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Abstract
The oxidation of six aliphatic aldehydes by
tripropylammonium chlorochromate (TPACC) in

dimethyl sulfoxide (DMSO) leads to the formation of
corresponding carboxylic acids. The reaction is of first
order each in TPACC. A Michaelis-Menten type of
kinetics is observed with respect to the aldehydes. The
reaction is catalysed by hydrogen ions. The
hydrogen-ion dependence has the form: keps = a +
b[H]. The oxidation of deuteriated acetaldehyde
MeCDO exhibited a substantial primary kinetic isotope
effect (kn/ko = 5.75 at 298 K).

The oxidation of acetaldehyde has been studied in
nineteen different organic solvents. The solvent effect
has been analysed using Taft's and Swain's
multiparametric equations. The rate constants
correlate well with Taft’s o values, reaction constants
being negative. A mechanism involving transfer of
hydride ion has been suggested.

Keywords: Aldehydes, correlation analysis, halochromate,
kinetics, mechanism, oxidation.

Introduction

A large number of halochromates have already been used as
mild and selective oxidizing reagents in synthetic organic
chemistry?4914.24  Tripropylammonium chlorochromate
(TPACC) is also one of such compounds used for the
oxidation of primary and secondary alcohols*3. The kinetic
and mechanistic aspects of the oxidation by complexed
Cr(VI) species and several studies on halochromates
including TPACC have already been reported.621.2327 |n
continuation of our earlier work, we report here the kinetics
and mechanism of oxidation of six aliphatic aldehydes by
TPACC in dimethylsulphoxide (DMSO) as solvent. The
mechanistic aspects are also discussed.

Material and Methods

Materials: TPACC was prepared by the reported method*?
and its purity was checked by iodometric determinations.
Solutions of formaldehyde were prepared by heating para-
formaldehyde and passing its vapours in DMSO. The
amount of HCHO in DMSO was determined by
chromotropic acid method??2. Other aldehydes were
commercial products and were wused as such.
p-Toluenesulphonic acid (TsOH) was used as a source of
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hydrogen ions. Deuteriated acetaldehyde (MeCDO) was
obtained from Sigma Chemicals. Solvents were purified by
their usual methods?®.

Product Analysis: The product analysis was carried out
under kinetic conditions. In a typical experiment,
acetaldehyde (4.4 g, 0.1mol) and TPACC (2.79 g, 0.01mol)
were dissolved in DMSO (100 ml) and the reaction mixture
was allowed to stand for ca. ~ 24 to ensure completion of the
reaction. It was then rendered alkaline with NaOH, filtered
and the filtrate was reduced to dryness under pressure. The
residue was acidified with perchloric acid and extracted with
diethyl ether (5%, 50 ml). The ether extract was dried
(MgSO4) and treated with 10 ml of thionyl chloride. The
solvent was allowed to evaporate.

Dry methanol (7 ml) was added and the HCI formed was
removed in a current of dry air. The residue was dissolved in
diethyl ether (200 ml) and the ester content was determined
colorimetrically as Fe (I11) hydroxymate by the procedure of
Hall and Schaefer's. Several determinations indicated a 1:1
stoichiometry. The oxidation state of chromium in a
completely reduced reaction mixture determined by
iodometric titrations was 3.95 + 0.1.

Kinetic Measurements: Pseudo-first-order conditions were
attained by keeping an excess (x15 or greater) of the
[aldehyde] over [TPACC]. The solvent was DMSO unless
mentioned otherwise. All reactions were carried out in flasks
blackened from the outside to prevent any photochemical
reactions. The reactions were carried out at constant
temperature (+0.1 K) and were followed up to 80% of the
extent of reaction by monitoring the decrease in [TPACC] at
375 nm. The pseudo-first-order rate constant Keps Was
computed from the linear least-squares plot of log [TPACC]
versus time. Duplicate runs showed that the rate constants
were reproducible to within +3%. The second order rate
constant k» was calculated from the relation: k» =
Kobs/[aldehyde].

Results and Discussion

The rate and other experimental data were obtained for all
the aldehydes. Since the results are similar, only
representative data are reproduced here.

