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INTRODUCTION

Schiff bases, which are versatile ligands capable of building
stable complexes with a variety of metal ions, are synthesized
by condensation of primary amines and carbonyl compounds.
The remarkable structural features of amino adamantane and
thiophene derivatives, which present exciting possibilities for
biological uses, have aroused our interest in these compounds
[1-3]. Amino adamantane derivatives have demonstrated effect-
iveness against a range of bacteria and fungi, making them
promising candidates against infections [4-6].

Thiophene derivatives, modified with different functional
groups, have exhibited diverse antimicrobial properties [7].
These functional groups can influence their mode of action and
effectiveness against specific microorganisms [8]. These comp-
ounds characterized by their versatile coordination properties
and fascinating biological activities, have garnered substantial
attention in recent years. Schiff-base metal complexes have
good biological behaviour like dissecting their interactions with
biomolecules, cellular uptake mechanisms and intracellular
behaviour, seek more attention to researchers [9-15]. In this
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study, we conduct an investigation into Schiff-base metal
complexes, focusing specifically on those formed from amino
adamantane and thiophene derivatives in combination with
nickel(II), copper(II) and cobalt(II) as central metal ions.

EXPERIMENTAL

All the solvents and chemicals used in present work were
of analytical (AR or GR) grade (Sigma-Aldrich, USA) and used
without any further purification. Physical constants (m.p. ºC)
were determined in open capillary tubes and are uncorrected.
IR spectra were recorded in KBr discs (νmax in cm-1) on Perkin-
Elmer FT-IR (Spectrum ONE) spectrophotometer, 1H NMR
spectra on a Bruker AMX (400 MHz) spectrophotometer using
DMSO-d6 as solvent using TMS as an internal standard and
the mass spectra were captured on a mass spectrometer Waters
UPLC-TQD instrument (m/z in %).

Synthesis of 5-acetyl-N-(adamantan-2-yl)thiophene-2-
carboxamide: 5-Acetylthiophene-2-carboxylic acid (1 mmol)
dissolved in 10 mL of DMF was mixed to triethylamine (TEA)
(3 mmol) and stirred for 15 min followed by the addition of
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N-ethyl-N′-dimethylamino-propyl carbodiimide (EDCI) (1.2
mmol), 1-hydroxybenzotriazole (HOBT) (1 mmol) and adaman-
tanamine (1.2 mmol) while stirring at room temperature. A
precipitate was obtained when reaction mixture was added to
ice cold water. This precipitate was filtered, washed with
distilled water and the solid product was vacuum dried before
being placed in a desiccators (Scheme-I).

Synthesis of Schiff base: 5-Acetyl-N-(adamantan-2-yl)-
thiophene-2-carboxamide (1 mmol) and isoniazid (1 mmol)
were dissolved in 20 mL of ethanol. Acetic acid in small amount
was added to the solution and after being refluxed for 3 h, the
reaction mixture was chilled in the refrigerator overnight. The
resultant crystals were filtered, rinsed with ice cold ethanol
and finally vacuum dried (Scheme-I).

Synthesis of metal(II) complexes: An ethanolic solution
of Schiff base ligand was added to the corresponding metal(II)
chloride in a 2:1 ligand-to-metal molar ratio. The reaction
mixture was refluxed for 3 h and then cooled in a refrigerator
overnight. The resulting solid was filtered, washed with hexane,
and finally dried under vacuum (Scheme-I).

RESULTS AND DISCUSSION

Characterization of Schiff base ligand: In 1H NMR data,
several chemical shifts and corresponding functional groups
are observed. In spectrum, two distinct CH peaks appear at δ
7.6 ppm and 7.1 ppm, suggesting the presence of carbon atoms
bonded to hydrogen in a chemical environment consistent with
2-thiophene. This indicates the involvement of 2-thiophene
rings in the ligand structure. An NH peak at δ 8.0 ppm indicates
the presence of a 2º amide group in the ligand. Multiple CH
peaks with chemical shifts at δ 2.05 ppm, 3.52 ppm and 1.43
ppm are indicative of cyclohexane rings within the ligand struc-
ture. These peaks correspond to different types of C-H environ-
ments within the cyclohexane rings suggesting the cyclic nature
of Schiff base. Additionally, CH2 peaks at δ 1.49 ppm and 1.24

