Available online at www.derpharmachemica.com

Scholars Research Library qu:%a‘%_'l

S
Scholars Research . g
Der Pharma Chemica, 2015, 7(3):105-112 '-K
. (http://derpharmachemica.com/archive.html)
l ==

ISSN 0975-413X
CODEN (USA): PCHHAX

s e

Oxidation of 4-oxo-4-phenyl butanoic acid by triprgoylammonium fluoro
chromate in the presence of picolinic acid — A kirtec and mechanistic study

A. Yogananth'and S. Sheik Mansoof

'Research and Development Centre, Bharathiar Unityer€oimbatore, Tamil Nadu, India
“Department of Chemistry, C. Abdul Hakeem Collegegqiomous), Melvisharam, Tamil Nadu, India

ABSTRACT

The oxidation of 4-oxo-4-phenyl butanoic acid (4-cacid) by tripropylammonium fluorochromate (TriPAFC)
resulted in the formation of benzoic acid. Theabaic activity of picolinic acid (PA) has beerudied in 50%
acetic acid — 50 % water medium. The reaction fist forder each in [TriPAFC], [4-oxo acid] and [H. The
reaction rates were determined at different temperes and the activation parameters computed. Fitoeresults,
a suitable mechanism has been proposed.
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INTRODUCTION

In 4-oxo acids, the carbonyl and the carboxyl geoape separated by two carbon atoms and so theggoshe
characteristics of both compounds without the dingftuence of the other group. Many of the 4—oxda@nd their
esters possess fungicidal, bactericidal and afii@ammatory activities [1]. Kinetics and mechanisfroxidation of
4-oxo acids by different oxidants like permanganaiepyridinium fluorochromate [3]N-bromosuccinimide [4],
N-chlorosaccharin [5], N-bromosaccharin [6]N-chlorobenzamide [7] antl-bromoacetamide [8] have been the
subject of study by various workers.

A variety of compounds containing chromium (V1) bagwoved to be versatile reagents capable of driglialmost
every oxidiasable functional group. A number of néw(VI) containing compounds, with heterocyclicsba have
been studied in recent years for the oxidationasfous organic substrates [9-16].

Tripropylammonium fluorochromate is also one sugldant developed recently [17-20]. It is a moraaiéit and
stronger oxidizing agent. This new compound is meffcient for quantitative oxidation of severalganic
substrates and has certain advantages over sioxidizing agents in terms of the amount of oxidantl solvent
required, short reaction times and high yields.

Among the different chelating agents [21-24] thainpote Cr(VI) oxidation of different types of orgarsubstrate,
picolinic acid, 2,2’-bipyridine, and 1,10-phenardime are quite important [25-28].
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As a part of our continuing investigations on thédation of organic substrates I8r(VI) [29, 30], this paper
reports the kinetic features of the oxidation 4bxo-4-phenyl butanoic acid by TriPAFC in the mmese of
picolinic acid. Mechanistic aspects are also dised.

MATERIALS AND METHODS

Materials

Tripropyl amine and chromium trioxide were obtaifiemn Fluka (Buchs, Switzerland). Acetic acid wasified by
standard method and the fraction distilling at iC8&vas collected. Perchloric acid is used as thecsoof hydrogen
ion.

Preparation of Tripropylammonium fluorochromate

Tripropylammonium fluorochromate is easily prepaesdfollows: Chromium (VI) oxide (15.0 g, 0.150 mulas
dissolved in water in a polyethylene beaker and &§#sofluoric acid (11.3 mL, 0.225 mol) was addeathvstirring

at 0°C. To the resultant orange solution, tripropylamen{28.3 mL, 0.150 mol) was added drop wise withist

to this solution over a period of 0.5 h and stiyrimas continued for 0.5 h at’G. The precipitated orange solid was
isolated by filtration, washed with petroleum etf®x 60 ml) and dried in vacuum for 2 h at roormperature [18].

0]
N o) CrO3/40% HF _ \Cr/
3H7)3 0 c O/ \F

ONH(C3H7)3

Tripropyl amine Tripropylammonium fluorochromate (1)

The bright orange crystalline reagent can be stdredoolyethylene containers for long periods withou
decomposition. The Cr (VI) content may be easiledained iodometrically.

Preparation of 4—oxo—4—phenyl butanic acid
The 4—oxo—4—phenyl butanic acid is synthesizedheyRriedel-Craft's reaction between succinic anicigand
benzene in the presence of anhydrous aluminiunridel§2].

