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ABSTRACT

A hydrazide-hydrazone ligand was synthesized through the condensation of 2-
pyridinecarboxaldehyde and 4-hydroxybenzohydrazide. Its corresponding Co(ll) and
Zn(11) complexes were prepared and characterized bysolubility, melting point and
decomposition temperature, elemental analysis, molar conductance, magnetic
susceptibility, FTIR, and UV-Vis spectroscopic techniques. Analytical and
spectroscopic data confirmed the formation of neutral complexes [Co(L)Cl2(H20)].H20
and [Zn(L)Cl2].H20. The IR spectral data of the ligand showed a band at 1648cm* which
were assigned tohydrazide carbonylv(C=0) this same band was observed to shift to
lower frequencies 1635, 1633 cm-!, after complexation. Another band appeared at 1560
cmtassigned to azomithene v(C=N) and the sameband was observed to shift to higher
frequencies 1600 cm™ and 1611 cm-lin the complexes, suggesting coordination of the
ligand with the respective metal(l1) ions. Other peaks appeared at 608, 577;508, 551 cm’
1 which are attributed to v(M-N) and v(M-O) respectively, showing that the ligand
coordinated in a tridentate manner through hidrazide oxygen, azomethine nitrogen and
pyridyl nitrogen. The magnetic moment 4.58 BM of Co(ll) suggested its paramagnetic
nature, while the value for the Zn(1l) complex suggested its diamagnetic nature (0 BM).
Molar conductance values 11.58 and 2.70Q*cm?mol* confirmed the neutral nature of

Received: 11 March 2026 both complexes. The result of the antimicrobial showed that the hydrazide-hydrazone
ligand itself possessed inherent antifungal properties against Candida albicans, Tinea
Accepted: 05 May 2026 rub rum and Tinea pendisthat may be diminished rather than enhanced by metal
coordination. This contrasted with the antibacterial results for tested
Published: 16 June 2026  bacteriaStaphylococcus aures, Eschirichia coli and Pseudomonas ariginosa where metal
complexation generally improved the activity.
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INTRODUCTION

The challenge of antimicrobial resistance (AMR) represented
one of the most pressing concerns confronting contemporary
medicine (Mohantyet al., 2021). Pathogenic bacteria have
evolved sophisticated resistance mechanisms that enable
them to evade the effects of conventional antibiotics (Munita
& Avrias, 2016). The World Health Organization has classified
antimicrobial resistance among the most significant threats to
global public health in the 21% century. Furthermore, AMR
affected countries in all region and at all income levels, and
impose substantial economic burdens through prolonged
hospitalizations and elevated healthcare expenditures (Munita
& Arias, 2016). These circumstances underscore the critical
necessity for developing novel antimicrobial agents.Within
this context, hydrazide-hydrazones have attracted sustained
scientific interest over several decades (Vineetha et al., 2019;
Popiolek, 2017, 2021). These compounds are typically
synthesized through condensation reactions between
aldehydes or ketones and hydrazides (Czyzewska et al.,
2024). The pharmacological relevance of hydrazide-
hydrazones stems from their diverse biological properties,
which include antibacterial, anticancer (Aliyu and Sani, 2012;
Salianet al., 2018), antifungal (Cordeiro et al., 2016), and
antitubercular activities (Teneva et al., 2023). Notably,
several pharmaceuticals currently available on the market,
including nitrofurazone, furazolidone, and nitrofurantoin,
incorporate the hydrazone scaffold (Popiotek, 2017, 2021;
Czyzewska et al., 2024).

