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ABSTRACT

A potentiometric titration technique has been usedetermine the stability constants for the vasi@omplexes of
Ni(ll) with bio-molecules(drugs) (L) as primary &igd and amino acids (R) as secondary ligand. Tercamplexes
of amino acids are formed in a stepwise mechanigmeyeby (L) binds to Ni(ll),followed by interactiavith ligand
(R), form ternary complexes through a simultanemgshanism. The formation constants of the complexes
determined at 3C and ionic strength 0.1M NaC}OThe relative stabilities of the ternary compleges compared
with those of the corresponding binary complexeseims ofAlog K, Kg, K_and K values. The concentration
distribution of the complexes is evaluated.
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INTRODUCTION

Metal complexes are widely used in various fieldehs as biological processes, pharmaceuticals, trelly
processes, separations techniques, etc. Metal eaegpblay a vital role in nature, they have bedpresively used

in clinical applications as enzyme inhibitors [&hti-bacterial [2,3]antiviral [4-6] and as anti-cancerous [7-9].
Different kinds of metals have been employed ins¢heomplexes including platinum, gold, vanadiunonjr
molybdenum, cobalt, tin, gallium, copper and mathecs [8].Metal complexes of adenine (A) have been shown to
possess anticancer activity [9-13].

Recently, there has been considerable interesterstudy of binary and ternary complexes by pH-imetrethod
[14-16] using biomolecules (drugs). Drugs have varioustfonal groups present in its structure, which cam tho
metal ions present in human body [17]. Metal comgeof drugs are found to be more potent than paherys
[18]. Chemistry of drugs attracts many researchesause of its applications in medicinal chemidinyeresting
results have been reported earlier on complex fdomaeactions of drug-amino acid-metal ion, mixashnd
complexes [19-23].

Ethambutol hydrochloride @) chemically known as (+) 2,’ 2(ethane-1,2 diyldiimino)dibutan-1-ol is an anti-
tubercular drug [24JAspartame N-(I-a-aspartyl)-I-phenylalanine-1-methyl ester)Xis a dipeptide of aspartic acid
and phenylalanine, used as an artificial, non-saidé sweetener in the pharmaceutical and food stngu
Literature survey revels that, over the last decddee has been tremendous work done on the sthidyetal
complexes [25,26]. The studies in metal-ligand clexgs in solution of a number of metal ions withiboceylic
acids, oximes, phenols etc. would be interestingchwithrow light on the mode of storage and transpbmetal
ions in biological kingdom. With the view to undensd the bio-inorganic chemistry of metal ions, &gee et al.
[27] have synthesised a number of mixed-ligand alkatiagh metal complexes. Irving and Williams [28] had
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studied the order of stability of metal complexésransition metal ions by comparing the ionic tedand second
ionisation potential of metal ions, as it is valad most nitrogen and oxygen donor ligands. DeawafR9] have
studied stability constants of Al(lll), Cr(lll) ane(lll) metal ion complexes with substituted sulplt acid. Pund
[30] have investigated interaction between La@hd Nd(lll) metal ions and 1-(4-hydroxy-6-methylipgidine)-3-
substituted thiacarbamide of 0.1 M ionic strengthmetrically. Speciation of binary complexes of DaMg(ll)
and Zn(ll) with L-glutamic acid in DMSO-water Mixtes has been studied [3Recently, S.A.Lahsasni [32] have
reported the Mixed-Ligand Complex Formation of @Qulith 1,2- Diphenylethylenediamine as Primary &gl and
Amino Acids as Secondary Ligands and A.B. Patill [38ve investigated the interaction of Mn (1), @B, Ni (II),
Cu (II) and Zn (I1) metal ions with penicillamin®EN) has been studied by pH-metric technique aD(KNO3)
ionic strength at 302 + 0.5 K in aqueous mediunthéugh research work on dipeptides (biomoleculeskheen
carried out by many workers [34-36] but no sigfic@uantitative studies were made on ternary chelafe
ethambutol hydrochloride and aspartame selectethi®study in solution.

