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ABSTRACT

We have described the catalytic activity of pideliacid (PA) for the oxidation of somehydroxy acids like
glycolic acid (GA), malic acid (MLA), lactic acidLA) and mandelic acid (MA) by triethylammonium
fluorochromate (TriEAFC) in aqueous acetic acid med The oxidation leads to the formation of the
corresponding oxo acids. The reaction is first areéth respect to TriEAFC, hydroxy acids and JHand the

reaction is catalyzed by hydrogen ioffi$ie reaction rate increased remarkably with theéase in the proportion

of acetic acid in the solvent medium. The reactiates were determined at different temperatures trel
activation parameters computed. A suitable mecimatias been proposed.
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INTRODUCTION

Picolinic acid acts as a chelating agent of elemesuch as chromium, zinc, manganese, copper, aod,
molybdenum in the body. It is involved in phenyfdtee, tryptophan, and alkaloids production, and tiog
guantitative detection of calcium. This forms a @bax with zinc, may facilitate the passage of zZihmugh the
gastrointestinal wall and into the circulatory gyst During the past decades, picolinic acid wasndoto have a
number of biological functions. Commercially picot acid is used as an intermediate to producenphaeuticals
(especially local anesthetics) and metal saltsHferapplication of nutritional supplemen@&colinic acid chromium
salt, a dietary supplement, may be used to stidgadtential as a modulator of glucose uptake ardattivity of
insulin. Picolinic acid also has protective and therapeetiects against tumor through activation and subset
enhancement of macrophages-mediated cytotoxieitiglinduces production of tumor-related proteifjs [1

A variety of compounds containing chromium (V1) kgeroved to be versatile reagents capable of driglizimost
every oxidiasable functional group. A number of néw(VI) containing compounds, with heterocyclicsba have
been studied in recent years for the oxidationasious organic substrates [2-9].

Triethylammonium fluorochromate [10-12] is also aswech oxidant developed recently. It is a moreciffit and
stronger oxidizing agent. This new compound is mefficient for quantitative oxidation of severalganic
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substrates and has certain advantages over sioxidizing agents in terms of the amount of oxidant solvent
required, short reaction times and high yieldghla paper, we describe the kinetics and mechaafdire oxidation
of glycolic, malic, lactic and mandelic acids byHAFC in aqueous acetic acid medium.

Among the different chelating agents [13-15] thairpote Cr(VI) oxidation of different types of orgarsubstrate,
picolinic acid, 2,2’-bipyridine, and 1,10-phenardime are quite important [16—19].

The kinetics and mechanism of oxidation of hydragids by various oxidants have been reported [30-28
However, no detailed kinetic study of oxidationhyfdroxy acids in the presence of picolinic acidTBEAFC, a
Cr(VI) reagent has so far been attempted. Henchave studied the kinetics of oxidation of sombydroxy acids
like glycolic acid (GA), malic acid (MLA), lacticad (LA) and mandelic acid (MA) in the presencepitolinic
acid by TriEAFC and evaluated various thermodynapaicameters. A detailed mechanism involving a tdglion
transfer in the rate determining step is discussed.

MATERIALS AND METHODS

Materials

Triethylamine and chromium trioxide were obtaineshf Fluka (Buchs, Switzerland). The hydroxy acidediwere
glycolic acid (GA), malic acid (MLA), lactic acidLA) and mandelic acid (MA). Acetic acid was purdidy
standard method and the fraction distilling at 3@8&vas collected.

Preparation of triethylammonium fluorochromate
Triethylammonium fluorochromate has been prepareth ftriethylamine, 40% hydrofluoric acid and chromi
trioxide as reported in the literature [10].

Kinetic measurements

The pseudo — first-order conditions were attaingdnaintaining a large excess ( x 15 or more) ofrbyg acids
over TriEAFC. The solvent was 50% acetic acid — 508&ter {/Vv), unless specified otherwise. The reactions were
followed, at constant temperatures (+ 0.01 K), bynitoring the decrease in [TriIEAFC] spectrophotaicatly at
362 nm using UV-Vis spectrophotometer, Shimadzul18@0 model. The pseudo-first-order rate constagnivas
evaluated from the linear (r = 0.990 to 0.999) plot log [TrEAFC] against time for up to 80% react The
second order rate constdat was obtained from the relatiép = k; / [HA].

