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ABSTRACT

In the present study, we reported a novel (NNN) type ligand 2,2'-[(6-methylpyrimidine-2,4-diyl)disulfanediyl]bis(1,3-
benzothiazole) and its Cu(Il) and Ni(Il) complexes. The synthesized complex were characterized by 'H NMR, “C NMR
and Mass spectra. The compounds were screened for antioxidant activity by the percentage of inhibition of 1, 1-

diphenyl-2-picryl hydrazyl (DPPH) and compounds found to be potent antioxidants. The prepared compounds were also

tested for hemolytic activity. The ligand and its complexes exhibit non-toxic property as they did not cause any effect to

human erythrocyte, which shows its nontoxic nature.

Keywords: Ligand, Complexes, Antioxidant, Hemolysis, Non-toxic.

1. INTRODUCTION

2-mercaptobenzohiazoles and its derivatives possess
spectrum of biological and medicinal properties, such as
antimicrobial, anti-inflammatory, antioxidant, anti-
fungal, antidiabetic, anticancer, antitumor, anticonvul-
sant, antitubercular [1-5] etc. Benzothiazole is an
interesting scaffold in organic chemistry due to its
various biological activities [6-7]. Many derivatives of 2-
mercapto-benzohiazoles were known but their metal
complexes have not reported in the literature [§].
Coordination chemistry of N-containing heterocycles is
a fascinating field in the research [9]. N-containing
heterocycles forms various metal complexes with
transition metals and rare earth metals [10]. These metal
complexes possess wide variety of medicinal properties
as well as interesting photophysical, electronic,
magnetic and structural properties [11]. In continuation
of our work on novel tridentate ligands and their
transition metal complexes, in the present study, we
reported novel ligand 2,2'-[(6-methylpyrimidine-2,4-
diyl)disulfanediyl]bis (1,3-benzothiazole) and its Cu(II)
and Ni(Il) complexes. Free radical molecules are
generated in the body which is main damaging particles
due to stress conditions in our life.

These free radicals mainly lead to the progression of
many pathological events. Removal of free radical
generation is the key event in the progression of many
compulsive conditions. Due to oxidative stress, these
generated free radicals contribute to the major role in
inducing cell mediated death. So research focused to
find novel antioxidants. Hence, the synthesized
compounds were evaluated for antioxidant properties.

2. EXPERIMENTAL

2.1. Material and Methods

All the reagents required for the synthesis were
purchased commercially from Merck and Sigma Aldrich
and used without any further purification. Solvents
obtained from Spectrochem and were of analytical
grades. Melting points of the compounds were recorded
on a hot stage Gallen Kamp melting point apparatus.
The 'H-NMR and "C-NMR spectra were recorded on
Bruker 400MHz spectrometer using CDCI; as the
solvent and tetramethylsilane (TMS) as the internal
standard. Mass spectrum recorded on Mass Spectro-
photometer. Elemental analysis was done by
conventional methods.
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2.2.General procedure
2.2.1. Preparation of 2,2'-[(6-methylpyrimidine -
2,4-diyl)disulfanediyl |bis(1,3-benzothia-
zole) (L)
One mole (1.023g) of 2-Mercaptobenzothiazole was
dissolvedin acetonitrile solvent and taken in a round bot
tom flas, to this solution 0.8458 (1.0 mol) of dried
potassium carbonate was added. The reaction mixture
was refluxed at 75°C for about 3hrs. After conversion
of 2-Mercaptobenzothiazole into potassium 1, 3-
benzothia-zole-2-thiolate, 0.5g of 2, 6-dichloro-6-
methylpyrimi-dine dissolved in acetonitrile was added
drop wise for 30 minutes. The resultant reaction
mixture was further refluxed for 12hrs. Reaction
progress and completion were monitored by TLC. After
completion of reaction,the reaction mixture was taken
in a beaker and chloroform was added, then that
solution was taken in a separating funnel. The
chloroform layer was collected in a beaker, washed with
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water thrice and finally with the brine solution. To
this solution, sodium sulphate was added to remove the
water content/moisture, and then it was filtered and
evaporated on a rotary evaporator, obtained a brown
colored liquid, then it was dried to obtain yellow

coloured solid ligand(L) [12].

