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ABSTRACT

The stability constant of (1:1:1) ternary chelates of bivalent Cu(ll) metal ion
with some drugs such as aspartame (L) and ethambutol hydrochloride (L)
asprimary ligands and amino acids, such asLeucine (R,) and phenylalanine
(R,) assecondary ligands have been carried out in 20% (v/v) ethanol - water
medium pH-metrically at 30°C and 0.1 M (NaClO4) ionic strength. The
stability constants of binary complexes ML and ML, are also determined
under similar experimental conditions. The stability constants of ternary
complexes are evaluated and their relative stabilities compared to the
corresponding binary complexes are expressed in terms of statistical
parametersAlogK, K, K and K . Formation of complex specieswith respect
to pH have been discussed by Irving-Rossotti technique and evaluated by
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using the computer SCOGS program.
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INTRODUCTION

Recently, there hasbeen consderableinterestinthe
study of binary, ternary and quaternary complexes of
drug moleculesby pH metric method™4. Themain mo-
tiveof thiswork istolower thesdeeffectswhilemain-
taining similar or higher efficacy then the parent drug.
Theliteraturesurvey reved sthat very littlework of ter-
nary complexesof trangtion meta swithdrugsand amino
acids have been reported in the past’>7.

Copper isessentia indl plantsand animals. The
human body containsat alevel of about 1.4t02.1 mg/
kg weight of human body!®. Copper isdistributedin

the body and occursin liver, muscle and bone. Copper
istransported in the blood stream on aplasmaprotein
called ceruloplasmin. Copper metabolism and excre-
tioniscontrolled ddivery of copper to theliver by ceru-
loplasmin, whereitisexcretedinbile.

Copper isfoundinavariety of enzymes, likecyto-
chrome oxidase and superoxide dismutase. Therec-
ommended dietary allowancesfor copper in normal
healthy adultsis 0.9 mg/day!®. Because of itsrolein
fecilatating iron uptake, copper deficiency can often
produce anemialike symptoms. In humans, the symp-
toms of Wilson’s disease are caused by an accumul a-
tion of copper in body tissues. In addition to itsenzy-
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matic roles, copper isused for biologicd dectrontrans-
port. Theblue copper proteinsthat participatein e ec-
tron transport includeazurin and plastocynin.

Ethambutol hydrochloridechemicaly knownas(+)
2, 2-(ethane-1,2-diyldiimino) dibutan-1-ol isan anti-
tubarcular drug™. Itiswhite, crystalline powder with
molecular formulaC H,,N,O,. HCl. Studiesonmeta
complexes of ethambutol arelargely limited to cop-
peritt13 with isolated reportson other metaslike Zinc
and Platinum{?314,

Aspartame (N-(L-a-aspartyl)-L-phenylalanine-1-
methyl ester) isadipeptidesof aspartic acid and phe-
nylalanine, used asan artificial, non-saccharidelow-
calorie sweetener in the pharmaceutical and hasbeen
approved asafood additive®™ and appearstorelieve
pain, inducemild antithromboti c effectsin humansand
decreasefeverinanimal g%

Hencethe present paper ded swith the systematic
study of Cu(ll) complex with ethamutol hydrochloride
and aspartameasprimary ligands (L), Amino acidsas
secondary ligands (R), in 20% ethanol-water mixture.

EXPERIMENTAL

Drug sample of ethambutol hydrochloride and as-
partamein pureform were obtained from pharmain-
dustries. Ethanol waspurified asdescribed inlitera-
ture. Doubledistilled water was used for the prepa-
ration of ethanol -water mixture and stock sol ution of
aspartame and ethambutol hydrochloride. All chemi-
casNaOH, NaCIO,, HCIO, and metal saltswere of
A.R. grade. The solutions used in the potentiometric
titrationswereprepared in doubledistilled water. The
NaOH solution was standardized against oxalic acid
solution (0.1 M) and then standard alkal i solutionwas
used for standardization of HCIO,. Themetal sdlt solu-
tionswere also standardized using EDTA titrations.*
Experimentd procedureby potentiometrictitrationtech-
nique, involvesthetitration of carbonatefree solution
of
(1) FreeHCIOA4 (A),