Kinetic measurements

The pseudo - first-order conditions were attaingdnhaintaining a large excess ( x 15 or more) okd-acid over
TriPAFC. The reactions were followed, at constasnperatures (x 0.01 K), by monitoring the decreise
[TriPAFC] spectrophotometrically at 364 nm using Y¥is spectrophotometer, Shimadzu UV-1800 model. The
pseudo-first-order rate constaki,s was evaluated from the linear (r = 0.990 to 0)98@ts of log [TriPAFC]
against time for up to 80% reaction.

RESULTS AND DISCUSSION

Product study was made under mineral acid catalgsedition in 4—oxo—4—phenyl butanic acid. The prtdvas
obtained which had melting point of 1XT. The product was dissolved in benzene and dutareC analysis was
done with benzoic acid and 4—oxo—4—phenyl butanoid as references. Only one spot correspondirigeiaoic
acid was obtained. The stoichiometric studies i@ dxidation of 4-oxo acid by TriPAFC were carrieat with

oxidant in excess. The stoichiometric studies stibthat 1 mol of TriPAFC reacts with 1 mol of 4—o¥ephenyl
butanic acid.

Kinetic study for the oxidation gf-oxo-4-phenyl butanoic acioly TriPAFC has been conducted in 50% acetic acid
— 50 % water medium at 303 K in the presence dilipiic acid under pseudo-first order conditions éinel results
obtained were discussed here.
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Effect of varying the concentrtation of picolinic aid

The concentration of picolinic acid is varied irettange of 0.0 x Idto 8.0 x 1 mol dm* at constant [TriPAFC],
[4-Oxo acid] and [H] at 303 K and the rates were measured (TabléMg.observed that the rate increases linearly
with increasing picolinic acid concentration.

Effect of varying TriPAFC concentration

The concentration of TriPAFC was varied in the 0§ 0.6 x 10 to 2.6 x 1¢ mol dm" at constant [4-Oxo acid],
[H'] at 303 K and the rates were measured (Table Hg. rfear constancy in the valuelgf; irrespective of the
concentration confirms the first order dependenc@mmPAFC.

Effect of varying 4-Oxo acid concentration

The concentration of 4-Oxo acid is varied in thegeiof 1.2 x 18 to 2.8 x 1¢ mol dm™* at 303 K and keeping all
other reactant concentrations as constant andaties were measured (Table 1). The rate of oxidatioreased
progressively on increasing the concentration @x-acid. The plot of lodps Versuslog [4-Oxo acid] gave the
slope of 1.02. Under pseudo-first-order conditjaie plot ofk,,s versus[4-Oxo acid] is linear passing through
origin. These results confirm the first-order natof the reaction with respect to [4-Oxo acid].

Effect of varying perchloric acid concentration

Perchloric acid has been used as a sourc€ af Haction medium. The concentration dfwias varied in the range
0.1 to 0.42 mol dm keeping all other reactant concentration as cahstt 303 K and the rates were measured
(Table 1). The acid catalysed nature of this oxshais confirmed by an increase in the rate onatigition of H.
The plot of logkys Versus log [H] is a straight line with the slope of 1.01. Theref order with respect to*Hs
one. TriPAFC may become protonated in the presefaid and the protonated TriPAFC may functionaas
effective oxidant.

Table - 1 Rate constants for the oxidation of 4-ax4-phenyl butanoic acid by TriPAFC in agueous ad& acid medium in the presence
of picolinic acid at 303 K&°

107TriPAFC] | 10°[4-Oxo] [H1 10°[PA] | 10k
(mol dm?) (mol dm?®) | (moldm?® | (moldm?®) | (s?)
1.1 2.0 0.26 0.0 12.26
1.1 2.0 0.26 2.0 12.66
1.1 2.0 0.26 4.0 13.18
1.1 2.0 0.26 6.0 14.70
1.1 2.0 0.26 8.0 15.58
0.6 2.0 0.26 6.0 14.62
1.6 2.0 0.26 6.0 14.76
2.1 2.0 0.26 6.0 14.72
2.6 2.0 0.26 6.0 14.78
1.1 1.2 0.26 6.0 8.70
1.1 1.6 0.26 6.0 11.66
1.1 2.4 0.26 6.0 17.78
1.1 2.8 0.26 6.0 20.58
1.1 2.0 0.10 6.0 5.52
1.1 2.0 0.18 6.0 10.28
1.1 2.0 0.34 6.0 19.10
1.1 2.0 0.42 6.0 23.74
1.1 2.0 0.26 6.0 14.67
1.1 2.0 0.26 6.0 12.72

