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ABSTRACT
There is much traction about Schiff base metal complexes because of their
structural  versatility, potentials in bioactivities etc. Thus, N,N’-

bis(salicylidene)ethylenediamine - a salen ligand- was synthesized from
salicylaldehyde and ethylenediamine; then followed by coordination with
zinc(I1) to form a Zn—salen complex. The yields of the salen and its zinc complex
were 81 £ 2% and 73 + 2%, respectively. These samples were characterized by
melting/decomposition point analyses, solubility tests, Fourier-transform
infrared (FTIR) and UV—Visible absorptions. From the results of FTIR, there
were evidence for azomethine linkage and Zn complexation because of the
characteristic shift of the C=N stretching vibration and deprotonation of the
phenolic O-H group. UV—Visible analyses showed n—n* and n—x* transitions
of the salen, along with a salen-to-metal charge transfer band in the Zn—salen
complex at 350 — 420 nm. These are reasonable features implying coordination
between the Zn ion and the base. Melting point of 128 + 2 °C for the salen ligand
was obtained, indicating high purity. On the otherhand, the Zn-salen complex
showed lower melting point as compared to other reported analogues. The Zn-
salen was lipophilic than the free salen based on the solubility results. The Zn—
salen complex gave generic antibacterial activities against Gram-positive, Gram-
negative, and fungal strains. In vitro anti-inflammatory assessment showed

Keywords: moderate COX-1 and COX-2 inhibition. And Zn-salen gave higher COX-2
Metal-Ligand selectivity compared to ibuprofen. These findings implied Zn—salen has potential
Complex, for the development of novel antimicrobial and anti-inflammatory agents,

Biological Assay necessitating detail pharmacological investigations.

INTRODUCTION

Metal-ligand complexes generally have peculiar;
structural versatility, electronic configuration, biological
properties etc, hence are quite important in Medicinal
field in particular and Chemistry in general. Thus, Schiff
Bases (derived from the condensation of amines with
aldehydes/ketones (Musa et al., 2025; Rajasekar et al.,
2025), have become seriously attractive due to structural
robustness, strong metal-binding ability and their
potential applications (Jain et al., 2023). These
compounds are known for their antimicrobial, anti-
inflammatory, antiviral, and anticancer activities (Raju et
al., 2022). Now, salen is a Schiff Base obtained from
salicylaldehyde and diamines with tetradentate
architecture. They form stable complexes with various
metals by two imine nitrogen atoms and two phenolic
oxygen atoms (Hui et al., 2022). In addition, metal-salen
complexes like other coordination compounds do express
enhanced biological activity than the free ligands (El-
ghamry et al., 2022; Mangamamba et al., 2014).

In fact, the zinc—salen complex is essential because zinc
is relatively less harmful and biologically crucial metal
that is involved in immune function, wound healing, and
inflammation regulation (Sharma et al., 2021). When zinc
bonds to salen it can alter the ligand’s electronic
configuration, lipophilicity, and solubility, leading to
increased interphase with microbial cell membranes and
inflammation-causing enzymes (Al-Farraj et al., 2025).
Zn-salen complexes have shown promising activities
against bacteria as well as fungi pathogen. Therefore, due
to the increasing global challenge of antimicrobial
resistance, such complexes are being considered as
potential alternatives to conventional antibiotics (Al-
Farraj et al., 2025). Their bioactivies mechanisms stem
from DNA interaction, enzyme inhibition, membrane
disruption, and the generation of reactive oxygen species.
In addition to antipathogenic effects, Zn—salen complexes
have anti-inflammatory properties (Sandhu et al., 2023).
They can suppress; cyclooxygenase enzymes (COX-1 &
COX-2),
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protein denaturation, and prostaglandin synthesis, which
is a leverage over traditional NSAIDs; often linked with
side effects (Singh et al., 2022). The Zn—salen complexes
can be characterized by FTIR, UV-Visible spectroscopy,
melting point analysis, solubility etc. In addition,
antimicrobial and anti-inflammatory assays are some
ways of characterizing/applying coordination compounds
(Singh et al., 2022). Overall, Zn-salen complexes
represent promising candidates for the development of
new antimicrobial and anti-inflammatory agents.
Therefore, this research investigates the preparation,
characterization, and biological properties of a zinc-salen
complex, focusing on its anti-inflammatory and
antimicrobial potentials.

