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ABSTRACT

The kinetics of oxidation of some aldoses by cerium(IV) have been
studied spectrophotometrically in sulphuric acid medium. The reactions
are second order; first order with respect to both cerium({IV) and aldose
concentration. The reaction rate decreases with increase in sulphuric
acid concentration. The mechanisms for the reactions are discussed.

INTRODUCTION
The kinetics of oxidation of some aldoses by different oxidants in
acidl - 9 as well as alkaline medium10 - 12 have been carried out.

Though the oxidation of g-gwcose,13 - 15 g-gahctose,ls:g-arabinose,16
and L—sorbose17 by cerium(IV) has been studied, the reactions generally
proceeded to give the corresponding lactones and aldonic acids.
However, no attempt has been made to study the oxidation by cerium(IV)
of lower members of the aldoses. It was, therefore, necessary to
investigate the oxidations of aldoses like D-ribose, D-erythrose, and DL-
glyceraldehyde in order to compare the results obtained with that for D-
glucose. The kihetfc investigations of the oxidation of D-glucose, D-
ribose, D-erythrose, and DL-glyceraldehyde by cerium(IV) are reported in

this paper.
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Fig. 1. Variation of pseudo first-order rate constant (kypg) With
aldose concentrations at [Cerium(IV)] = 1 x 103 M and
[sulphuric acid] = 2.2 x 1071 M.
0—0 D-Glucose (40 9C); A—A D-ribose (30 °C);
—8 D-Erythrose (25 °C); O-O DL-glyceraldehyde (35 C)

RESULTS AND DISCUSSION

The reactions were carried out at different cerium(IV)
concentrations in the region (0.5 - 3.0) x 104 M, but at concentrations
of aldose and sulphuric acid of 1.0 x 10=2 M and 2.2 x 10-1 m,
respectively. The rate constants were independent of initial oxidant
concentration in each reaction. The pseudo first-order rate constants
(kgpg) were calculated at constant cerium(IV) concentration but at
different aldose concentration. The results are plotted in Fig. 1 and
indicate that the order in each aldose is unity.

Oxidation of the aldoses by cerium(IV) was carried out in solution
containing different amounts of sulphuric acid. The reactions were
studied at cerium(IV) and aldose concentrations of 1.0 x 1073 and 1.0 x
10-2 M, respectively. Plots of logkyyg against Tog [sulphuric acid]
are linear with negative slopes (data not shown). The slopes are not
widely different (-0.6 - -0.7) for the oxidations of D-glucose, D-

ribose, and D-erythrose, whereas for DL-glyceraldehyde, the slope is
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somewhat altered (-0.95), Hardwick and Robertson18 have shown that
cerium(IV) associates with bisulphate to form ceric sulphate complexes
according to the equilibria.

K

Cet* + HSOp~ =  Ce(S04)2* + HY (1)
2+ K2 +

Ce(S04)2* + HSO,~ “== Ce(S04), *+ H (2)
K3 +

Ce(S0g)y + HSO~ <== CelS04)§~ + H (3)

The values for the equilibrium quotients Ky, Kp, and K3 are 3.5 x 103, 2
x 102, and 2 x 10, respectively, at 35 °C.

In order to understand the role of sulphuric acid on reaction rate,
the experiments were performed at constant bisulphate concentration (u=
1.0 M). From the results at constant hydrogen ion concentration and the
K values quoted above, the plots of k, against {1 + Kp[HS0Oz] +
K2K3[HSO4°]2}’1 are not linear. On the other hand, the plots of kjp
against {1 + Kg[HSO4']}‘1 are linear, passing through the origin for the
oxidations of D-glucose, D-ribose, and D-erythrose. These are unlike
that for DL-glyceraldehyde where the plot is not 1inear (Fig. 2). Thus
the oxidations of D-glucose, D-ribose, and D-erythrose obey the
following rate expression (4), indicating that a similar mechanism may
be operative for the oxidation of all these aldoses.

-d{Ce(IV
[di( )] = k-[Ce(IV)][Aldosel{l + KZEHSQZ]}'I (4)

(H*]

The second-order rate constants (kp) for the oxidations of aldeses
were calculated at different temperatures. The activation parameters

were then calculated using the relatfon (5).

log (kp/T) = {log(k/h) + AS?/2.303R} - AHF/2.303 RT (5)

The enthalpies of activation (AH¥) were calculated from the slopes of

the plots of log (k2/T) against 1/T (Fig. 3), followed by the
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Piots of kp against {1 + Kz[HSO4']}‘1 at [Cerium(IV)]
=1x10"3 M, [Aldosel = 1 x 1072 M at 35 °C.
0—0 D-Glucose; XA D-ribose; ¥—V D-erythrose;
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Dependence of temperature on second-order rate constants
for the oxidation of aldoses by cerium(IV). Plots of
log (kp/T) against 1/T.