Stoichiometry: The oxidation of aliphatic aldehydes by
TPACC leads to the formation of corresponding carboxylic
acids. The overall reaction may be written as:
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Abstract: Oxidation of lower oxyacids of phosphorus by Tripropylammonium chlorochromate (TPACC) in dimethylsuloxide
(DMSO) leads to theformation of corresponding oxyacids with phosphorus in a higher oxidation state. The reaction exhibits 1:1
stoichiometry. The reaction is first order with respect to TPACC. A Michaelis-Menten type of kinetics was observed with
respect to the reductants. The reaction does not induce polymerization of acrylonitrile. Reactions are catalysed by hydrogen
ions. The hydrogen-ion dependence has the form: kg, = a + b[H']. The oxidation of deuteriated phosphinic and
phenylphosphinic acids exhibited a substantial primary kinetic isotope effect. The oxidation was studied in nineteen different
organic solvents. The solvent effects were analysed in terms of Taft’s and Swain’s multiparametric equations. The effect of
solvent indicats the solvent polarity plays a major role in the process. It has been shown that the pentacoordinated tautomer
of the phosphorus oxyacid is the reactive reductant and it has been concluded that tricoordinated forms of phosphorus
oxyacids does not participate in the oxidation process. A mechanism involving transfer of a hydride ion in the rate-

determining step has been proposed.
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Introduction

Inorganic salts of Cr(VI) are well known oxidants for the organic compounds. However these
salts are rather drastic and non-selective oxidants. Further, they are insoluble in most organic
solvents. Thus miscibility is a problem. To overcome these limitations, a large number of
organic derivatives of Cr(\V1) have been prepared and used in organic synthesis as mild and
selective oxidants in non- aqueous solvents[1-5]. Tripropylammonium chlorochromate
(TPACC) is also one of such compounds used for the oxidation of primary and secondary
alcohols[6]. We have been interested in the kinetic and mechanistic aspects of the oxidation
by complexed Cr(VI) species and several studies on halochromates including that of
TPACC, have already reported from our group[7-10]. Further thelower oxyacids are reported
to exist in two tautomeric forms[11-12], and it is of interest to determine the nature and species
of the oxyacid acid which is involved in the oxidation process. There seems to be no report
on the oxidation of oxyacids of phosphorous by TPACC, therefore we report in this article
the kinetics of oxidation of phosphinic (PA), phenylphosphinic (PPA) and phosphorous
(POA) acids by TPACC in dimethylsulphoxide (DMSO) as a solvent. A suitable mechanism

has also been proposed.
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Abstract

The oxidative deoximination of several aldo- and keto-
oximes by  diethylammonium  chlorochromate
(DEACC), in dimethylsulphoxide (DMSO) exhibited a
first order dependence on DEACC. A Michaelis-
Menten type kinetics was observed with respect to
oximes. The oxidation of ketoximes is slower than that
of aldoximes. The rates of oxidation of aldoximes
correlated well in terms of Pavelich-Taft dual
substituent-parameter equation. The low positive value
of polar reaction constant indicated a nucleophilic
attack by a chromate-oxygen on the carbon.

The reaction is subject to steric hindrance by the alkyl
groups. The reaction of acetaldoxime has been studied
in nineteen different organic solvents. The solvent
effect has been analysed by multiparametric equations.
A mechanism involving the formation of a cyclic
intermediate, in the rate-determining step is suggested.

Keywords: Carbonyl compounds, Dichromates, Kinetics,
Mechanism, Oxidation, Oximes.

Introduction

Regeneration of carbonyl compounds from its derivatives
under mild conditions is an important process in synthetic
organic chemistry. Several oxidative methods are available
for deoximation®. Salts of Cr(\VI) have long been used as
oxidizing reagents in synthetic organic chemistry. However,
these salts are drastic and non-selective oxidants in nature.
Further, they are insoluble in most of the organic solvents
also. Thus miscibility is a problem.

To overcome these limitations, a large number of organic
derivatives of Cr(VI) have been prepared and used in
synthetic organic syntheses as mild and selective oxidants in
non-aqueous  solvents®. One such compound is
diethylammonium chlorochromate (DEACC)Z. Only a few
reports are available in literature regarding oxidation aspects
of DEACC517:19,

It is known that the mode of oxidation depends on the nature
of the counter-ion attached to the chromium anion.
Therefore, in continuation of our earlier work31518.20.21 \ye
report here the Kinetics of the oxidative deoximation of
several aldo- and keto-oximes by DEACC in several organic

https://doi.org/10.25303/289rjce024029

solvents but mainly in dimethylsulphoxide (DMSO).
mechanistic aspects have also been discussed.

Material and Methods

Materials: Oximes were prepared by the reported standard
methods?* and their melting points were checked with the
literature values. DEACC was prepared by the reported
method?3. Solvents were purified by the usual procedure!’.

