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ABSTRACT

Potentiometric investigation on mixed ligand compléormation of copper (II) ion with (S)-1-[N-[1-
(ethoxycarbonyl)-3-phenylpropyl]-L-alanyl]-L-prokn (enalpril maleate) as primary ligand and a seriseight
amino acids as secondary ligand was mad27at 0.1°Cand ionic strength of 0.1 M NaCj@® aqueous medium by
Irving-Rossoti technique. Formation constant hagerbcalculated by using computer program SCOGS.

Keywords: Mixed ligand complexes, enalpril maleate, equilibniconstantA log K.

INTRODUCTION

Enalpril maleate drug is widely used in pediatrizrdiology in the treatment of essential and rencwias

hypertension [1] and in congestive heart failuteislan antihypertensive [2-3] drug and angioterminverting
enzyme (ACE) inhibitor [4].

Complex formation of metal ions of biological impamce with drug and amino acid and their derivatiaee of
great significance as many of these systems caar siinple model of complexes of metal drug and anaaid
equilibria in different enzymatic processes. At Ilgi the drug enalpril maleate undergoes dissociatind
metallation at carbonyl group of oxygen atom angrd&nation of secondary amine at slight higher pH.
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Fig. 1 Structure of (S)-1-[N-[1-(ethoxycar bonyl)-3-phenylpropyl]-L-alanyl]-L-proline (enalpril maleate)

With a view of studying the chelating effect of grwith coppet and coordination of carboxyl and amine group in
amino acid, the paper describes the results os@mswatic equilibrium study of Gwith drug enalpril maleate (Fig.
1) with a series of amino acids viz. alanine, gigciisoleucine, phenylalanine, serine, valine, toghan and
glutamic acid in aqueous medium at 1= 0.1 M NaCidd at 27 + 0.1°C by potentiometric method. Foromat
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constants are correlated with the modes of the Ini@tacoordination by carboxyl and amine moietisize of
chelate ring and metal-ligand and ligand-liganeéiattions.

MATERIALSAND METHODS

All the reagents used were of A.R grade and allitgmis were invariably prepared in double distiltevaand
standardized by usual procedures [5]. The titratirre carried out using a digital pH meter [Elicodel LI-120]
in junction with combine electrode. All titratiomgere carried out at 27 + 0.1°C. For the determimatif formation
constant of ternary complexes, following solutievsre prepared, 0.008M perchloric acid, 0.002M primeand
(drug), 0.002M secondary ligands (amino acids)PBPM metal solutions and the ionic strength was tadied
using 0.1M sodium perchlorate. The titrations carveere obtained by plotting experimental data, Wwhiere
utilized to determine the proton ligand formatioonstants of primary and secondary ligands and theitals
complexes. Concentration of total metal, totaltigs, free metal, free ligands and various possipéries that are
formed during the complexation and formation comistare calculated using SCOGfogram [6]. Complex
formation equilibria were elucidated with the aifl the species distribution curves obtained as atpubuof
computer programme [7].

RESULTSAND DISCUSSION

Binary complexes:

Drug enalpril maleate has amine and carboxyl groubih are successively deprotonated at pH 3.02 548
respectively. The observed value (Fig. 2) is lotlkan any saturated aliphatic acid and higher timgraanino group
present in the structure. The five member ringhefdrug molecule can also be compared with pyir@idnolecule
which has a pK value 3.11. The observed value €rdblin drug is slightly less because of the caybgnoup
present near the amine group which has a tendehe&eotron withdrawal by mesomeric effect which sk
carbonyl group more acidic. This effect is alsoestsed for the second pK i e. deprotonation of sdaopamine.
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Fig. 2 Potentiometric titration curve

The interaction of metal ions with a base is simitathe neutralization reaction as metal ions likerogen ion act
as lewis acids. Therefore more basic ligand forrmenstable complexes. The charge distribution inlideend and
size and charge of the metal ion influence theili#ttalof metal complexes. The copper metal form& and 1:2
complexes with drug and amino acids.
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Table1

Ligand pKi | pK: | LogK; | LogK;
Enalpril Maleate(L)| 3.02] 544 3.12 2.76
Alanine 2.30] 9.69 8.13

Glycine 2.36] 9.57| 8.15
Isoleucine 2.28 | 9.62 | 8.4C

Phenyl Alanine 221 9.1 7.86

Serine 2.13] 9.0 7.89

Valine 2.26| 9.49 8.11
Tryptophan 235 9.33 8.29
Glutamic acid 2.18 420 7.87

The proton ligand and metal ligand stability constaf enalpril maleate and amino acids with Cuiftl)agueous
medium at temp. 27+0.1°C and ionic strength u=0N&ACIO,.