ppm are observed, which further support the presence of cyclo-
hexane rings. These peaks are associated with methylene groups
within the cyclohexane rings. A CH3 peak at δ 0.9 ppm  indicated
the presence of a methyl group in the ligand. Moreover, the
NMR spectrum also reveals the peaks corresponding to 3-
pyridine structure, particularly in a DMSO solvent. These peaks
occur at δ 8.32 ppm, δ 7.63 ppm, δ 8.84 ppm and δ 9.17 ppm,
suggesting the involvement of 3-pyridine moiety in the ligand.
Furthermore, the carbonyl (C=O) groups are evident in the
spectrum, with peaks at various chemical shifts such as δ 0.65
ppm and δ 0.10 ppm. These carbonyl groups may be part of
amide or ketone functionalities within the ligand. Lastly, there
are indications of unknown substituents in some regions of
the spectrum, such as unknown α-substituents in the CH3 group
and unknown substituents from 2-furan in 2-thiophene peaks
[15,16] (Fig. 1).
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Fig. 1. Proton NMR spectra of Schiff base ligand
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isoniazid, exhibit multiple mass fragmentation peaks at m/z
423, 425, 424, 314, and 429, while the assumed molecular
weight of the compound is m/z 422.54. These fragmentation
peaks indicate structural modifications during the mass spectro-
metry process. The peak at m/z 423 suggests a minor mass gain
or addition of a small fragment, while m/z 425 implies a slightly
higher molecular weight. The peak at m/z 424 close to the
assumed molecular weight indicates a minor mass deviation,
while m/z 314 signifies significant fragmentation or loss of a
substantial fragment. Finally, the peak at m/z 429 represents a
higher molecular weight suggesting additional atom incorp-
oration. These findings emphasize the necessity for structural
investigation and elucidation to characterize the synthesized
compound and confirmed its actual molecular composition.

Characterization of metal(II) complexes

UV visible studies: The UV-visible spectroscopy analysis
conducted within the wavelength range of 200 to 1200 nm
yielded critical insights into the light-absorbing properties of
the ligand, copper complex, and nickel complex. The absence
of any visible peaks in the UV-visible spectrum for the ligand
throughout this extensive spectral range (200-1200 nm)
strongly indicates that the ligand itself does not appreciably
absorb light within this region. The copper(II) complex exhi-
bited distinct absorption features, with two prominent peaks
observed at 381 and 354 nm. These absorption peaks manifest
the copper complex’s capacity to absorb light within the UV-
visible spectrum. In a similar region, the UV-Visible spectrum
of the nickel(II) complex displayed a singular absorption peak
at 282 nm, serving as evidence of its light absorbing properties
at this particular wavelength. This absorption peak signifies
that nickel(II) ions within the complex are likewise involved
in electronic transitions [17-19] (Fig. 2).
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Fig. 2. UV-Visible spectra of Cu(II), Ni(II) and Co(II) complexes

IR spectral studies: The presence of peaks at 3367.91
and 1541 cm-1 suggests the presence of N-H bonds and N-H
bending vibrations, indicating the presence of amine functional
groups possibly from isoniazid. The peak at 1665.4 cm-1 corres-
ponds to a carbonyl (C=O) stretching vibration indicating the

presence of a carbonyl group, which is often found in Schiff
bases. Peaks at 3097.04 and 2861.71 cm-1 are indicative of C-H
stretching vibrations, suggesting the presence of both aromatic
and aliphatic hydrocarbon moieties in the molecule. The peak
at 2680 cm-1 suggests the presence of a triple bond, which could
be a carbon-carbon triple bond (C≡C). The peaks at 936 and
521 cm-1 could be attributed to vibrations involving sulfur (C-S)
and other heteroatoms, respectively (Fig. 3a).

The changes in the IR spectrum upon complexation with
Cu2+, Ni2+ and Co2+ suggest that the Schiff base ligand has the
potential to coordinate with these metal ions. The carbonyl
(C=O) stretching vibration (16654 cm-1) is particularly impor-
tant, as it often shifts upon metal coordination, indicating the
involvement of the carbonyl group in metal binding (Fig. 3b-d).
The shifts in various peaks can provide information about the
coordination modes of the ligand with the metal ions. The shifts
in the N-H and C=O peaks may suggest coordination through
nitrogen and oxygen atoms. The above result suggest that the
synthesized metal complexes of Cu2+, Ni2+ and Co2+ coordi-
nated via imine group and carbonyl group and the geometry
of the compounds is square planar [20,21].

