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Abstract

Oxidative transformation of Valine by pyridinium chlorochromate in aqueous DMF medium, containing perchloric acid
has been studied at 40 °C. The rate of reaction was found to be of first order dependence on Oxidant, Valine, and H* ion
Concentration. The increase in the rate of reaction with increase in acidity indicates the involvement of a protonated
chromium(VI) species in the rate-determining step. The product of oxidation has been identified as aldehyde. The rate
of reaction decreased with increase in the polarity (dielectric constant of medium) of solvent, which indicates that there
is involvement of an ion-dipole type of interaction in the rate-determining step. The activation parameters have been
evaluated. On the basis of the experimental findings, a suitable mechanism and rate law has been proposed.

Keywords: Kinetics; Oxidation; DMF (N, N-dimethylformamide); Valine; PCC (pyridinium chlorochromate)

1. Introduction

Due to the direct or indirect impact on life and industry, systematic analysis of the kinetics and mechanistic studies of
the oxidation of organic compounds has always been a subject of considerable importance. These studies emphasize on
the mechanisms involved in the conversion of target molecules in the biological systems particularly in the biological
process like age-related oxidations, oxidative stress and in some pathological conditions. The oxidative damage of
proteins is considered as the most important modification. Since amino acid residues are the main constituents of
proteins, the study of its sensitivity towards oxidation opens a new area to understand the mechanism involved in the
protein and amino acid modifications. Amino acids were oxidized by a variety of oxidizing agents[1-3]. It acts not only
as a building block in protein synthesis but also plays a significant role in metabolism. Oxidation study of amino acids is
of great interest because of their biological significance and selectivity toward the oxidant to yield different products
[4-7].

Pyridinium chlorochromate being one of the most versatile available oxidizing agent[8]. A number of reports on the
oxidation of several substrates by pyridinium chlorochromate (PCC) are available in the literature like methionine [9],
oximes [10], unsaturated acids[11], cysteine[12], alcohols [13] Glycine [14], Alanine[15], Phenyl Alanine[16]. There
seems to be no report on the oxidation of Valine by pyridinium chlorochromate.

Our literature survey reveals that the oxidation of Valine by different oxidants has received a limited attention so we
are particularly interested to see the mechanism of the oxidation of Valine by pyridinium chlorochromate in acidic DMF-
Water media
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2. Material and method

2.1. Materials

In this investigation Valine Analar grade (SRL) were used as supplied and purity was cheked by its melting point. All
other chemicals used in this investigation were of analytical reagent grade. Solution of HC104 was prepared by diluting
known volume of acid in water. The prepared solution was standardized by titration with previously standardized NaOH
using phenolphthalein as an indicator. Doubly distilled analytical grade DMF (SRL) was used. And all other Chemicals
used were of analytical grade with 99.9% purity.

2.2. Synthesis of Pyridinium Chlorochromate

Pyridinium chlorochromate was synthesized by the method of Corey and Suggs[17] and Agrawal [18]. Purity was
checked by iodometrically, melting point, elemental analysis and by the IR and UV-VIS spectral analysis [U. V.- Amax=354
nm; [. R. - vmax (KBr) = 3066, 2033, 1898, 1599, 1533, 1485, 1033, 949, 750 cm-1]
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2.3. Method

The measurements of rate were carried out at 40 + 0.1 °C in 0.3 mole dm-3 HClO4 under the condition [Valine] >> [PCC],
in the solvent system of 70-30% (v/v) DMF-H20. The reaction was initiated by mixing a calculated amount of
thermostatted pyridinium chlorochromate in to the reaction mixture. The progress of the reaction was followed by
measuring the absorbance of PCC at 354 nm in 1 cm cell placed in the thermostatted compartment of JASCO model 7800
UV/VIS spectrophotometer.

The kinetic runs were followed for more then 60-70% completion of the reaction and good first order kinetics were
observed. Pseudo-first order rate constant kobs were obtained from the slope of the plots of log (absorbance) versus
time.

