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Abstract: In the current work, we have synthesized a Schiff base ligand (SB) derived 5-amino-1,3,4
thidaizole-2 thiol with cinnamaldehyde and its Cu(ll), and Co(ll) metal complexes in 2:1 stoichiometric
ratio (2L:M). The synthesized Schiff base ligand (SB) and its metal complexes were evaluated using
different instrumental techniques. The free radical scavenging activity of the synthesized compounds
was evaluated by employing a series of in vitro assays viz., DPPH, ABTS, and Superoxide, whereas
BHA was used as a positive control. In vitro a. — amylase and o — glucosidase activities showed that
metal complexes had considerable inhibitory potential compared to the ligand.
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1. Introduction

The chemistry of metal complexes with Schiff base ligands containing sulfur, oxygen,
and nitrogen as donor atoms has continued to attract the attention of researchers. These ligands
are known to coordinate with metal atoms in different ways under different reaction conditions.
The ligands are derived from the condensation reaction of aldehydes or ketones and primary
amines [1].

One of the major areas of research on the Schiff base metal complexes is their biological
activity, with the main aim being the discovery of safe and effective therapeutic agents for
treating bacterial infections and cancers. Several Schiff base metal complexes have diverse
biological and pharmaceutical activities. For instance, transition metal complexes of Schiff
base ligands bearing “S”, “O” and “N” donor atoms are very important because of their
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biological properties such as antibacterial, antifungal, anti-inflammatory [2], analgesic [3,4],
anticonvulsant [5], antitubercular [6], antioxidant [7], and anthelmintic [8]. The Schiff base
transition metal complexes have also been used as biological models to understand the structure
of biomolecules and biological processes [9].

Schiff base ligands have been extensively studied in coordination chemistry mainly
because of their facile syntheses, easy availability, and electronic properties. In recent times,
Schiff base coordination chemistry has attracted much attention because of its significance in
organic synthesis, analytical chemistry, refining of metals, metallurgy, electroplating, and
photography [10-12]. Schiff bases have wide applications in the dye industry, catalysis,
fungicidal, and agrochemical [13-14]. Several Schiff bases are reported to possess remarkable
antibacterial, antioxidant, antifungal, and anticancer activities [15].

Schiff bases and their metal complexes are extensively studied owing to their wide
range of applications in biological activity such as antifungal, antitumor, antibacterial,
anticancer, etc.; in pharmaceuticals; and as catalyst [16]. They are also used in dyes and
polymers, [17] as well as are applied in nanotechnology [18], laser [19], transistor [20], in
defense as gas generating agents [21], and pyrotechnic mixtures [22]. Imine derivatives are
employed in optical computers to measure and control the radiation's intensity, in molecular
memory storage and imaging systems, as organic material in reversible optical memories and
biological systems used as photo-detectors.

The majority of Schiff bases are useful as antibacterial, antifungal, and antioxidant
agents. An azomethine (imine) group -CH=N-, in Schiff base, helps explain the mechanism of
trans-amination and racemization reaction in biological systems. Metal-Schiff base complexes
have been widely studied for their application as antitumor, antibacterial, antifungal,
antioxidant, and herbicidal agents [23-24].

Manganese, cobalt, nickel, copper, and zinc are life-essential metallic elements and
exhibit greater biological activity when associated with certain metal protein complexes,
participating in oxygen transport, electronic transfer reactions, or the storage of ions [25]. This
has created enormous interest in the study of systems containing these metals.

Cu(ll) and Co(ll) complexes of the Schiff base ligand (SB), 5-((€-3-
phenylallylidene)amino-1,3,4-thiadaizole-2-thiol, which, to the best of our knowledge, has
neither been synthesized nor antioxidant activities and inhibition of o — amylase and a —
glucosidase was studied in our laboratories. The antioxidant activity and Inhibition of a —
amylase and a — glucosidase of the new Cu(Il) and Co(ll) complexes of the Schiff base ligand
(SB) 5-((€-3-phenylallylidene)amino-1,3,4-thiadaizole-2-thiol has been investigated and is
now reported in this article. The antioxidant evaluation and inhibition of a — amylase and o —
glucosidase results revealed that the metal complexes exhibited higher antioxidant activity than
the free Schiff base ligand (SB), and results revealed that Cu complex (ICso: 1.30mg/ml)
possessed the highest inhibitory activity as compared to its Schiff base ligand (SB).

2. Materials and Methods

5-amino-1,3,4-thiadiazole-2-thiol and cinnamaldehyde were obtained from Sigma-
Aldrich and used as received without any further purification. Metal salts and solvents
were purchased from E. Merck and were used as without purification.
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2.1. Antioxidant assays.