Beyond their pharmaceutical applications, hydrazones serve
as valuable intermediates in organic synthesis and function as
versatile ligands in coordination chemistry (Czyzewska et al.,
2024; Tafere et al., 2025). This coordination capability has
opened promising avenues for developing metal-based
therapeutic agents with potentially enhanced biological
profiles.The biological activity of metal complexes arises
from the combined contributions of both the organic ligand
and the metal center, often resulting in a synergistic effect that
surpasses the activity of the ligand alone (Tafere et al., 2025;
Leszek et al., 2017). In hydrazone complexes, coordination
typically occurs through the imine nitrogen, the amide
oxygen, and an additional donor atomwhich gives rise to
tridentate coordination geometries (Bikas et al., 2017;
Mathewet al., 2011; Aboafia et al., 2018). Among the various
transition metals explored, complexes formed with Cu(ll),
Ni(I1), Cu(ll), and Zn(l1) have attracted considerable attention
due to their promising biological profiles (Wu et al., 2024;
Qin et al., 2016; Burgos-Lopez et al., 2022). The scientific
literature consistently demonstrates that complexation can
significantly enhance a compound's therapeutic potential,
improving antimicrobial, anticancer, and anti-inflammatory
activities (Kumaret al., 2025). Additionally, the antibacterial
mechanism of certain metal complexes may involve
disruption of DNA gyrasean enzyme critical for bacterial
DNA replication and transcription (Kumaret al., 2025;
Mohler et al., 2017).
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Among the metals investigated, Co(ll) and Zn(Il) complexes
have emerged as particularly compelling candidates(Eben &
Imlay, 2023). The potential of metal-based strategies to
enhance antibiotic efficacy has been the subject of extensive
investigation, with studies confirming that complexation with
transition metals represented a promising avenue for
discovering novel antimicrobial agents (Mohler et al., 2017;
Jabbi et al., 2020). This study aims to assess the antimicrobial
activity of these newly obtained Co(ll) and Zn(Il) complexes
and how complexation enhanced activity relative to the parent
ligands, consistent with trends reported in the literature.

MATERIALS AND METHODS

Chemicals, Reagents and Apparatus

All of the glassware used in this work was thoroughly
cleaned. Following a two to three hour soak in a strong nitric
acid solution, they were rinsed three times with distilled water
before being dried in an oven set to 110°C. All of the reagents
were Analytical grade and were used without further
purification. On a College B154 Metler Toledo electric
balance, all weighing was done. Stuart S.MP 10 melting point
apparatus was used to measure melting point and
decomposition temperatures. The drying oven model DHO-
9053A was used to determine the amount of hydration.
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Agilent Technologies' Carry 630 FT-IR spectrophotometer
was used to measure FT-IR spectra in the 400 - 4000 cm-1
range.Using a Bulk Scientific VGP 210 Atomic Absorption
Spectrophotometer, the metal content of each compound was
calculated. The elemental analysis was performed using a CE
instruments (thermal) EA1110 elements analyser at OEA
Labs in Callington, United Kingdom. Utilizing the
conductivity meter DDS-307, Jenway, electrical conductivity
measurements were also performed. At room temperature,
magnetic measurement balance Sherwood Scientific MK 01
model was used to assess magnetic susceptibility.

Synthesis of the Hydrazide-Hydrazone Ligand

The hydrazide-hydrazone ligand L was prepared by
condensation of equimolar amounts of
2-pyridinecarboxaldehyde (30 mmol, 2.85 cm® and
4-hydroxybenzohydrazide (30 mmol, 4.56 g) in ethanol (40
cmd). 2 - 3 drops of glacial acetic acid were added to the
reaction mixture. The mixture was stirred at room temperature
for 30 minutes and then refluxed for 6 hour. After cooling to
ambient temperature, the off-white precipitate formed was
collected by filtration, washed with hot ethanol followed by
cold diethylether, then cooled at room temperature and dried
in a vacuum over calcium chloride (Yield: 75%).

o]
HoN Z N 0
7 \O H EtOH, AcOH | N
Al C
|N + S NNy
OH

Figure 1: Synthesis of the Hydrazide-Hydrazone Ligand

Complexes

The metal(Il) complexes of hydrazide-hydrazone ligands L
were prepared by dissolving 10 cm?® of respective metal(l1)
chlorides of CoCl2.6H20and ZnCl2(0.0050 mol) in a hot
ethanolic solution of the ligand (0.0050 mol) in 25 cm?
absolute ethanol. 2 - 3 drops of glacial acetic acid were added
to the reaction mixture and the mixture was stirred at room
temperature for 30 minutes. The subsequent solution was
refluxed for6 hours, after which the mixture was cooled to
room temperature. The precipitated complex is collected by
filtration, washed with hot ethanol and cold diethylether, and
dried under vacuum over phosphorus pentoxide to constant
weight for further characterization (Yield: 72%).