Mixed ligand complexes:

The stability of mixed ligand complexes is maintvgrned by the characteristics of approaching ssngrligand.
The stability therefore depends on the ring sizécllaffects overall basicity of the secondary ligaft can be
inferred that the stability of the complex depermise on the length and spatial configuration of¢helate ring. At
the pH of secondary ligand complex combination,fdrenation of mixed ligand can be represented hyil@ip (1)

and (2).
Mag+L ML (1)
ML+R —~  MLR @)

(Charges are omitted for simplicity)

Only 1:1:1 ternary complex formation is considetealle been to ensure the formation of the simplestaty
complex MLR. Considering the pK values of the ligaand hydrolytic constants of?ions the following species
have been considered to exist in the complexatipilibria, viz. M2*, LH?*, LH, L?, M(OH),, ML(OH), ML, R*",
MR(OH), R, MLR(OH) etc.

The stability constants lodlky, logK™wr, log p"wr Were obtained as computer output. Complex formatio
equilibria have been elucidated on the basis ofispadistribution curves. Stability of ternary Mld@mplexes was
characterized on the basisffog K value [8-14] calculated using equation (3).

The relative stabilities of mixed ligand complexdze quantitatively expressed in termsAdbg K, Kr, K_ and kg
values which are defined by equations

Alog K = logP111— 10910 — 10901 3)

Ke= B4 B2o oz (4)
Kr= P11/ 10g Koz (5)
KL =B log Kio (6)

In the ternary system, the mixed ligand titratiomve shows that percentage of free metal in conaton decreases
with increase in pH. In CuLR system mixed ligartdation curve coincided up to pH ~ 2.75 and theviates. The
concentration of CuLR increases upto the pH~7.4bthen blue coloured precipitation was formed. phienary
Iigandljelnalpril maleate (L) individually forms lahd 1:2 complexes where as secondary ligand forinsdmplex
with Cu'.

The species distribution curves of CuLR system wariined by plotting percentage concentration afious
possible species formed during complexation vepslisf solution. It can be observed that the corregion for the
formation of drug (L) and amino acid (R) represdriby G and G shows continuous decrease with increase in pH
which indicate that the formation of Cu(ll)-enalpmaleate—glycine (R) represented by The concentration of
these species increases with increase in pH whigkdnfirm formation of ternary complex.
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Ternary complex of Clwith enalpril maleate (L) and amino acids (R) shdef®wing types of equilibria.

Ci= HL HL+H (1a)
C=HL = H+L (1b)
C;=H:R — HR+H (Za)
—_—
C4 =HR H+R
(2b)
—_—
Cs=Cu+L CuL
(3a)
—_—
Cs=Cu+R CuR
(4a)
—_—
C;=CuR+R CuRR
(4b)
—_—
Cs = Cu+L+R CuLR
(5a)

(Charges are omitted for brevity)

——C1
250 5 —=—C2X105
—i—C3X104
200 - —=—C4X1011
A -mie=ChH
5 —e—C6X105
150 - —-=—C7
g ‘ ——C8
3100
50
0
35 4 45 5 5.5pH6 65 7 75 8

Fig. 3 Speciesdistribution curve

Table. 2
Amino Acids Bi Bx Bo: KL Kr Ky | AlogK
Alanine 1055| 5.72 813 759 242 152 -0.53
Glycine 10.11 | 5.72 | 8.1F | 7.1E | 1.9€ | 1.4E | -1.0C
Isoleucine 9.59| 572 84p 663 115 135 -1.80
Phenyl Alanine| 9.03| 572 786 6.06 117 133 -1[9
Serine 9.82| 572 7.89 6.86 193 144 -1.02
Valine 10.99| 5.72 811 8.08 288 1%9 -0.07
Tryptophan 1029 572 829 7428 196 146 -1.00
Glutamic aci 9.3z | 5.72 | 7.87 | 6.3€ | 1.45 | 1.37 | -1.5C
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From the species distribution curves (Fig. 3) thamfation of CuR is nearly 90% at pH 3.5 and represk by
reaction (4a). The ternary species CuLR shows €Faphk considerably low percentage of CuLR i.e. Hd%H 3.5.
The constancy of ternary species distribution cufueng the entire pH range shows the formatiorteshary
complex CuLR take place by reaction (5a).

Parameter based on some relationship between fiormaf mixed ligand complexes of Cu(ll) with enalpr
maleate(L)and amino acids (R) (1:1:1) in aqueous medium at t2@p0.1°C and 1=0.1 M NaClp

CONCLUSION

The low value of K and Kz shows stabilization of ternary complexes over lihary complexes of primary and
secondary ligands. The positive values of Kr and K shows the stability of the mixed ligand complekesvever
these constant are less stable than the consideiniagy complexes hence negative valué\lofy K. The order of
stability of ternary complexes of Ewith respect to secondary ligands is Enalpril m&ea Valine <Alanine <
Tryptophan < Glycine < Serine < Glutamic acid dlsine < phenyl alanine.
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