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Abstract: Schiff’s bases are a type of molecule found in medical chemistry that has been shown to have
substantial antibacterial and chemotherapeutic properties. On the other hand, Ortho phenylenediamine
is a broad category of synthetic chemical with various pharmacological properties, including anticancer
potential. Their antibacterial, antifungal, and anticancer properties, in particular, make the compounds
appealing for future derivatization and screening as potential therapeutic agents. Accordingly, this study
aimed to synthesize a novel Schiff’s base-Fe(Il) complex using the self-assembly method for in-vitro
studies due to its potential drug properties for therapeutic intervention in various diseases. The as-
synthesized Fe(ll) complex was characterized by spectral and elemental techniques. The obtained data
from the elemental analysis was in good agreement with the general formula MLCIn (L= Ligand
complexed with Fe(ll) via carbonyl group, the nitrogen of hydrazine group, and oxygen). Additionally,
Fe(I) complexes with Schiff’s bases were shown to have gastro-protective, antiproliferative, and
antibacterial properties. The Schiff’s base and its Fe(Il) complex were screened against gram-positive
(B.subtilies), gram-negative (E.coli) as well as A.niger to evaluate the antibacterial and antifungal
properties, respectively. The obtained results demonstrated that the Schiff’s base —Fe(Il) complex has
higher antibacterial and antifungal activity than Schiff’s base ligand. Furthermore, cytotoxicity studies
were performed for Schiff base and its Fe(Il) complex against breast cancer (MCF-7) cell lines. The
findings of this study recommended new insights in the field of medicine to consider Schiff’s base-
Fe(ll) complex as a potential candidate for the antibacterial, antifungal, and anticancer agent.
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1. Introduction

Macrocyclic transition metal complexes have gained the attention of researchers for
their effective antifungal, antibacterial and anticancer properties, making the compounds
appealing for future derivatization and screening as potential therapeutic agents [1-5]. These
complexes can undergo tetra-dentate chelation with heavy metal ions, bonding through
nitrogen and Sulphur, largely responsible for their biological actions [6,7]. Since it was
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discovered that several of these organic metal complexes could serve as facsimiles for
biologically relevant entities, the study of coordination chemistry has gained interest in Schiff
base and their complexes [8,9]. Due to their significance as synthetic models for iron-
containing enzymes [10,11,12], oxidized catalysts [13,14], and stable materials depending on
the pressure, temperature as well as spin-crossover due to light [15,16], the modeling,
synthesis, and interpretation of Fe(Il) complexes with Schiff base ligands play a vital role in
the iron-related coordination chemistry concepts. Schiff base ligands are preferred ligands
since they are easily made by combining an aldehyde and primary amines in an alcohol solvent
in a single pot [10].

Furthermore, it was recognized that some Fe(lll) complexes serve as geometric and
functional models for the heme-iron ’enzymes’ identically complexed Fe(lll) sites [17].
Several studies [18,19] have demonstrated that the investigation of structural properties of
organic Fe(lll) metal complexes with amidantate ligands resulted in the modeling of
Bleomycin [20], and antitumor drug. The Fe (I11) complexes with salicylidene amine ligands
include a better structural and functional analog for the identically coordinated Fe(lll) sites
observed in hemi iron enzymes from a bioinorganic perspective [21]. During the current work,
Schiff’s base of Fe(Il) complex was tried to improve the activities, contributing to a better
avenue of investigation focusing on the potential of iron-based inorganic medicine. Because
different ligands exhibit varied biological capabilities despite having slightly different
molecular structures, their activities have been discovered to be highly reliant on the type of
the metal ion and the donor atoms of the ligands.

This study synthesized a novel Schiff base and its Fe(ll) complex using the self-
assembly method. The as-synthesized ligand and organic metal complex were examined for
antibacterial, antifungal, and anticancer properties against gram-positive (B.subtilies), gram-
negative (E.coli), and A.niger. Additionally, cytotoxicity studies against breast cancer (MCF-
7) cell lines were also conducted to confirm the potentiality of these materials in the field of
medicine for prospects. To the best of our knowledge, this is the first report on the synthesis of
5, 10, 15, 20-tetrakis (para-x phenyl)porphyrinato and Fe(ll) complex for the assessment of
antimicrobial and anticancer properties. The results showed that Fe(ll) porphyrins containing
-COOH had the best antibacterial action, which might be due to the -COOH ’group’s strong
binding capacity to many biological molecules and its permeability.

