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Abstract : Oxinei.e. 8-hydroxyquinoline is a versatile
heterocyclic compound as it exhibits numerous
biological activities such as anti-fungal, anti-bacterial,
anti-microbial, anti-cancer, anti-viral, etc. The molecule
also exhibits excellent chelating properties and binds
effectively to both transition metals and alkali and
alkaline earth metals. This moiety has been drawn
great attention of medicinal chemists due to its
significant biological activities. Synthetic modification
of 8-hydroxyquinoline is under exploration on large
scale to develop more potent target-based broad
spectrum drug molecules for the treatment of several
life-threatening diseases such as anti-cancer, HIV,
neurodegenerative disorders, etc. Metal chelation
properties of 8-hydroxyquinoline and its derivatives
also make these a potent drug candidate for the
treatment of various diseases. The past two decades
have witnessed the preparation of a huge number of
transition metal-based 8-HQ complexes along with
their incredible applications. However, no remarkable
work has been reported in the field of alkali and alkaline
earth metal-based complexes of 8-HQ and its
derivatives. Since alkali and alkaline earth metals play
avital role in the biological system, we herein anticipate
that alkali and alkaline earth metal complexes of 8-
hydroxyquinoline may serve as models to understand
the mechanism of uptake, transport, and storage of
these metals in animals and plants. Owing to the
numerous biological activity of the 8-HQ core
structure, the synthesized complexes are also expected
to show promising biological activities. Since drug
resistance has emerged as the major problem after the
prolonged usage of the same drug, the identification of
new alternatives is the need of the hour and hence
more and more lead compounds may prove beneficial
to overcome the drug resistance that offers an
unprecedented challenge to public health.

(Keywords : 8-Hydroxyqunoline (8-HQ), Biological
activities, Alkaline earth metal complexes).

Introduction

8-Hydroxyquinoline (8-HQ) i.e. oxine is
an important heteroaromatic compound that has
attracted significant attention in coordination
chemistry, medicinal chemistry, and materials
science due to its excellent chelating ability and
diverse biological activities!. The molecule
contains a phenolic hydroxyl group and a ring
nitrogen atom, which together act as a bidentate
N,O-donor system capable of forming stable
chelate rings with metal ions*. It is a significant
heterocyclic scaffold in organic and analytical
chemistry because of the properties of
chromophore and is used to detect various metal
ions and an ions. From the last two decades,
this moiety has been drawn great attention of
medicinal chemists due to its significant
biological activities. Synthetic modification of
8-hydroquinoline is under exploration on large
scale to develop more potent target based broad
spectrum drug molecules for the treatment of
several life threatening diseases such as cancer,
HIV, neurodegenerative disorders, etc. Metal
chelation properties of 8-hydroxyquinoline and
its derivatives also make these potent drug
candidates for the treatment of various diseases®.

Transition metal complexes of 8-HQ i.e. oxine
have been extensively investigated and reported
to exhibit applications in catalysis, sensing,
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anticancer therapy, and antimicrobial
formulations®®. In contrast, alkali and alkaline
earth metal complexes of oxine derivatives remain
relatively underexplored, despite the critical
biological importance of these metals. Magnesium
and calcium, in particular, play indispensable
roles in enzymatic catalysis, signal transduction,
muscle contraction, and structural stabilization
of biomolecules®!®. Therefore, understanding
their interaction with biologically active ligands
such as 8-HQ is of considerable importance.

1. Structure and Chelation Mode of 8-
Hydroxyquinoline
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Figure 1.Molecular structure of 8-

hydroxyquinoline and its typical bidentate
coordination mode through quinoline nitrogen
and deprotonated phenolic oxygen atoms.
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The chelation of 8-hydroxyquinoline
generally occurs after deprotonation of the
hydroxyl group, resulting in a neutral or anionic
chelate depending on the metal ion and reaction
conditions". Alkaline earth metal ions, owing to
their larger ionic radii and preference for higher
coordination numbers, often form complexes in
which solvent molecules or counter-ions
participate in completing the coordination
sphere'2.

3. Alkaline Earth Metals and Their Biological
Importance

Alkaline earth metals are characterized
by their divalent oxidation state and preference
for ionic interactions with hard donor atoms such
as oxygen and nitrogen. Among them,
magnesium and calcium are biologically essential
and play crucial roles in maintaining cellular
structure and function®'?.