RESULTS AND DISCUSSION

Physical Properties of the ligand (L) and its Metal(ll)
Complexes

The hydrazide-hydrazone ligand was synthesized in good
yield (75%)as an off-white through condensation of 4-
hydroxybenzohydrazide and 2-pyridinecarboxaldehyde. The
Co(ll) as brown colour and Zn(l1) as cream colour complexes
were prepared in 65% and 72% yield respectively, by reaction

of the ligand with the corresponding metal chlorides in
ethanol. The melting points of the hydrazide-hydrazone
ligand and decomposition temperatures of the Co(ll) and
Zn(I1) complexes recorded were 218°C, 270°C, and 298 °C
respectively.

These figures are relatively high indicating that they are stable
compounds. The high decomposition temperatures of the
complexes suggested a good chelating effect of the respective
ligands, which results in the formation of more stable
complexes than do an equivalent number of related mono
dentate ligands. The molar conductivity values of the
complexes in DMSO (10 M) were found to be 11.58 and
2.70Qcm?mol-*for the Co(ll) and Zn(Il) complexes,
respectively.

These low values indicated their non-electrolytic nature,
suggesting that the chloride ions were coordinated to the
metal centers rather than being free counterions.Co(ll)
complex was paramagnetic showing a peff of 4.58 B.M.,
characteristic of high-spin Co(ll) with three unpaired
electrons and significant orbital contribution in an octahedral
environment while Zn(II) complex is diamagnetic with a peff
of 0 B.M., as anticipated for its closed-shell d*® configuration.

Table 1: Physical Properties of the Ligand (L) and its Metal (11) Complexes

Compounds Colour % Yield Am (Q*cm’mol?) M.P.(°C) ux(BM) S.C.(Q*cm?)x 107
Ligand (L) Off-white 75 - 218 - -
[Co(L)Clo(H20)].H20  Brown 65 11.58 270 4.58 312.09
[Zn(L)Cl2].H20 Cream 72 2.70 298 0 79.21

Key: L = C13H11N3O2, Am: Molar Conductance, M.P.: Melting Point, S.C.: Specific Conductance

Solubility Test

The ligand (L) was soluble in ethanol, methanol, DMSO and
DMF, but slightly soluble or insoluble in some organic
solventson metal complexation. The complexes Co(ll) and

Zn(I)were insoluble in water, acetonitrile, and n-hexane,
while maintaining high solubility in DMSO and DMF,
consistent with the strong coordinating ability and high
polarity of these solvents.
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Table 2: Solubility Test of the Ligand (L) and its Metal(l11) Complexes
Compound H20 EtOH MeOH ACN Ether DMSO DMF n-Hex
Ligand (L) IS S S IS IS S S IS
[Co(L)Cl2(H20)].H20 IS SS SS IS IS S S IS
[Zn(L)CI2]).H20 IS SS SS IS IS S S IS

Key: S = Soluble, SS = Slightly Soluble and IS = Insoluble, L = C13H11N302

FTIR Analysis

The IR spectral data confirmed successful complexation by
the shift in the azomethine v(C=N) stretching frequency from
1560 cm™ in the ligand to 1600 and 1611 cm™ in Co(II), and
Zn(11) respectively, indicating coordination through the imine
nitrogen. The IR spectral data of the ligand showed a band at
1648cm* which were assigned tohydrazide carbonylv(C=0)
this same band was observed to shift to lower frequencies

1635, 1633 cm, after complexation. Furthermore, the
appearance of new bands in the 595 and 577 cm and 567 -
551 cm™ regions, assigned to v(M-N) and v(M-O) vibrations
respectively, confirmed bonding through the pyridine
nitrogen and carbonyl oxygen atoms. Broad band at 3460
cm' for the Co(ll) complexes verified the presence of
coordinated water.

Table 3: IR Spectral Data (cm™) for the Ligand and its Metal(11) Complexes

Compounds v (N-H) v (O-H) v(C=0) v(C=N)hyd v(M-0O) v(M-N)
Ligand (L) 3056 3212 1648 1560 - -
[Co(L)Cl2(H20)].H20 3045 3460 1635 1600 567 595
[Zn(L)CI2].H20 3074 3301 1633 1611 551 577

Key: L = C13H11N302

Determination of Water of Crystallization
The weight loss percentages of the metal(ll) complexes
indicated the loss of one lattice water molecule from the

Co(ll) 4.43% and Zn(I1) 4.55%, confirming their formulated
structures as monohydrates validating the hydrated
formulations of these compounds.