2. Materials and Methods

2.1. Chemicals and reagents.

Chemical reagents of analytical reagent grade were used. All compounds such as
ferrous sulphate sulfate, dimethyl sulfoxide, methanol, sodium azide, salicylaldehyde, acetone,
and dimethylformamide were utilized in this investigation were obtained from Merck, BDH,
and Aldrich, India.

2.2. Instrumentation.

The Shimadzu spectrophotometer was used to record FTIR spectra with KBr pellet in
the range of 4000 — 400 cm™. The spectrum in ethanol was measured with a Shimadzu UV-
visible spectrophotometer in the range of 200-800 nm using 1 cm quartz cell length. The
SMP30 Electrothermal Stuart apparatus was used to calculate melting points. The electrical
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conductivity of the complex was measured using a WTW Inolabcond 720 digital conductivity
meter at 25°C for 10 mol I solution in dimethyl sulfoxide (DMSO) samples. Agilent mass
spectrometer 5975 quadrupole analyzer was used to record mass spectra.

In DMSO and Bruner DRX, 1H and 13C NMR spectra were computed using a DRX
(500-MHz) spectrometer (500-MHz). The compound shifts were measured in ppm concerning
interior MesSi. The Euro Vectro-3000A was used to perform fundamental microanalyses of the
ligand and its complexity.

The solutions and materials employed in the experiments related to antimicrobial
studies were sterilized using autoclaves obtained from Gallen Kamp, The United Kingdom.
Memmert Incubator was used to incubate the cultured bacteria dishes. The atomic absorption
method was used to determine the concentration of metals present in the complex using an
Analytic Jena (AA350) Atomic Absorption Spectrophotometer. The Gouy approach and the
Johnson Mattey Catalytic system were used to find magnetic susceptibility magnitudes at room
temperature. The thin-layer chromatography (TLC) was performed on aluminum plates
covered with silica gel (Fluka) and iodine to preliminary confirm the synthesis of ligand and
complex.

2.3. Synthesis of [(Fe)(SAL)2(OPD)2(AA)2(N3)2].(SO4)2(H20)4 CH3OH.

0.5 mmol of Schiff’s base (0.156 g) was dissolved in 10 ml of hot methanol followed
by adding 0.5 mmol of Ferrous sulfate (0.139 g) solution and 10 ml of deionized distilled water
in a 25 ml beaker. The sudden appearance of dark green colored solution was observed. To this
solution, 0.5 mmol of sodium azide (0.032 g) was added to 10 ml of deionized distilled water,
resulting in teak brown colored precipitate forming after constant stirring for one hour at room
temperature.  The structural and elemental composition was as follows:
CaoH3aN10FeO2(M.W1.747.65), C=64.26; H= 5.26; N= 18.73. Found: C=63.88; H=4.98;
N=17.39. The observed significant FTIR absorptions peaks (KBr disk, cm™): 3728, 3430, 2313,
1728, 1759, 1612, 1276, 1250, 1252, 905 cm™. The mass peaks (m/z): 209, 147, 342, 482, 599,
704, 929. From this reaction procedure, the obtained yield was about 0.186 g (56%).

2.4. Scheme of the synthetic route and proposed structure of the complex.

In this study, mononuclear complex of [(Fe)(SAL)2(OPD)2(AA). (H20)2].H20.(S04),
was successfully synthesized. Two deprotonated salicylaldehyde and the neighboring two
oxygens of acetylacetone, two aqua ligands in the active center and six water molecules, two
sulfate ions in the outer sphere make up the octahedral geometry of the Fe(ll) complex, as
shown in Figure 1.
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Figure 1. Schematic representation of reaction of Schiff’s base with FeSO4 to form Fe(Il) complex at required
reaction conditions.
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3. Results and Discussion

