Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2%, 7(7):979-984

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Oxidation of amino acid by hexacyanoferrate(lll) usng chloro complex of
ruthenium(lll) as homogeneous catalyst

Arti Gupta*, Abhishek Pandey, Anjali Pandey and Rol Srivastava

Department of Chemistry, C.M.P. College, Universitpllahabad, Allahabad, Uttar Pradesh, India

ABSTRACT

The kinetics of ruthenium(lll) catalysed oxidatiohL-lysine by hexacyanoferrate(lll) in aqueousaditke medium
was studied spectrophotometrically at constant dosirength of the medium. The reaction shows firster

dependence on oxidant, substrate and the catdlyiial addition of reaction products did not affethe rate
significantly. The active species of catalyst anédant have been identified. The oxidation reactioralkaline

medium has been shown to proceed via a Ru(lll}lysine complex, which further reacts with one molef

hexacyanoferrate(lll) in a rate determining stepidaved by other fast steps to give the producte mMiain products
were identified. The activation parameters withpast to the slow step of the mechanism are companed
discussed and thermodynamic quantities are alserdéted. A mechanism involving the formation ofbenplex
between active species of catalyst and lysine bas proposed.
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INTRODUCTION

Biologically significant amino acids are the buildiblocks in protein synthesis and its oxidatiorketaa significant
contribution to the generation of metabolic enefgyysine is one of the essential amino acid @é@nportant to
life, especially in cold sores, herpes treatmemt finds its applications in pharmaceuticals.

Transition metals are involved to catalyse manyoxedeaction as they show multiple oxidation statAs.
considerable number of publication is known to devo osmium (VIII)[1] as an oxidant [2,3] and a catalyst[4] in
the oxidation of organic compounds. The injurioasune of osmium as the formation of toxic ‘osmaiesacidic
medium[5] restricted its use in alkaline medium.tmium (I11)[6,7] and iridium(lll)[8,9] have beensed as
homogeneous catalyst in acidic as well as in alkathedium. Osmium and ruthenium both belong tostae
group but their compounds are stable in their thifié oxidation states. The redox potentials of RURu(lIl) is
+1.3 V and that of Os(VIII)/ Os(VI) is +0.85 V, wdfi is very low as compared to Ru(IV)/Ru(lll). Thisows that
ruthenium is an efficient catalyst[10,11] in +3tstaRuthenium(lll) acts as an efficient catalysj[i? many redox
reactions involving several complexes and diffedqtlation states of ruthenium.

Several transition metal ions in their complex foatt as good oxidants in neutral, acidic or basediom
depending upon their redox potential. It is reportieat the redox potential of [Fe(Gli#/[Fe(CN)]* in alkaline
medium is +0.40V and in acidic medium is +0.36 Wigating that hexacyanoferrate (ll) is a good dmiith agent
in alkaline medium[13]. It is a single equivalemdastable oxidant. Hence to explore the reactidh pélysine, a
single equivalent oxidant, hexacyanoferrate(lllised as an oxidant and Ru(lll) chloride as a gsttal
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EXPERIMENTAL SECTION

All chemicals used were of AR grade. Double distillwater was used to prepare all the solutionskiioetic
experiments. A solution of lysine was prepared ssalving an appropriate amount of recrystallisadhgle in
double distilled water. A stock solution of ruthem trichloride was prepared by dissolving RyQ@ohnson-
Matthay Chemical Ltd.) in minimum amount of hydrtmic acid. The concentration was determined by BDT
titration [14]. Mercury was added to ruthenium(IBplution to reduce any ruthenium (V) formed dgrithe
preparation of ruthenium (lll). This stock solutievas kept overnight. The solutions of sodium hyédtexand
potassium chloride, of AR (BDH) grade were usednaintain the alkalinity and ionic strength of theaction
solution respectively. Aqueous solution of AgiN@as used to study the product effect, Ag(l). The qf the
medium in the solution was measured using pH mdtee. dissolved oxygen in distilled water was rentbby
passing purified nitrogen gas to check the efféaissolved oxygen on the rate of reaction. It waserved that
there is no significant difference between the Itestained under nitrogen atmosphere and in thegce of air.