Magnesium is a key intracellular cation
involved in stabilizing ATP, activating enzymes,
and supporting nucleic acid structure. Its
coordination behavior with oxygen- and
nitrogen-donor ligands makes oxine derivatives
suitable models for studying biologically relevant
metal-ligand interactions’. Calcium, on the other
hand, serves both regulatory and structural
functions. Fluctuations in intracellular calcium
concentrations act as signals controlling, muscle
contraction, neurotransmission, and gene
regulation, while calcium also contributes to bone
mineralization'®'?.

Although strontium and barium are not
essential elements, their chemical similarity to
calcium allows partial substitution in biological
systems. Strontium has attracted attention for
its role in bone-related processes, whereas
barium is mainly of toxicological interest'*. From
a bioinorganic perspective, alkaline earth metal—
oxine complexes provide useful models for
understanding metal binding, transport, and
distribution under physiological conditions
without complications arising from redox
activity'*2.
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4. Synthesis of Alkaline Earth Metal-Oxine
Complexes

Alkaline earth metal complexes of 8-
hydroxyquinoline are generally prepared through
straightforward solution-phase reactions
involving metal salts such as chlorides, nitrates,
or acetates and the oxine ligand or its substituted
derivatives's. These reactions are commonly
carried out in alcoholic or aqueous media, where
both the metal salt and ligand exhibit sufficient
solubility to promote efficient coordination.

Mildly basic conditions are essential for
successful complex formation, as deprotonation
of the phenolic hydroxyl group of 8-
hydroxyquinoline facilitates binding through the
oxygen atom. Bases such as sodium hydroxide,
potassium hydroxide, or organic amines are often
employed to assist ligand deprotonation and
enhance metal-ligand interaction'. The
stoichiometry of the reactants and the choice of
solvent significantly influence the nuclearity and
composition of the resulting complexes.

Reaction temperature and duration also
play an important role in determining the structural
features of the synthesized complexes. Reactions
are typically performed at room temperature or
under gentleheating to ensure complete
coordination without decomposition of the
ligand. Under appropriate conditions, both
mononuclear and polynuclear complexes may
form, depending on the metal ion size and
coordination preference'’.

The resulting alkaline earth metal-oxine
complexes are usually obtained as crystalline or
microcrystalline solids following filtration and
solvent evaporation. Purification is commonly
achieved by repeated washing with suitable
solvents to remove unreacted ligands or metal
salts. The isolated products are generally stable
under ambient conditions, allowing further
spectroscopic and structural characterization®.
The synthesis of alkaline earth metal—oxine
complexes is influenced by:
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e Nature of the metal salt and its counter-
ion

e  Choice of solvent and reaction medium

e Degree of ligand deprotonation under
basic conditions

e  Metal-to-ligand stoichiometric ratio

e Reaction temperature and time

5. Spectroscopic and Structural
Characterization
Spectroscopic methods are

fundamental for establishing the formation and
coordination behavior of alkaline earth metal
complexes with oxine derivatives. Since alkaline
earth metals do not show characteristic d—d
transitions, characterization mainly relies on
changes in ligand-based spectral features
supported by complementary analytical
techniques'"!2,

Infrared spectroscopy provides clear
evidence of metal coordination. Upon complex
formation, noticeable shifts in the stretching
frequencies of the phenolic C—O and quinoline
C=N groups are observed, indicating the
involvement of oxygen and nitrogen donor atoms
in bonding. The weakening or disappearance of
the O—H stretching vibration further supports
deprotonation of the hydroxyl group during
complexation'!'®.

Electronic (UV-Visible) spectroscopy
offers additional confirmation of complex
formation. Although alkaline earth metal ions are
spectroscopically inactive, variations in
absorption maxima and intensity compared to
the free ligand arise from intraligand and ligand-
to-metal charge-transfer transitions, reflecting
changes in the electronic environment of the
ligand upon coordination'’.

Nuclear magnetic resonance
spectroscopy shows coordination-induced
chemical shift changes and signal broadening,
supporting metal-ligand interaction'’. Structural
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information obtained from X-ray diffraction
studies, when available, reveals coordination
geometry, metal-ligand stoichiometry, and the
presence of solvent molecules or counter-ions,
while thermal and elemental analyses confirm
composition and stability of the complexes®.

