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ABSTRACT

Hexavalent chromium compounds have been widely used as oxidizing agents
eacting with diverse kinds of organic substrates. The mechanism of oxidation varies
vith the nature of the chromium(VI) species and the solvent used. The development of
sewer chromium(VI) reagents for the oxidation of organic substrates continues to evince
,;‘;m interest. Over the years, a large number of novel chromium(VI) oxidizing agents

ive been introduced especially for complex or highly sensitive substrates where great

selectivity and effectiveness, coupled with mildness of conditions, are prerequisites for

Some of the chromium(VI) reagents which have been used as efficient oxidizing

ents have included :

omium trioxide; chromyl chloride; Jones reagent — a solution of chromium(VI) oxide
in concentrated sulfuric acid (1); Collins reagent — dipyridinium chromium(VI) oxide in
dichloromethane (2) ; chromium(VI) oxide adsorbed on solid supports such as graphite,
silica, alumina, silica gel, and celite (3,4); Corey’s reagent — pyridinium chlorochromate
PCC) in dichloromethane (5); pyridine oxodiperoxochromium(VI) reagent — a complex
of chromium pentoxide with pyridine (6); pyridinium dichromate (PDC) used either in
solution in dimethylformamide or as a suspension in dichloromethane (7); bis-tetrabutyl
‘ammonium dichromate (TBADC) in refluxing dichloromethane (8); pyridinium

fﬁuorochromate in dichloromethane (9); 4-(dimethylamino) pyridinium chlorochromate

le); tetrabutyl ammonium chlorochromate (TBACC) in chloroform (11);



trimethylsilyl) peroxide (BTSP) in dichloromethane, in the presence of pyridinium
"»fn omate (PDC) (12); pyridinium chlorochromate (PCC) in conjunction with
).5-dimethyl pyrazole (DMP) in dichloromethane (13,14); chromium(VI) oxide
"‘;’»- oxide (15); diverse chlorochromate reagents such as benzyltrimethyl ammonium
orochromate  (BTMACC), tetrabutyl ammonium chlorochromate (TMACC) in
ichloroethane (16); some fluorochromates such as tetramethyl ammonium
orochromate (TMAFC) and tetrabutyl ammonium fluorochromate (TBAFC) also in
hloroethane (16); tetrakis(pyridine) silver dichromate in refluxing benzene (17);
peroxyacetic acid as the stoichiometric oxidant and a catalytic amount of
. 4-dimethylpentane-2,4-diol cyclic chromate in carbon tetraClﬂoride-dichlororhethane
" ixtures (18); chlorotrimethylsilanechromium trioxide (19); benzotriazole in conjunction
ith pyridinium chlorochromate (PCC) in dichloromethane (20); 2-cyanopyridinium
chlorochromate and powdered molecular sieves in dichloromethane (21); 3-carboxy
pyridinium dichromate and 4-carboxypyridinium dichromate in pyridine (22); a small
guantity of anhydrous acetic acid added to pyridinium dichromate (PDC) énd freshly
activated molecular sieve powder in dichloromethane (23); chromium peroxide
complexes (24); imidazolium dichromate (IDC) in dimethylformamide (25); pyridinium
omochromate (PBC) in chloroform (26); benzyltriethyl ammonium chlorochromate
BTACC) generated, in situ, under phase transfer conditions in refluxing chloroform
; 7); biphosphonium dichromate reagents (28); zinc-dichromate trihydrate in
:_~ hloromethane (29); catalytic amounts of chromium trioxide and an excess of aqueous
?t-butylhydroperoxide (30); cyanopyridinium chlorochromate (CPCC) in dichloromethane

(31); pyridinium chlorochromate in conjunction with silica gel and by the use of the
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| und technique (32); pyridinium chlorochromate (PCC) in chloroform, using
ydrous acetic acid as a catalyst (33); 1-methyl imidazolium chlorochromate (MCC)
i imidazolium chlorochromate (ICC) in chloroform (34); isoquinolinium
' rochromate in dichloromethane (35); ferric dichromz;te, polyvinylpyridine supported
ac dichromate, and polyvinylpyridine supported ferric dichromate, taken in acetonitrile
36); chromium trioxide in the presence of wet aluminium oxide taken in hexane (37);

ad quinolinium fluorochromate (QFC), used in chloroform as solvent (38).