Product analysis

Product analysis was carried out under kinetic ittord i.e with excess of the reductant over THEAFC. lygical
experiment, mandelic acid (15.2 g, 0.l mol), pédh acid (0.28 mol) and TriEAFC (0.01 mol) werisgblved in
acetic acid — water mixture (50 % — 50%) and thlaton was allows to stand in the dark for abo&ithi2to ensure
completion of the reaction. The residue was treatitd an excess (200 ml) of a saturated solutio2,dfdinitro
phenylhydrazine in 1 mol diHCI and kept overnight in a refrigerator. The fpiated 2,4-dinitro phenyl
hydrozone (DNP) was filtered off, dried and recajlsted from ethanol. The product was identicap (amd mixed
mp) to an authentic sample of the DNP of phenybgyjic acid.

Stoichiometric studies

The stoichiometric studies for the oxidation of foxdy acids by THEAFC were carried out with oxidan excess.
The solvent composition 50% acetic acid — 50% waite) and [H] were maintained as in the corresponding rate
measurements. The temperature was maintained &.303ie hydroxy acids and TriEAFC were mixed ie tiatio
1:4, 1:5, 1:6 and were allowed to react for 24 BG8 K. The concentration of unreacted TriEAFC watermined.
A[TriEAFC] was calculated. The stoichiometry wascegdted from the ratio between [HA] and [TriEAFC].

Stoichiometric analysis showed that the followirvgiall reaction.

RCH(OH)COOH + QCrFONH*(CHs); ——— RCOCOOH + HO + OCrFO NH*(C,Hs)s 1)
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RESULTS AND DISCUSSION

The oxidation of some-hydroxy acids like glycolic acid, malic acid, lactcid and mandelic acid by TriEAFC
have been conducted in 50% acetic acid and 50% wetdium at 303 K, under pseudo first order condii The
result obtained were discussed in the followingageaphs.

Effect of varying the concentration of picolinic aid

The concentration of picolinic acid is varied ir ttange of 0.0 x Idto 10.0 x 1¢ mol dm" at constant [TriEAFC],
[HA] and [H'] at 303 K and the rates were measured (TableW$. observed that the rate increases linearly with
increasing picolinic acid concentration.

Table - 1 Rate constants for the oxidation of glydiz acid, malic acid, lactic acid and mandelic acidhy by TriEAFC in agueous acetic
acid medium in the presence of picolinic acid aB03 K

1G° [PA] 10k (sh)
(moldm® | GA [ MLA | LA MA
0.0 21.48 | 26.88 | 32.14 | 54.22
2.0 24.82 | 30.60 | 36.28 | 61.32
4.0 28.18 | 34.42 | 40.60 | 68.56
6.0 31.66 | 38.70 | 45.22 | 75.90
8.0 34.72 | 42.60 | 49.32 | 82.94
10.0 38.14 | 46.44 | 53.40 | 90.12
?As determined by a spectrophotometric technigll@dimg the disappearance of oxidant
10°[HA] = 2.0 mol dm®; 1C°[TriEAFC] = 1.0 mol dn’; [H*] = 0.28 mol dri?
Solvent composition: 50% Acetic acid — 50% Waten\)
PEstimated from pseudo-first order plots over 80%ct®n

Effect of acrylonitrile and MnSO,

The reaction did not promote polymerization of #&mmitrile indicating the absence of free radicalalfle — 2).
However, the addition of Mn(ll) (0.003 mol ¢y in the form of MnSQretards the rate of oxidation. This indicates
the involvement of Cr(IV) intermediate in the oxida of hydroxy acids by Cr(VI) reagent and confirhe two
electron transfer process in the reaction.

Table - 2 Rate constants for the oxidation of glyic acid, malic acid, lactic acid and mandelic adiby TriEAFC in aqueous acetic acid
medium in the presence of picolinic acid catalysit 303 K*°

107TriEAFC] | 109HA] [H] 10k, (sY)

(moldm®) | (moldm®) | (moldm® | GA MLA LA MA
0.4 2.0 0.28 3158 | 38.62 | 45.12 | 75.86
1.0 2.0 0.28 31.66 | 38.70 | 45.22 | 75.90
1.6 2.0 0.28 31.72 | 38.68 | 45.18 | 75.94
2.2 2.0 0.28 31.60 | 38.84 | 45.30 | 75.98
2.8 2.0 0.28 31.54 | 38.76 | 45.08 | 75.82
1.0 1.0 0.28 185.60| 19.16 | 22.50 | 37.76
1.0 15 0.28 23.56 | 28.88 | 33.80 | 56.78
1.0 25 0.28 39.42 | 48.18 | 56.46 | 94.70
1.0 3.0 0.28 47.36 | 57.90 | 67.70 | 113.68
1.0 2.0 0.16 18.26 | 22.34 | 25.98 | 43.40
1.0 2.0 0.22 24.98 | 30.62 | 35.74 | 59.63
1.0 2.0 0.34 38.68 | 47.12 | 55.08 | 92.10
1.0 2.0 0.40 45.40 | 55.46 | 64.80 | 108.50
1.0 2.0 0.28 3154 | 38.78 | 45.28 | 75.88
1.0 2.0 0.28 24.68 | 31.04 | 36.28 | 59.2¢'