KINETIC STUDIES

The kinetic measurements were performed on a $yegd®203 double beam UV-Vis spectrophotometer. The
kinetics was followed under pseudo first order dtods where the concentration of substrate was kigher than
the concentration of the oxidant. The reaction wdésated by mixing substrate solution maintainddaaconstant
temperature to solution of potassium ferricyanidgcl also contained required amount of rutheniuih ¢hloride,
NaOH and KCI. The temperature of the reaction mixtuas kept constant at 35 & with an electrically operated
thermostat. The progress of the reaction was fatbgpectrophotometrically at 420 nm to hexacyanater(lll). It
was clear that there is negligible interferencenfrather species present in the reaction mixtuthiatwavelength.
The —dc/dt values were determined from the absabarrsus time plots. The orders for various redstavere
determined from the slopes of plots of —do/dtsus respective concentration of that reactasgmboxidant.

RESULTS AND DISCUSSION

Different sets of reaction mixtures containing axcess of hexacyanoferrate(lll) over lysine and tams
concentrations of Ru(lll), NaOH and ionic strengfhthe medium was allowed to react for four hoursan inert
atmosphere at 35 + 0.9C. After completion of the reaction, the remainiogncentration of ferricynide was
estimated spectrophotometrically at 420nm. Theltesadicated that two moles of hexacyanoferrateféacted
with one mole of L-lysine. The stoichiometry islysine] : [HCF] = 1 : 2 as given by equation(1),

Ru(l11)

RCHNH,COO + 2Fe(CN)* + OH RCHO + 2Fe(CNy" + NHz + COy ......... 1)

R= 'C"ECHZCH2CH2NH2

After completion of the reaction, the reaction mn& was basified, concentrated and extracted viltere The
oxidation products were isolated using TLC sepanatechniques and characterized by physicochersimattral
studies. The reaction products were identified esabyanoferrate(ll), 5-aminopental and ammonia. feaetion
orders were determined for the oxidation of lydiyehexacyanoferrate(lll) catalysed by rutheniunh) @hloride in
alkaline medium. Hexacyanoferrate(lll) concentnatieas varied for its manifold variation at constemncentration
of lysine, NaOH, Ru(lll) chloride and ionic strehgtf the medium. The rate of the reaction valuds/{t) were
calculated from the initial slopes of individualaghs between absorbance versus time. The rateaobnatlues
obtained by the variation of hexacyanoferrate (Ihich did not result any change in pseudo finsteo rate
constant and the linearity of plot of —dc/dt verdime indicate a reaction order of unity (TableThe linear
behaviour of plot of log —dc/dt versus log[HCF] icated a reaction order of unity. (r= 1.15

The lysine concentration was varied keeping therthactant concentrations and condition constdiits.—dc/dt
values increased with the increase in concentraifollysine indicating first order kinetics with peesct to lysine.
(Tablel). The effect of alkali on the reaction rates been studiefdr the manifold variation of alkali at constant
concentration of lysine, hexacyanoferrate (lll)tatgst and a constant ionic strength of the mediline —dc/dt
values obtained were found to increase with inaéagOH-] (Table 1). Further, the plots of 1 Jkersus 1 / [OH-]
were shown straight lines with positive intercemtsY-axis (Fig. 1). It was observed that the alkhbws positive
effect on the rate of reaction. The ruthenium(thloride concentrations was varied at constant ewtnation of
other reactants. Increase in —dc/dt values witheeing concentrations of the catalyst and faistanty in the rate
values obtained for molar concentration of the lgatandicate that the reaction follows first ordénetics with
respect to ruthenium(lll) chloride for its manifolgariation in concentration. Initially added protkic
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hexacyanoferrate(ll) and 5- aminopentanal did fiigcathe reaction rate. It was also found thatedigic constant
of the medium had no significant effect on the &teeaction.