2As determined by a spectrophotometric technigll@dimg the disappearance of oxidant
10°[4-Oxo acid] = 2.0 mol dii; 10°][TriPAFC] = 1.1 mol dm® [H*] = 0.26 mol dri?
Solvent composition : 50% Acetic acid — 50% Wétérv)
PEstimated from pseudo-first order plots over 80%ct®n
‘Contained 0.001 mol dfracrylonitrile.
“In the presence of 0.003 mol Amn(l).
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Effect of acrylonitrile and MnSO,

The reaction did not promote polymerization of &mmitrile indicating the absence of free radicalalfle — 1).
However, the addition of Mn(ll) (0.003 mol dB), in the form of MnSQ@ retards the rate of oxidation. This
indicates the involvement of Cr(IV) intermediatetire oxidation of hydroxy acids by Cr(VI) reagendeconfirms
the two electron transfer process in the reactidn(ll) ion reduces Cr(IV) formed to Cr(lll). In thabsence of
Mn(Il) ion, formed Cr(IV) reduces Cr(VI) to Cr(V)na the oxidation of hydroxy acids by Cr(V) is f§3i]. The
decrease in the rate of Cr(VI) reduction on theitaatd of Mn(Il) has been attributed to the remowealCr(1V) by
reaction with Mn(ll) [32].

Effect of solvent polarity on reaction rate

The oxidation of 4-oxo-4-phenyl butanoic acid ire thresence of picolinic acidas been studied in the binary
mixture of acetic acid and water as the solventiomedFor the oxidation of 4-oxo-4-phenyl butanoitida the
reaction rate increased remarkably with the in@eashe proportion of acetic acid in the solvergdinm. These
results are presented in Table 2. The plot ofkpgersus 1/D (dielectric constant) is linear withspioe slope
suggesting the presence of either dipole—dipoléon+dipole type of interaction between the oxidant the
substrate [33, 34] (Fig. 1).

Table — 2 Pseudo-first order rate constants forte oxidation of 4-oxo-4-phenyl butanoic acid by TRPAFC at various percentage of
acetic acid-water medium in the presence of picolia acid at various temperatures

Dielectric 100k, (sh)

YACOH - HO (VM) | o nstant [298 K | 303K | 308 K| 313K
30-70 720 | 832 | 11.66 | 16.32 | 22.68
40-60 633 | 918 | 13.00 | 18.50 | 25.60
50-50 56.0 | 10.42 | 14.70 | 20.40 | 28.60
60-40 455 | 11.72 | 17.06 | 24.40 | 33.60
70-30 385 | 13.92 | 19.30 | 27.30 | 37.86

10°[4-ox0] = 2.0 mol dm; 10°[TriPAFC] = 1.1 mol dm? 10° [PA] = 6.0 mol dn?; 10 [H*] = 2.6 mol dn?®

1.60
1.55 ]
1.50
1.45
1.40
1.35]
1.30
1.25]
1.20]
115
1.10]
1.05
1.00 ]
0.95]

4+logk,

[ ]
0.90 — 77—
0.012 0014 0016 0018 0020 0022 0.024 0026

1/D

Figure 1 Plot of 1/ D against log; showing effect of solvent polarity at various temeratures in the presence of picolinic acid

Rate of enolisation by bromination method
It has been reported earlier in the case of oxadatif keto compounds that the oxidation procegéd£nolisation of
the keto compounds. The rate of enolisation of lempound is faster than the rate of oxidation. Téerctive
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species of the substrate may be determined bysatioln, which is an acid as well as base catalysadtion and
proceeds by a concerted or push—pull mechanism.rdteeof enolisation was determined by brominatieethod
for the system under investigation.

The order of bromination reaction with respect he #-oxo-4-phenyl butanoic acid, bromine antl s been
determined. These data indicate that the brominatfothe 4-oxo-4-phenyl butanoic acid is first aréach with
respect to the substrate antlibh but zero order with respect to bromine.

Thermodynamic parameters

The kinetics of oxidation of 4-oxo acid in the prese of picolinic is studied at four different teengtures viz., 298,
303, 308 and 313 K at various percentage of aeatid-water medium. The second order rate constaste
calculated Table 3. The Arrhenius plot of lodk, versus 1/T is found to be linear. The enthalpyadtivation,
entropy of activation and free energy of activatiwere calculated frork, at 298, 303, 308 and 313 K using the
Eyring relationship by the method of least squa@ presented iffiable 3

Table — 3 Second order rate constants and activah parameters for the oxidation of 4-oxo-4-phenybutanoic acid by TriPAFC at
various percentage of acetic acid-water medium irhe presence of picolinic acid

