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Abstract

In this review article, we described the study of stability constants of some biological
activemolecules (drugs) with various metalions by potentiometric titration technique. The
literature survey reveals that the compounds containsd on or group are extensively used in
biology and medicinal chemistry. The metal chelates of donor groups are also used, in view of
the great analytical, biological, industrial and manifold uses of donor groups complexes with

metal ions.
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1. Introduction:

Metal ligand complexes are made up of a central metal ion and ligands in addition to the
solvent molecules required to make up the coordination sphere of the metal ion. Such
metal ion ligand complexes are quite common in biological and analytica systems. Thus an
understanding of the significance of metal ions in biologica systems may unravel the
mysteries surrounding the protein-substrate interactions and the control mechanisms that
determine the coordination and coordination tendency of the metal ions bound at the active
sites of many enzymes in enzyme-metal ion-substrate reactions. Apart from this, the
formation of mixed-ligand complexes is also important in understanding the behavior of
pollutants in natural waters. Considering the high affinity of ion for donor atoms like oxygen

and nitrogen.*
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Divalent metal ions such as copper, nickel and cobalt metal ions are known essential
metals in the human body for maintaining health. Although they have beneficia effects in
humans, these ions can be toxic if over-accumulated in the human body. To prevent certain
diseases caused by meta poisoning and to reduce the concentration of metal ions in blood and
urine in the body, the coordination chemistry of some chelating agents of such metas or recently
known ligand therapy has been studied extensively.? An understanding of metal ion recognition
is of fundamental importance to many areas of both chemistry and biochemistry, with the factors
underlying such behavior often being less than straightforward. This occurs because recognition
may depend on a range of factors that include the nature of the donor atoms and their spatial
arrangement, the backbone structure of the ligand and its ability to accommodate the preferred
coordination geometry of the metal ion, the number and size of chelate rings formed on
complexation, and the nature of the metal ion to donor atom interactions present. Crystal field
effects and electronic interactions of the type underlying the Irving-Williams stability order will
also influence the relative metal ion stabilities of transition metal complexes.*

1. Importance of stability constants

The stability constant of complexes has been found to be greater than zero, is perhaps one
of the most convincing pieces of evidence for the existence of the complex species ML, in
solution. Moreover, if al the possible stability constants for a given system have been
determined, it is possible, in principle, to calculate the equilibrium concentration or activity of
each of the species present under a known set of experimental conditions.*” Such exact
knowledge of the composition of a solution is essential for a correctinterpretation of its optical
and kinetic properties of partition equilibrium and of its biological behavior. The importance of
mixed ligand complexes in nature is evidence since a great deal of biological reactions occurs
within the coordination sphere of metal ion complexes. ®These species has an important
biological implication because of enhanced probability of bringing stability constants of the
mixed ligand complex, speciestherefore be well known tools for solution chemists, biochemists
and chemist in genera to help to determine the properties of metal ligand reactions in aqueous
medium of biologica relevance.The equilibrium constant K can aso be utilized to evaluate the

different thermodynamic parameters like free energy AG, enthalpy AH, entropy AS. **? Complex
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formation is most favored by the negative enthalpy and positive entropy changes as may be

expressed by the equation:
__ AS—AH/T
logK = 2.303R (1)

Though significant advances have been made in the field of coordination chemistry, there
are still large numbers of mixed ligand complexes whose structures, reactivates, and applications
are not known. One of the successful methods to investigate such problems is the study of
equilibrium involving the formation of mixed metal chelatesin solution. ****