0——0 D-Glucose; &——8 D-ribose; 0—0 D-erythrose;
b=~ DL~glyceraldehyde
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Table 1. Activation Parameters for the Oxidation of Some
Aldoses by Cerium(IV)

Aldose AR (kJ mo1-1) AS* (3 moi-l degl)
D-Glucose 81.3 -4.8
D-Ribose 57.4 -65.6
D-Erythrose 27.8 -160.3
DL-Glyceraldehyde 70.8 -23.5

calculation of aS¥ using equation (5). The results are recorded in
Table 1.

It has been showns’

7 that cyclic pyranoid forms, and not the
aldehydo forms, of D-glucose and D-ribose are involved in their
oxidation with the metal ions. The pyranoid form in the 4C1

19

conformation preponderates®” in aqueous solution of D-glucose, and the

B-anomer with the 1-0H equatorial is attacked by the oxidants.20
However, B-D-ribose exists as an equilibrium mixture of 4C1 and 1C4
forms, of which the former preponderates. These aldoses are beHeved9
to be preferentially oxidised in the 4C1 g-pyranoid form, and hence the
initial product should be corresponding lactone. Though D-erythrose is
known to exist inacyclic form, 1iterature evidence indicates that it
can also exist in the cyclic form.2l It has been shown?2 that D-
erythrose exists in 88% furanoid form, with the 8-anomer predominating.
Again the crystalline form of DL-glyceraldehyde is dimeric with a 1:4
dioxane structure; however, in aqueous solutfon it dissociates into a
monomeric form which remains in equibrium with the hydrated and non-
hydrated form.? Cerium(IV) exists mainly as a mixture of several

sulphato complexes 1ike CeSO42+, Ce(S04)7, and Ce(SO4)32' in sulphuric
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Scheme 3

acid medium.23 Among the various cerium(IV) sulphato species, the
monosulphato species qualifies as an electrophile in the oxida-
t:ion23 - 25 of some organic compounds. It is suggested that the
monosulphato complex is the kinetically relevant cerium(IV) species
under our experimental conditions.

The reactions proceed through the intermediate formation of a free
radical in the rate-determing step. The latter is then rapidly oxidised
by another cerium(IV) to give the products. The mechanism appears to
involve a direct attack of the cerium(IV) species on the aldose. The
oxidation of the pyranoid form of D-glucose and D-ribose takes place
through the formation of a free radical with cerium(IV) to give the &-
lactone, which on hydrolysis yields the aldonic acid. The latter
remains in equilibrium with the y-lactone® (Scheme 1). The oxidation of
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the furanoid form of D-ribose and D-erythrose takes place as shown in
Scheme 2. The acyclic forms of D-erythrose and DL-glyceraldehyde are
postulated to react with cerium(IV) to give carboxylic acid {Scheme 3).
The second-order rate constants for the oxidations of D-glucose, D-
ribose, D-erythrose, and DL-glyceraldehyde are 4.38 x 1072, 29,5 x 10-2,
34,8 x 10'2, and 21.2 x 10=2 1 po1-! s'l, respectively, as determined
under comparable experimental conditions. The observed dependence of
second-order rate constant on acidity and enthalpy data in the oxidation
of DL-glyceraldehyde suggests that DL-glyceraldehyde is oxidised by a
different mechanism. On the other hand, the oxidation of D-glucose, D-
ribose, and D-erythrose by cerium(IV) are kinetically similar, and
second-order rate constants follow the order D-erythrose > D-ribose > D-
glucose, whereas the enthalpy of activations are in the order D-glucose
> D-ribose > D-erythrose. The observed dependence of second-order rate
constant on acidity and enthalpy data in the oxidation of DL-
glyceraldehyde suggests that the latter is oxidised via a different
mechanism. Thus it is unlikely that D-erythrose is oxidised by the
mechanism as shown in Scheme 3, but the cyclic furanoid form of this

compound is oxidised by cerfum(IV) to give reaction products (Scheme 2).

EXPERIMENTAL

Reagents. Inorganic materials were of the highest purity
available. Cerium(IV) in sulphuric acid solution was prepared by
dissolving cerium(I1V) ammonium sulphate (Merck) in sulphuric acid
solutions, and the solution was titrated against ferrous ammonium
sulphate. D-Glucose, D-ribose, and DL-glyceraldehyde were E. Merck's
products. D-Erythrose was purchased from Koch-Light. Al1 solutions were
made up in doubly distilled water.