In order to test for the intervention of free rad#; the reaction mixture was mixed with acryldldtmonomer and
kept for 24 hours in an inert atmosphere. On dilutivith methanol, no precipitate was formed indigatno
intervention of free radicals.

The rate of the reaction was measured at four reiffetemperatures i.e. %0, 35C, 40C, 45C keeping other
conditions constant. The rate was found to increagh increase in temperature. The energy of atitva
corresponding to these constants were evaluated the Arrhenius plot of log k versus 1/T. [15,18he value of
energy of activation has been calculated from thpesof the Arrhenius plot i.e. Ea= 11.440 Kcal/lnidhe values
of entropy of activation and free energy of acimathas also been calculated with respect to stew. The entropy
of activation,AS’ = -54.1331 Kcal/ mol and free energy of activatiair, = 16.68 Kcal/ mol were obtained by
Eyring equation [15, 16].

kg.T
K= ke T

e_(AG# /RT) =

kg. T e—(AH" + TAS®) /RT
h

kg is the Boltzmann’s constant, R is the gas constamg the absolute temperature ak@+ is the free energy of
activation.

It is known that lysine exists in the form of zwittion [17] in aqueous medium. In acidic mediungxists in the
protonated form, whereas in basic medium, it ilérdeprotonated form according to the followingigiria.

aqueous
RCH,(NH,)CH,COOH

RCH,(NH,)CH,COOH + H
RCH,(NH,)CH,COOH + OH

RCHy(*NH3)CH,COO
RCH,("NH3)CH,COOH
RCH(NH,)CH,COO™ + HO

where R= GH4g

Electronic spectral studies [18,19] have confirmbdt ruthenium(lll) chloride exist in the hydratédrm as
[Ru(H,0)e]**. In the present study it is quite probable that $pecies [Ru(bD)sOH]** might assume the general
form [RU"(OH)x]**. The value of x would always be less than six beeahere are no definite reports of any
hexahydroxy ruthenium species. The remaindere@ttordination sphere will be filled by water malkss. Hence
under the experimental conditions [QE+> [Ru(lll)], ruthenium (Ill) is mostly presen{20,21] as the hydrated
species, [Ru(bD)sOH]**. The mechanism involves the formation of the actypecies, [Ru}D)sOH]* , in a
equilibrium step, which reacts with a zwitter iofid@m of lysine to give a complex. The complex threacts with
hexacyanoferrate(lll) in a slow ste000p to form foduct, hexacyanoferrate(ll) and the catalystgenerated.

K1

[Ru(H0)** + OH IRUT(R70) MO In | Gl = N Jummm— (1)

RCH(NH)COO + [Il?(u(l-le)sOH]2+ Complex ----------- (1

C + Fe(CNy* ~ slow ~ RCHO +Fe(CNy" + [Ru(H,0):OHJ?** + NH; + CQ, -(lll)
where R= 'ClﬁCHzCHchzNHZ

The_probable structure of the com_plex is

+
H,O TH2
HzO—/ u OOCCH(NH)R
H0 OH,
L . _
Rate— - d[Fe(CN}]
dt
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kK ;K,[S] [Fe(CN)]* [Ru(lll)] [OH]
= EE— )|
(1+K,[OHT) (1+K,[S]) (1 + K [Fe(CN)]*) (1+K,[Ru(lll)]

At low concentrations of oxidant, substrate andalyat, the term (1+ KFe(CN)}*), (1+ Ky[Ru(lll)]) and
(1+K,[S]) in the denominator of eq. (2) are approximatjual to unity. Thus eq. (2) becomes,

_ dIFe(CNA™_ kKK [S][Fe(CN)XI* [Ru(lIl] [OH]
dt (1+K4[OHT)