It is, therefore, considered appropriate to deal with some important aspects like the
simultaneous and/or stepwise formation of mixed ligand complexes in agueous and aqua-organic

media

2. Importance of metal ion in biological system

Metal ions play a vital role in biological processes, metal ion concentration must be
maintained within proper ranges in the biologica fluids. If the concentration of a given essential
metal ion is too low, processes, which need to use the same ion, will be adversely affected and
the organism can suffer from metal ions deficiency. *> Once the concentration of a given metal
ionsis above alower threshold, there will be enough of that ion to complete biological functions.
Show ever, due to industrial uses of some of these metals,some people can be exposed to too
much higher concentrations as a result of which they suffer from many serious diseases. *°
Furthermore, diseases release metals into the blood stream. The concentration of these metalsin
blood and urine of human beings can be reduced by ligand therapy. A lot of ligands have been
used as antidote to combat metal poisoning. Transition metals are non-essential heavy metals that
are normally present in very low concentration in our environment.
2.1 Cobalt

Cobalt is the essential metal for many organismsincluding mammals. '’ The activity of
cobalt is confined to functions of vitamin B, and enzyme. The use of vitamin Bi, in biology
required inarchaebacteria and this association of cobalt with early anaerobic organisms. Cobalt
used as catalysts to handle compounds such as CH4, Hp, H,S in atmosphere; Cobdt is toxic

moderately when injected intravenously to mammals.
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2.2 Nicke

Nickelis arare metal in biology.The activity of nickel is confined to one enzyme, urease,
which acts in redox processes, although the symbiotic anaerobic bacteria still use nickel in some
dihydrogan reaction. Free anaerobic bacteria, especially methanogens, have also kept the nickel
hydrogenase and other nickd enzymes, but the methanogens belong to the special class of
bacteria. Nickel is toxic and a dangerous to the health of humans from nickel poisoning is
essential. In many microorganisms its transport is highly regulated by the cell. *®
2.3 Copper

Copperis present in a large number of enzymes, many involved in electron transfer,
activation of oxygen and other small molecules such as oxides of nitrogen, methane and carbon
monoxide, superoxidedismutation and even invertebrates, oxygen transport, the copperbinding
protein in serum that plays an important role in iron metabolism, and by the terminal oxidase of
the mitochondrial respiratory chain. Cytochrome oxidase which requires both haem iron and
copper for its activity.Copper levels are maintained at extremely low levels by a series of copper
chaperone proteins in mammals.*®
2.4Zinc

Zinc is an essential element for the normal functioning of most of living organisms and
its deficiency can lead to reduction of norma growth. It is a mgor regulatory ion in the
metabolism of cells, the fedl for this role comes from gross biological considerations though their
molecular nature begins to appear in zinc fingers and in the link to amino acid, nucleotide and
haem syntheses. Today it isdifficult to know where al the zinc inside cellular systemsis|ocated.
Zinc is found to be associated with DNA and RNA. It is very important in the activity of many

enzymes, bacteriaand is toxic in excess. %

3. Literaturereview

The work of coordination chemistry was first begins in the twentieth century. It was
mostly related to stepwise formation of complexes. > The equilibrium constant involving the
formation of a metal complex from the aquo metal ion and the most basic form of the ligand is a
standard measure of the effectiveness of the ligand in coordinating metal ions.? Most complex
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formation reactions are measured in agueous medium under controlled conditions of the ligands
which are not soluble in water but are soluble in organic solvents and the stability constant with
metal ions are often determined in mixed solvents. Potentiometric measurement was first used
for the measurement of stability constants by Arrhenius, Ostwald and Nernst,”® who provided the
basis for the introduction of e ectrodes resonance reversibly and selectively to only one species
present in solution. The potential of electrodes provide sufficient information for the
determination of stability constants of complex formation reactions. The investigation of
Bjerrum, Bronzed and McGuiness on activity coefficients and the development of theory of
strong electrolytes in solution by Debye and Huckel in 1923, formed the basis for exact studies
of metal ions and anions in solution. The determination of empirical formulas and overal
formation constants were pioneered by workers such as Von Euler and Bodlander. Stepwise
formation of complexes was first demonstrated for the system Hg?*, CI" by Abegg and
coworkers. 2* also Bodlander and Grossman® were the first to apply the idea of an ionic medium
to control the ionic strength of solution. The stepwise hydrolysis constants of Cr**were described
by Bjerrum®that described the thiocyanate complexes of Cr** and calculated the six-step
stability constants. The introduction of general methods for computing stepwise stability
constants was developed by J.Bjerrum, he used a large excess of the ligand (ammonia) to prevent
hydrolysis and developed approximation methods for the calculation of the meta ammonia
stability constant of a number of complexes. In 1945 a classic method by Calvin and Wilson
appeared in which the stability constant of a number of complexes were calculated without
Bjerrum simplifications by the use of exact algebraic treatment of equilibrium constants and
mass balance equations. A large part of the work was carried out by three research groups, those
of Sillen,? Bjerrum's group andSchwarzenbachand coworkers Subsequently a group involving
Martelland coworkers, % the extensive treatment of the determination of stability constants by
Rossetti and Rossetti. Other major works that should be mentioned by Bailer and his students in
which many reaction mechanisms is described and more modern text by Lewis and Wilkins® in
which the use of ligand field theory.
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4. Importance of complexes between metal ion with medicinal drugs:

The interaction of metal ions with ligand plays vital role in biologica systems. The
knowledge of metal complexes with drugs is essentia to understand the complex physiological
process and mode of action drugs and their effect on various body systems. The formation of
metal complexes depends on metal ligand selectivity in complex media. The stability constant of
metal complexes with drugs are important to measure the metal ligand selectivity in terms of
relative strength of metal ligand bonds. The metal complexes of drugs are found to more potent
than drugs. It plays a vital role in transportation.®! To understand the complex formation ability
of the ligands and the activities of the complexes, it is necessary to have detailed knowledge
about the thermodynamic andsolutionequilibria involved in the reactions. The extent to which a
ligand binds to a metal ion is normally expressed in terms of the stability constant, and
information about the concentration of a metal complex in an equilibrium mixture can be
predicted on the basis of the formation constants in solution.*

There is lot ofpublishedwork related to the complexation of metal with drugs in this
sectionwedescribe some examples, One of the most studies the proton-ligand dissociation
constants of 4-(1H-indol-3-yl)butanoicacid and the stability constants of its metal-ligand
complexes with divalent metals like Mn®*, Co*, Ni%*, Cu*, zn?*, Cd**, Hg**, and UO,*"have
been determined potentiometrically.*

Another example, apotentiometric study has been carried out to reveal the coordination
properties of 1,2-bis(4-benzylpiperidine) glyoxime (BPG), by its reaction with certain transition
metal ions is Ni?*, Cu**, and Zn*, and to determine the stability constants of the complexes
formed,®. The acidbaseequilibrium of the Schiff-base and the complex formation equilibrium
with the meta ions as Cu*, Ni*, Co*, Cd*, Mn** and Zn* are investigated
potentiometrically.*

Mixed Ligand Complexes of Cobat (II) Metal lon with Medicina Drugs Metformin,
Imipramine, Adenosine, In Mixed Solvent System.*®

Mixed ligand complexes of Copper (I1) metal ion with some antihypertension drugs and

amino acids.®’
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Mixed-ligand complex formation of cadmium (I1) with some amino acids and drug
efavirenz etc.*®

All these complexes are formed between metals ions and ligands drugs confining N or O
as donating atoms. In most of cases either NH, or COOH groups are involved. In some cases N-
of five or six-membered rings is also involved. There are few cases in which phenolic-O also

participated in the complexation.

5. Conclusion:

Literature survey shows that the compounds contains donor group are extensively used in
biology and medicinal chemistry. The metal chelates of donor groups are a so used nowadays. In
view of the great analytical, biological, industrial and manifold uses of donor groups complexes
with metals. The stability of these chelates is therefore, an important factor in determining the

effectiveness of these chelates in above mentioned fields.
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