(2) FreeHCIO4 + Ligand-Drug,

(3) FreeHCIOA4 + Ligand-Drug + Metd ion,

(4) FreeHCIO4 + Ligand-Amino acid,

(5) FreeHCIOA4 + Ligand-Amino acid + Metal Ion,
(6) FreeHCIO4 + Ligand-Drug + Ligand-Amino acid

—= Fyll Poper

+ Metd lon,

Agang sandard sol ution of sodium hydroxide, with
drug ethambutol hydrochlorideor agpartameand amino
acids. Thetota volume of solution waskept 50 ml by
theadding distilled water. Titrationswere carried out
usingadigitd pH meter (Elicomodd LI1-127) incon-
junction with combined glass electrode. The ionic
strength of solutionswas maintained constanti.e. 0.1
M by adding appropriate amount of 1M sodium per-
chlorate solution. Titrationswere carried outin 20% (v/
V) ethanol-water mediumat 30°Cinaninert amaosphere
by bubbling oxygen free nitrogen gasthrough an as-
sembly containing the el ectrodeto expel out Co,. The
proton-ligand and metal-ligand binary formation con-
stantswere determined by Irving-Rossotti method*9.
Theformation constantsand various statistical param-
etersof ternary complexeswereeva uated by usng com-
puter program SCOGS %21,

RESULTSAND DISCUSSION

Binary metal complexes

Proton ligand constant of Primary ligand L, and
secondary ligand R,,R have been determined by Irv-
ing-Rossotti technique. Their metal-ligand formation
constantswered so determined for thecomparisonwith
those of the ternary system. For this we have given
emphasison studiesof binary syssemsunder identica
condition withthosefor ternary systems. Thevaues
are presented in TABLE 1. Primary ligand and sec-
ondary ligand bothformsML and ML, complexeswith
Cu(ll)ions.

TABLE 1: Proton-ligand and metal-ligand stability constants
in binary system

Ligands logK 1
9.1612
9.7215
9.0482

9.8462

logK >
6.7708
8.3901
6.1789
7.1209

pK 1 pK2
3.6134 8.3301
6.3248
2.1333 10.4844
22157 9.2296

Aspartame (L4)

Ethambutol hydrochloride (L7)
Leucine (Rs)

Phenyl alanine (Re)

Ternary metal complexes

Only 1:1:1 ternary complex havebeen usedinthis
study to ensurethe exclusiveformation of thesmplest
ternary complex MLR. By consdering theproton-ligand
and metal-ligand constants of ligands, the speciesthat

==  [H01jANIC CHEMISTRY

Au Tudian Journal



58 Formation of binary and ternary complex of Cu(ll) with ethambutol

ICAIJ, 8(2) 2013

FPull Paper

existincomplexation equilibriahavebeenplottedinfig-
ures 1,2,3,4 as a function of pH. The param-

etersK , Ky, K, and AlogK are generally used to

indicatetherel ative stability of ternary complexesas
compared to the binary complexes.
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Figurel

Inal theternary systems, distinct inflectionswere
observed inthetitration curves, indicating theforma-
tion of chelates. Formation of ternary complexeswas
further confirmed from the non-superimposible nature
of theoretical composite curves on the experimental
curveintheregion of ternary complex formation. The
speciesdistribution curves, asafunction of pH were
generated using the computer program SCOGS, aso
supportstheformation of ternary chelates. Smilarly the
percentage curves of the speciesFM, FL and FR are
showsthat theinitial concentration of freemetal isde-
creasewithincreasing pH. Thisindicatesthat al of the
metd isinbound stateintheform of binary andternary
complexes. Thefreeligand concentration FL and FR
show dight increase during the processwith increasing
pH. Thismay beattributed to thedissociation of dight
excessligands presentinthe system.