Thermal studies: The thermogravimetric analysis (TGA)
studies for coordinated copper(II), nickel(II) and cobalt(II)
complexes revealed the distinct thermal behaviours. The coor-
dinated copper complex exhibited a maximum normalized heat
flow of 7.487 w/g at 282 ºC, indicating a significant thermal
event, likely associated with its unique composition and chemical
properties. Similarly, coordinated nickel(II) complex displayed
a notable peak with a maximum heat flow of 5.33 w/g at 271 ºC,
suggestive of a specific thermal process linked to its compo-
sition. In contrast, the coordinated cobalt(II) complex exhibited
a substantially higher maximum normalized heat flow of 18.00
w/g at 318 ºC, suggesting a more intricate and energetic thermal
event, possibly due to a different ligand-metal interaction or
composition (Fig. 4a-b).

The TGA analysis results for coordinated copper, nickel,
and cobalt complexes revealed the distinctive thermal behav-
iours. The maximum temperature differences observed at 500
ºC for copper (3.243 ºC), 433 ºC for nickel (3.290 ºC) and 457
ºC for cobalt (3.791 ºC) signify significant thermal events in
each complex (Fig. 4b) [22,23].

Electrochemical studies: The electrochemical behaviour
of coordinated copper(II) complex can be analyzed based on
the cyclic voltammetry (CV) data includes the reduction
and oxidation peaks at specific voltages. The presence of two
reduction peaks indicates that the coordinated copper(II)
complex undergoes two distinct reduction processes. The
reduction peak at 0.6482 V corresponds to a more difficult-to-
reduce species in the complex. This could involve the reduction
of the copper ion itself or a ligand that requires a higher energy
input to become reduced. The reduction peak at 0.00784 V
represents an easier-to-reduce species within the complex. The
proximity of the oxidation potential (0.6353 V) to one of the
reduction peaks (0.6482 V) suggests that the redox processes
in this complex are relatively close in energy, which can be
indicative of a reversible or quasi-reversible redox behaviour
(Fig. 5).
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Fig. 3. IR spectra of (a) Schiff base ligand, (b) Cu complex, (c) Ni complex and (d) Co complex
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Fig. 5. Electrochemical studies of metal complexes of copper, nickel and
cobalt coordinated by Schiff base ligand in three electrode system

The reduction peak obtained for nickel(II) complex at
0.4066 V suggests that the complex is capable of accepting
electrons at this potential. In a square planar coordination
environment, the nickel ion is typically coordinated by four
ligands in a flat, square arrangement. The reduction process
may involve the reduction of nickel ion or one of the coordi-
nated ligands. The oxidation peak at 1.1686 V indicates that
the complex can lose electrons at this potential. Similar to the
reduction process, the oxidation process may involve the oxid-
ation of the nickel ion or one of the coordinated ligands. The
relatively high oxidation potential suggests that the oxidation
process requires a significant energy input, indicating that the
complex has a tendency to remain in a reduced state under
typical electrochemical conditions.

The obtained cyclic voltammetry (CV) data indicates that
the coordinated square planar cobalt(II) complex undergoes a
reduction peak at 0.5494 V and an oxidation peak at 1.1439 V.
The reduction peak at 0.5494 V suggests that the complex is
capable of accepting electrons at this potential. In a square

planar coordination environment, the cobalt ion is typically
coordinated by four ligands arranged in a flat, square arrange-
ment. The reduction process may involve the reduction of the
cobalt ion or one of the coordinated ligands. The oxidation
peak at 1.1439 V indicates that the complex can lose electrons
at this potential. Similar to the reduction process, the oxidation
process may involve the oxidation of the cobalt ion or one of
the coordinated ligands. The relatively high oxidation potential
suggests that the oxidation process requires a significant energy
input indicating that the complex has a tendency to remain in a
reduced state under typical electrochemical conditions [24,25].