The reagent employed in the present investigation has been quinolinium
; omate (QDC), (C9H7N"H)2Cr2072'. This reagent was first reported to have been
sed for the oxidation of primary and secondary alcohols to aldehydes and ketones
ectively, and for the oxidation of aldehydes to acids (39). This ieagent has now |
nerged as a very useful and versatile oxidant, and has been used for the oxidation of a
sariety of organic substrates. When taken in dimethylformamide or in
dimethylformamide - water mixtures, in the presence of and acid, quinolinium
lichromate (QDC) was found to be very efficient for the oxidation of benzyl alcohols
{40), arylalkanes (41), diphenylamines (42), polynuclear aromatic hydrocarbons (43,44),
toluene and substituted toluenes (44,45), fluorene (46), amino acids (47), benzoin (48),
enes (49), unsaturated acids (50), bicyclic alcohols (51), cyclic alcohols (52), diols
(53,54), allylic alcohols (55), primary and secondary alcohols (56,57), a-hydroxy acids

j58, 59), benzyl amines (60), anilines (61), and aromatic and aliphatic aldehydes (62,63).

The present investigation focuses attention on the kinetic features pertaining to

‘the oxidation of various ketones by quinolinium dichromate (QDC) in acid medium,
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ander a nitrogen atmosphere. The rationale governing the present kinetic investigation
aas been to enlarge the scope of this versatile oxidizing agent, quinolinium dichromate
QDC), in acidic medium, and to provide experimental evidence for the mechanistic
xathways of reactions involving diverse organic substrates. The substrates which have
xen used for the pufpose of oxidation by quinolinium dichromate (QDC), in acid
;;"-vc ium, using aqueous acetic acid (in the case of cyclic ketones), water (in the cases of
canones and B-diketones) and aqueous dimethylformamide (in the cases of alkyl aryl

ketone and a-ketoacids), have included the following :

Cyclic Ketones - Chapter I

(a) Cpyclopentanone (b) Cyclohexanone (c) Cycloheptanone

(d) Cyclooctanone

2- and 3-Alkanones - Chapter 11

(A) 2-Alkanones

(a) 2-Butanone (b) 2-Pentanone (c¢) 2-Hexanone (d) 2-Heptanone
(e) 2-Octanone

(B) 3-Alkanones

(a) 3-Pentanone (b) 3-Hexanone (c) 3-Heptanone (d) 3-Octanone

Alkyl Aryl Ketones - Chapter III
(a) Acetophenone (b) Propiophenone (c) Butyrophenone

(d) Valerophenone

iv



~ B-Diketones - Chapter 1V

(a) Acetylacetone (b) Acetonylacetone (c) Benzoylacetone

a-Ketoacids - Chapter V

. g
——

(a) Pyruvicacid (b) Phenylpyruvic acid



“hapter I - Kinetics of Oxidation of Cyclic Ketones

The kinf:tics of oxidation of cyclic ketones (cyclopentanone, cyclohexanone,
B lohcp‘lanonc aﬁd cyclooctanone) by quinolinimﬁ dichromate (QDC) has been studied
i acid medium, using aqueous acetic acid, as the solvent, under a nitrogen atmosphere.
e progress of the reaction was followed spectrophotometrically, by observing the
disappearance of chromium(VI) at 440 nm. For all the cyclic ketones studied,
stoichiometric ratios, AlQDC] / A [substrate], in the range 1.98 — 2.03 were obtained.
c rate of the reaction was found to be dependent on the first powers of the
entrations of each reactant (substrate, oxidant, and acid). The linear increase in the
e of oxidation with acidity suggested the involvement of a protonated dimetallic

) species in the rate-determining step of the reaction.

The reaction has been found to be slowest in those solvent mixtures that contained
the largest proportions of water, and increasing proportions of acetic acid resulted in an
increase in the rate of oxidation. Plots of log ki (the pseudo-first-order rate constant)
the inverse of the dielectric constant were linear, with positive slopes. This
ested an interaction between a positive ion and a dipole, and was in consonance with
the observation that, in the presence of an acid, the rate-determining step inyolved a

otonated Cr(VI) species.

The reactions were studied over a range of temperature, and it was observed that
‘the Arrhenius equation was obeyed. Plots of log k; against the reciprocal of temperature

were linear. The activation energies and the different activation parameters were
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The reactions were characterized by negative entropies of activation. This
gested an ordered transition state, relative to the reactants. The isokinetic
ature, obtained from the plot of AH™ against AS™, was 437K. Although current
s do not attach much physical significance to isokinetic temperature, a linear
ation between AH™ and AS™ is usually a necessary condition for the validity of the
mett equation. It was further found that the values for the free energies of activation
were nearly constant, indicating that the same mechanism operated for the

idation of all the cyclic ketones studied in this investigation.