Product Analysis: The oxidation of the oximes results in the
regeneration of corresponding carbonyl compounds as
confirmed by TLC (eluent: CCIl4/Et;0). Isolation of the
product was attempted in the oxidation of oximes of
benzaldehyde and acetophenone. In a typical experiment, the
oxime (0.2 mol) and DEACC (0.02 mol) were dissolved in
50 ml of DMSO and allowed to stand for ca. 10 h for the
completion of the reaction. Silica gel (5 g) was then added
to the reaction mixture and the mixture was stirred for 15
min?. It was then filtered and the solid residue was washed
with the solvent (2 % 15 ml).

The solvent was removed on a rotary evaporator and the
residue was purified on a silica-gel column (eluent:
CCI4/Et,0). Evaporation of the solvent afforded the pure
carbonyl compound. Yields of benzaldehyde and
acetophenone were 1.83 g (86%) and 2.11 g (88%)
respectively. The presence of HNO; in completely reduced.
Reaction mixture was confirmed by a positive starch-iodide
test’. The oxidation state of chromium in a completely
reduced reaction mixture as determined by an iodometric
method, is 3.95+0.10.

Kinetics Measurements: The reactions were studied under
pseudo-first-order conditions by keeping a large excess (x
10 or greater) of the oxime over DEACC. The solvent was
DMSO, unless mentioned otherwise. The reactions were
studied at constant temperature (+0.1 K). The reactions were
followed by monitoring the decrease in the concentration of
DEACC at 352 nm spectrophotometrically. The pseudo-
first-order rate constant, Kons, Was evaluated from the linear
least-squares plots of log [DEACC] versus time. Duplicate
kinetic runs showed the rate constants to be reproducible to
within +4%.

Results and Discussion

Stoichiometry: The analysis of products indicated the
following overall reaction.
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Abstract: Oxidation of thirty-six monosubstituted benzaldehydes by 2-picoliniumchlorochromate (PICC)
in dimethylsulphoxide (DMSO), leads to the formation of corresponding benzoic acids. A Michaelis-
Menten type kinetics was observed with respect to the reactants. The reaction is promoted by hydrogen ions;
the hydrogen-ion dependence has the form kops= a + b [H*]. The oxidation of [?H] benzaldehyde (PhCDO)
exhibited a substantial primary kinetic isotope effect. The reaction was studied in nineteen different organic
solvents and the effect of solvent was analysed using Taft's and Swain's multi-parametric equations. The
rates of the oxidation of para- and meta-substituted benzaldehydes showed excellent correlation in terms of
Charton’s tri-parametric LDR equation, whereas the oxidation of ortho-substituted benzaldehydes was
correlated well with tetra-perametric LDRS equation. The oxidation of para-substituted benzaldehydes is
more susceptible to the delocalized effect than is the oxidation of ortho- and meta- substituted compounds,
which display a greater dependence on the field effect. The positive value of 1 suggests the presence of an
electron-deficient reaction centre in the rate-determining step (r.d.s.). The reaction is subjected to steric
acceleration by the ortho-substituents. A suitable mechanism has been proposed.

Keywords: Benzaldehydes, Correlation, Halochromate, Mechanism, Oxidation

1. Introduction 2. Method
Halochromates have been used as slow and  2.1. Materials and Methods

selective oxidizing reagents in synthetic organic  prec was prepared by reported method [6] and its

purity was checked by iodometric method. The
aldehydes were commercial products. The liquid
aldehydes were purified through their bisulfite
addition compounds and distilling them, under
nitrogen, just before use [11]. The solid aldehydes
were recrystallized from ethanol. Deuteriated

pyridinium [7,8] and quinolinium halochromates benzaldehyde (PhCDO) was also prepared by the
[9,10]. In continuation of our earlier work, we

report in the present article the kinetics of oxidation
of some mono-substituted benzaldehydes by PICC
in DMSO as solvent. The major objective of this
investigation was to study the structure -reactivity
correlation for the substrate undergoing oxidation.

chemistry [1-5]. 2-picolinium chlorochromate
(PICC) is also one of such compounds used as mild
and selective oxidizing agent in synthetic organic
chemistry [6]. We have been interested in kinetics
of oxidations by Cr (VI) species and have already
published a few reports on oxidation by other

reported method [12]. Its isotopic purity, as
ascertained by its NMR spectrum, was 96+5%.
Due to non-aqueous nature of the solvent, toluene-
p-sulphonic acid (TsOH) was used as a source of
hydrogen ions. Solvents were purified by the usual
methods.
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ABSTRACT

The oxidation of nine aliphatic primary alcohols by Tripropylammonium chlorochromate (TPACC) in
dimethylsulfoxide leads to the formation of corresponding aldehydes. The reaction is first order with
respect to TPACC. A Michaelis-Menten type kinetics is observed with respect to alcohols. The reaction
is promoted by hydrogen ions; the hydrogen-ion dependence has the form ko= a + b [H']. The
oxidation of [1,1-°H;]ethanol (MeCD;OH) exhibits a substantial primary kinetic isotope effect (ku/kp
= 5.60 at 298K). The reaction has been studied in nineteen different organic solvents. The solvent effect
was analysed using Taft's and Swain's multiparametric equations. The rate of oxidation is susceptible
to both polar and steric effects of the substituents. A suitable mechanism has been proposed.