MATERIALS AND METHODS

Chemicals, Solvents, and Reagents

KBr (spectroscopic grade, Sigma-Aldrich),
salicylaldehyde (99% purity, Sigma-Aldrich), methanol
(HPLC grade, 99.9% purity, Fisher Scientific),
ethylenediamine (99% purity, Merck), zinc acetate

OH

H H
H,oN
H H

Ethylenediamine

NH, 4

Salicylaldehyde |
®)
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dihydrate (>98% purity, Alfa Aesar), bovine serum
albumin (BSA, >96% purity, Sigma-Aldrich), phosphate
buffer (prepared from analytical grade monobasic and
dibasic sodium phosphate, purity >99%, BDH
Chemicals), pH (6.3-6.5), ciprofloxacin, gentamycin,
ceftriaxone, and fluconazole, Sterile filter paper disks (6
mm diameter) and nutrient agar (Oxoid), methanol
(Fisher Scientific), n-hexane (>97% purity, Merck),
chloroform (HPLC grade, 99.8% purity, BDH), and
dimethyl sulfoxide (DMSO, anhydrous, >99.9% purity,

Sigma-Aldrich). PerkinElmer Spectrum BX FTIR
spectrophotometer and Shimadzu UV-2600
spectrophotometer.

Synthesis of Schiff Base Ligand (Salen)
Salicylaldehyde (2.13 mL) was dissolved in methanol (15
mL) and ethylenediamine (0.67 mL) was added dropwise
with stirring. The mixture was refluxed for 4 h, producing
a yellow precipitate, which was filtered, washed with cold
methanol, and dried (Vafazadeh & Bagheri, 2015). See
Equation 1 and Figure 1. Percent yield is 81+2%

OH HO
- HH

= N

H H H o H

N,N Ethylene bis (Salicylidene aminato

Equation 1: Preparation of Schiff Base Ligand (N, N’-bis(salicylidene)ethylenediamine, Salen)

Synthesis of Zinc-Salen Complex

The dried ligand (10 mmol, 2.36 g) was dissolved in
methanol (20 mL). Zinc acetate dihydrate (10 mmol, 2.19
g) in methanol (10 mL) was added dropwise with stirring.

— .
\

Figure 1: The prepared Salen

Solubility Test

The solubility test was performed in selected solvents,
namely methanol, n-hexane, chloroform, and dimethyl
sulfoxide (DMSO). Approximately 10 mg of each sample
was placed separately into clean, dry test tubes. To each

The mixture was refluxed for 1 h, cooled, and the
precipitate was filtered and dried (Vafazadeh & Bagheri,
2015). See Figure 2. Percent yield is 73+2%.

Figure 2: The prepared Zn-Salen complex

test tube, 2 mL of the solvent was added at r.t. The
mixtures were gently agitated and equilibrated by
standing for 10 min. Subsequently, visual observations
for clarity on the mixtures were made. If a mixture
becomes clear, the compound was recorded as soluble;
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otherwise it was taken as partially soluble/ insoluble
(Asemave, 2016).

Melting/Decomposition Point

The melting/decomposition points of the samples were
determined using a melting point apparatus. Small
quantity of each sample was packed into separate
capillary tubes sealed at one end. The tube was then
placed in the melting point apparatus and heated. The
temperature range at which the solid first began to melt
and completely liquefied was recorded as the melting
point of the salen ligand; whereas, for the Zn-salen
complex, that was recorded as the decomposition point.

FTIR Absorption

The Fourier Transform Infrared (FTIR) absorptions of the
salen ligand and Zn—salen complex were carried out using
a PerkinElmer Spectrum BX FTIR spectrophotometer in
the range of 4000 - 400 cm™. KBr pellet method was used
for samples preparation. Thus, a small amount of each
finely ground sample was completely mixed with KBr
and compressed into pellet. The pellets were applied in
the sample holder, and the FTIR absorptions were
recorded (Asemave et al., 2019).

UV-Visible Absorption

The UV-Visible absorptions of the salen ligand and its
complex were recorded wusing a UV-Visible
spectrophotometer. About 1 x 10~ M each of the samples
were prepared in methanol. The absorbances recorded
over the wavelength range of 200-800 nm (Asemave et
al., 2012).

Antimicrobial Activity (Disk Diffusion Method)

The disk diffusion method was employed for the
antimicrobial studies. The organisms used were
Staphylococcus aureus, Escherichia coli, Candida
albicans, and Salmonella typhi. The samples
concentrations were 50 pg/mL. For each turn, fresh
cultures of the test microorganisms were prepared and
inoculated on the agar media to obtain uniform growth.

1O

Absorbance (a.u.

0.0
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Thereafter, solution of the Zn—salen complex was put on
the sterile paper disks and placed on the inoculated agar
plates. Ciprofloxacin, gentamycin, ceftriaxone and
fluconazole were used as the standards. On the otherhand,
the negative control composed of solvent-loaded disk. All
the plates were equilibrated at 37 °C for 24 h and 28-30
°C for 48 h, for bacterial and fungal species respectively.
Subsequently, the zones of inhibition around the disks
were measured and recorded (Haruna et al., 2023).