2.2.2. Preparation of Copper metal complexes
[CuL] (M:LZI:I)

CuCl,.6H,0 (100mg; 0.587mmol) was dissolved in 10
ml of methanol taken in a round bottom flask and
stirred. Then to this clear solution, 0.58 mmol (249mg)
of ligand (L) dissolved in chloroform was added
dropwise. The reaction mixture was stirred at room
temperature for about 12hrs. The progress of the
reaction was monitored by TLC using pet ether and
ethyl acetate (70:30 %) as mobile phase. A green
precipitate obtained was filtered and collected [13].
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Scheme 1: Synthesis of 2,2'-[(6-methylpyrimidine-2,4-diyl)disulfanediyl]bis(1,3-benzothiazole) (L)
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Scheme 2: Synthesis of Copper Complex (CuL)
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2.2.3. Preparation of Nickel metal complex [NiL]:
(M:L=1:1)

NiCl,.6H,0 (100mg; 0.2103mmol) was dissolved in 10

ml of methanol in a round bottom flask and stirred.

Then to this solution, 0.02103mmol(0.893mg) of ligand

(L) dissolved in chloroform was added drop wisely. The

CHy

S N S NiCl,. 6H,0/Stirred

reaction mixture was stirred at room temperature for
about 12hrs. The progress of the reaction was
monitored by TLC using pet ether and ethyl acetate
(70:30 %) as mobile phase. After 12hrs brown
precipitate obtained was filtered and collected [14].
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Scheme 3: Synthesis of Nickel Complex (NiL)

2.3. Antioxidant activity
2.3.1. Evaluation of antioxidant activity by DPPH
radical scavenging method
Free radical scavenging activity of different synthetic
compounds CuL, L and NiL synthetic compounds
were measured by 1, 1- diphenyl-2-picryl hydrazyl
(DPPH) method. In brief, 0.1 mM solution of DPPH in
ethanol was prepared. This CuL, L and Ni-L was
added to 3 ml of different synthetic compounds at
different concentration (0-100 pm/ml). Here, only
those compounds are used which are soluble in DMSO
and their various concentrations were prepared by
dilution method. The mixture was shaken vigorously
and allowed to stand at room temperature for 30
minutes. The absorbance was measured at 517 nm using
spectrophotometer ~ (UV-VIS  thermo scientific).
Reference standard compound being used was vitamin
C and experiment was done in triplicate. Lower
absorbance of the reaction mixture indicated higher free
radical activity [15]. The percentage of free radical
scavenging was calculated using this formula.
% DPPH inhibition = [(OD of control-OD of test)/
(OD of control)] x100

2.4. Direct hemolytic activity
Direct hemolytic activity was determined by using

washed human erythrocytes. Briefly, packed human

erythrocytes and Phosphate Buffer Saline (PBS) (1:9v/v)
were mixed; Iml of this suspension was incubated
independently with the various concentrations of CulL,
L and NiL (0-100 um) for thr at 37°C. The reaction
was terminated by adding 9 ml of ice cold PBS and
centrifuged at 1000g for 10min at 37°C. The amount of
haemoglobin released in the supernatant was measured
at 540nm. Activity was expressed as percent of
haemolysis against 100% lysis of cells due to the
addition of water (positive control), where as PBS
served as negative control [16].