In this study, three standard methods, viz., DPPH free radical, ABTS cation radical, and
superoxide anion radical scavenging activities, were determined and measured [26]. Radical
scavenging activities were expressed as ECso values. ECso signifies 50% of free, cation, and
anion radicals scavenged by the samples tested. The standard antioxidant Butylated hydroxyl
anisole (BHA) was used as a positive control.

2.2. Inhibition of a — amylase and « — glucosidase.

The a-amylase (EC 3.2.1.1, categorized as type-VI B porcine pancreatic a-amylase)
inhibition was assayed using soluble starch (1%) as a substrate, and the yeast a-glucosidase
(EC 3.2.1.20, categorized as type-1 a-glucosidase) inhibition was assayed using the substrate
pNPG according to the modified method [27].

Acarbose was used as a positive control. The a-amylase & a-glucosidase inhibitory
activity was expressed in percent inhibition and calculated by the below formula:

(A control — A sample)

Inhibition (%) = «100 (1)

2aA control

ICso values were determined from a curve relating the % inhibition of each sample to
the concentration of the sample. Each experiment was performed in triplicates, along with
appropriate blanks. The concentration required to inhibit 50% of the a-glucosidase activity
under the specified assay conditions was described as the 1Cso.

2.3. Synthesis of Schiff base ligand (SB) 5-(((E)-3-phenylallylidene)amino-1,3,4-thiadaizole-
2-thiol.

The Schiff base ligand (SB) 5-(((E)-3-phenylallylidene)amino-1,3,4-thiadaizole-2-thiol
was synthesized by reacting equimolar quantities of ethanolic solution of 5-amino-1,3,4-
thiadiazole-2-thiol and cinnamaldehyde. A few drops of glacial acetic acid, which acts as a
catalyst during the reaction, were added to this reaction mixture. The reaction mixture was
refluxed well for 7 hours at 60-70°C [28]. The progress of the reaction was monitored using
thin-layer chromatography (TLC). After the completion of a reaction, the solution was
evaporated under reduced pressure. The precipitated product was washed with ethanol and
dried in a vacuum over anhydrous calcium chloride, and the product was recrystallized with
warm ethanol. The yield was obtained around 87%. The Schiff base ligand (SB) was obtained
according to Scheme 1.

2.4. General method for the synthesis of metal complexes.

The ligand (SB) and metal salts (Cu(II) and Co(II)) were reacted in (2:1) molar
ratio in order to form a series of metal complexes. The metal chlorides and ligands
were dissolved in ethanol separately. To the ethanolic solution of the ligand, metal salt
solutions were added dropwise, followed by a few drops of sodium acetate solution to
maintain the pH of the solution. After stirring for 4 h, the precipitate was formed. The
obtained precipitate was filtered off, washed with warm ethanol, and dried. The Schiff
base ligand metal complexes (M = Cu and Co) was obtained according to Scheme 2.
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Scheme 2. General synthesis of Schiff base metal complexes (M = Cu and Co).
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3. Results and Discussion
3.1. Instrumentation.

The synthesized Schiff base ligand (SB) and metal complexes were characterized by
using different instrumental techniques. The functional groups involving ligand and complexes
were confirmed on the Perkin Elmer FT-IR type 1650 spectrophotometer. The compounds'
molecular masses were noted using an Agilent TTechnologies (HP) 5973 mass spectrometer.
The environment of the proton and carbon of the ligand molecule was studied on Varian
300MHz in DMSO-ds as a solvent against tetramethylsilane as an internal standard. The
electronic properties were studied using a UV-1800 spectrophotometer (Shimadzu).
Thermogravimetric analysis (TGA) was carried out to find the thermal behavior of metal
complexes on a Universal TGA Q50 instrument at a heating rate of 2°C/min between 30 and
1000°C.

3.2. FT-IR analysis.

The binding mode of the Schiff base ligand to the metal ions in complexes was
determined by comparing the FT-IR spectrum of the free ligand with the spectra of the metal(Il)
complexes.
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Figure 1. IR spectra of (a) ligand; (b) Cu(ll) complex; (c) Co(ll) complex.
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Figure 1 shows the FT-IR spectra of the synthesized Schiff base ligand (SB) and its
metal complexes. The stretching frequency for the azomethine -HC=N- bond, v(-HC=N-) was
observed at 1667cm™* for the free ligand. The (-HC=N-) stretching frequencies in the metal(ll)
complexes were observed at 1651 and 1629cm™ for SB-Cu and SB-Co complexes,
respectively, with a shift to lower wave numbers. (This indicates the coordination of Schiff
base through azomethine nitrogen [30]. Moreover, the appearance of new additional weak
bands in the region 359-354cmand 445-436cm™ attributed to v(M-S) and v(M-N),
respectively [31], further confirmed complexation [32] (showed that the Schiff base ligand
coordinated to the metal via “S” and “N” atoms.