Anti-Inflammatory Activity (Albumin Denaturation
Assay)

The anti-inflammatory activity of the Zn—salen complex
(at 100 pM) in comparison to ibuprofen as the standard
drug were investigated. Bovine serum albumin (BSA),
phosphate buffer (pH ~ 6.3-6.5), and Zn-salen were
mixed. More so, a mixture containing ibuprofen, and also
another containing neither Zn-salen nor ibuprofen were
prepared to serve as the positive, and negative controls,
respectively. The reaction mixtures were conditioned at
37 °C for a fixed period and subsequently heated to trigger
protein denaturation. Upon cooling to r.t, the absorbance
was measured. Using the absorbances, the ICso values for
COX-1 and COX-2 inhibition were calculated.
Furthermore, the selectivity index (SI) was determined as
the ratio of ICso (COX-1) to ICso (COX-2) (Elnagar et al.,
2021).

RESULTS AND DISCUSSION

UV Visible absorption

The results of the UV-Visible experiment (see Figure 3)
of the free ligand gave strong ultraviolet absorption bands
at; 250280 nm (n — w* transitions for the aromatic
rings); 300-350 nm (corresponds to n — x* transitions of
the imine group). These are typical UV-Visible
characteristic of Schiff bases such as salen (Sheokand et
al.,, 2023). These bands are in conformity with the
formation of the azomethine linkage and extended
conjugation in the salen framework. See Figure 3.

Salen ligand
Zn—salen complex

200 250 300

350 <00 450 500

wavelength (nm)

Figure 3: UV Visible Spectra of the salen and Zn-salen
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Upon bonding with the Zn(11), the UV-Visible absorption
results showed slight red shift of 1 — ©* transitions due
to increased conjugation (Mohammed Ali Mohsen et al.,
2024). A new broad band in the 350420 nm region was
observed and assigned to salen-to-Zn charge transfer
(Azoogh & Akbarzadeh-Th, 2025). These imply
successful Zn—salen complex formation. The orange-
yellow and light-yellow colours of the salen and Zn-salen,
respectively are also in support of the UV-Visible results.
These colours are due extended m-conjugated system in
these structures.

Melting/ Decomposition points

The melting point/ thermal properties of the salen and
Zn-salen were investigated. The salen ligand showed a
sharp melting point at 128 + 2 °C with a narrow
decomposition range, indicating high purity. This value is
in tandem with previous reports of 125-130 °C (Hadjeb
et al., 2024; Vafazadeh & Bagheri, 2015). Thermal
decomposition temperature of the Zn-salen compound
was observed at 279 £ 2 °C (Vafazadeh & Bagheri, 2015).
This seems to be lower compared to 3d transition
analogues, which decompose at higher temperatures
(300-330 °C). This reduced stability may be attributed to
weaker Zn-salen interactions and less rigidity of the
coordination geometry.

Solubility Results

The free salen ligand was soluble in methanol,
chloroform, and DMSO, but insoluble in n-hexane and

Asemave et al. JOBASR2026 4(2): 419-425

water. Its methanol solubility is due to hydrogen bonding
with phenolic and amine groups. Similarly, solubility in
chloroform arises from dipole—dipole interactions with
aromatic rings. DMSO has higher polarity and solvation
ability, hence it effectively dissolves the salen ligand.
Meanwhile, Zn-salen was only soluble in chloroform and
DMSO, and partially soluble in methanol. Partial
methanol solubility may entail that zinc bonding lessen
ligand polarity or causes steric effects. Upon
complexation of the salen by Zn a unique
structure/complex with peculiar electronic distribution
and molecular geometry is formed. Such complexes are
often less hydrophilic than the parent species. This made
the Zn-salen soluble in chloroform and DMSO.
Therefore, this lipophilicity traits could improve
bioavailability and therapeutic applicability.