3.1. Spectrophotometric characterization of [(Fe)(SAL)2(OPD)2(AA)2(N3)2]. (SO4)2(H20)4
CH;OH.

The UV-visible spectrophotometric absorption spectra of Schiff’s base-Fe(ll) complex
were recorded in the range of 200 — 800 nm in dimethylformamide (DMF) medium. The results
obtained demonstrate that the three absorption bands at 240 nm, 350 nm, and 450 nm were due
to the characteristic transitions of n-n* and n-n* in the case of free Schiff’s base, whereas in
the Schiff’s base-Fe(ll) complex, these bands shifted to the longer wavelength with higher
intensity. This behavior could be due to the donation of lone pair of electrons from the oxygen
atom of Schiff’s base to Fe(Il) ion. In the case of Schiff’s base —Fe(ll) complex, three broad
bands in the range of 256 — 300 nm, 351 — 355 nm, and 478 — 498 nm were observed.
Interestingly, it was perceived that the poorly resolved an intense broadband in the range of
351 — 355 nm might be allocated to ligand-to-metal charge transfer (LMCT) or metal-to-ligand
charge-transfer (MLCT). The ligand-derived high-intensity band of 250 nm was assigned to an
intra-ligand n-n*or m-m* transition [22]. The broad shoulder bands of 300-325 nm on the
Schiff’s base-Fe(ll) complexes can be attributed to the d—d transition key peaks as depicted in
Figure 2.
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Figure 2. Electronic spectrum of [(Fe)(SAL)2(OPD)2(AA); (H20)2].H20.(SO4)s.

3.2. FTIR analysis.
3.2.1. Free Schiff’s base [(Sal)(OPD)(AA)].

The v(C=N) mode of the azomethine group was assigned to a sharp band found at 1612
cm-1 in the FTIR spectra of the free Schiff base ligand. In 3300-3500 cm™, the phenolic v(O-
H) mode was attributed to the hydroxyl group at the ortho position in the free Schiff’s base
ligand. The ligand also has a band at 1276 cm™ due to the v(C-O) phenolic group, as shown in
Figure 3a.

3.2.2. [(Fe)(SAL)(OPD)(AA)].

Similar to free Schiff’s base, a sharp band at 1612 cm™ was assigned to the v(C=N)
mode of the azomethine group. It was noted that the lower shift in the wavenumber (1604
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1609 cm™) in a complex suggests the unanticipated nitrogen of azomethine with the metal
centers.

The characteristic phenolic v(O-H) mode due to a hydroxyl group at ortho position in
the ligand was observed around 3200-3500 cm™. Due to the development of v(M-O) bonds, a
new band in the range of 500-543cm™ appears in the Schiff’s base —Fe(Il) complex. The
v(C=0) of acetylacetone in the ligand was assigned to a sharp band detected at 1720 cm™. In
the case of Schiff’s base-Fe(ll) complex, the strength of this band has somehow decreased but
also shifted to lower wavenumbers, indicating that the carbonyl group is involved in metal ion
complexation [22]. The presence of free sulfate ions in the outer sphere represents a week band
at 1317cm™. The coordination of water with the Schiff’s base-Fe(ll) complex was evident in
bands between 875 — 923 cm, as shown in Figure 3b.

3.2.3. [(Fe)(SAL)2(OPD)2(AA)2 (H20)2].6H20.(SO4)2.

In this study, a weak broadband was observed at 3419 cm-1, which contributes to the
hydrogen-bonded —OH group. This shows that the Schiff *bases’ phenolic oxygen atoms were
coordinated to the metal centers. When compared to free Schiff bases, the m(C=N) band, which
occurs in the range of 1617— 1611 cm, is somewhat displaced toward the lower wavenumber,
showing the unanticipated nitrogen atom of azomethine with the metal center. The weak band
at 2020 cm! suggests the presence of un-coordinated pseudo halide in the Schiff’s base-Fe(ll)
complex, as shown in Figure 3c.

3.2.4. [(Fe)(SAL)2(OPD)2(AA)2(N3)2].(SO4)2(H20)s CH3OH.

