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ABSTRACT

The catalytic activity of 1, 10-phenanthroline (ph& benzimidazolium fluorochromate (BIF®}idation of4-oxo-
4-phenyl butanoic acid (4-oxo acitias been studied in 50% acetic acid — 50 % watetiune. The oxidation leads
to the formation of benzoic acid. The reactioniist forder each in [BIFC], [4-oxo acid] and [H. The reaction
rate increased remarkably with the increase in fiteportion of acetic acid in the solvent medium.rivias
thermodynamic parameters have been determinedfatefit acetic acid-water composition. A suitablectranism
has been proposed.
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INTRODUCTION

Hexavalent chromium compounds are important, verygsful oxidizing agents suitable for organic setis [1,2].
A number of new Cr(Vl) containing compounds like iptopylammonium fluorochromate [3],
benzyltriethylammonium chlorochromate [4], quindralm dichromate [5], tributylammonium chlorochrotd6]
and tetraethylammonium chlorochromate [7] have hesdl to study the kinetics and mechanism of vararganic
compounds.

Benzimidazolium fluorochromate is also one suchdamt developed recently [8,9]. It is a more effiti@nd
stronger oxidizing agent. This new compound is mefficient for quantitative oxidation of severalganic
substrates and has certain advantages over sioxildizing agents in terms of the amount of oxidantl solvent
required, short reaction times and high yields. Amehe different chelating agents [10-13] that potenCr(VI)
oxidation of different types of organic substrai&olinic acid, 2,2’-bipyridine, and 1,10-phenardlime are quite
important [14-17].

Extensive studies on the mechanism of oxidatiof-oko acids by different oxidants have been thé¢estilof study
by various workers [18-21]As part of our continuing investigations on thedation of organic substrates by BIFC
[22, 23], this paper reports the kinetic featuréshe oxidation of4-oxo-4-phenyl butanoic acid by BIFC in the
presence of 1,10-phenanthroline. Mechanistic@smee also discussed.
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MATERIALS AND METHODS

Materials

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

Preparation of benzimidazolium fluorochromate
Benzimidazolium fluorochromate has been preparecth foenzimidazole, 40% hydrofluoric acid and chramiu
trioxide in the molar ratio 1:1.3:1 at’G as reported in the literature [8].

Preparation of 4—oxo—4—phenyl butanic acid
The 4—oxo—4—phenyl butanic acid is synthesizedheyRriedel-Craft's reaction between succinic anicigdand
benzene in the presence of anhydrous aluminiuntidiel$18].

Kinetic measurements

The pseudo — first-order conditions were attaingdniaintaining a large excess ( x 15 or more) okd-acid over
BIFC. The solvent was 50% acetic acid — 50% watks),(unless specified otherwise. The reactionsaWellowed,

at constant temperatures (+ 0.01 K), by monitotimg decrease in [BIFC] spectrophotometrically a4 861 using
UV-Vis spectrophotometer, Shimadzu UV-1800 modéie Ppseudo-first-order rate constdgi, was evaluated
from the linear (r = 0.990 to 0.999) plots of I&JFC] against time for up to 80% reaction. The setorder rate
constank,, was obtained from the relatiég = kops/ [4-Ox0 acid].

RESULTS AND DISCUSSION

Product study was made under mineral acid catalgsedition in 4—oxo—4—phenyl butanic acid. The prdvas
obtained which had melting point of 12@. 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 studieslierdxidation of 4-oxo acid by BIFC were carried with oxidant

in excess. The stoichiometric studies showed timabllof BIFC reacts with 1 mol of 4—oxo—4—phenytdnic acid.
Kinetic study for the f oxidation of-oxo-4-phenyl butanoic acioly BIFC has been conducted in 50% acetic acid —
50 % water medium at 303 K in the presence of Phénanthroline under pseudo-first order conditiand the
results obtained were discussed here.

Effect of varying the concentrtation of 1,10-phenathroline

The concentration of 1,10-phenanthroline is vairedhe range of 0.0 x 10to 8.0 x 1¢* mol dm' at constant
[BIFC], [4-Oxo acid] and [F] at 303 K and the rates were measured (TabléMg.observed that the rate increases
linearly with increasing 1,10-phenanthroline cortcation.

Order of the reaction

The reactions are first order with respect to Bi&Cevidenced by a linear plot of log [BIFC] agaitiste. The
pseudo first-order rate constants do not depenti@initial concentration of BIFC (Table 1). Thigther confirms
first-order dependence of rate on oxidant concéotra Reaction rates increase linearly with incee@s the
concentrations of the 4-Oxo acid (Table 1). A pbtog k. Vs log [4-Oxo acid] is linear with a slope = 1.001,
indicating that the order with respect to 4-Oxaddsialso one (Figure 1).

The acid catalysed nature of this oxidation is taméd by an increase in the rate on the additiorl'ofPerchloric
acid has been used as a source ointHeaction medium. The plot of ldg, versuslog [H] is a straight line with
the slope of 1.0003 (Figure 2). Therefore, ordihwespect to His one. BIFC may become protonated in the
presence of acid and the protonated BIFC may fanas an effective oxidant.