FTIR Spectra

The results of FTIR spectra/absorptions for the Schiff
base and Zn-salen are given in Figures 4,5 & Table 1). A
strong absorption band at 1669.8 cm™ is for the imine
(C=N) stretching vibration. This signifies azomethine
linkage formation in the Schiff base, salen. In addition,
there is absence of a carbonyl peak (1700 cm™?) in Figure
4. It is a proof that there was complete conversion of the
aldehyde precursor. A broad band at 3280.1 cm™ is linked
to the phenolic O—H stretching. Interestingly, a stretching
vibration at 1558 cm (C = C) significantly supports the
ligand’s aromatic structure.
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Figure 4: FTIR spectrum of Salen ligand
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Figure 5: FTIR spectrum of zinc-Salen complex
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Table 1: FTIR absorption bands C. albicans 14 21 (Fluconazole)
Functional group | Salen  ligand | Zn-Salen E. coli 16 22 (Gentamycin)
(cm™) complex (cm™) S. typhi 13 26 (Ceftriaxone)
C=N 1669.8 1543.1
O-H 3280.1 32875  (very Table 3: Anti-inflammatory Activity Data
(intense) weak) Parameter Zn-Salen | Ibuprofen
Cc=C 1558.0 1543.1 COX-1 1C50 (UM) 15.3 12.8
C-0 1371.7 1386.6 COX-2 IC50 (M) 8.7 7.9
Selectivity (COX-1/COX-2) | 1.76 1.62

The FTIR spectra of the Zn-salen showed that the C=N
stretching frequency shifted substantially from 1669.8
cm? in the free ligand to 1543.1 c¢cm, which is an
evidence for bonding between the imine nitrogen to
Zn(11). Additionally, the suppression of the phenolic O—
H band (32875 cm™) suggests deprotonation and
formation of Zn—O bonds (Hadjeb et al., 2024; VVafazadeh
& Bagheri, 2015). Although Zn—N vibrations below 670
cm?® were not observed due to instrumental settings,
generally, the spectral changes implied strong evidence
for successful Zn-salen complex formation. The
geometry could be square planar or slightly distorted
tetrahedral. Therefore, the structure of the zn-Salen is
presented in Figure 6.

—N_ N=
n
/ N\

Z
O

Figure 6: Structure of the Zn-Salen Complex

Biological Activity
Antimicrobial and Activities
The Zn-salen complex gave antimicrobial activity
against all tested microorganisms (as given in Table 2),
with zones of inhibition being highest in Escherichia coli
(16 mm) and Staphylococcus aureus (15 mm); followed
by moderate inhibition against Candida albicans (14
mm), while Salmonella typhi showed the least
susceptibility (13 mm). the standard antibiotics and
antifungal drugs produced higher inhibition zones.
Despite lower strength compared to conventional drugs,
the Zn—salen complex exhibits generic antimicrobial and
antifungal potentials. Its comparable activity with respect
to the standards against, say E. coli and S. aureus is of
much interest given the resistance typically associated
with Gram-negative bacterial membranes (Hadjeb et al.,
2024).

Table 2: Antimicrobial Activity Data

Microorganism Complex | Standard (mm)
(mm)
S. aureus 15 23 (Ciprofloxacin)

Anti-inflammatory Activities

COX-1 protects the gastric lining, whereas, COX-2 is
primarily involved in inflammation. Modern anti-
inflammatory drug targets exclusive inhibition of COX-2
to reduce gastrointestinal side effects associated to COX-
1 inhibition. Zn-salen inhibits COX-1 and COX-2 at 15.3
MM and 8.7 pM, respectively, while ibuprofen shows
slightly greater potency with ICso values of 12.8 uM
(COX-1) and 7.9 pM (COX-2). Notwithstanding,
selectivity deduced reveals that Zn-salen is more COX-2
selective, with a COX-1/COX-2 ICs ratio of 1.76
compared to 1.62 for ibuprofen (Haloi et al., 2025). This
higher selectivity of Zn-salen entails that the sample
preferentially targets inflammatory pathways, but evades
the gastroprotective COX-1 enzyme, thus masking
gastrointestinal side effects.

CONCLUSION

The paper reports successful preparation of the Schiff
base ligand, its zinc (I1) complex (Zn-salen) and their
characterizations. The sharp melting point of the salen
and the thermal behavior of the Zn—salen complex were
in harmony with previous knowledge. More so, the
spectroscopic evaluations provided evidence of complex
formation of Zn-salen. Hence, FTIR absorptions
indicated the characteristic imine (C=N) peak in salen.
The peak shifted downward in frequency upon zinc
complexation; plus, disappearance of the phenolic O-H
peak that was originally in the salen. These observations
highly suggest tetradentate chelation through nitrogen
and oxygen donor atoms. The UV-Visible results also
provided evidence of coordination of Zn as bathochromic
shifts and salen-to-Zn charge transfer bands were
observed. Complex formed has different solubility to
salen, potentially increasing its suitability for biological
applications. The Zn-salen complex again produced
broad-spectrum antimicrobial activities against Gram-
positive and Gram-negative bacteria as well as fungal
species. It was also observed that the coordinated
compound showed promising anti-inflammatory activity
with higher COX-2 selectivity than ibuprofen, suggesting
a reduced likelihood of gastrointestinal side effects
associated with non-selective COX inhibition.
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