There was no induced polymerization of acrylonitrile or the reduction of mercuric

1 ide. This indicated that a one-electron oxidation was unlikely.

The observed order of reactivity for the oxidation of cyclic ketones by QDC
e o |

ohexanone > cyclooctanone > cyclopentanone > cycloheptanone (6> 8 > 5> 7).
fu order of reactivity was rationalized on the basis of a change in the state of
1y idization of the ketone in passing from the initial state (sp”) to the transition state

’) at the site of attack. The observed order of reactivity of cyclic ketones

6>8>5>7) was also explained using conformational analysis.

Correlations of rates with spectral data (IR, 'H and '*C) have been used to éupport

the nature of the cleavage product obtained.

The mechanistic pathway for the oxidation of cyclic ketones by QDC, in acid

medium, involved the attack of the protonated dimetallic Cr(VI) species on the enol-form
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= substrate, in the rate-determining step, to give a cyclic monochromate ester and a
VI) monomer. This cyclic monochromate ester was formed when the enol-form of the
trate was bound to Cr(VI) through the carbon-oxygen-chromium bond via an
" yclic mechanism involving six electrons. The orbital picture showed fhat this
a Hiickel-type system (4nt2); hence this would be an allowed process. The
pmate ester underwent rapid decomposition which could take place through the
bon-oxygen-chromium bond, to give the final products (open-chain dibasic acids).
mechanistic pathway and the products obtained (open-chain dicarboxylic acids)
lished that there was the cleavage of the carbon-carbon bond in the final step of the
jion. Our mechanistic pathway finds overwhelming support from earlier
ves igations wherein the oxidation of cyclic ketones had established that the rate-
ining step for the oxidation reactions involved an attack of the oxidant on the enol

rm of the substrate.

Under the experimental conditions employed in the present investigation , cyclic
stones (cyclopentanone, cyclohexanone, cycloheptanone and cyclooctanone), were

ized by quinolinium dichromate (QDC), in acid media, giving the corresponding
boxylic acid in each case. The products [glutaric acid (from cyclopentanone); adipic
‘;: (from cyclohexanone); pimelic acid (from cyclbheptanone); and suberic acid (from

looctanone)] were characterized by FT-IR and FT-NMR analyses.

The data collected in the present investigation demonstrated that application of
to the oxidation of cyclic ketones resulted in the formation of the corresponding

en-chain dibasic acids. This indicated the cleavage of the ring system, and also a
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j;i of the carbon-carbon bond in the final step of the reaction. Under the present
imental conditions, there was no further oxidation of the products. This
“ ental protocol demonstrates that application of QDC to the oxidation of cyclic

B

es could prove to be a useful and general route for the synthesis of dicarboxylic

ix



er I - Kinetics of Oxidation of 2- and 3- Alkanones

- The present work is a detailed kinetic investigation of the oxidations of
anones (2-butanone, 2-pentanone, 2-hexanone, 2-heptanone, and 2-octanone) and
anones (3-pentanone, 3-hexanone, 3-heptanone, and 3-octanone) by quinolinium
g mate (QDC), in acid medium, using water as the solvent, under a nitrogen
ere. The course of the reactions was monitored by observing the disappearance
omium(VI) at 440 nm, spectrophotometrically. The stoichiometric ratios,
/ A [substrate], were in the range 1.96 — 2.05. The rate of the reaction was
erved to be dependent on the first powers of the concentrations of each reactant
. ate, oxidant, and acid). The rate of oxidation showed a linear increase with
f: , which suggested the participation of a protonated chromium(VI) species -in the

-determining step.

The role of the solvent in these oxidation reactions was investigated. It was

The effect of changes in temperature on the rate of the reaction was studied, and
e Arrhenius equation was found to be valid. The acti\fation energies and the other
ctivation parameters were evaluated. The negative entropies of activation (AS”)
- cated that the transition state formed was considerably rigid, resulting in a reduction

n the degrees of freedom of the molecule. The similarities in AG” values for all the



ates arose due to changes in AH™ and AS™ values, and emphasized the probability

I these reactions involved similar rate-determining steps.

