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Abstract

In this study, the novel azo-dye 4-[(E)-(2-nitrophenyl)diazenyl]-1,3-thiazol-amine (NTA/CyH;Ns0,S) and its
coordinated metal salts [Co(NTA),.(H,0),] and [Ni(NTA),.(H,0),] were synthesized. Further, geometry and
its physico-chemical character of the compounds characterised via FT-IR, elemental analysis, UV-Vis, mass
spectra, 'HNMR and thermogravimetric spectral analysis; the all spectral data suggested tetrahedral geometry
for synthesised Co (II) and Ni (1) complexes along with PXRD evidence. Ligand and its [Co(NTA),.(H,0)]
and [Ni(NTA)..(H,0);] compounds were tested against in-vitro antioxidant properties. The
[Co(NTA)..(H,0),] act as a good antioxidant agent. In this connection, we designed a new efficient drug
performance in biological properties and actively participates against foreign diseases in body.
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1. INTRODUCTION

Azo dyes are the great interest among the nitrogen
containing synthetic compounds which have
greater tendency to coordinate with transition
metals to form coordination complexes [1]. The
reaction of primary amine with a coupling
compound is one of the most widely used methods
to prepare azo dye. Azo dyes are important class
of organic colorants consists of at least a
conjugated chromophore (R-N=N-R). The azo
group are largest and most versatile class of dyes.
In which R and R’ are usuallyaryl. This
chromophoric system is associated with two or
more heterocyclic rings. The colour properties of
organic dye depend on both the presence of
chromophore  group and  crystallographic
arrangement of the molecule in the solid state [2].
Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460

These ligands can be easily prepared by
daizonium and coupling reactions. The complexes
of transition metal ions contribute a diverse and
rich field of research. These complexes received
much attention because of their applications in
biology, medicine and industry [3]. Coordination
compounds of azo received much importance due
to their ability to mimic complex molecules
involved in vital biological process such as
oxygen transport, electron transfer, catalysis etc.,
This is because metal chelation is involved in
many important biological process [4]. This
chelation is taking place between a variety of
metal ions and a wide range of ligands in biology.
The 2-niroaniline and 2-aminothiazole moiety
have recognised these compounds are now in
good demands as optical and conducting organic
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materials. Also, Fabrics dyed using metal complex
dyes show good light fastness [5, 6].They have a
variety of applications like wood stains, in leather
finishing, stationery printing inks and colouring
for metals, plastics, etc. Significant interest due to
the presence of donor atom like nitrogen and
oxygen has achieved dazzling coordination
capacity and diverse pharmacological activities
and perform a class of molecule which show a
comprehensive biological property. Azo dyes
derived from heterocyclic amines containing
nitrogen in the aromatic rings and their metal
complexes have been receiving the attention of
research groups due to number of Co (II) and Ni
(I1) complexes of azo-dye have been extensively
studied their diverse antifungal, antibacterial, anti-
tuberculosis, anticonvulsant and anticancer
activities.  Thus, the design of new
chemotherapeutic drug is now engaging the
consideration of medicinal chemists which reduce
the toxicity [7, 8].

In our lab focused on synthesis of transition metal

complexes, evolution of on drug resistance
properties on synthesised bioactive molecules. In
continuation of our research work here-in we
report the synthesis and characterisation of azo
dye ligand (NTA) and its [Co(NTA),.(H,0)] and
[Ni(NTA),.(H,0),] complexes screening by anti-
oxidant activities have been evaluated

2. MATERIALS AND MEASUREMENTS

2.1 Source and Instrumentations

All the chemicals used were of analytical grade
and purchased from himedia chemical company
which were used without further purification. The
melting point is determined by the digital melting
point apparatus, electrothermal 1A9100. The
synthesized compounds were characterized by
UV-Vis spectrophotometer in the range 200-800
nm using systronics 119 model in DMF solvent.
The percentage composition of the elements was
recorded using CHN analyser carlo erba 1108

Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460
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analyser. The IR spectra were recorded using a
KBr pellet in a Shimadzu FT-IR
spectrophotometer in the range 4000-400 cm™.
'H NMR spectrum from JEOL JNM-ECZ400S/L
spectrometer of the ligand was recorded with an
internal standard tetramethylsilane. The molar
conductance measurement was conducted using
an ELICO-CM82 conductivity meter. The
magnetic moment of the complexes was noted at
28 °C by Gouy balance version 7550 using
Hg[Co(NCS),] as a calibrant. The TGA of
complexes was carried out on Sl Exstar TG/DTA
6300 instrument from the laboratory temperature
to 1000 °C with a scan rate of 10 °C/ min. Melting
points of the synthesized azo compounds were
recorded in an open capillary on the
electrothermal melting point apparatus.

2.2.1 Synthesis of the ligand [NTA]

The azo 4-[(E)-(2-nitrophenyl)diazenyl]-1,3-
thiazol-amine (NTA/CyH;Ns0,S) was synthesized
as following literature [1, 7 and 8]. Initially 2-nitro
aniline (5 mM/0.69g) is dissolved in a mixture of
(5.5 mL strong hydrochloric acid plus 5.5 mL
distilled water). Moreover the reaction condition
of mixture was maintained at 0-4 °C. The 5
mM/0.34g of sodium nitrite compound in 6 mL of
water is added to above hydrochloric 2-nitro
aniline mixture. Then, it was maintained for 1.5 h
to complete diazotization salt process. After, 2 h
2-nitro aniline diazoniumsalt obtained. Further
final step the 2-nitroaniline-diazoniumsalt solution
was added drop wise to a coupling solution of 1,3-
thiazol-2-amine (5 mM/0.5g) which was dissolved
in water under KOH basic media. After the
complete the reaction quenched with ice cold
water observed pH at 4-6 pink red solid precipitate
(NTA/CgH;N5O,S) is form and separated by
filtration. However, dried compound for next
continued step, recrystallization from methanol
and cooled in lab temperature finally kept in
desiccator the yield is obataine 81.3 %. [8, 9] The
route of scheme 1 is represented in below.
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Scheme 1: 4-[(E)-(2-nitrophenyl)diazenyl]-1,3-thiazol-amine (NTA/CyH;Ns0,S)

2.2.2 Preparation of Co(Il) and Cu(ll)

The Co(ll) and Ni(ll) complexes have been
prepared according to the following literature in
the form of 1:2 stoichiometric ratio like as [Co(ll)
(1.6 mM/0.35q) : 4-[(E)-(2-nitrophenyl)diazenyl]-
1,3-thiazol-amine (NTA/CgH;N50,S) 3
mM)/0.8g] was dissolved in  warm 23 mL of

2
=

.
N\ o+
N J ;
N X 1 [Metal chloride] | © OH /

ETOH under reflux on water bath at 63 °C for 3.8
h. Moreover complete the reaction the wine dregs
red colour precipitate for Co and Cabernet red for
nickel ppt collected via filtration and washed with
methanol, the ppt dried over in a desiccator [8, 9].
The synthetic route is depicted in scheme 2a and
2b the yield obtained is 85-89%.

Co‘__\N

@9

Scheme 2a Synthesis of [Co(NTA)z (H>,0),]
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Scheme 2b Synthesis of [N|(NTA)2 (H20),]

2.4 BIOLOGICAL STUDIES

2.4.1 Antioxidant Studies

The antioxidant studies carrying used of (DPPH)
2,2-diphenyl-1-picrylhydrazyl radical is
extensively for the screening of synthesised NTA
ligand and its complexes by

Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460

spectrophotometrically. The 24 mg of DPPH with
100 mL of methanol solution is storing at 20 °C
until needed. In our research group was made the
working solution by diluting DPPH solution and
added synthesised substances, were produced in
DMSO solvent at various concentration of 25, 50,
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100 and 200 pg/mL under stirring and measuring
through electronic absorbance at 517 nm [10, 11]
and maintained at lab temperature for 35 min in
the dark room. The percentage of inhibition was
evaluated using the formula and given at below.
[Abs control — Abs sample] 100

A= X
[ Abs control ]

Where: AbS oo = Absorbance of the DPPH
radical+ methanol.

