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Abstract: The present study deals with the synthesis of a new Schiff base ligand, 4-(((4-
chlorobenzo[d]thiazol-2-yl)imino)methyl)-2-methoxyphenol (HL) derived from the condensation of 2-
Amino-4-chlorobenzothiazole and 4-Hydroxy-3-methoxybenzaldehyde, and its Co(ll), Zn(ll) and
Ni(Il) complexes in 2:1 molar ratio (2HL:M). The Schiff base ligand and its metal complexes were
characterized using FT-IR, UV-Visible absorption, mass spectra, and TGA techniques. The spectral
analysis results confirmed the molecular structures of the Schiff base ligand and its metal complexes.
Further, the metallic Schiff base complexes showed significant growth inhibition in the adenocarcinoma
human alveolar basal epithelial cells, A549, with the Co(ll), Zn(Il), and Ni(ll) complexes having ICsg
values of 40.78, 42.04, and 44.69 uM, respectively.
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1. Introduction

Schiff base plays a crucial role in the expansion of coordination chemistry. Schiff bases
are the basic intermediates for the synthesis of various bioactive compounds. Schiff bases are
one of the most significant organic compounds with essential characteristics and are commonly
used in therapeutic agent synthesis [1]. Owing to their major functions in the biological systems
and chemical sectors, the Schiff base metal complex's chemistry is experiencing rapid
magnification. Much attention has recently been extended to the Schiff bases metal complexes'
chemistry comprising nitrogen and other donors [2-3]. It can be due in other areas such as
oxidation catalysis, electrochemistry, etc., to their durability, biological activity, and future
applications [4]. Transition metal complexes produced from Schiff base exhibits intriguing
biological properties such as antimicrobial, antioxidant, and DNA cleavage [5-7]. The presence
of atoms from nitrogen and oxygen donors makes these compounds effective and stereospecific
as catalysts for bond formation, oxidation, reduction, hydrolysis, and other inorganic and
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organic compound transformation [8-11]. Fine-tuning of molecular electronic properties can
be accomplished by inserting electron removal or donation of substituents in the molecules,
rendering them highly desirable for investigation in different applications such as
antimicrobials [12], sensor materials [13], pharmacological and electrochemical agents [14].
The astronomically enormous effect of utilizing Schiff base ligands in metal complexes is
apparent from their benefit in numerous catalytic reactions such as hydrogenation of olefins
and carbonyl groups, converting an amino group, photochromic properties, complexing
facilities against other toxic metals, etc., [15-19]. Cancer is a complex, vicious, heterogeneous,
and terrifying disorder that kills millions of citizens worldwide. After one coronary disorder,
cancer is the most distractive condition. Mortality and its propagation across the globe present
a danger to humanity. Several chemical substances like heterocyclic compounds have been
synthesized and developed as anticancer drugs. There are several groups of organic compounds
studied for anticancer activities. Among them, Schiff base ligands exhibit strong anticancer
activity. The coordination of metal ions with Schiff base ligands enhances the anticancer
behavior. Metal complexes, particularly those comprising transition metals, have attracted
considerable interest as anticancer agents because of their specific properties [17]. Over the
years, it has been reported that complexes of Ru, Ir, Cu, Ni, Zn, Co, etc., possess much better
anticancer properties than cis-platin [18].

Taking into account the above facts and continuing our interest in this area, the present
research reports the synthesis, spectroscopic characterization, and evaluation of the tumoricidal
potential of Co(ll), Zn(l1), and Ni(Il) complexes with the Schiff base ligand derived from the
condensation of 2-Amino-4-chlorobenzothiazole and 4-hydroxy-3-methoxybenzaldehyde.

2. Materials and Methods
2.1. Materials and methods.

All reagents and solvents used for the synthesis and analysis of this work were
commercially available and purchased from Merck (Mumbai, India) and used as received
without further purifications. Infrared spectra were recorded on a Perkin Elmer FT-IR type
1650 spectrophotometer in the region 4000-400 cm™ using KBr pellets (Perkin Elmer, Salt
Lake, OH, USA). The *H NMR and *C NMR spectra were recorded with a Varian 300 MHz
in DMSO-ds as a solvent against tetramethylsilane as an internal standard (Bruker, Karlsruhe,
Germany). Mass spectra were recorded on an Agilent technology (HP) 5973 mass spectrometer
operating at an ionization potential of 70 eV (Santa Clara, CA, USA). The electronic absorption
spectra were recorded using UV1800 spectrophotometer (Shimadzu, Tokyo, Japan).
Thermogravimetric analysis (TGA) was carried out on a Universal TGA Q50 instrument at a
heating rate of 2 °C/min between 30 and 1000 °C (Hitachi Hi-Tech, Sapporo, Japan).