It was observed that there was no induced polymerizatipn of acrylonitrile or the

1

tion of mercuric chloride. This indicated that a one-electron oxidation was quite

- The observed order of reactivities for the oxidation of 2- and 3- alkanones was in
e with the structural changes in the substrates :

ianone > 2-octanone > 2-heptanone > 2-hexanone > 2-pentanone (for 2-alkanones);
3-octanone > 3-heptanone > 3-hexanone > 3-pentanone (for 3-alkanones).

orders of reactivities were rationalized on the basis of the +I-effect of the electron-

sing alkyl groups adjacent to the carbonyl groups.

- In the present investigation, the oxidation of 2- and 3- alkanones by quinolinium
aromate (QDC) in acid medium, was first-order with respect to the concentrations in
th — substrate, oxidant, and acid. The first-order dependence of the rate on QDC

centration supported a reaction pathway proceeding through the enol-form of the

ate.

The rates of enolization of all the 2- and 3- alkanones were determined by the
ymination method. It was found that the rates of enolization were very much greater
an the rates of oxidation for all the alkanones by a factor of ~12. Since the rates of

wlization were found to be much faster than the rates of oxidation, this would suggest
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e enolization step was not rate-determining. Hence, it could be concluded that the

orm of the substrate reacted with the oxidant.

Considering the substantial evidence put forward by earlier workers on the
pism of oxidation of 2- and 3- alkanones by different oxidizing agents, and on the
of the kinetic results obtained in the present investigation, a mechanism was

sed for the oxidation of 2- and 3- alkanones by quinolinium dichromate (QDC), in

sedium, using water as the solvent.

- The mechanistic pathway for the oxidation of 2- and 3- alkanones by QDC, in
edium, involved the attack of the protonated QDC on the enol-form of the
in the rate-determining step, to give a cyclic chromate ester and a
nium(VI) monomer. The chromate ester underwent rapid decomposition to gi’ve the
products (corresponding carboxylic acids). This mechanistic pathway and the
icts obtained (carboxylic acids) established that there was a cleavage of the carbon-
bond in the final step of the reaction. Our mechanistic pathway finds
t support from earlier investigations wherein the oxidation of 2- and 3-
mones had established that the rate-determining step for the oxidation reactions

lved an attack of the oxidant on the enol-form of the substrate.

Under the experimental conditions employed in the present investigation,
nd 3- alkanones were oxidized by quinolinium dichromate (QDC), in acid media
the corresponding carboxylic acids in each case. These products were

j terized by  FT-NMR analysis.
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1t would be necessary to comment on the nature of the products formed from the
,‘-g: of 2- énd 3- alkanones by quinolinium dichromate (QDC) obtained in the
.study. Our hypothesis opens the question of regiochemistry. There is every
that these 2- and 3- alkanones could also enolize to some degree to the
ion. In that case, there would be some conversion of these alkanones to formic
We have examined the products of these reactions, and have not been able to detect.
: , any formic acid as a possible product. The conclusion is that, under the present
al conditions, the enolization of these 2- and 3- alkanones took place

ively on the 2-position.

- The data collected in the present investigation demonstrated that application of
to the oxidation of 2- and 3- alkanones led to the formation of carboxylic acids,
iating the mechanism of the oxidation reaction, wherein there was a cleavage of
" bon-carbon bond in the final step of the reaction. = While highlighting the
rtance of QDC as an oxidant, this study emphasizes the efficiency of the reactions of
2- and 3- alkanones, which could prove to be a regioselective route for the

of carboxylic acids.
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r 111 - Kinetics of Oxidation of Alkyl Aryl Ketones

The kinetics of the quinolinium dichromate (QDC) oxidation of alkyl aryl ketones
5 enone,  propiophenone,  butyrophenone and valerophenone) has been
Pscudo-first-order condilions were used (large excess of substrate over
,' The reactions were done at constant temperature (0.1 K), and followed by
ori g the absorption band at 440 nm, spectrophotometrically. Rate constants were
ied from the linear plots of log [QDC] against time. For all the alkyl aryl ketones

'; stoichiometric ratios, A[QDC] / A [substrate], in the range 1.98 — 2.08 were

~ Under pseudo-first-order conditions, individual kinetic runs were first order with
et to QDC. Further, the pseudo-first-order rate constants (k;) did not vary with the
I concentration of QDC. The order with respect to the concentrations of ketones

. The reaction was catalyzed by acid, and the acid-catalyzed reaction showed a

order dependence on acidity.