3.3. Mass spectrometric analysis.

The data for confirmation of Schiff base ligand (SB) and its metal complexes was
obtained at 70eV by electron ionization technique on Agilent Technologies (HP) 5973 mass
spectrometer. The mass spectrum of the Schiff base ligand (SB) was taken and observed to
confirm the synthesized ligand. Figure 2 shows the mass spectrum of the synthesized ligand.
The molecular ion peak of the ligand (C11HsN3sS2) was observed at m/z = 246.053.

Figure 2 shows the mass spectra of the Cu and Co complexes. The molecular ion peak
for Cu and Co complexes was observed at m/z = 555.18 and 552.27, respectively. It indicates
the coordination of Cu and Co ions with the ligand.
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Figure 2. Mass spectra of (a) ligand; (b) Cu(ll) complex; (c) Co(ll) complex.
3.4. NMR analysis.

The NMR analysis of the Schiff bases ligand(SB) was carried out by using Varian 300
MHz in DMSO-ds as a solvent against tetramethylsilane as an internal standard.

3.4.1. 'H NMR.

The *H NMR spectrum of the Schiff base showed a singlet peak at § = 9.748 ppm
corresponding to the azomethine proton (-CH=N-) [33-34], an indication that the Schiff base
was formed during the condensation reaction as shown in Figure 3. The singlet peak, at 6
=12.319 ppm, is assignable to the SH group in the Schiff base ligand [35]. In addition to that,

peaks between 7.088-8.819 ppm correspond to aromatic protons of the Schiff base
ligand.
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Figure 3. *'H NMR spectrum of ligand.
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3.4.2. ®C NMR.

The *C NMR spectrum was recorded in the DMSO-d6. In the *C-NMR, the peak seen
in SB at 6= 163.6 ppm supports the existence of the azomethine group, as shown in Figure 4.
Between 6=107.5 and 153.7 ppm, aromatic ring carbon signals were detected. The synthesis of
the reported ligand SB, is therefore confirmed by *C-NMR findings [36].
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Figure 4. *C NMR spectrum of ligand.

3.5. Electronic spectra.

The electronic spectra of the ligand and its metal complexes were recorded in DMSO
solution at room temperature, as shown in Figure 5.
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Figure 5. Electronic spectra of (a) ligand; (b) Cu(ll) complex; (c) Co(ll) complex.
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Electronic absorption spectral data of ligand and its metal complexes in nm is shown in
Table 1. The absorption bands around 303 and 380nm were observed in the spectrum of the
free Schiff base ligand, corresponding to =—x * and n—n * transitions associated with benzene
rings and azomethine groups, respectively [37]. In the metal complexes, =n-x* and n-m*
transitions were shifted to longer wavelengths due to coordination to metal, confirming the
formation of Schiff base metal complexes [38].

Table 1. Electronic absorption spectral data of ligand and its metal complexes in nm.

Compounds non* n—ow*
SB 303 380
SB-Cu 329 395
SB - Co 324 390

3.6. Thermal analysis.

The thermal property of the complexes was studied using TGA and DTG studies. Figure
6 shows the TGA and DTG curves of Cu and Co complexes under a nitrogen atmosphere. From
the TGA curves, it is clear that Cu and Co complexes undergo decomposition in three steps
and leave a residue as their respective metal oxides. The step-wise decomposition of all the
metal complexes is given in Table 2.

The results also revealed that the Co(ll) complex undergoes decomposition in three
steps. In the first step, from 37.5°C to 185.81°C with a weight loss of 10.35%. In the second
step, between the range 185.81°C to 358.47°C with a weight loss of 17.31%, corresponds to
the loss of organic moiety of a ligand, and in the third step of decomposition between 358.47°C
to 772.61°C with a weight loss of 25.68% corresponding to the Schiff base ligand leaving with
46.66% residue as CuO [39].

Similarly, the results also revealed that the Co(ll) complex undergoes decomposition
in three steps. In the first step, from 27.9°C to 134.96°C with a weight loss of 11.68%. In the
second step, between the range 134.96°C to 328.78°C with a weight loss of 20.78%,
corresponds to the loss of organic moiety of a ligand, and in the third step of decomposition
between 328.78°C to 737.58°C with a weight loss of 25.38% corresponding to the Schiff base
ligand leaving with 42.16% residue as CoO [40].
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Figure 6. TGA curve of (a) Cu(ll) complex; (b) Co(ll) complex.

