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ABSTRACT

The oxidation of Glycolic acid by QDC carried out in the presence of PTSA (P-toluene sulfonic acid) in DMSO (Dimethyl sulfoxide ) as solvent at
303 K spectrophotometrically (A= 460nm). The reaction is first order with respect to QDC, [H'] and substrate. Michaelis-Menten type kinetics
was observed. The reaction rate increases with increasing volume percentage of DMSO in reaction mixture, suggesting the involvement of anion in
the rate determining step. The reaction rates were studied at different temperature and the activation parameters has been computed. The reaction
proceeds through formation of cyclic chromate-ester between protonated QDC and a-hydroxy acid.
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Introduction:-

Oxidation of organic compounds under non-aqueous condition is an
important reaction in synthetic organic chemistry'”. Different
chromium(VI) derivatives have been reported as oxidant®’.
Quinolinium dichromate (QDC) is found to be a mild reagent for the
oxidation of organic compounds. The mildness of QDC was
demonstrated effectively in the oxidation of diols"” ,where a single
hydroxyl group was oxidized to give hydroxy carbonyl compound as
the product. Oxidation of alpha-hydroxy acids by QDC was carried out
by Chimatader ez al." and Aruna etal.” in various organic solvents. The
formation of ketoacids by the C-H cleavage of the alpha-hydroxy acids
was reported with many chromium (V1) oxidants”. Anandaratchangan
et al. studied the oxidation of pentaamminecobalt (III) perchlorate
complexes of alpha-hydroxy acids by quinolinium dichromate

(QDO)".

Hiran etal."” studied the oxidation of lactic and mandelic acid by
quinolinium dichromate in aqueous acetic acid medium. The reaction
isfirst order in each reactant. Dangarh et al”. studied the kinetics of
oxidation of lactic acid by PDC in perchloric acid medium. Active
oxidizing species involved was protonated PDC.

Material and Method:-

Quinolinium dichromate was prepared according to the procedure
describe by Balasubramanian et al.”. The alpha-hydroxy acids (A.R)
supplied by Sigma-Aldrich and used as such. The purity of the
compound was checked by spectral analysis IR (KBr) exhibited band
at 3250,1660,1500,1340,110,950,870,770 cm-1. DMSO was purified
by distillation. All other reagents used were of “AnalaR” grade. All the
solutions for the experiments were maintained at the specified
temperature.

The reaction progress was followed by monitoring the decreasing
concentration of QDC spectrophotometrically at 460 nm for up to
80% of the reaction.

Result and discussion:-
Stoichiometry and product analysis
The stoichiometry of the rectionwas found to correspond to the

equation.

CH, (OH)COOH +QHCrO,—~ HCHO + Cr(Ill)+ H,0 + CO, +Q
[Glycolic acid] [QDC] [Formaldehyde ]

Effect of oxidant:-

When Glycolic acid were in excess, the disappearance of QDC
followed the first-order rate law. The first-order rate constants are
independent of the initial concentration of the QDC. [Table 1]

Effect of Substrate:-

At constant [QDC], the rate constants for oxidation calculated at
different initial concentration of substrates found to increase linearly
(2x10°M to 6x10°M). The results of the effect of substrate
concentration on the rate constant are summarized in (Table - 1). A plot
of log k, against log [substrate] gives a straight line (fig-1). This
revealed that the rate of oxidation is first order with respect to the acid.

It has been found that plot of [1/k, ] versus (1/[substrate]) is straight
line with an intercept on the rate ordinate, indicating the oxidation of
Glycolic acid follows Michaelis—Menten type kinetics and proceeds
through the formation of a complex between the oxidant and the
substrate.

Effect of H Ion Concentration:-

To the study effect of hydrogen ion p-toluenesulphonic acid [PTSA]
was used. The rate of oxidation was studied from [H' ]=1x10" to 5x10°
*M. Tt was observed that rate increases with increase in hydrogen ion
concentration. log k. v/s log [H' ] is a stright line in all the cases and
the slopes are near to one. The results are summarized in Table-1.

Effect of Solvent composition:-

Effect of solvent was studied by changing proportion of DMSO and
water; varied from 30 to 70% water v/v. The reaction rate decreases
with an increase in the percentage of water, suggesting that a low
dielectric medium favors the oxidation (Table-1). A plot of log k,
against 1/D (dielectric constant) is linear with a positive slope for the
acids under study. This indicates an ion—dipole type of interaction in
the rate-determining step*”’. Wieberg and Evans *' have made a similar
approximation with regard to the same binary solvent system.

Effect of Temperature:-

Rate of oxidation increases with increase in temperature. Rate of
reactions were determined at different temperature (298 to 323 K). In
all the cases, a plot of log k, versus 1/T (inverse of absolute
temperature) is a straight line. This shows that Arrhenius equation is
valid for this oxidation. The energy of activation is 45.24 kJ mol". The
entropy value is negative, suggesting that the transition state is more
rigid and extensively solvated than the reactants. The negative entropy
also suggests the formation of cyclic intermediate from acyclic
species. (Table 2 &3)

Conclusion:-

Oxidative transformation of Glycolic acid is first order with respect to
oxidant and [H']. Glasston * has pointed out that if entropy of
activation is large and positive, the reaction will be normal and fast, but
if it is negative, the reaction is slow. In our case, the negative value of
entropy of activation suggests slow reaction and formation of cyclic
structure from non-cyclic structure. Thus the overall mechanism is
proposed to involve the formation of a chromate ester in a fast pre-
equilibrium and then a decomposition of the ester in a subsequent slow
step via a cyclic concerted symmetrical transition state leading to the
product.

TABLENO. 1
Effect of [Substrate]|, [H+] and Solvent

[QDC]=2x10°M  T=303K
[Subs] x10-2| [PTSA] x10° M | Water in DMSO% | kobs X 10°
M v/v Sec-1
2 1 0 10.17
3 1 0 15.31
4 1 0 18.76
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TABLENO.2

[SUBSTRATE]|=2X10"M
10°M [DMSO]=100% v/v

[PTSA]=1X10°M

[QDC]=2X

Temperature In K kobs X 10” Sec-1
298 7.10
303 10.17
308 13.05
313 18.73
318 23.91
323 28.97

TABLENO.3

THERMODYNAMIC PARAMETERS

[SUBSTRATE|=2X10"M  [PTSA]=1X10"M [QDC]|=
2X10°M
[DMSO]=100% v/v T=303K
a-Hydroxy| | Ea’ S’ H"A G'a
Acid g kJ mol” | Tmol'K" | kI mol" | kJmol”
Glycolic | ¢ 50 | 4504 | -86.04 | 4272 | 6879
acid

Figure :-1
VARIATION OF RATE WITH TEMPERATURE OF DL-
ALANINE
log k Vs 1/T

3.05 3.10 3.15 3.20 3.25 3.30 3.35
1/T*10°
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