With this shortcoming and our continuation inte@3t] herein, we reports the pH metric study of ttvenation and
stability of bivalent metal ion ternary chelates! R where M=Ni(ll), L= Aspartame and A& Ethambutol
hydrochloride and RLeucine, B = phenylalanine in 20% (v/v) ethanol-water mixtae30 + 0.i1C and 0.1M
(NaClO4) ionic strength.

MATERIALSAND METHODS

Drug sample of ethambutol hydrochloride and aspaatan pure form were obtained from pharma industrie
Ethanol was purified as described in literature] [E®uble distilled water was used for the preparabf ethanol-
water mixture and stock solution of aspartame ahdrebutol hydrochloride. All chemicals NaOH, NaGlB&ICIO,
and metal salts were of Analar grade. The solutissed in the potentiometric titrations were pregdredouble
distilled water. The NaOH solution was standardiagdinst oxalic acid solution (0.1 M) and then dtad alkali
solution was used for standardization of HgZIOhe metal salt solutions were also standardizédguEDTA
titrations (Vogel, 1978)Experimental procedure by potentiometric titrati@thnique, involves the titration of
carbonate free solution of

(1) Free HCIO4 (A),

(2) Free HCIO4 + Ligand-Drug,

(3) Free HCIO4 + Ligand-Drug + Metal ion,

(4) Free HCIO4 + Ligand-Amino acid,

(5) Free HCIO4 + Ligand-Amino acid + Metal lon,

(6) Free HCIO4 + Ligand-Drug + Ligand-Amino acidvetal lon,

Against standard solution of sodium hydroxide, wdthig ethambutol hydrochloride or aspartame anidh@m@cids.
The total volume of solution was kept 50 ml by #uling distilled water. Titrations were carried aaing a digital
pH meter (Elico model ( LI-127 ) in conjunction tvitombined glass electrode. The ionic strengthobftions was
maintained constant i.e. 0.1 M by adding approeranount of 1M sodium perchlorate solution. Titrat were
carried out in 20% (v/v) ethanol-water medium atG3th an inert atmosphere by bubbling oxygen fréegen gas
through an assembly containing the electrode toelexjut CQ. The proton-ligand and metal-ligand binary
formation constants were determined by Irving-Rtsstethod [39]. The formation constants and vasistatistical
parameters of ternary complexes were evaluatedimg icomputer program SCOGS [40,41].

RESULTSAND DISCUSSION

(a) Binary metal complexes

Proton ligand constant of Primary liganglll; and secondary ligand;fRs have been determined by Irving-Rossotti
techniqueTheir metal-ligand formation constants were alsizdrined for the comparison with those of the terna
system. For this we have given emphasis on stumfidsinary systems under identical condition wittogh for
ternary systems. The values are presented in Tlabfeimary ligand and secondary ligand both fornisadd 1:2
complexes with Ni (II) ions.

Table 1: Proton-ligand and metal-ligand stability constantsin binary system

Ligands pk pK; logK; logK,
Aspartame (L) 3.6134| 8.3301 6.7324 49044
Ethambutol hydrochloride ) - 6.3248 | 6.5672 5.898
Leucine (R) 2.1333| 10.4844 5.557p 3.5438
Phenyl alanine (B 2.2157| 9.2296| 5.4034 4.0929
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(b) Ternary metal complexes

The stability of mixed ligand complexes is mainlgvgrned by the characteristics of the approachewprsdary
ligand. The stability therefore depends mainly ba ting size which affects the overall basicitytleé secondary
ligand. It can be inferred that the stability ofngoex depends more on the length and spatial corsipn of

chelate-ring than on the acidity of the complexaggnt. At the pH of secondary ligand combinatibe, formation

of mixed ligand can be represented by equilibrjaafid (2)

M@p+L — ML ()
ML +R — MLR 2)

Only 1:1:1 ternary complex have been used in thidysto ensure the exclusive formation of the sempternary
complex MLR. By considering the proton-ligand aneétatligand constants of ligands, the species éxadt in

complexation equilibria have been plotted in figuie2,3,4 as a function of pH. The paramelers K, K, and