The acid—catalysis may well be attributed to agmation of BIFC to give a stronger oxidant and etgghile.

O,CrFOBIH" + H* (OH)OCIFOBIH*
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The formation of a protonated Cr(VI) species hatiegabeen postulated in the reactions of strudtyisimilar PFC
[24].

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 d8), in the form of MnSQretards the rate of oxidation (Table — 1).
This indicates the involvement of Cr(IV) intermetgian the oxidation of 4-oxo acid by Cr(VI) reagamd confirms
the two electron transfer process in the reactidn(ll) ion reduces Cr(IV) formed to Cr(lll). In thabsence of
Mn(ll) ion, formed Cr(IV) reduces Cr(VI) to Cr(V)na the oxidation of 4-oxo acid by Cr(V) is fast [2Fhe
decrease in the rate of Cr(VI) reduction on theitamd of Mn(ll) has been attributed to the remow@alCr(I1V) by
reaction with Mn(ll) [26].

Effect of solvent polarity on reaction rate

The oxidation of 4-oxo0-4-phenyl butanoic acid ie fbresence of oxalic aciths been studied in the binary mixture
of acetic acid and water as the solvent medium tf®@ioxidation of 4-oxo-4-phenyl butanoic acid, thaction rate
increased remarkably with the increase in the pitapo of acetic acid in the solvent medium. Theesults are
presented in Table 2 and Figure 3.

Amis (1967)holds the view that in an ion—dipole reaction imoy a positive ionic reactant, the rate would
decrease with increasing dielectric constant ofrtieglium and if the reactant were to be a negatigleéirged ion,
the rate would increase with the increasing dielectonstant. In this case there is a possibility gositive ionic
reactant, as the rate decreases with the incredsegtric constant of the medium [27]. Due to fudar nature of
the solvent, transition state is stabilized,, the polar solvent molecules surround the transisitate and result in
less disproportion.

Table - 1 Rate constants for the oxidation of 4-ax4-phenyl butanoic acid by BIFC in aqueous acetiacid medium in the presence of
1,10-Phenanthroline at 303 R®

10%BIFC] | 107[4-ox0] [H1 10°[Phen] | 10°k,
(mol dm?®) | (mol dm?® | (mol dni®) | (moldm®) | (s?)
1.2 2.0 0.18 0.0 16.22
1.2 2.0 0.18 2.0 22.92
1.2 2.0 0.18 4.0 29.12
1.2 2.0 0.18 6.0 34.84
1.2 2.0 0.18 8.0 42.70
0.8 2.0 0.18 6.0 34.79
1.6 2.0 0.18 6.0 34.88
2.0 2.0 0.18 6.0 34.90
2.4 2.0 0.18 6.0 34.76
1.2 1.0 0.18 6.0 20.24
1.2 15 0.18 6.0 30.64
1.2 25 0.18 6.0 51.30
1.2 3.0 0.18 6.0 62.00
1.2 2.0 0.10 6.0 20.66
1.2 2.0 0.14 6.0 30.76
1.2 2.0 0.22 6.0 51.42
1.2 2.0 0.26 6.0 61.80
1.2 2.0 0.18 6.0 3477
1.2 2.0 0.18 6.0 31.88

#As determined by a spectrophotometric technigllefimg the disappearance of oxidant
1074-Oxo acid] = 2.0 mol dii; 10°][BIFC] = 1.2 mol dn®; [H*] = 0.18 mol dr¥
Solvent composition : 50% Acetic acid — 50% Wétérv)
PEstimated from pseudo-first order plots over 80%ct®n
‘Contained 0.001 mol diracrylonitrile.
“In the presence of 0.003 mol Aman(l).
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Figure 1 Showing order plot of 4-oxo acid for te oxidation of 4-oxo acid by BIFC in the presencef 1,10-phenanthroline

In the present study, the significant rate enhameewith the lowering of dielectric constant of twvent medium
may be attributed to the enolisation of the ket group in the 4-oxo-4-phenyl butanoic acid. Tinelesation of
the keto group of the oxo acid is facilitated bg thcrease in percentage of acetic acid in theestlinedium and
this may also favors the rate enhancement.