From FTIR spectrum, a sharp peak at 1612 cm™ was assigned to the v(C=N) mode of
the azomethine group of Schiff bases ligand. The shift in the lower wavenumbers of the
complex in the range of 1604-1609 cm™ was mainly due to the unanticipated nitrogen atom of
the azomethine with metal center [23]. In between 3200-3500 cm™, the phenolic v(O-H) mode
is found due to the presence of -OH at the ortho position of the ligand. Due to the formation of
v(M-0O) bonds, a new band between 500-543 cm™ appears in the complex [24]. The v(C=0) of
acetylacetone in ligands was ascribed to a narrow band detected at 1720 cm™. In the
corresponding metal complexes, the strength of this band has somehow decreased but also
shifted to lower vibrational modes, indicating that the carbonyl group was involved in metal
ion complexation [25]. The presence of free sulfate ions in the outer sphere was indicated by
the week band at 1317cm™. The existence of unanticipated methanol in the outer sphere was
illustrated by the band at 2830 cm™. The presence of bands between 875-923cm™ confirms the
presence of chelated Fe(l1) in the complex [26]. The hydrogen-bonded —OH group was evident
from the weak and broad bands between 3746 — 3423 cm™. This demonstrates that the Schiff
’bases’ oxygen atoms of the phenolic ring were coordinated to the metal centers. When
compared to free Schiff’s bases, the strong m(C=N) bands in the region of 1617-1611cm™
were somewhat moved toward lower vibration at 1607 cm™, showing the unanticipated
nitrogen atoms of azomethine with a metal center. The presence of an N-coordinated terminal
azide group was suggested by the s(CN) absorption as a single peak at 2115 cm™.
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Figure 3. FTIR spectrum of (a) free Schiff’s base [(Sal)(OPD)(AA)], (b) [(Fe)(SAL)(OPD)(AA)] and (c)
[(Fe)(SAL)2(OPD)2(AA)2 (H20),].6H20.(SO4)..

3.3. LC-MS characterization of free Schiff’'s base [(Sa)(OPD) (AA)] and
[(Fe)(SAL)2(OPD)2(AA)2(N3)2].(SO4)2(H20)4 CH30H.

Figure 4a shows two major peaks at 317 (m/z) and 211 (m/z), demonstrating that the
complex has one salicylaldehyde, one acetylacetone, one OPD, one water molecule
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[(SAL)(OPD)(AA)(H20)] and one salicylaldenyde, one OPD OPD [(SAL) (OPD)]
respectively.

[(Fe)(SAL)2(OPD)2(AA)2(N3)2(CH30H)(SO4)2(H20)4]  represents the complex
attached to one Fe(ll), two salicylaldehyde, two OPD, two acetylacetone, two azides, two
sulfate, one methanol, and four water molecules due to the fragmentation observed at 929
(m/z). [(SAL)2(OPD)2(AA)2(OCHs) (SO4) (H20)2] peak at 599 (m/z) shows complex allocated
with two salicylaldehyde, two OPD, two acetylacetone, one methanol, one sulfate, two water
fragments. The peak at 704 (m/z) of the complex reveals the presence of two salicylaldehyde,
two OPD, two acetylacetone, one methanol, one sulfate, two water molecules as represented in
[(SAL)2(OPD)2(AA)2(OCHz3) (SO4) (H20)2]. Whereas, the peat at 599 (m/z) indicates the
complex embedded with two salicylaldehyde, two OPD, one acetylacetone, one sulfate, one
methanol, and one water molecules as shown in [(SAL)2(OPD)2(AA) (SO4)(CH30H)(H20)].
The peak at 482 (m/z) demonstrates that the complex was bounded with two salicylaldehyde,
one OPD, one acetylacetone, one sulfate, and one methanol as ascribed to
[(SAL)2(OPD)(AA)(SO4)(CH3OH)]. The complex with a peak at 342 (m/z) ensures one
salicylaldehyde, one OPD, one acetylacetone, and one sulfate molecule as mentioned in
[(SAL)(OPD)(AA)(SO4)]. [(SAL)(OPD)] characterises the base peak at 209 (m/z), while
[(OPD)(N3)] denotes the peak at 147 (m/z). Figure 4b depicts fragmentation.
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Figure 4. LC-MS Spectrum of (a) free Schiff’s base [(Sal)(OPD) (AA)] and (b) [(Fe)(SAL)2(OPD)2(AA)2
(H20)2].H20.(SOx)s.

3.4. 1H-NMR Spectrum of [(FE)(SAL)z(OPD)z(AA)z(Ns)z].(SO4)2(H20)4 CH30OH.

In dimethyl sulfoxide (DMSO) solution, the IHNMR spectra of Schiff’s bases were
recorded with tetramethylsilane (TMS) as an internal standard. The Schiff’s bases” NMR
spectra and the spectra of the complexes were compared to those of the parent Schiff’s bases.
The N-CH signal, which occurred in the spectra of the ligand at 8.85-8.96 ppm, also appeared
in the spectrum of its Fe(ll) complex, confirming the presence of an azomethine group in the
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complex. Furthermore, the signal at 2.5 ppm indicates the free methyl groups present in
acetylacetone. Figure 5b shows a new signal at 3-3.5 ppm, which attributes to methanol's

presence in the complex.