Table 4: Determination of Water of Hydration of Hydrazide-Hydrazone Ligand(L) Complexes

Compound Weight loss (g) Percentage (%)
[Co(L)Cl2(H20)].H20 0.00885 4.425
[Zn(L)CI2].H20 0.00911 4.554

Key: L = C13H11N302

UV-Visible Spectral Data

The UV-visible spectral data revealed key electronic
transitions that supported metal coordination and provided
geometric insights. The ligand showed a single m—m*
transition at 230 nm, while all metal complexes displayed this
band with minor shifts, indicating perturbation of the ligand's

electronic structure on coordination. More significantly, a
new absorption band appears at 245 and 230 nm and 335 and
340 nm in the complexes, assigned to m—n* and n—on*
transition providing optical confirmation of imine nitrogen
bonding to the metal center.

Table 5: UV-Visible Spectral Data for the Hydrazide-Hydrazone Ligand(L) and its Complexes

Compound T — @ * transition (nm) n — m * transition (nm)
Ligand (L) 230 (3.994) -

[Co(L)Cl2(H20)].H20 245 (3.657) 335 (3.748)
[Zn(L)CI2].H20 230 (3.216) 340 (2.986)

Key: L = C13H11N302

Elemental Analysis

The elemental analysis data confirmed the chemical
compositions for the ligand and its metal complexes. The
found percentages of C H N for the ligand is in agreement

with its formula (Ci3H11N3O2) verifying its purity. The
agreement between found and calculated values for the metal
complexes with C N H validated the proposed molecular
formulae derived from spectroscopic studies.

Table 6: Elemental Analysis Data for Ligand and its Metal(11) Complexes

Compound F. Wt. % Found (Calculated)
C H N
Ligand (L) 241.25 64.81(64.73) 4.60(4.62) 17.48(17.38)
[Co(L)Cl2(H20)].H20 389.84 40.65(40.70) 3.94(3.81) 10.95(10.88)
[Zn(L)CI2].H20 339.24 39.82(39.87) 2.27(2.24) 10.52(10.70)

Key: L = C13H1:1N302, F.Wt. = Formula Weight

Antibacterial Activity Test

The ligand showed moderate activity against all three tested
bacterial strains, with inhibition zones ranging from 11 - 19
mm across different concentrations, exhibiting the strongest

effect against E. coli. On complexation, most metal
complexes displayed enhanced antibacterial activity
compared to the ligand, with the zinc(ll) complex showing
notable activity against E. coli. All compounds demonstrated
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clear dose-dependent responses, with larger inhibition zones
at higher concentrations. While none of the synthesized
compounds surpassed the potency of the standard antibiotic
amoxicillin 24 - 31 mm zones, Co(ll) derivativeexhibited
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promising antimicrobial profiles that warranted further
investigation. This data supported the hypothesis that metal
coordination can significantly enhance the biological activity
of hydrazide-hydrazone ligands.

LIGAND (L1) & IT'S COMPLEXES
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Figure 1: Graphical Representation of Antibacterial Activity Result of the Ligand

and its Complexes

Table 7: Antibacterial Activity Test on the Hydrazide-Hydrazone Ligand and its Complexes

Bacterial Inhibition Zones (mm)

Compound Cone. (pg/mL) S. aureus (mm) E. coli (mm) P. ariginosa (mm)
Ligand (L) 4000 12 19 17
2000 18 17 15
1000 16 15 13
500 14 13 11
[Co(L)CI2(H20)].H20 4000 15 19 14
2000 13 17 12
1000 12 15 10
500 10 13 8
[Zn(L)CI2].H20 4000 14 18 12
2000 12 17 10
1000 10 15 08
500 00 12 00
Amoxicillin (125 pg/mL) 31 27 24

Key: L = C13H1:N30z2, Conc. = Concentration, S. aureus = Staphylococcus aureus, E. coli = Eschirichia coli, P. ariginosa =