#As determined by a spectrophotometric technigllefimg the disappearance of oxidant
10°HA] = 2.0 mol dm®; 1C°[TrEAFC] = 1.0 mol dn?®; [H*] = 0.28 mol dni¥; 10°[PA] = 6.0 mol dm®
Solvent composition : 50% Acetic acid — 50% Water)

PEstimated from pseudo-first order plots over 80%ct®n
‘Contained 0.001 mol dfracrylonitrile;  %ln the presence of 0.003 mol dmin(ll).
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Fig 1. Showing the order plot of glycolic acid (GA malic acid (MLA), lactic acid (LA) and mandelicacid (MA) in the presence of
picolinic acid catalyst
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Fig 2. Showing the order plot of [H] for the oxidation of glycolic acid (GA), malic add (MLA), lactic acid (LA) and mandelic acid (MA)
in the presence of picolinic acid catalyst
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Order of the reaction

The concentration of THEAFC was varied in the @0 0.4 x 16 to 2.8 x 1¢ mol dm* at constant [HA], [H] at
303 K and the rates were measured (Table 2). Taeaomstancy in the value kf irrespective of the concentration
confirms the first order dependence on TriEAFC.

The rate of oxidation increased progressively aneasing the concentration of hydroxy acids (T&blerhe plot of
log k; versuslog [HA] gave unit slope for GA, MLA, LA and MA spectively (Fig. 1). Under pseudo-first-order
conditions, the plot of; versugHA] is linear passing through origin. These resuobnfirm the first-order nature of
the reaction with respect to [HA].

Perchloric acid has been used as a source af Feaction medium. The acid catalysed naturehisf oxidation is
confirmed by an increase in the rate on the additiofH’] (Table 2). The plot of log; versudog [H'] is a straight

line with unit slope for GA, MLA, LA and MA respeutly. Therefore, order with respect toHs one for GA,
MLA, LA and MA respectively. THEAFC may become pooated in the presence of acid and the protonated
TriEAFC may function as an effective oxidant.

Effect of solvent polarity on reaction rate

The effect from solvent composition on the reactiate was studied by varying the concentration agftia acid
from 30% to 70%. The pseudo-first-order rate camstavere estimated for the oxidation of hydroxydagiwith
TriEAFC in the presence of perchloric acid at astant ionic strength. The reaction rate is inezsasarkedly with
the increase in the proportion of acetic acid ia thedium (Table 3). The plot of Idg versus 1/D (dielectric
constant) is linear with positive slope suggestthg presence of either dipole-dipole or ion-diptype of
interaction between the oxidant and the subst28e30] (Fig. 3). Positive slope of Idg versus 1/D plot indicates
that the reaction involves a cation-dipole typéntéraction in the rate determining step.

Amis (1967)holds the view that in an ion-dipole reaction inwng a positive ionic reactant, the rate would dase
with increasing dielectric constant of the mediund #f the reactant were to be a negatively chaigadthe rate
would increase with the increasing dielectric canstln this case there is a possibility of a pesitonic reactant,
as the rate decreases with the increasing dietemristant of the medium [31].

204 [Glycolic acid  (GA) MA
||Malic acid (MLA)
Lactic acid (LA)
1.99|Mandelic acid (MA)

| / LA
1.8 1

xﬁ -
(_g’ 1.7 1
+ ]
Lo

1.6

1.5

In the presence of
1 Picolinic acid
1.4
T I T I T I T I T I T I T I
0.012 0.014 0016 0018 0.020 0.022 0.024 0.026
1/D

Fig 3. Plot of 1/D against log; showing effect of solvent polarity in the presere of picolinic acid catalyst
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Table — 3 Pseudo-first order rate constants forhie oxidation of glycolic acid, malic acid, lactic eid and mandelic acid by TriEAFC at
various percentage of acetic acid-water medium irhie presence of picolinic acid catalyst at 303 K