Graphical abstract:
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INTRODUCTION

Inorganic salts of Cr(VI) are well known oxidants for the organic compounds. However, these salts are
rather drastic and non-selective oxidants. Further, they are insoluble in most organic solvents. Thus,
miscibility is a problem. To overcome these limitations, a largenumber of organic derivatives of Cr(VI)
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Abstract: The oxidation of methionine (Met) by tripropylammonium
chlororochromate (TPACC) in dimethylsulphoxide (DMSO) leads to the formation of
corresponding sulphoxide. The reaction is of first order with respect to TPACC.
Michaelis-Menten type kinetics was observed with respect to methionine. The
reaction is catalysed by hydrogen ions. The hydrogen-ion dependence has the form:
kos = a + b [H]. The oxidation of methionine was studied in nineteen different
organic solvents. The solvent effect was analyzed by Kamlet’s and Swain’s
multiparametric equations. Solvent effect indicated the importance of the cation-
solvating power of the solvent. A suitable mechanism has also been postulated.

Keywords: Halochromate, Kinetics, Mechanism, Methionine, Oxidation.

1.INTRODUCTION

Cr(VI) salts of have long been used as oxidizing reagents in synthetic organic chemistry. However
these salts are rather drastic in nature and non-selective oxidants. Further, they are insoluble in most
of the organic solvents. Thus miscibility is a problem. To overcome these limitations, a large number
of organic derivatives of Cr(VI) have been prepared and used in organic synthesis as mild and
selective oxidants in non-aqueous solvents!!l. One of such compounds is tripropylammonium
chlorochromate (TPACC) reported by Firozabadi et al.’!. We have been interested in the kinetic and
mechanistic aspects of the oxidation by complex salts of Cr(VI) and several studies have already been
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Abstract: Oxidation of lower oxyacids of phosphorus by Tripropylammonium chlorochromate (TPACC) in dimethylsuloxide
(DMSO) leads to the formation of corresponding oxyacids with phosphorus in a higher oxidation state. The reaction exhibits 1:1
stoichiometry. The reaction is first order with respect to TPACC. A Michaelis-Menten type of kinetics was observed with respect
to the reductants. The reaction does not induce polymerization of acrylonitrile. Reactions are catalysed by hydrogen ions. The
hydrogen-ion dependence has the form: kops = a + b[H*]. The oxidation of deuteriated phosphinic and phenylphosphinic acids
exhibited a substantial primary kinetic isotope effect. The oxidation was studied in nineteen different organic solvents. The solvent
effects were analysed in terms of Taft’s and Swain’s multiparametric equations. The effect of solvent indicats the solvent
polarity plays a major role in the process. It has been shown that the pentacoordinated tautomer of the phosphorus oxyacid is the
reactive reductant and it has been concluded that tricoordinated forms of phosphorus oxyacids does not participate in the oxidation
process. A mechanism involving transfer of a hydride ion in the rate-determining step has been proposed.
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1. INTRODUCTION:

Inorganic salts of Cr(VI) are well known oxidants for the organic compounds. However these salts are rather drastic and non-selective
oxidants. Further, they are insoluble in most organic solvents. Thus miscibility is a problem. To overcome these limitations, a large
number of organic derivatives of Cr(VI) have been prepared and used in organic synthesis as mild and selective oxidants in non-
aqueous solvents[1-5]. Tripropylammonium chlorochromate (TPACC) is also one of such compounds used for the oxidation of
primary and secondary alcohols[6]. We have been interested in the kinetic and mechanistic aspects of the oxidation by
complexed Cr(VI) species and several studies on halochromates including that of TPACC, have already reported from our
group[7-10]. Further thelower oxyacids are reported to exist in two tautomeric forms[11-12], and it is of interest to determine the
nature and species of the oxyacid acid which is involved in the oxidation process. There seems to be no report on the oxidation of
oxyacids of phosphorous by TPACC, therefore we report in this article the kinetics of oxidation of phosphinic (PA),
phenylphosphinic (PPA) and phosphorous (POA) acids by TPACC in dimethylsulphoxide (DMSO) as a solvent. A suitable
mechanism has also been proposed.