2.4. Stoichiometry and product analysis

Reaction mixture containing known slight excess of PCC over Valine containing 0.3 mol /dm3[HClO4] in 70 vol. % DMF,
30 vol. % water mixture (v/v) were allowed to stand at 40 °C. When the reaction was completed, the pyridinium
chlorochromate concentration was assayed by measuring the absorbance at 354 nm. The result indicated that two
moles of PCC react with three moles of Valine, as shown in Eq.1.

The qualitative product study was made under kinetic conditions. The main reaction product was identified as 3-
Methylbutanal by its 2,4-D.N.P. derivative. Nesseler's reagent test and lime water test were used to detect the
ammonium ion and carbon dioxide, respectively, and Cr(11I) was confirmed by the visible spectra of the reaction solution
after completion of the reaction. The observed Stoichiometry may be represented as

3RCH(NH2)COOH + 2Cr(VI) + 3H20 — 3RCHO + 2Cr(IIT) + 3NHa* + 3H* ...csvrrvrveeeen (1)
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3. Results and discussion

3.1. Effect of PCC

To see the effect on rate of oxidation of oxidant concentration, the initial concentration of the oxidant is varying between
the ranges 1.0 x10-3M to 2.5 x10-3Mat [HClO4]= 3.0 x10-1 mol dm-3, temperature = 313 K and [Valine]= 2.0 x10-2mol dm-
3, The observed rate constant kobs was not affected by a change in initial concentration of PCC [table 1].

Table 1 Variation of rate with PCC, Valine, perchloric acid concentrations, DMF % and temperature

103x [PCC] | 102x[Valine] | 10 x [H*] | Temp. | DMF: H20 | Kobsx 105
mol dm3 | mol dm3 mol dm-3 | (k) % s1
2.5 2.0 3.0 313 70:30 26.05
2.25 2.0 3.0 313 70:30 26.98
2.0 2.0 3.0 313 70:30 25.66
1.75 2.0 3.0 313 70:30 26.62
1.50 2.0 3.0 313 70:30 26.45
1.0 2.0 3.0 313 70:30 26.30
2.0 1.2 3.0 313 70:30 14.39
2.0 1.43 3.0 313 70:30 18.00
2.0 1.6 3.0 313 70:30 20.46
2.0 2.0 3.0 313 70:30 26.62
2.0 2.4 3.0 313 70:30 32.39
2.0 2.8 3.0 313 70:30 37.54
2.0 3.66 3.0 313 70:30 46.22
2.0 5.0 3.0 313 70:30 57.72
2.0 2.0 1 313 70:30 7.18
2.0 2.0 2.5 313 70:30 21.70
2.0 2.0 3.0 313 70:30 27.56
2.0 2.0 35 313 70:30 30.25
2.0 2.0 5.0 313 70:30 46.34
2.0 2.0 7.0 313 70:30 65.42
2.0 2.0 10.0 313 70:30 91.90
2.0 2.0 3.0 298 70:30 8.67
2.0 2.0 3.0 303 70:30 12.51
2.0 2.0 3.0 308 70:30 19.31
2.0 2.0 3.0 313 70:30 26.64
2.0 2.0 3.0 318 70:30 36.00
2.0 2.0 3.0 323 70:30 55.33
2.0 2.0 3.0 313 70:30 26.30
2.0 2.0 3.0 313 60:40 13.79
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2.0 2.0 3.0 313 50:50 8.70
2.0 2.0 3.0 313 40:60 3.96
2.0 2.0 3.0 313 30:70 2.60
2.0 2.0 3.0 313 20:80 1.90
2.0 2.0 3.0 313 0.0:100 0.70

3.2. Effect of Substrate

The rate of reaction increases with increase in Lucine concentration [Table-1]. The plot of logkebs versus log[Valine]
[Figure-1] was linear with positive slope, indicating first-order dependence of the rate on [Valine]. The plot of 1/Koebs
vs. 1/ [Valine], [Figure-2] gives straight line with positive intercept, which indicates that Michaelis-Menten type
kinetics is followed with respect to Valine. A similar phenomenon has been observed in the oxidation of a-amino acid
by Cr(VI)[19,20].

log kgps versus log[S]
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Figure 1 Variation of rate with substrate concentration
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Figure 2 Variation of rate with substrate concentration

56



World Journal of Biology Pharmacy and Health Sciences, 2023, 14(03), 053-062

H

R—C—HNH: 4

coo

[Amino acid]

D—clr'—DH

O PyH ™

Cl

[Protonated PCC]

3.3. Effect of Hydrogen Ion Concentration on Rate of Reaction

k
k.