AlogK are generally used to indicate the relative stgbif ternary complexes as compared to the binary
complexes.
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In all the ternary systems, distinct inflectionsrev@bserved in the titration curves, indicating fbemation of
chelates. Formation of ternary complexes was furtib@firmed from the non-superimposible naturehafaretical
composite curves on the experimental curve in #ggon of ternary complex formation. The speciegrithistion
curves, as a function of pH were generated usiegcttmputer program SCOGS, also supports the foomati
ternary chelates. Similarly the percentage curveghe species FM, FL and FR are shows that theainit
concentration of free metal is decrease with irgirgppH. This indicates that all of the metal idound state in the
form of binary and ternary complexes. The freerddj@oncentration FL and FR show slight increasenduthe
process with increasing pH. This may be attributethe dissociation of slight excess ligands presethe system.

In case of BL,Ni(ll) system. Fig.1.shows that, the initial contation of MLR is about 50 percent at pH 2.3 and
then increases sharply up to pH 3.7 where it besdBBepercent and then the rate of formation becsioes till it
reaches finally to about 70 percent. The percentfgespecies bl and MR represented by,CGand G is
approximately same initially and then sharply dases as the pH increases. It will be seen that ¢becentrations
reaches to minimum at pH 3.7 where the formatiomixed ligand complex reaches to maximum i.e. etuéiB%.
After this pH, the rate of formation becomes slavd &ends to constant value. It may be concludettt@initial
higher concentration of specieslHsharply decreased to give HL and then its rasdatiation in to H and L. This
free ligand L then interacts with MR to give forieat of MLR after pH 2.3. The mechanism of formatmfrternary
complex by different equilibria discussed in prexsdNi(ll) system is totally applicable tgRNi(ll) system and the
stability constant of this complex is 11.39 whisksimaller than & 4Ni(Il) system.
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In case of BL;Ni(ll) system. Fig.3.shows that, The initial pertage concentration of ternary complex MLR is 8.17
at pH 2.0 and increases slowly until it reachemé&ximum value i.e. about 78 at pH 4.5. The perggntd HL and
MR represented by Gand G are highest at the initial stage i.e. 90 and &peetively. The concentration of these
species decreases with increasing pH and reachesnimum at pH 4.5. The decreasing trend of themxies
indicates that they are utilized in the formatidriesnary complex. This is supported by the incirgasoncentration
of ternary complex in the same pH range.

From this observation it may be concluded thathiigher concentration of primary ligand sharply éases because
of its rapid dissociation, resulting into the fotina of free ligand L. This species then interastth MR to give
final product MLR. The decrease in percentage catnagon of primary ligand is slightly more as coangd to that
of MR. Therefore, it may be concluded that the egc®rmation of free ligand L species might beizgil in the
formation of ML. Since its concentration also stlghincreases with increasing pH. The initial comzation of
ternary complex 8.17 is due to the initial reactlmtween M, L and R. The mechanism of formatiorteohary
complex by different equilibria discussed in prexadNi(ll) system is totally applicable to theLRNi(Il) system and
the mixed ligand stability constant of this compiexX 1.22 which is smaller than Ni(ll}AR3; system.

Table 2: Stability constantsin ternary complexesof Ni(ll).

L R Blll '302 Bzo K|_ KR Kr AlOgK

L, | L-Leucine 12.2887] 9.1018 11.6368 5.5563 6.7312 33Y -0.0012
L, | DL-Phenyl alanine] 11.3855 9.4963 11.6368 4.653198&L | 1.6379] -0.7503
L; | L-Leucine 12.1213 9.1018 12.46854 5.5541 6.5638 7586 -0.0034
L; | DL-Phenyl alaning] 11.2205 9.4963 12.4664 4.6%3381AL| 0.4793] -0.750]

It has been observed fromable 2 that the stability constant of ternary ctewes of L, are found to be higher than
L,. The positive values of KKg and K. indicate the stability of ternary complex. But thegative AlOgK  values

indicate that the ternary complexes are relatives stable than 1:1 binary complexes of primarywveli as
secondary ligands.

CONCLUSION
It is observed that the ternary complex formatisrieiss favored over corresponding binary 1:1 corgselt is

possible due to availability of less number of cleation sites for secondary ligands on primary plax ML than
on free metal ion.
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