Incaseof R,L,Cu(ll) system Figure 1 showsthat,
the nature of gpeciation curvesexcept thepeciesMLR

I.e. mixed ligand complex, all other areat negligible
concentrations even at theinitial pH and further de-
creasesto attain zero value. The concentration of ter-
nary complex at beginningismaximumi.e. 98.9 and
then increases slowly to reach to 99.6%. From this
observation it may be concluded that the formation of
ternary complex hasbeen fully completed at theinitial
pH and thereisno any other equilibriafurther involved
initsformation. It may beattributed to thefact that the
stability constant of thiscomplex isvery high and the
lower pH isfavourablefor itsformation. The mecha-
nism of formation of ternary complex by different equi-
libriadiscussedin previous Cu(ll) systemistotally ap-
plicabletoR L ,Cu(ll) system and the stability constant
of thiscomplexis17.76 whichissmalerthanR.L Cu(ll)
Sysem.
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Figure2

Incaseof R.L.Cu(ll) system (Figure 3). Thena-
ture of speciation curves showsthat except the species
HL, MRand MLR, al othersareat amost negligible
concentration even at theinitia pH 2.3 and further de-
creasesto attain zero value. Therefore, these species
do not involveintheformation of ternary complex after
pH 2.3. Fromthevalues of different speciesit can be
concluded that the concentration of ternary complex at
beginningismaximumi.e. 96.7 percent and thenin-
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creasesslowly toreachto 99.8%at pH 5.7.
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Figure3

The percentage of HL and MR represented by C,
and C, is3.15 of both the species at theinitial stage.
The concentration of these species decreaseswith pH
and reachesto minimum at pH 3.4. The decreasing
trend of these speciesindicatesthat they are utilizein
the formation of ternary complex. Thisissupported
by theincreasing concentration of the ternary com-
plex from 96.7 to 99.8 percent in the same pH range.
From thisobservation it may be concluded that the
concentration of primary ligand decreases because of
itsdissociation, resulting intheformation of freeligand
L. Thisspeciesthen interactswith MR to givefinal
product MLR. Thiscan be further supported by the
observation that the rate of disappearance of these
speciesisapproximately sameasthat of theformation
of mixed ligand complex. The stability constant of this

—= Fyll Poper
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complex isvery high and thelower pH isfavourable
for itsformation. The mechanism of formation of ter-
nary complex of R L. Cu(ll) system canbe explained
assimilar to that of the previous system. The change
in secondary ligand does not affect the mechani sm of
complex formation aswell asthe extent of itsforma
tion. Theonly difference between thesetwo complexes
isthat the stability constant of first complex isless
than that of second one.

It has been observed from TABLE 2 that the sta-
bility constant of ternary complexesof L ,isfoundto be
lessthan L, Theresult showsthat ternary complex for-
mationislessfavoured over corresponding binary ML
complexes. Itispossibledueto availaility of lessnum-
ber of coordination sitesfor secondary ligandson pri-
mary complex ML than onfreemetal ionf2223,

TABLE 2: Sability congtantsin ter nary complexesof Cu(l1)

L R P11 Boz i Ky Kr Kr AlogK
L, Leucine (Rs) 17.9589 152271 15.932 87977 89107 47587  -0.2505
L, Phenylalanine (Re) 17.757 16.9671 15.932 85958  7.9108 26149  -1.2504
L; Leucine (Ry) 187696 152271 181116  9.0481  9.7214  4.2005  -1E-04
L; Phenylalanine (Re) 19.3177 169671 181116 95962  9.4715  3.5567 -0.25
binary complexesof primary aswe | assecondary ligands.
CONCLUSION

Itisobserved that the negative valuesindicatethat
theternary complexesarerdativdy lessstablethan 1.1
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