Complex[C]

The effect of hydrogen ion concentration on rate was studied by using perchloric acid in reaction medium, In general,
rate constant increases with increase in hydrogen ion concentration [Table-1]. A plot of logkebs versus log[HClIO4]

[Figure-3] is a straight line with a positive slope.
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Figure 3 Variation of rate with perchloric acid concentration

Under the present experimental conditions, the concentration of anion form will be very low and hence the possible
species may be either the cation form of amino acids or Zwitter ion. With cation as the active species, the rate law
predicts a second-order dependence of the rate on [H*], which is contrary to experimental results. Protonated amino
acids are not involved in the reaction sequence and the Zwitter ion is the active species in this reaction.

An amino acid is known to exist in the following equilibria

H

R— C—NH,

LCIOH

[Amino acid]

H

R—C—MNH,

coo-
[Anion]

|
R—C—nMH,~
COOH
[Cation]
* H_ 1\/ - H_
H
R—T—NHE_
coo-
[Zwitter ion]

The acid catalysis may well be attributed to a protonation of PCC to yield a stronger oxidant and an electrophile with
both the protonated and unprotonated forms being reactive. The formation of a protonated species of PCC has been also

reported [2,5,7,14-16, 21].
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3.4. Effect of ionic strength on Rate of Reaction

The effect of ionic strength was studied in range of Debye-Huckel limiting law by varying the sodium sulfate
concentration. It has been observed that there was no significant effect of ionic strength on the rate [Table-2]. This
indicates that the reaction may be between an ion and a neutral molecule or between neutral molecules.

Table 2 Variation of rate with ionic strength

[NazS04] x 103 mole/dm3 | 1.0 [3.0 |50 |70 |90 |110
Kobs x 105 sec'! 26.30 | 26.94 | 26.62 | 26.98 | 26.70 | 26.30

e [PCC]=2.0x103mol dm=3 Temperature = 313 K
e [HCIO4] =3.0 x10'2mol dm3 DMF = 70% (v/v)
e [Amino acid] = 2.0 x10-2mol dm-3 H20 = 30% (v/v)

3.5. Effect of Dielectric Constant on Rate of Reaction

The rate of reaction is increased with an increase in volume percentage of DMF i.e. the rate of reactions decreased with
an increase in dielectric constant of reaction medium [Table-1]. Amis [22] had shown that a linear plot of logkobs vs.
1/D a positive slope indicates a positive ion-dipole reaction, while a negative slope indicates the involvement of two
dipoles or a negative ion-dipole reaction. In the present investigation a plot of logkobs vs. 1/D [figure-4] gives a straight
line with a positive slope clearly indicating that there is an involvement of positive ion-dipole in the rate determining
step.
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Figure 4 Variation of rate with solvent composition

3.6. Effect of Temperature on Rate of Reaction

To find out the effect of temperature on the rate of oxidation, the reactions was carried out at different temperatures.
The rate constant of the reaction was found to increase with an increase in temperature [table-1]. The plot of log k1
versus 1/T (inverse of absolute temperature) is a straight line [Figure-6]. This shows that Arrhenius equation is valid
for this oxidation reactions.
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Figure 5 Variation of rate with temperature
And activation parameters have been calculated

Table 3 Thermodynamic parameters

Parameters | AEf | AH# ASH AF#
(k] mol?) | (kJmol?) | (kJmol?) | (Jk'mol?)
Values 58.73 58.13 -76.73 81.52

The entropy of activation is negative as expected for bimolecular reaction. The negative value also suggests the
formation of a cyclic intermediate from non-cyclic reactants in the rate determining step[23]. The complex formation is
proved by the plot of inverse of rate constant against inverse of substrate concentration. It has been pointed out[24]
that if entropy of activation is negative and small the reaction will be slow.