3. RESULTS AND DISCUSSION

Ligand 2,2'-[(6-methylpyrimidine-2,4-diyl) disulfane-
diyl] bis (1,3-benzothiazole) obtained in good yield 75%
by the condensation reaction of 2-Mercaptobenzo-
thiazole with 2,4-dichloromethyl pyrimidine. Ligand
was characterized by 'H NMR,’HC NMR and Mass
spectroscopy. Spectral data obtained confirmed the
formation of the ligand. In the 'H NMR spectrum In
this compound [L] the proton attached to the phenyl
ring (H, H,,) resonate at 8.040 and 8.020 ppm (d, Ar-
H, 2H). The protons of the phenyl ring (H;, Hy;)
resonate at 7.993 and 7.973 ppm (d, Ar-H, 2H), the
three protons of the phenyl ring (H, H,) resonate at
7.578, 7.560 and 7.542 ppm (t, Ar-H, 3H).The three
protons of the phenyl ring (H,;,H,, H,,) resonate at
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7.494,7.472 and 7.450 ppm (t, Ar-H, 3H). The proton
the ring(H,,) resonate at 7.153 ppm
(s, Ar-H, 1H). The methyl proton (H,;) resonate at 2.4
79 ppm (s, -CH;, 1H).

In this compound [L] the carbon (C,) appears at
169.154ppm, the C-S (C,) appears at 169.855 ppm,
the C=N (C,,C,,) appears at 167.481ppm, the carbon
(C,, C,,) appears at 152.430ppm, the carbon (C;, C,;)
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appears at 137.214ppm,the carbon (C;, C,;) appears at
126.531 ppm,the carbon (C,, C,,) appears at 125.831
ppm, the carbon (C, C,,) appears at 123.262 ppm,
the carbon (C,,C,,) appears at 120.947 ppm, the carbon
C,,) appears at 114.915 ppm , the (C,;) appears at 23.
860 ppm respectively.

Ligand Show the molecular peak ion at m/z 424.8931

confirming the assigned structure.

2.479
2.455

1.601
1.238

3.28 F
1.03

L1-1H

Line broadening 0.5 Hz

Solwvent: codel3d
Ambient temperature
Operator: womrl
File: L1-1H

VNMRS-400 "Agilent-NMR"

Fig.1: 'H NMR spectrum of 2,2'-[(6-methylpyrimidine-2,4-diyl)disulfanediyl]bis(1,3-benzothiazole) (L)
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Fig. 2: "C NMR spectrum of 2,2'-[(6-methylpyrimidine-2,4-diyl)disulfanediyl]bis(1,3-benzothiazole) (L)

in CDCIl,
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3.1. Antioxidant potential of L, Cu-L and Ni-L:
Cu-L, L and Ni-L Synthetic compounds better antioxi-
dant potential when compare to standard vitamin C by
DPPH scavenging assay method. The absorbance at 517
nm by UV visible spectrophotometer was found to be as
potential for standard vitamin C and synthetic extract
respectively. It means synthetic compounds at higher
concentration captured more free radicals formed by
DPPH resulting into decrease in absorbance.
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3.2. Effect of L, Cu-L, and Ni-L on human
erythrocyte

PSPE did not hydrolyze RBC up to the concentration of

0-100uM compared with positive control and PBS

buffer used as a negative control. Free radical scaven-

ging efficacy of L, Cu-L and Ni-L in terms of a DPPH

radical scavenging assay vitamin C was used as a
standard.
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Fig. 3: Mass Spectrum 2,2'-[(6-methylpyrimidine-2,4-diyl)disulfanediyl]bis(1,3-benzothiazole) (L)
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Fig. 4: DPPH scavenging activity
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Fig. 5: Hemolytic activity of CuL, L and NiL
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4. CONCLUSION

The present study was carried out for the synthesis of
some effective therapeutics derivatives of 2-Mercapto-
benzothiazole with the aim of some pharmacological
activities such as antioxidants and hemolytic activities.
New 2-Mercaptobenzothiazole derivative ligands have
been synthesized by treatment of 2-mercaptobenzo-
thiazole with 2,4 dichloromethyl pyrimidine (L1.Cu(II),
Ni(Il) complexes have been synthesized. The ligand and
complexes were characterized by, 'H NMR, "C NMR
and Mass spectroscopy.

The present study indicates that synthesized 2-
Mercaptobenzothiazole derivatives shows increased free
radical scavenging activity using the stable radical
DPPH.

At 0-80uM there was a remarkable change in the antioxi
dant potential of the compound,

L, Cu-L and Ni-L when compared with vitamin C.
The prepared ligand and complexes exhibited non-toxic
property as they did not cause any effect to human
erythrocyte.
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