Dielectric 10k, (sh)
YACOH - O W) | o nstant [GA [ MLA | LA | VA
30-70 720 | 25.70| 31.62 | 36.94| 63.08
40-60 633 | 28.51| 34.67 | 40.69| 69.18
50-50 56.0 | 31.66| 38.70 | 45.22| 75.90
60-40 455 | 38.60 | 46.76 | 54.26 | 91.00
70-30 385 | 47.32| 57.54| 65.10 | 107.40

10°[HA] = 2.0 mol dm®; 1C°[TriEAFC] = 1.0 mol dn?’; [H*] = 0.28 mol dn¥; 10°[PA] = 6.0 mol dm?®

Thermodynamic parameters

The kinetics of oxidation of hydroxy acids was séadat four different temperaturei., 298, 303, 308 and 313 K.
The second order rate constants were calculatdalg®). The Arrhenius plot of lol, versus 1/T is found to be
linear. The enthalpy of activation, entropy ofiaation and free energy of activation were caladatromk, at
298, 303, 308 and 313 K using the Eyring relatigmély the method of least square and presenteclieT4. The
entropy of activation is negative for hydroxy acids

Table — 4 Second order rate constants and activatiqparameters for the oxidation of glycolic acid, mbc acid, lactic acid and mandelic
acid by TriEAFC in acetic acid-water medium in thepresence of picolinic acid catalyst

%ACOH - HO 10°%, (dn? mol*s™) AG*
(VN) Ea —AS* AH? (kJ mol*)
298 K | 303K| 308 K| 313Kl (kImol") | (JK'mol?) | (kJmol®) | (at 303 K)
GA 1155] 15.83 | 21.70 | 29.72 | 49.02 | 125.96+1.2| 46.34+0.4| 84.50+0.8
MLA 1428 | 19.35 | 26.25 | 35.70 | 47.48 | 129.42+1.8| 44.80+0.6| 84.02+1.2
LA 16.87 | 22.61 | 30.30 | 40.60 | 4556 | 134.58+0.6| 42.88+0.2| 83.65+0.4
MA 29.20 | 37.95| 49.33 | 64.10 | 40.78 | 146.07+1.5| 38.10+0.5| 82.35+1.0

10°[HA] = 2.0 mol dm?®; 1C°[TriEAFC] = 1.0 mol dn®; [H*] = 0.28 mol dni¥; 10°[PA] = 6.0 mol dn?®

Mechanism for TriIEAFC oxidation of a-hydroxy acid in the presence of picolinic acid

From the product analysis, DNP was confirmed. Heit@lows that under the experimental conditianpleyed in
the present study, hydroxy acids were oxidizedht® ¢orresponding oxo acids. Absence of any efféctdded
acrylonitrile on the reaction discounts the poditjbof a one-electron oxidation, leading to thenfiation of free
radicals. In this oxidation, the cleavage of th€-H bond takes place in the rate-determining stdmerefore, a
hydride-ion transfer in the rate determining steguggested. Positive slope of kygversus 1/D plot indicates that
the reaction involves a cation-dipole type of iatdion in the rate determining step.

The findings with picolinic acid can be explaineddmnsidering the reaction mechanism outlined ineBee-1. It is
believed that the catalytic activity of complexiagent such as picolinic acid depends on theirtghii stabilize
intermediate chromium valence states [32]. TEAF@hcts with picolinic acid to form a binary compl€,). In
the next step, the binary complex)@eacts with the substrate to form a ternary cexgC,). This ternary complex
(C,) undergoes redox decomposition by two electromsfiex within the cyclic transition state in a ra&termining
step involving simultaneous rupture of C—C and (sérids to give a oxo acid and the Cr(IV)-PA comptexene
negative entropy of activation in conjunction wither kinetic observations supports the mechanisttined in
Scheme-1.
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Scheme 1 Mechanism of picolinic acid catalysedxidation of hydroxy acids by TriEAFC
CONCLUSION

The kinetics of oxidation of hydroxy acids has béerestigated in agueous acetic acid medium inptlesence of
perchloric acid by spectrophotometrically at 303TiKe oxidation of hydroxy acids by TriEAFC is firder each
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with respect to the hydroxy acids, TrEAFC and fogeen ion. The oxidation is catalysed by picoliagd. The
lowering of dielectric constant of reaction mediimareases the reaction rate significantly. The tieacdoes not
show the polymerization, which indicates the abseoicfree radical intermediate in the oxidationheTorder of
reactivity is GA < MLA < LA < MA in the presence gicolinic acid. The reaction rate is higher in tan in GA
due to the inductive effect. Enhanced reactivitMA may be due to the stabilization of the intermagel formed
through resonance.
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