2.2. Synthesis of 4-(((4-chlorobenzo{d}thiazol-2-yl)imino)methyl)-2-methoxyphenol (HL).

The Schiff base ligand (HL) was synthesized by condensing an ethanolic solution of 4-
Hydroxy-3-methoxybenzaldehyde 2-Amino-4-chlorobenzothiazole in 1:1 molar ratio. The
reaction mixture was stirred for 6 h under reflux. The completion of the reaction was monitored
by TLC. The precipitate obtained was filtrated, washed multiple times with ethanol, and dried.
Recrystallization from hot ethanol yielded the desired ligand (Scheme 1).

HL: Yield: 78%; FT-IR (Nujol, v/cm™): 1642 (C=N); 3099 (O-H); 1464 (-OCHz3); 1565 (C=C);
'H-NMR: (400 MHz, DMSO-ds, ppm) 8: 8.967 (N=CH-), 7.365-7.907 (Ar-H), 3.863 (OCHs)
https://nanobioletters.com/ 2547
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(Fig. S1); Elemental analysis, found (calc.): C 68.52% (68.96%), H 5.32% (5.20%), N 3.91%
(3.83%), S 8.62% (8.76%), Mass (m/z) found (cald.): 318.02 (318.78).

cl cl OCH;,

OCH,
N N EtOH N H
A\ + H— —_— \) =
s>_NH2 H=C OH 6 h, reflux S>_N ¢ OH

HL
Scheme 1. Synthetic route for obtaining Schiff base ligand, HL.

2.3. Synthesis of metal complexes.

The Schiff base metal complexes were synthesized with the addition of an aqueous
metal salt solutions [Co(ll), Zn(1l), and Ni(l1)] to an ethanolic solution of Schiff base ligand,
HL. The resulting mixtures were refluxed for 2 h upon which the complexes were precipitated.
The precipitate formed was separated by filtration, washed with ethanol times, recrystallized
with hot ethanol, and finally dried. The tentative structures of metal complexes are depicted in
Fig. 1.

Co(l1) complex: Yield: 69%; FT-IR (Nujol, v/cm™): 1650 (C=N); 3126 (O-H); 1499 (-OCHj);
1583 (C=C); 572 (M-0); 428 (M-N); 359 (M-S); Elemental analysis, found (calc.): C 51.89%
(51.62%), H 2.90% (2.88%), N 8.07% (8.02%), S 9.23% (9.188%), Co 8.49% (8.443%), Cl
10.21%, (10.15%); Mass (m/z) found (cald.): 694.47 (692.96).

Zn(11) complex: Yield: 73%; FT-IR (Nujol, v/em™): 1653 (C=N); 3112 (O-H); 1422 (-OCHj);
1501 (C=C); 576 (M-0); 432 (M-N); 324 (M-S); Elemental analysis, found (calc.): C 51.41%
(51.47%), H 2.88% (2.87%), N 7.99% (8.0%), S 9.15% (9.161%), Zn 4.29% (4.2857%) CI
10.12% (10.129%); Mass (m/z) found (cald.): 700.00 (698.96).

Ni(11) complex: Yield: 75%; FT-IR (Nujol, v/em™): 1653 (C=N); 3096 (O-H); 1494 (-OCHa);
1573 (C=C); 568 (M-0); 452 (M-N); 314 (M-S); Elemental analysis, found (calc.): C 51.90%
(51.90%), H 2.90% (2.903%), N 8.07% (8.056%), S 9.29% (9.237%), Ni 8.45% (8.454%) CI
10.21% (10.22%); Mass (m/z) found (cald.): 694.23 (692.97).
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Figure 1. Proposed structures of metal complexes prepared using HL.
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2.4. Anticancer assay.

The anticancer activity of Co(ll), Zn(ll), and Ni(ll) complexes were conducted
according to the MTT assay protocol [19]. Experimentally, the adenocarcinoma human
alveolar basal epithelial cells A549 (ATCC, USA) were cultured in Dulbecco’s Modified
Eagles Medium added with 10% Fetal Bovine Serum, 100 ug/mL Ped-Strep, with incubation
in 5% COz2 at 37°C, until confluent. The trypsinized cells were counted and plated up to 10,000
cells/well, to be treated with 10, 20, 40, 80, and 100 uM of Co(ll), Zn(I1), and Ni(ll) complexes.
After 24 hours of treatment, the cells were fixed using [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide], or MTT reagent, to read the optical densities at 570 nm.
Following this, the % inhibition calculation was carried out as follows:

% inhibition = [(OD of control — OD of sample)/OD of control] x 100

The observations were graphically represented, along with the subsequent ICso
calculation and statistical analysis, using the GraphPad Prism 8 software.

3. Results and Discussion

3.1. Mass spectra.

The mass spectral analysis confirmed the formation of the Schiff base ligand and its
metal complexes. In Figure 2, the mass spectrum of Schiff base ligand, HL is showed. The
molecular ion peak was observed at m/z = 318.02, which corresponds to the Schiff base ligand's
molecular mass, confirming its formation. Similarly, the mass spectra of metal complexes
showed the molecular ion peak at m/z = 694.47, 700.00, and 694.23, corresponding to the
Co(Il), Zn(1l), and Ni(Il) complexes (Figs. S2-S4), evidencing their formation.
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Figure 2. Mass Spectrum of Schiff base ligand (HL).
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3.2. IR spectra analysis.