Kinetics. A large excess of aldose relative to cerium(IV) was
employed. The reactions were studied at lower sulphuric acid

concentrations (< 1 M) in order to minimize the error due to its
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reaction with the sugars. Oxidation of the aldoses was followed
spectrophotometrically by noting the changes in absorption with time at

420 nm using a cell of l-cm path length. [Cerium(IV) solution has
absorption in the region 280 - 500 nm, while cerium{III) is transparent

at 420 nm.15’15] Measured quantities of the solutions were rapidly
mixed and poured into the cell, and the absorption of cerium(IV) was
then measured at definite time intervals. The pseudo first-order rate
constants (kypg) were calculated from plots of Tog A (A = absorbance)
versus time.

Product analysis. The aldoses were oxidised separately by

cerium(IV) under kinetic conditions. After purification and
concentration of the solutions, the products were identified4 by paper
chromatography using Whatman No. 1 paper with 4:1:5 (upper layer) n-
butanol - acetic acid - water as the eluant and silver nitrate as the
detection reagent.zs’27 The experiments indicated the presence of
aldonic acid along with §- and Y-lactone in the oxidations of D-glucose
and D-ribose, whereas for D-erythrose and DL-glyceraldehyde, only
aldonic acids were obtained. The results were compared with the
products of the respective aldoses from oxidation by both bromine and

nitric acid.

ACKNOWLEDGMENTS
Thanks are due to U. G. C. and C. S. I. R. (New Delhi) for awarding

an associateship and fellowship to S. S. G. and A. M., respectively.

REFERENCES
1. J. W. Green Advan. Carbohydr. Chem., 3, 129 (1948).
2. N.N. Lichtin and M. H. Saxe, J. Am. Chem. Soc., 77, 1875 (1955).

3. %1928{1mutter-Hayman and A. Persky, J. Am. Chem. Soc., §g, 276

4. B. Capon, Chem. Rev., 69, 407 {1969).

I. R. L. Barker, W. G. Overend, and C. W. Rees, Chem. Ind.
(London), 1297 (1%60). —_



11:11 23 January 2011

Downl oaded At:

722

10.

11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.

26.

27.

SEN GUPTA, SEN GUPTA, AND MAHAPATRA

Ser; Gupta, S. Sen Gupta, and S. N. Basu, Carbohydr. Res., 71,

K. K.
75 (19
K. K. Sen Gupta and S. N. Basu, Carbohydr. Res., 72, 139 (1979).
K. K. Sen Gupta and S. N. Basu, Carbohydr. Res., 80, 223 (1980).
K. K.
C.

Sen Gupta and S. N. Basu, Carbohydr. Res., 86, 7 (1980).

Agarwa] and S. P. Mushran, J. Chem. Soc., Perkin Trans. 2,

3

762 (19

'1r.03A. Turney, Oxidation Mechanisms, Butterworths: London, 1965, p.

Oxidation in Organic Chem1stry, Part B, W. S. Trahanovsky, Ed.;
ACademic Press: oFk; 1973, p. 1.

. Pottenger and D. C. Johnson, J. Polym. Sci., 8, 301 (1970).
. Mehrotra and E. S. Amis, J. Org. Chem., 39, 1788 (1974).

. Krupenskii, Zh. Obshch. Khim., 48, 2228 (1978).

. Krupenskii, Zh. Obshch. Khim., 49, 457 (1979).

. Kale and K. C. Nand, Gazz. Chim. Ital., 112, 396 (1982).

. J. Hardwick and E. Robertson, Can. J. Chem., 29, 828 (1951).
Rudram and D. F. Shaw, J. Chem. Soc., 52 (1965).

. Bentley, J. Am. Chem. Soc., 79, 1720 (1957).

— - 2Z

Schaffer in The Carbohydrates: Chemistry and Biochemistry, Vol.
A 2nd edit., W, Pigman and 0, HOFtoNn, £ds.; ACIAEMIT Press: New
, 1972, p. 73.
J. Angyal, Advan. Carbohydr. Chem. Biochem., 42, 36 (1984).
. B. Hanna and S. A. Sarac, J. Org. Chem., 42, 2063 (1977).
. McAuley, J. Chem. Soc., 4054 (1965).
. McAuley and C. H. Brubaker, Jdr. J. Chem. Soc. A, 960 (1966).

K. Sen Gufta A. Tarafdar, and A. Mahapatra, J. Chem. Res.
Synop., 306 (1987). -

K. K. Sen Gupta, U. Chatterjee, and A. Mahapatra, J. Chem. Res.
Synop., 260 (1988).

A I I N O wn -<r—¢x o X H P o < 0 O
. . . . . . .