10%k, (dnPmol?s™) AG*

%ACOH - HO Ea —AS* AH? (kJ mot*)

) 298 K| 303K| 308K| 313K (153morty | (3Kkimol) | (kI mol) | (at303K)
30-70 416 | 583 | 816 | 11.34| 5208 | 105.28+1.2| 49.58+0.4| 81.48+0.8
40-60 459 | 650 | 925 | 12.80| 5341 | 099.92+0.6| 50.73+0.2| 81.00+0.4
50-50 521 | 7.35 | 1020 | 1430 | 52.26 | 102.79+1.2| 49.970.4| 81.12+0.8
60-40 5.86 | 853 | 12.20 | 16.80 | 54.75 | 093.41+1.8| 50.08+0.6| 80.38+1.2
70-30 6.96 | 9.65 | 13.65 | 18.93| 51.88 | 101.83+1.8| 49.20+0.6| 80.05+1.2

10°[4-ox0] = 2.0 mol dm;, 107 TriPAFC] = 1.1mol dni®, 10° [PA] = 6.0 mol drit; 10 [H'] = 2.6mol dm®

Isokinetic relationship
The reaction is neither isoenthalpic nor isoentdpit complies with the compensation law also knasgnthe
isokinetic relationship.

AH' = AHC + pAS' 2)

The isokinetic temperatur@ is the temperature at which all the compound$efseries react equally fast. Also, at
the isokinetic temperature, the variation of subetit has no influence on the free energy of atitima Exner
suggested a method of testing the validity of iseKt relationship [35]. The isokinetic relatioislis tested by
plotting the logarithms of rate constants at tvikfecent temperatures (T> T, ) against each other according to
Eq (3).

logk(atT,) = a+blodk (at T,) 3)

The linear relationship in Exner plot at 4 + lpg298 K) and 4 + lod, (308 K) observed in the present study imply
the validity of the isokinetic relationship (Fig. 2sokinetic temperature obtained is 649 +4 KeTinear isokinetic
correlation implies that 4-oxo acid at various petege of solvent composition is oxidized by thesanechanism
and the changes in the rate are governed by thregelan both the enthalpy and entropy of activaB&j.
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Figure 2 Exner plot at 4 + logk, (298 K) and 4 + logk, (308 K) for the oxidation of 4-Oxo acid by TriPAFCin the presence of picolinic
acid at various percentage of acetic acid-water magn

Mechanism of oxidation

A probable mechanism for the oxidation of 4-oxokepyl butanoic acidn the presence of picolinic acid by
TriPAFC has been proposed based on the experintestalts and in analogy with the oxidation of oxenpounds
with the other oxidants. The results obtained mkinetic study are briefly summarized below: Thaation is first
order each with respect to the 4-oxo-4-phenyl tmita acid, TriPAFC and Hion. The linear increase in the
reaction rate with the increase inJHon is attributed to the formation of protonafeBdPAFC i.e., TriPAFCH and
to the enolisation of the 4-oxo-4-phenyl butanaiaThe formation of TriPAFCHion and the enolisation of the
4-ox0-4-phenyl butanoic acid are facilitated at dowdielectric constant of the medium. The rate raflisation is
found to be greater than the rate of oxidation. dtnerse of oxidation does not involve any free cabiintermediate.
It is believed that the catalytic activity of coraging agent such as picolinic acid depends on thleility to
stabilize intermediate chromium valence states.[B1dolinic acid readily form complex (Ewith Cr(VI). In the
next step, the complex reacts with the substratéotm a ternary complex @& This ternary complex
undergoes redox decomposition by two electron feangithin the cyclic transition state in a rate@tenining step
involving simultaneous rupture of C-C and C-H bomtalggive a benzoic acid and the Cr(IV)-PA complexes
Considering these facts and findings a suitablehai@ism has been proposed for the oxidation (Sch&me—
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Scheme 1 Mechanism of oxidation of 4-Oxo acid BiyriPAFC in the presence of picolinic acid
CONCLUSION

The kinetics of oxidation of 4-Oxo acid by TriPAR¢s studied in 50% acetic acid — 50% watv)(at 303 K. The
reaction is first order each in [TriPAFC], [4-oxeid] and [H]. The rate of enolisation was determined by
bromination method for the system under investigafThe stoichiometry study showed that 1 mol of TriRAF
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reacts with 1 mol of 4—oxo—4—phenyl butanic acitihe reaction is catalysed by picolinic acid. Thé§\@rPA
complex is believed to be the probable electropiniléhe catalyzed oxidation. Using the Eyring relaship the
enthalpy of activation, entropy of activation anelef energy of activation were calculated.
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