Table 2. Step-wise thermal decomposition of metal complexes.

Compounds Stages Range Weight Loss (%) Residue (%)
| 37.5-185.81 10.35
SB-Cu 1 185.81-358.47 17.31 46.66
i 358.47-772.61 25.68
I 27.9-134.96 11.68
SB - Co 1 134.96-328.78 20.78 42.16
i 328.78-737.58 25.38
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3.7. Antioxidant activity.

The free radical scavenging ability of test samples was assessed by employing a series
of in vitro assays viz., DPPH, ABTS, and Superoxide, whereas BHA was used as a positive
control. Results expressed as ECso values (mg of tests per ml) are summarized in Table 3,
revealing that the compounds were comparatively lower (p<0.05) than standard (positive
control) in radical scavenging activities. In all the assays used in this study, the complex was
more effective than the ligand, and activities ascended in the order BHA > complex > ligand.
The Cu complex generally exhibited a higher free radical scavenging activity in three
antioxidant assays. The results revealed that the Cu complex possesses strong antioxidant
ability and is significantly similar (p<0.05) to the positive control.

Table 3. Antioxidant activity of ligand and its complex.

ECso ™ # (mg/ml)
Radical scavenging activities
Test Compounds DPPH ABTS Superoxide
SB 2.54+0.87 4.55+1.09 4.90+0.88
SB -Cu 0.85+2.62 0.66 + 0.22 0.75+1.05
SB -Co 1.75+3.33 3.57+2.36 2.66 = 0.24
Standard " 0.65 + 0.06 0.50 £ 0.04 0.70 £0.32

* Values are expressed as mean + SE. Means in the same column with distinct superscripts are significantly
different (p < 0.05) as separated by Duncan’s multiple range test; # The ECso value is defined as the effective
concentration of the test samples to show 50% of antioxidant activity under assay conditions; " Standard:
Butylated hydroxyanisole (BHA - positive control).

3.8. Inhibitory effects on yeast a-glucosidase and a-amylase.

In vitro a-glucosidase inhibitory studies revealed that complex had effective inhibitory
potential than its ligand. The ICso values were found to be in the range of 0.72 and 2.14mg/ml.
Acarbose, investigated under the same conditions, had 1Cso value of 0.70mg/ml. In terms of
ICso values, it is evident that Cu complex tested possessed a strong inhibition on yeast a-
glucosidase and was significantly similar (p <0.05) with acarbose and higher than ligand in
Table 4. The inhibition ascended in the order: acarbose > complex > ligand.

Furthermore, similar studies were performed to assess whether ligand and complex also
inhibited a-amylase, another key carbohydrate hydrolyzing enzyme. The 50% inhibition of a-
amylase by the test compounds is detailed in Table 4. Results revealed that the Cu complex
(I1Cs0: 1.30 mg/ml) had the highest inhibitory activity compared to its ligand (1Cs0:3.06 mg/ml).
The a-amylase inhibitory effect (based on 1Cso values) of compounds was comparatively higher
(p <0.05) than the therapeutic drug acarbose (1Cs0:0.50 mg/ml).

Table 4. Inhibitory activities of ligand and its metal complex against a-amylase and a-glucosidase enzymes.

1Cs0* Y (mg/ml)
Test Compounds Enzymes -
a-amylase a-glucosidase
SB 3.06 +2.35 2.09 + 3.08
SB - Cu 1.30 £ 0.07 0.72+0.16
SB-Co 1.37+£0.34 0.85+1.02
Standard " 0.50 £0.21 0.70+£0.24

*Values are expressed as mean = SE. Means in the same row with distinct superscripts are significantly different
(p <0.05) as separated by Duncan multiple range test; ¥ The 1Cso value is defined as the inhibitor concentration
to inhibit 50% of enzyme activity under assay conditions; " Standard: Acarbose (positive control).
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4. Conclusion

To sum up, we have synthesized 5-(((5-mercapto-1,3,4-thiadaizol-2-yl)imino)methyl)-

2-methoxyphenol (SB) and its Cu(ll) and Co(ll) complexes. The reported compounds were
characterized by using various spectral techniques. The free radical scavenging ability of test
samples was assessed by employing a series of in vitro assays viz., DPPH, ABTS, and
Superoxide, whereas BHA was used as a positive control. The results revealed that Cu(ll)
complex possesses strong antioxidant ability and is significantly similar (p<0.05) to the positive
control. In vitro a-glucosidase inhibitory studies revealed that ligand and their complexes had
effective inhibitory potential. Results revealed that Cu complex tested possessed a strong
inhibition effect and was significantly similar (p <0.05) with acarbose and higher than ligand.
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