1.7
1.6
00&
~ e//.\/
g’ 1.5+ 6\OQ
i
<
1.4
1.3
T T T T T
1.0 11 12 13 1.4 15
2+log [H]

Figure 2 Showing order plot of perchloric acid ér the oxidation of 4-oxo acid by BIFC in the presace of 1,10-phenanthroline

Table — 2 Pseudo-first order rate constants fortte oxidation of 4-oxo-4-phenyl butanoic acid by BIE at various percentage of acetic
acid-water medium in the presence of 1,10-Phenantbline at various temperatures

Dielectric 100k, (sh)

%ACOH - HO (VM) | o nstant [298 K | 303K | 308 K| 313K
30-70 720 | 20.10 | 28.06 | 39.10 | 55.96
40-60 633 | 2242 | 30.16 | 43.16 | 60.40
50-50 56.0 | 25.04 | 34.84 | 48.44 | 65.10
60-40 455 | 30.00 | 42.40 | 56.60 | 76.00
70-30 385 | 36.08 | 49.44 | 66.40 | 88.66

10P[4-0x0] = 2.0 mol drm; 16°[BIFC] = 1.2 mol dn¥®; 1C° [Phen] = 6.0 mol drii; 10 [H*] = 1.8 mol dn?®
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Figure 3 Plot of 1/ D against log, showing effect of solvent polarity at various temeratures in the presence of 1,10-phenanthroline

Rate of enolisation by bromination method

It has been reported earlier in the case of oxadatif keto compounds that the oxidation proceed£nolisation of
the keto compounds. The rate of enolisation of lempound is faster than the rate of oxidation. Téerctive
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 tie #-oxo-4-phenyl butanoic acid, bromine and hds 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 1,10-phenanthroline is studied at four edét
temperaturesiz., 298, 303, 308 and 313 K at various percentageefic acid-water medium. The second order rate
constants were calculatedable 3. The Arrhenius plot of lodp versus 1/T is found to be linear. The enthalpy of
activation, entropy of activation and free ener@yactivation were calculated froky at 298, 303, 308 and 313 K
using the Eyring relationship by the method of ieagiare and presentedTiable 3

Table —3 Second order rate constants and activah parameters for the oxidation of 4-oxo-4-phenybutanoic acid by BIFC at various
percentage of acetic acid-water medium in the pregsee of 1,10-Phenanthroline

o1 3
9%ACOH - HO 10%, (dnvmot’s’) E. _AS' AH? (kJAnfoll)
1 -1 -1 1
(Vi) 298 K | 303 K| 308K| 313K (kJmol") | (JK mol") | (kJmol) (at 303 K)
30-70 10.05 | 14.03 | 19.55 | 27.98 52.84 094.94+3.0| 50.54+1.0| 79.30+1.9
40-60 11.21 | 15.08 | 21.58 | 30.20 51.70 098.39+3.3| 48.32+1.1| 78.63+2.1
50-50 1252 | 17.42 | 24.22 | 32.55 49.78 103.94+0.6 | 47.10+0.2| 78.59+0.4
60-40 15.00 | 21.20 | 28.30 | 38.00 47.86 108.34+2.4 | 45.38+0.8| 78.20+1.5
70-30 1754 | 24.72 | 33.20 | 44.33 48.48 106.43+3.0 | 44.80+1.0| 77.05+1.9

1074-ox0] = 2.0 mol dm; 10°[BIFC] = 1.2 mol dn?®; 10° [Phen] = 6.0 mol drii; 10 [H'] = 1.8 mol dm?®
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Scheme 1 Mechanism of oxidation of 4-Oxo acid BIFC in the presence of 1, 10-phenanthroline
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Mechanism of oxidation

A probable mechanism for the oxidation of 4-oxokepyl butanoic acith the presence of 1,10-phenanthroline by
BIFC has been proposed based on the experimemstatgeand in analogy with the oxidation of oxo campds
with the other oxidants. The results obtained mkimetic study are briefly summarized below: Theation is first
order each with respect to the 4-oxo-4-phenyl tmitaacid, BIFC and Hion. The linear increase in the reaction
rate with the increase in [Hion is attributed to the formation of protonatBtFC i.e., BIFCH" and to the
enolisation of the 4-oxo-4-phenyl butanoic acide Farmation of BIFCH ion and the enolisation of the 4-oxo-4-
phenyl butanoic acid is facilitated at lower di¢fecconstant of the medium. The rate of enolisai®found to be
greater than the rate of oxidation. The coursexafation does not involve any free radical interimaéel

It is believed that the catalytic activity of coraging agent such as 1,10-phenanthroline depemdiseir ability to
stabilize intermediate chromium valence states.[28]0-Phenanthroline readily form complex)@ith Cr(VI). In
the next step, the complex reacts with the sulesti@tform a ternary complex £§C 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 bomgive a benzoic acid and the Cr(IV)-Phen comgdex
Considering these facts and findings a suitablehaxgism has been proposed for the oxidation (Schgme—

CONCLUSION

The Cr(VI)-phen complex is believed to be the plibeelectrophile in the catalyzed oxidation. Thaetics of
oxidation of 4-oxo-4-phenyl butanoic acid has bemwvestigated in aqueous acetic acid medium by
spectrophotometrically at 303 K in the presencel aD-phenanthroline. The addition of Mn(ll), in tfem of
MnSQ, retards the rate of oxidation indicating the imeshent of Cr(IV) intermediate. The Arrhenius plétiag k,
versus 1/T is found to be linear. Using the Eyniatationship the enthalpy of activation, entropyacfivation and
free energy of activation were calculated. The lomge of dielectric constant of reaction medium geses the
reaction rate significantly.
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