Pseudomonasariginosa

Antibacterial Activity Test

The liganddemonstrated the strongest overall antifungal
activity, particularly against Candida albicans with inhibition
zones reaching 22 mm at the highest concentration, and
showed good activity against Tinea pedis as well. On metal
complexation, the antifungal potency generally decreased
compared to the free ligand, with most complexes showing
moderate to weak activity. The Zn(ll) complex showed
selective potency against Tinea rubrum. The Co(ll) complex
demonstrated the weakest overall antifungal profile. All
compounds displayed clear concentration-dependent activity,

with larger inhibition zones at higher concentrations. While
none of the compounds approached the potency of the
standard antifungal Nystatin 25 - 33 mm zones, the ligand's
notable activity against C. albicans suggested that the
hydrazide-hydrazone scaffold itself possessed inherent
antifungal properties that may be diminished rather than
enhanced by metal coordination in this series. This contrasted
with the antibacterial results where metal complexation
generally improved activity.
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Figure 2: Graphical Representation of Antifungal Activity Result of the Ligand and its Complexes
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Table 8: Antifungal Activity Test on the Hydrazide-HydrazoneLigand and its Complexes

Compound Conc. (ug/mL) Fungal Inhibition Zones (mm)
C. albicans (mm) Tinea rub rum (mm) Tinea Pedis (mm)
Ligand (L) 4000 22 15 19
2000 19 13 16
1000 17 11 14
500 15 09 12
[Co(L)CI2(H20)].H0 4000 16 17 15
2000 13 15 12
1000 10 13 10
500 9 11 00
[Zn(L)Cl2].H20 4000 16 18 12
2000 14 16 10
1000 12 14 08
500 10 12 00
Nystatin (125 pg/mL) 33 29 25

Key: L = C13H1:N30z2, Conc. = Concentration, C. Albicans = Candida Albicans

CONCLUSION

Tridentate hydrazide-hydrazone ligand derived from 4-
hydroxybenzohydrazide and 2-pyridinecarboxaldehyde was
successfully synthesized and characterized. Its Co(ll) and
Zn(I1) complexes were prepared and thoroughly investigated
using solubility, melting point and decomposition
temperature, elemental analysis, molar conductance,
magnetic susceptibility, FTIR, and UV-Vis spectroscopic
techniques. The physicochemical characterization revealed
distinct coordination behaviors for the two metal ions Co(ll)
and zZn(Il). The Co(ll) complex adopted an octahedral
geometry with the ligand acting as a neutral tridentate NNO

OH
Ir'
@Aﬁr‘f‘ |
o
""'\H h?urj\Td
OH;

donor, coordinated through amide oxygen, azomethine
nitrogen, and pyridyl nitrogen, with the remaining sites
occupied by chloride and water molecules. The Zn(ll)
complex exhibiteddistorted square pyramidal geometry with
the ligand coordinating through carbonyl oxygen, azomethine
nitrogen, and pyridyl nitrogen, with chloride completing the
coordination sphere. The result of the antimicrobial showed
that the hydrazide-hydrazone ligand itself possessed inherent
antifungal properties that may be diminished rather than
enhanced by metal coordination in this series. This contrasted
with the antibacterial results where metal complexation
generally improved activity.

OH
H
@ﬁ“/h |
|
T, [ /.Z'I

!
N

Figure 2: Proposed Structures of the Metal(I11) Complexes
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APPENDISES
Figures Showing FT-IR Data For The Ligand and Metal(ll) Complexes
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Figure 3: IR Spectrum of Hydrazide-Hydrazone Ligand
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Figure 4: FT-IR Lower Region Spectrum of [Co(L)ClzH20)].H20 Complex
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Figure 5: FT-IR Higher Region Spectrum of [Co(L)Cl2H20)].H20 Complex
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Figure 6: FT-IR Lower Region Spectrum of [Zn(L)Clz].H20 Complex
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Figure 7: FT-IR Higher Region Spectrum of [Zn(L)CIz] H20 Complex
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Figures Showing UV-Visible Data For The Ligand and Metal(11) Complexes

Figure 9: UV-Visible Spectrum of [Zn(L)CI2].H20 Complex
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