3.7. Effect of Acrylonitrile and Pyridine

To test for free radicals, the reaction mixture was treated with stabilizer free acrylonitrile and was kept for 24 hours in
an inert atmosphere. On diluting the reaction mixture with methanol, no precipitate was observed, indicating that there
is no involvement of free radicals in the reaction under kinetic conditions. The rate of reaction does not change on
addition of pyridine indicating thereby, the stability of PCC i.e. PCC is not hydrolyzed in the conditions understudy.

3.8 Mechanism

On the basis of above experimental results the following possible mechanism has been proposed for the oxidation
Valine:

OPyH O PyH™
| . K .
O—Cr—0 =+ H —_ 0=—Cr—0H
él Cl
[PCC] [Protonated PCC]
H OPyH™
| ) s
R— C—MNH. =+ o_—rljr—OH _ [Complex[{:]]
3 K
| cl '
Ccoo
[Amino Acid] [Protonated PCC]
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The formation of a complex between amino acid and protonated PCC may be represented as:

. OPyH NH—H o o
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2Cr(V) + 2RCH(NHR)COOH 4 2H;0 — 22 = 5 RCHO + 2 C0; 4 2 NHs4 2Cr(ll) + 2H

IPCC [Amino acid]

The overall reaction may be represented as:

+ +
2CrVI43 RCHNHICOOH 4+ 3H:0 —= 3IRCHO<4 2Cr(lll<+ 3MNHs 4 3C0: 4+ 3H

3.9 Rate Law
On the basis of above mechanism, the rate law can be expressed as:
Rate of reaction = — % a[C]
=K[Cl.eerrnnnnnnns 1

Concentration of comple, [C] can be calculated by applying steady state concept

Rate of formation of complex = Rate of disappearance of complex

ki [AA] [PCClprot = k1 [C] + K [C] - vooverrrrerresse 2
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Since
[PCCleotar= [PCC]prot. + [C]
Therefor
[PCClprot. = [PCCltotal = [C] + - wresrssrsrissen 3
Hence
ki [AA] {[PCCJeoal - [C]} = (k1 + k) [C]
k1 [AA] [PCCleotal - k1 [AA] [C] = (k-1 + K) [C]
k1 [AA] [PCCluotar= k1 [AA] [C] + (k-1 + K) [C]

ki [AA] [PCCltotal = {k-1 + k + k1 [AA] } [C]

— k1 [AA] [PCCltotal
k_1 + K + k{[AA]

[C]

[AA] [PCC]total

k_ .
e

[AA] [PCC]total
ki +[AA]

Hence
Rate =k [C]

- [AA] [PCCltotal
Ky +[AA]

=k [PCCJtotal =Kobs[ PCC]Jtotal ( when [AA] = constant )

Where

_ 1o [AA]
kobs =k Ko +[AA]
L 1
Kops [AA]

| =

There for km can be calculated by intercept of plot 1/ kobs versus 1/ [AA].

4., Conclusion

The reaction is of first order with respect to [PCC], [Valine], and [ H*] ion. The study on the oxidation of Valine by
pyridinium chlorochromate in DMF-water media in the presence of perchloric acid reveals that the neutral amino acid
take part in the reaction, protonated amino acid is not involved in the reaction. The Michaelis-Menten type kinetics is
observed with respect to Valine. Although the intercept value is very small but the value indicates the formation of
complex which may be highly reactive so concentration will be very small at any time. The reaction was carried out at
different temperatures. In the temperature range of 298-323 K, Arrhenius equation is valid. The thermodynamic
parameters indicate that the reaction is entropy controlled.

The overall mechanistic sequence described here is consistent with the product analysis and by kinetic and mechanistic
studies.
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