The evaluation of the IR spectra of the Schiff base ligand and its complexes revealed
the way of complexation of ligand to the metal ion. Figure 3 depicts the IR spectra of ligand
and its complexes. The band observed at 1642 cm™in the free Schiff base ligand (HL) was
assigned to the azomethine group (CH=N), which was shifted to a higher wavenumber in the
case of the metal complexes, suggesting the participation of the azomethine group in the
coordination bond formation. Further, the appearance of additional bands in the region 568-
576 cm!, 428-452 cm™* and 314-359 cm? indicate the formation of M-O, M-N, and M-S
coordinate bonds, respectively, in the metal complexes as shown in Table 1 [21].

Table 1. IR spectral data of ligand and its metal complexes.

Compound OH C=N c=C O-CHs M-O M-N M-S
L 3099 1642 1565 1464 - - -
L-Co 3126 1650 1583 1499 572 428 359
L-Zn 3112 1653 1501 1422 576 432 324
L-Ni 3096 1653 1573 1494 568 452 314
105 4
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Figure 3. IR Spectra of (a) HL, (b) Co(ll), (c) Zn(Il) and (d) Ni(ll) complexes.
3.3. Electronic absorption spectral analysis.

The electronic spectra of the synthesized compounds were recorded in DMSO solutions
between 200 and 700 nm at room temperature (Figure 4). The absorption peaks observed at
338 and 354 nm are assigned to n—m * and n—x * electronic transitions, which is due to the
imine group (-C=N). On the other hand, in all the complexes, n—x* shifted to the higher
wavelengths. This redshift indicates that metal ion coordination via nitrogen atoms of imine
groups of the Schiff base ligand [22].
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Figure 4. UV-Visible spectra of (a) HL, (b) Co(ll), (c) Zn(I1) and (d) Ni(ll) complexes.
3.4. Thermogravimetric analysis.

The thermal property of the complexes was studied by TGA and DTG studies. Figure
5 shows the TGA and DTG curves of Co(ll), Zn(ll), and Ni(ll) complexes under a nitrogen
atmosphere. All the complexes undergo decomposition in three steps. For instance, in the
Co(Il) complex (Fig. 5a), the first step of decomposition up to 191 °C is due to the loss of water
molecule with the weight loss of 11.658%. Further, in the subsequent degradation step between
191 °C and 294.86 °C with the weight loss of 38.82% corresponding to the loss of organic
moiety of a ligand molecule and the final stage of decomposition between 294.86 °C and
738.07 °C with weight loss of 45.73% corresponds to the loss of remaining organic moiety
(3.792%) leaving behind the residue as CoO. A similar thermal decomposition pattern takes
place in Zn(1l) and Ni(Il) complexes.

3.5. Anticancer assay.

The MTT assay conducted on A549 cells treated with the Co(ll), Zn(Il), and Ni(ll)
complexes suggested that all three metal complexes showed significant dose-dependent
cytotoxicity against the cancer cell line (Figure 6). The ICsovalues of the treatments were found
to be 40.78, 42.04, and 44.69 uM for Co(l1), Zn(1l), and Ni(Il) complexes, respectively. Among
all the three treatment groups, Zn(I1) complex showed the highest growth inhibition of the lung
cancer cell lines, followed by the Ni(ll) and Co(ll) complexes. Similar findings have been
reported earlier [17, 18]. Notwithstanding, a detailed mechanistic evaluation is to be deemed
necessary.
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Figure 5. TGA/DTG curves of (a) Co(ll), (b) Zn(ll) and (c) Ni(ll) complexes.
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Figure 6. Anticancer efficay of metal complexes on A549 cell lines.
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4. Conclusions

In summary, we have prepared an imine-based ligand, 4-(((4-chlorobenzo{d}thiazol-
2-yl)imino)methyl)-2-methoxyphenol (HL) and its Co(ll), Zn(I1) and Ni(ll) complexes. The
structure of the synthesized compounds was deduced using spectral and physicochemical
techniques. Spectral data analysis confirmed the proposed structures for ligand and its metal
complexes. Further, all the three complexes showed in the dependent growth inhibition in the
lung carcinoma A549 cell lines. Particularly, Zn(Il) complex showed significant growth
inhibition of the lung cancer cell lines when compared with the Ni(ll) and Co(ll) complexes.
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Figure S1. *H-NMR spectrum of Schiff base ligand (HL).
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Figure S2. Mass spectrum of Co(ll) complex.
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Figure S3. Mass spectrum of Zn(1l) complex.
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Figure S4. Mass spectrum of Ni(ll) complex.
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