The spectroscopic and structural
characterization of alkaline earth metal-oxine
complexes is typically supported by:

e Shifts in IR v(C-0) and v(C=N)
stretching frequencies

e Changes in UV—Visible absorption
spectra relative to the free ligand

e Coordination-related variations in NMR
chemical shifts

e  Structural parameters derived from X-
ray crystallographic data

e Thermal stability and stoichiometry
confirmed by TGA and elemental
analysis

6. Biological Activities and Pharmacological
Potential

8-Hydroxyquinoline and its derivatives
are well recognized for their broad spectrum of
biological activities, including antimicrobial,
antifungal, antiviral, and anticancer properties'®.
These activities are largely attributed to their
strong metal-chelating ability, which allows
interference with essential metal-dependent
biological processes. Coordination with metal
ions often enhances the biological efficacy of
oxine derivatives by modifying physicochemical
properties such as lipophilicity, stability, and
cellular permeability"’.

The formation of alkaline earth metal
complexes with oxine derivatives may further
influence pharmacological behavior by
introducing biologically compatible metal ions
into the molecular framework. Unlike many
transition metals, alkaline earth metals are
generally associated with lower toxicity and play
natural roles in physiological systems®. Their
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complexes with oxine ligands may therefore
provide improved therapeutic profiles while
maintaining biological relevance. Although
detailed biological evaluations of these
complexes are limited, existing studies suggest
that metal coordination can enhance activity
compared to the free ligand through synergistic
metal-ligand interactions®.

The biological and pharmacological relevance of
alkaline earth metal-oxine complexes may be
associated with:

e Enhanced antimicrobial and antifungal
activity due to improved membrane
penetration'® !

e Modulation of metal-dependent
enzymatic pathways through controlled
metal chelation'*!'®

e Potential anticancer activity arising
from disruption of cellular metal
homeostasis'*?!

e  Neuroprotective and antioxidant effects
linked to regulated metal ion transport®

e Reduced systemic toxicity owing to the
endogenous nature of alkaline earth
metal ions*.

7. Role in Drug Resistance and Bioinorganic
Relevance

The growing incidence of resistance to
conventional therapeutics has emerged as one
of the most serious challenges in modern
medicine. Prolonged exposure to organic drugs
often results in adaptive cellular responses such
as reduced drug uptake, overexpression of efflux
pumps, metabolic inactivation, and modification
of molecular targets, ultimately leading to
therapeutic failure?'*>. These limitations have
stimulated interest in alternative drug design
strategies, including the development of metal-
based bioactive compounds.

Coordination of 8-hydroxyquinoline
derivatives with metal ions offers a distinctive
approach to overcome resistance by altering the
chemical and biological behavior of the parent
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ligand. Metal complexation can significantly
influence parameters such as charge distribution,
lipophilicity, and molecular geometry, thereby
enhancing cellular internalization and reducing
susceptibility to common resistance
mechanisms'®?. In contrast to many transition
metal systems, complexes of alkaline earth metals
are generally associated with improved biological
tolerance due to the endogenous nature of these
metal ions*.

From a bioinorganic standpoint, alkaline
earth metal—oxine complexes provide important
insight into physiologically relevant metal-ligand
interactions. Magnesium and calcium are
essential cofactors in numerous metabolic and
signaling pathways, and their association with
oxine derivatives may modulate metal availability
and distribution at the cellular level®'". Such
modulation is particularly relevant in disease
states where metal ion imbalance plays a role in
pathogenesis, including cancer and
neurodegenerative disorders®.

Oxine derivatives are also recognized for
their ionophoric properties, enabling regulated
transport of metal ions across biological
membranes. Complexes incorporating alkaline
earth metals may therefore function as controlled
metal delivery systems, influencing intracellular
metal-dependent biochemical processes and
potentially disrupting survival pathways in
resistant cells'®?, This mechanism provides an
additional advantage over conventional drugs
that rely on single molecular targets.

Moreover, metal-based complexes often
exhibit a multi-site mode of action, interacting
with proteins, nucleic acids, and membrane
components simultaneously. Such multifaceted
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