Rate=

KK ;K [SIIOH[Ru(I1)]
(1 + K,JOH])

kobs =

Table 1. Effect of variation of [lysine], [HCF(Il1)] [Ru(lll)], [OH 7] on the reaction rate at 38C. ( [HCF(lll)]= 1.66 X 107 M; [Lysine]=
1.25 x 10 M; [OH = 1.66 x 10°M; [RuCl 5]=9.52 x 10°M; p= 0.5)

[lysine]x 10  Ks[Fe(CN}] x 1°M [OH]x10° [Ru(ll] x 10°(mol dm® u  -dc/dt x1G M. min™

(mol dm®) (mol dm®) M
1.0 1.66 1.66 9.52 0.5 5.00
1.2 1.66 1.66 9.52 0.5 7.10
1.25 1.66 1.66 9.52 0.5 7.20
1.6 1.66 1.66 9.52 0.5 10.0
2.0 1.66 1.66 9.52 0.5 14.0
3.3 1.66 1.66 9.52 0.5 20.0
1.25 2.20 1.66 9.52 0.5 4.10
1.25 5.00 1.66 9.52 0.5 5.50
1.25 7.00 1.66 9.52 0.5 9.00
1.25 10.0 1.66 9.52 0.5 26.0
1.25 15.0 1.66 9.52 0.5 42.0
1.25 20.0 1.66 9.52 0.5 38.4
1.25 1.66 1.00 9.52 0.5 3.50
1.25 1.66 1.66 9.52 0.5 4.20
1.25 1.66 1.50 9.52 0.5 3.80
1.25 1.66 2.00 9.52 0.5 4.50
1.25 1.66 3.30 9.52 0.5 5.00
1.25 1.66 4.00 9.52 0.5 5.50
1.25 1.66 1.66 9.52 0.5 4.00
1.25 1.66 1.66 15.23 0.5 7.20
1.25 1.66 1.66 19.04 0.5 8.40
1.25 1.66 1.66 22.80 0.5 8.00
1.25 1.66 1.66 24.70 0.5 10.0
1.25 1.66 1.66 9.52 0.3 16.6
1.25 1.66 1.66 9.52 0.4 12.0
1.25 1.66 1.66 9.52 0.6 12.0
1.25 1.66 1.66 9.52 0.8 8.50
1.25 1.66 1.66 9.52 0.9 6.00

Table 2. Effect of variation of [HCF(Il)] on the reaction rate at 38C. [HCF(Ill)]= 1.66 X *M; [Lysine]= 1.25 x 10°> M; [OH ]= 1.66 x 10
2M; [RUCl 5= 9.52 x 1P M; p= 0.5M

[K:Fe(CN)g] x 10° M -dc/dt x 10° M. min™*
0.83 6.1
1.0 7.4
1.25 7.2
5.0 71
7.0 6.6
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Fig: 1: Plot of 1/ kobs vs 1/NaOH ([HCF(lll)]= 1.66X 10° M; [Lysine]= 1.25 x 10> M; [OH = 1.66 x 10M; [RuCl 3= 9.52 x 10 M; pi=
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Fig: 2: Effect of temperature on the reaction rate([HCF(Ill)]= 1.66 X 102 M; [Lysine]= 1.25 x 10> M; [OH]= 1.66 x 10%M; [RuCl 5]= 9.52
x 10°M; p= 0.5)

CONCLUSION

The reaction between hexacyanoferrate(lll) anchiysiatalysed by ruthenium (Ill) chloride occurshwneasurable
rate in alkaline media. Ruthenium (l11) is knownke an efficient catalyst in alkaline medium whaztalyses the
reaction at a concentration of 4@nol dm® Among various species of ruthenium(lll) in alkeli medium,
[Ru(H,0)sOHJ** is considered as active species for the reacRae with respect to slow step involved in the
mechanism is derived. The mechanism is consistightall the experimental evidences.
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