2. EXPERIMENTAL

2.1 Materials:

The phosphorous oxyacids were commercial products and used as received. TPACC was prepared by the reported method [6] and its purity was
checked by an iodometric method and melting point determination. Deuteriated phosphinic (DPA) and phosphorus acids (DPOA)
were prepared by repeatedly dissolving the acid in deuterium oxide (BARC, 99.4%) and evaporating water and the excess of
deuteriumoxide in vacuo[13]. The isotopic purity of the deuterated PA and POA, as determinedfrom their NMR spectra, was 92+5%
and 94+5% respectively. Due to the non-aqueous nature of the medium, toluene-p-sulphonic acid was used as a source of hydrogen
ions. TsOH is a strong acids and in non-polar solvents like DMSQO, it is likely to be completely ionized. Other solvents were
purified by their usual methods.

2.2 Stoichiometry:
The oxidation of lower oxyacids of phosphorus leads to the formation of corresponding oxyacids containing phosphorus in a

higher oxidation state. Reaction mixtures were prepared containing a known excess of phosphinic or phosphorous acids. On
completion of the reaction, the amount of phosphorous formed in the oxidation of phosphinic acid and the residual reductant in
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Abstract:

The Fkinetics of oxidation of four vicinal, four non-vicinal diols by picolinium chlorochromate
(PICC) have been studied in dimethylsulphoxide (DMSQO). The main product of oxidation is the
corresponding hydroxycarbonyl compound. The reaction is first order in PICC. Michaelies-
Menten type of kinetics is observed with respect to the diols. The reaction is catalysed by
hydrogen ions. The hydrogen ion dependence has the form: kos = a + b[H*]. The oxidation of
[1,1,2,2-2H4] ethanediol exhibits a substantial primary kinetic isotope effect (ku/kp = 5.76 at
298 K). The reaction has been studied in nineteen different organic solvents and the solvent effect
has been analysed using Taft's and Swain's multiparametric equations. The temperature
dependence of the kinetic isotope effect indicates the presence of a symmetrical transition state in

the rate-determining step. A suitable mechanism has been proposed.

Keywords: Correlation analysis, diols, halochromate, kinetics, mechanism, oxidation

Introduction

Inorganic salts of Cr(VI) are well known
oxidants for the organic compounds. However
these salts are rather drastic and non-
selective oxidants. Further, they are insoluble
in most organic solvents. Thus miscibility is a
problem. To overcome these limitations, a
large number of organic derivatives of Cr(VI)
have been prepared and used in organic
synthesis as mild and selective oxidants in
non-aqueous

One of
picolinium chlorochromate (PICC), reported
We
interested in the kinetic and mechanistic

solvents?, such compounds is

by reported method.® have been

aspects of the oxidation by complex salts of

Volume 9 Issue 2 | July - December 2025 | GP Globalize Research Journal of Chemistry

Cr(VI) and several reports on halochromates
have already reported from our laboratory?-10.
There seems to be no report on the oxidation
aspects of  diols using picolinium
chlorochromate (PICC). Therefore, it was of
interest to investigate the kinetics of the
oxidation of some vicinal and non-vicinal diols
by PICC in DMSO. A suitable mechanism has
also been postulated.

Materials and Methods

The diols (BDH or Fluka) were
distilled under reduced pressure before use.

Materials:

PICC was prepared by the reported methods.
[1,1,2,2-2H4] Ethanediol (DED) was prepared
by reducing diethyl oxalate with lithium
aluminium deuteride!'. Its isotopic purity,

1|Page
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Abstract

The process of turning organic sulfides into their sulfoxides using diethylammonium chlorochromate
(DEACC) occurred at first order concerning DEACC. On the other hand, the reaction shows Michaelis—
Menten-type kinetics when it comes to the sulfide substrate. We used both single-parameter and multi-
parameter correlation equations to conduct a kinetic study of thirty-four distinct sulfides. Charton's LDR and
LDRS equations gave the most accurate correlations for aryl methyl sulphides. The polar regression
coefficients were negative in these cases. The rate data for alkyl phenyl sulfides matched up quite well with
the Pavelich-Taft equation. Also, the oxidation of methyl phenyl sulfide was studied in nineteen distinct
organic solvents. Kamlet—Taft and Swain's multiparametric models were used to look at how the polarity and
other properties of the solvent affected the reaction. Based on the kinetic measurements, it has been
suggested that a reaction mechanism includes the creation of a sulfurane intermediate during the phase that
controls the rate.
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