~ The oxidation of alkyl aryl ketones by QDC was studied in solutions containing
ing proportions of dimethylformamide and water. An increase in the dielectric
_":u of the medium increased the rate of the reaction. Linear plots of log k, against
erse of the dielectric constants gave negative slopes, which indicated an ion-dipole

e of interaction.

The oxidation of alkyl aryl ketones was studied at different temperatures

13 - 333K), and the activation parameters were evaluated. The oxidation of alkyl aryl
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es was characterized by negative entropies of activation, which suggested an
red transition state, relative to the reactants. The similarity in AG™ values for all the
emphasized the probability that all these reactions involved similar rate-

rmining steps.

" The observed order of reactivity was in accordance with the structural changes in
Iyl aryl ketones :

~ acetophenone > propiophenone > butyrophenone > valerophenone.

5 fer of reactivity was rationalized on the basis of the +I-effect of the electron-

alkyl groups adjacent to the carbonyl groups.

It was seen that there was no induced polymerization of acrylonitrile, or the

ion of mercuric chloride, which indicated that a one-electron oxidation was quite

In the present investigation, highlighting the oxidation of alkyl aryl ketones by
Llinium dichromate (QDC) in acid medium, using 20% DMF as the solvent, the rate
ation had a first-order dependence on the concentration of QDC. The first-order
endence of the rate on QDC concentration suggested that the reaction pathway was
the enol-form of the substrate. The rates of enolization of all the alkyl aryl
tones under study were determined by the bromination method. It was observed that
rates of enolization were very much greater than the rates of oxidation for the alkyl
ketones (by a factor of ~12). The rates of enolization being much faster than the
tes of oxidation would indicate that the enolization step was not rate-determining.

e, it would be justified to conclude that the enol-form of the substrate reacted with

XV



The rate-determining step involved an attack of the protonated oxidant on
‘ of the substrate to form a cyclic monochromate ester. The formation of

lic monochromate ester was followed by the transfer of two electrons in the cyclic

as, and being a Hiickel-type system (4n+2), this was an allowed process. This
; ic pathway and the products obtained (carboxylic acids) established that there

cleavage of the carbon-carbon bond in the final step of the reaction.

Under the experimental conditions employed in the present investigation, alkyl
=tones were oxidized by quinolinium dichromate (QDC), in acid medium, giving a
re of carboxylic acids in each case. These produéts [formic acid and benzoic acid
cetophenone); acetic acid and benzoic acid (from propiophenone); propionic acid
: oic acid (from butyrophenone); and butyric acid and benzoic acid (from

g..; enone) | were characterized by FT-NMR analysis.
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[V — Kinetics of Oxidation of B-Diketones

e present work is a detailed kinetic investigation of the oxidations of
(acetylacetone, benzoylacetone and acetonylacetone) by quinoliniuml
= (QDC), in acid medium, using water as the solvent, under a nitrogen
re. The course of the reactions was monitored by observing the disappearance
I) at 440 nm, spectrophotometrically. The stoichiometric ratios,
I A [substrate], were in the range 2.64 — 2.68 for acetylacetone and

-

acetone, and 1.98 — 2.00 for acetonylacetone.

'he rates of oxidation of all the B-diketones (acetylacetone, benzoylacetone and

1 cetone) were dependent on the first powers of the concentrations of each —

e and oxidant.

The rates of reactions showed a first order dependence on the concentrations of
;i " The acid catalysis of the oxidation reactions must be related to the structure of
dant (QDC), which was converted to a protonated dimetallic Cr(VI) species. In

esence of the acid, the keto tautomer was also converted to the enol tautomer.

~An increase in the polarity of the solvent medium (using water -
. Iformamide mixtures) showed an increase in the rate of the reaction. Linear plots
g ki against the inverse of the dielectric constants gave negative slopes, which
ated an ion-dipole type of interaction. This was in accordance with the involvement

protonated dimetallic Cr(VI) species in the rate-determining step of the reaction.
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n increase in temperature resulted in an increase in the rates of the reactions.
idation of P-diketones was characterized by negative entropies of activation,

ed an ordered transition state, relative to the reactants. The similarity in

e was no induced polymerization of acrylonitrile, or the reduction of

chloride, indicating the absence of any radical formation.

acetylacetone > benzoylacetone > acetonylacetone.