ESR spectral analysis: The g-value is a dimensionless
quantity that expresses the ratio of the magnetic field experi-
enced by an electron to the strength of the applied magnetic
field. In case of copper(II) complex, the measured g-value of
2.8512 stands out significantly from the typical g-value of appro-
ximately 2.0023 associated with free electrons. This substantial
deviation underscores the distinctive electron environment
within the complex. The specific g-value of 2.8512 suggests
that the unpaired electron(s) in the complex encounter a magnetic
milieu distinct from that of free electrons. This divergence can
be attributed to the intricate influence of the copper ion’s coor-
dination environment and the ligands surrounding it. In general,
the observed g-value acts as a fingerprint of the complex’s
unique electron structure and the interactions taking place within
its coordination sphere. The magnetic field at which resonance
occurs (310.348 mT) is an experimental parameter that indicates
the strength of the applied magnetic field required to achieve
resonance. A higher magnetic field is typically associated with
species that have higher energy differences between their spin
states. The ESR results (Fig. 6) suggest that the coordinated
copper(II) complex contains paramagnetic species with an
electron environment significantly different from that of free
electrons (g = 2.0023). The unique g-value of 2.8512 indicates
a distinct elect-ronic structure within the complex, likely
influenced by the coordination of copper with ligands.
Additionally, the relatively high magnetic field of 310.348 mT
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indicates a significant energy separation between electron spin
states within the complex.

From the results of UV-Visible, IR, CV and ESR studies
the synthesized metal complexes of Cu, Ni and Co coordinated
via imine group and carbonyl group and the geometry of the
compounds is square planar [26,27].

Antibacterial studies: The antibacterial studies of the
synthesized compounds against different bacterial strains under
various concentrations was analyzed. Table-1 shows the results
of an antibacterial assay using different compounds at various
concentrations (500, 1000 and 2000 µg) against four different
bacteria (S. aureus, B. subtilis, E. coli and P. aeruginosa) as
indicated by the zone of inhibition (mm). The ligand did not
show any inhibitory activity against any of the tested bacteria,
whereas cobalt(II) complex showed the moderate inhibitory
activity against all bacteria except P. aeruginosa. The zone of
inhibition generally increased with higher concentrations. The
copper(II) complex also displayed the inhibitory activity
against all the tested bacteria and the inhibitory activity incre-
ased with higher concentrations. In case of nickel(II) complex,
the complex also showed the inhibitory activity against some
bacteria, but not all. Overall, the copper(II) complex exhibited
the most significant inhibitory activity across a wide range of
concentrations and against multiple bacterial strains.

Anticancer studies: The results of the cell viability assay
reveal varying degrees of cytotoxicity among the tested comp-
ounds are shown in Fig. 7. The copper(II) complex displayed
the strongest inhibitory effect, causing a substantial reduction
in cell viability at a concentration of 10.95 µg, indicating its
potent cytotoxic properties. Cisplatin, the reference standard,
exhibited the similar high cytotoxicity, further validating its
well-known role as a potent cytotoxic agent. The nickel(II)
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Fig. 7. Anticancer studies of metal complexes of copper, nickel and cobalt
of Schiff base

and cobalt(II) complexes showed the intermediate levels of
cytotoxicity, moderately inhibiting cell growth at their resp-
ective concentrations. In contrast, to Schiff base ligand had
the mildest impact on cell viability, with more than half of the
cells remaining viable at a concentration of 52.17 µg. These
results underscore the varying cytotoxic potentials of the
compounds and provide insights into their potential applica-
tions in the context of cell growth and proliferation inhibition
[28,29] (Fig. 7).

Conclusion

In this study, 5-acetyl-N-(adamantan-2-yl)thiophene-2-
carboxamide was successfully synthesized and used to form a
Schiff base. Metal(II) complexes (Cu2+, Co2+ and Ni2+) of the
Schiff base ligands were then prepared by reacting the Schiff
base with metal(II) chlorides, demonstrating the development
of novel metal coordination compounds. The study evaluated
the antibacterial activity using a disc diffusion method and asse-
ssed the anticancer potential of synthesized compounds through
a cell viability assay, revealing their bioactive properties against
microbial species and in vitro cytotoxicity. The UV-Visible
studies elucidated the light absorbing capabilities of copper(II)
and nickel(II) complexes, showcasing their distinct electronic
transitions. IR spectral studies identified functional groups and
indicated the ligand-metal coordination, with shifts in peaks
suggesting the varying coordination modes. Thermogravimetric
analysis unveiled unique thermal behaviours, while the electro-
chemical studies unveiled redox processes within the metal(II)
complexes. ESR spectral analysis provided a glimpse into the
electron environment within the copper(II) complex. The anti-
bacterial assay demonstrated the copper(II) complex’s potent
inhibitory activity, especially against P. aeruginosa, while the
anticancer assay highlighted varying degrees of cytotoxicity
among the compounds. Overall, copper(II) complex emerged
as a promising candidate with significant antibacterial and anti-
cancer potential, underscoring its suitability for further explor-
ation in the biomedical applications.
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