(af | IR 5

ar dgisem o4

Figure 5 1H-NMR Spectrum of (a) free Schiff’s Base (SAL)(OPD)(AA) and (b) [(Fe)(SAL)2(OPD)2(AA)2
(H20)2].H20.(SO4)s.

3.5. Antimicrobial screening of Schiff’s base and Fe(Il) complex.

The as-synthesized free Schiff’s base and its Fe(Il) complex were evaluated for
antibacterial against gram-negative, gram-positive bacteria, and antifungal activity using the
Agar-well diffusion method [27-30]. The results obtained from this study were tabulated in

Table 1.
Table 1. Antimicrobial activities of Schiff’s base ligand and Fe(IT) complex.

Schiff’s base ligand
Bacteria Inhibition zone (mm)
Gram positive (B.subtilis) 8
Gram negative (E.coli) 8
Fungi Inhibition zone (mm)
A.Niger 7
Schiff’s base —Fe(l1) complex
Gram positive (B.subtilis) 12
Gram negative (E.coli) 16
Fungi Inhibition zone (mm)

A.Niger Nil

Figure 6. Antimicrobial activities of (a) free Schiff’s base and (b) Schiff’s base-Fe(Il) complex by showing the
inhibition zones against gram-positive, gram-negative bacteria and fungus.
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From Figure 6a-b, it was clear that the antibacterial and antifungal activity was higher
in the case of Schiff’s base-Fe(Il) complex than free Schiff’s base ligand. The inhibition zones
of antibacterial and antifungal for ligand were found to be 8 mm and 7 mm, whereas, in the
case of Fe(l1l) complex, these values were doubled (Table 1). The obtained results demonstrate
the potentiality of novel Schiff’s base —Fe(Il) complex against B.subtilis gram-positive) and
E.coli (gram-negative) bacteria. In the case of A.Niger (fungus), the antifungal activity was
higher than the antibacterial activity, as shown in Table 1. Therefore, it demonstrates that
Schift’s base —Fe(ll) complex is one of the promising candidates in the field of inorganic
medicine.

3.6. Cytotoxic studies of [(Fe)(SAL)2(OPD)2(AA)2(N3s)2].(SO4)2(H20)4 CH3OH.

The synthesized Schiff’s base-Fe(Il) complex was screened to evaluate the cytotoxicity
properties against breast cancer (MCF-7) cell lines [31-63]. According to the findings, the
complex demonstrated its cytotoxic properties as 1C50 (g/mL) against breast cancer MCF-7
cell lines. From Figure 7, it was clear that the Fe(ll) complex has a high capacity of killing as
well as inhibiting the growth of the cancerous cells, similar to the literature report [64-66]. The
ICsovalues of the Schiff’s base-Fe(ll) complex were tabulated in Table 2. The obtained results
clearly demonstrate that with the increase in the concentration of Schiff’s base Fe(Il) complex,
the cell survival capacity decreases; thereby, inhibition capacity increases to 10 ug/mL. Beyond

10 pg/mL, the inhibition activity slightly decreases due to the attainment of saturation point.
Anticancer Activity of AC-8
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Figure 7. A plot showing the % of inhibition activity as a function of the concentration of Schiff’s base-Fe(ll)

complex.
Table 2. ICspvalues of the Schiff base-Fe(11) complex.
Concentration Cell survival Cell inhibition
(pg/ml) (%) (%)
0.1 101.9687 -1.96866
1 61.18923 38.81077
10 9.321012 90.67899
100 11.65127 88.34873

4. Conclusions

This research created Schiff’s base-Fe(l1) pseudo halide ligand complex using the self-
assembly method. To analyze the ligand as well as the complex, spectroscopic characterization
techniques were applied. Antibacterial tests on the complex reveal an effective antibacterial
agent, with MIC values of 12 and 16 for bacteria and no activity for fungal organisms. 1Cso
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values have been used to confirm the anticancer impact of the *Schiff’s base-Fe(Il) complex in
cytotoxic experiments against MCF-7 breast cancer cell lines.
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