prder of reactivity was rationalized on the basis of the inductive effect (-.i-I-effect for
ethyl group of acetylacetone, and ~I-effect for the phenyl group of benzoylacetone).
greater reactiVity of acetylacetone over that of acetonylacetone was rationalized on

that the rates of oxidation were dependent on the length of the chain of these

The mechanism of the reaction was consistent with the fact that these oxidation
ctions were catlayzed by acid. Protonation of the oxidant (QDC) would make it more
enable _towards nulceophilic attack by the enol-form of the substrate on the electron
ficient chromium of the oxidant. The first step involved the enolization of the ketone
llowed by the protonation of the oxidant (QDC). The second step was the rate-

ining step, wherein the enol-form of the substrate reacted with the protonated

xviii



c oxidant, to form the cyclic monochromate ester. This was followed by the
" of two electrons in a cyclic system giving rise to cleavage products. This

mechanism clearly involved six electrons, and being a Hiickel-type system

acids in each case, accompanied by the evolution of carbon dioxide. These
[acetic acid (from acetylacetone); acetic acid and benzoic acid (from
lacetone); and acetic acid and acetone (from acetonylacetone)] were characterized
analysis. These data would support the mechanism of the oxidation process

=in the cleavage of the carbon-carbon bond occurred in the final step of the reaction.

This study brings out the importance of QDC as an oxidant, and emphasizes the
,'fr:u efficiency of QDC as a reagent capable of bringing about the conversion of

stones to carboxylic acids.
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s+ V — Kinetics of Oxidation of o-Ketoacids

e kinetics of oxidation of «-ketoacids (pyruvic acid and phenylpyruvic acid)
nolinium dichromate (QDC) has been studied in acid medium, using 20%
vrmamide as solvent, under a nitrogen atmosphere. The progress of the

1 was followed spectrophotometrically, by observing the disappearance of

ound to be dependent on the first powers of the concentration of each reactant

e, oxidant, and acid). The linear increase in the rate of oxidation with acidity
sted the involvement of a protonated dimetallic Cr(VI) species in the rate-

nining step of the reaction.

- The reaction has been found to be fastest in those solvent mixtures that contained
gest proportions of water, and increasing pfoportions of dimethylformamide
ied in a decrease in the rate of oxidation. Plots of log k; (the pseudo-first-order rate
stant) against the inverse of the dielectric constant were linear, with'negative slopes.
s suggested an interaction between an ion and a dipole, and was in consonance with
ervation that, in the presence of an acid, the rate-determining step involved a

onated Cr(VI) species.

The reactions were studied over a range of temperature, and it was observed that
Arrhenius equation was obeyed. Plots of log k; against the reciprocal of temperature
e linear. The activation energies and the different activation parameters were

aluated. The reactions were characterized by negative entropies of activation. This



i an ordered transition state, relative to the reactants. It was further found that
s for the free energies of activation (AG™) were nearly constant, indicating that

mechanism operated for the oxidation of both the a-ketoacids studied in this

e was no induced polymerization of acrylonitrile or the reduction of mercuric

. This indicated that a one-electron oxidation was unlikely.

bserved order of reactivity was in accordance with the structural changes in the

N acids. The order of reactivity observed fof the oxiation of a-ketoacids was :
pyruvic acid > phenylpyruvic acid,

} that the +l-effect of the methyl group (in pyruvic acid) was predominant over
effect of the benzyl group (in phenylpyruvic acid). The activation energy was
less for the oxidation of pyruvic acid, than for phenylpyruvic acid. Furthermore,
e of an electron-releasing group (as in pyruvic acid) accelerated the oxidation
s by increasing the electron availability at the oxygen of the carbonyl group. This
ed the attack of the electrophile (protonated QDC) on the hydrated form of the a-
The net result would be a more facile rupture of the carbon-carbon bond in

ic acid, over that in phenylpyruvic acid, and hence the observed order of reactivity.

" The mechanistic pathway suggested for the oxidation of pyruvic acid and
vic acid by QDC in acid medium showed the formation of the dichromate
r esulting from a rapid reaction between the hydrated form of pyruvic acid and the

nated dimetallic Cr(VI) species. The rate-determining step of this reaction was the



ion of this dichromate ester to give acetic acid (in the case of pyruvic acid)
ylacetic acid (in the case of phenylpyruvic acid) as the end products, along with

o carbon dioxide.

der the experimental conditioﬁs employed in the present investigation, o-keto
ic acid and phenylpyruvic acid) were oxidized by quinolinium dichromate
acid medium, giving carboxylic acids as the products in both the cases,
nied by the evolution of carbon dioxide. These products [acetic acid (from
acid); and phenylacetic acid (from phenylpyruvic acid)] were characterized by

and FT-NMR analyses.
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