) and (7) are in good agreement with one another. 
These results support the validity of the rate-law equation (4) and thereby of the 
proposed reaction mechanism. 
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observed (Figs. 3 and 4). The values of kKK, and k obtained from the slope and intercept 
respectively of these straight lines are recorded in Tables II and III, respectively. 

Inspection of Tables II and III reveals that the values of kKK, and k obtained 
from different plots, based on Eqs. (5) and (7) are in good agreement with one another. 
These results support the validity of the rate-law equation (4) and thereby of the 
proposed reaction mechanism. 

TABLE II 

Values of kKK, obtained from plots showing variations of k, US. [sugar]; I/k, cs. l/[sugar]; k, US [OH]; and 
I/k, us. I /[OH -1 

Sugar kKK, x IO-’ 

From From From From 
k, vs. [Sl I!k, vs. I//S/ k, vs. /OH- 1 ilk, vs. l//OH-I 

Xylose 1.42 1.73 1.20 1.20 
Arabinose 3.40 3.19 2.50 2.50 
Galactose 1.67 1.82 1.35 1.60 
Sorbose 7.48 7.95 6.67 6.68 

TABLE III 
Values of k obtained from plots. showing variations of 1 jk, us. I /[sugar] and 1 ik, vs. l/lOH~l 

Sugar 

From Awrage 
I/k, vs. I*[OH 1 value 

Xylose 

Arabinose 
Galactose 
Sorbose 

1.43 I .66 I .s4 
1.43 1.00 I .22 
I .oo 0.90 0.95 
I .oo I .oo I .oo 

In the oxidation of reducing sugars by alkaline ferricyanide’ and Cu(II)‘, Singh et 
al. have shown that the reaction occurs via the formation of an enediol. They have 
further shown that the rate of enolization is the same as the rate of oxidation. However, 
in the present case, the rate of disproportionation of the activated complex is the lowest 
one and is hence the rate-determining step. 

Such complexes have also been indicated between osmium tetraoxide and gly- 
cols16, alcohols”, dials”, ketones14, and hydroxy acids15. In alkaline medium, the 
reaction occurs via the formation of an activated complex between permanganate ion 
and diols17. 

In the oxidation of the foregoing sugars, chromatography reveals the formation 
of glycerarate (tartronate) ion as the final oxidation-product. On the basis of these 
results, the full sequence of the steps may be given as follows: 



H 

c 0, 



MECHANISM OF OS(VIII) OXIDATION FOR REDUCING SUGARS 243 

TABLE IV 

Statistical regression-analysis data 

Sugars 

Xylose 
Arabinose 
Galactose 
Sorbose 

Correlation Ratio of 
coeficient variance 

0.98 171.5 
0.97 99.1 
0.98 212.9 
0.96 85.4 

Standard error 
of estimation 

0.24 
0.14 
0.64 
0.16 

obtained for the various sugars are given in Table IV, and indicate that: (a) the 
correlation coefficients for the different sugars are very close to unity, (b) the ratio of 
variance obtained for the different sugars is quite high; and (c) the standard errors of 
estimation are quite low for each of the sugars studied. 

All the foregoing facts provide reasonably good support for the proposed mecha- 
nism. 
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