Absg,mpie= Absorbance of DPPH + sample (tested
sample/standard).

3. RESULT AND DISCUSSION

Section A-Research Paper

3.1. Characterization

The NTA ligand is coordinate with Co(ll) and
Ni(Il) metal salts and this were good agreement
with formulated structure like as
[CO(NTA)Z(HZO)Z] and [Nl(NTA)z(Hzo)z] The
prepared compounds were characterized by
various spectroscopic techniques. The complexes
are soluble in DMF solvents. The molar
conductance values of the complexes recorded in
DMF (1x10*M) solution and reported 13-19 cm?
Q'mol™ indicate non-electrolytic behaviour [12,
13]. The analytical data are saved in Table 1

Table 1 Physical properties and analytical data of NTA and its complexes

Compoun | Colour Mol Wt | M.P °c | Elemental analysis (%) (Cal) Am (cm’Q)Y
ds C H N M "mol™)
NTA Pinkred [ 249.25 | 142-149 | 43.37(43.23) [ 2.83(2.79) | 28.10(28.12) | - -

[Co(NTA | Wine 591.40 166-168 | 38.92(36.55) | 2.18 (2.73) | 23.74(23.68) | 9.97(9.96) | 19
),.(H,0), | dregs red

[Ni(NTA) | Cabernet | 591.20 140-143 | 37.94(36.57) | 2.78 (2.73) | 23.70(23.69) 9.98(9.93) | 11

2.(H;0);] | red

3.2 'H NMR Spectral Data

The newly symphonized NTA has been signalized
by way of 'H NMR in DMSO-ds at laboratory
condition and reperesnt in Figure 1. The Ar-H
four protons assigned at 8.40 to 8.27 ppm (m, 4H,

Ar-H) and the 2-aminothiazole proton resonance
showed singlet with respect to 7.88 to 7.86 ppm
(s, 1H, Ar-H). The thiozole amine protons reveal
as a singlet on 7.229 ppm (s, 2H, Ar-NH,) [10-
13].

3413

ff’: dEOLD

T T T u
130 120 110 100 90 8.0 70 6.0

ppm ol

Figure 1 'H NMR spectrum of NTA

3.3 IR spectral studies

Functional groups are finding by Infrared
spectroscopy for synthesised NTA and its
coordinated complexes and data are noted in
Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460

Table 2. The NTA ligands band raised due to its
group of amine v(NH,) at 2960 cm™ while its
[Co(NTA),.(H,0),] and  [Ni(NTA),.(H,0),]
appeared at 2953 and 2952 cm™ respectively. The
(-N=N-) functional group of synthesised NTA
shows 1370 cm™ but its complexes shows various
wavelength ranges between 1440-1499 cm™ is
attributed and new v(OH) peaks appeared at 3441
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to 3430 in complexes. These shifted and newly

appeared wavelength regions indicate formation
of coordinated bond for complexes. In addition,
the spectral peaks appeared at 509-535 cm™ is due
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to (M-N) and (M-O) stretching at 663- 655 cm™
confirms the respectively, for bond formation. The
spectra are shown in Figure 2 [10-13]

Table 2 FT-IR spectral data of azo dye NTA ligand and its metal complexes

Compound VC_OH) V(-NH2) V(N=N) V(M-0) V(M-N)
NTA - 2960 1370

[Co(NTA),.(H,0),] | 3441 2053 1441 663 509
[Ni(NTA),.(H,0),] | 3430 2952 1499 655 531

L] : L "
| INI(NTA) (H,O), ] |

Al lill] S S0 S000 ZS00

OO0 AS00 L OGO SO00

Wavelength in (nn)")

Figure 2 FT-IR spectral data of azo dye NTA ligand and its metal complexes

3.4 UV Studies

The novel NTA and its coordinated complexes
were investigated by electronic spectral studies
between 200-800 nm at the concentration 10° M
in DMF solvent. The NTA revealed two distinct
absorption bands exhibits at 36,101 and 25,641
cm™ attributed to the corresponding n—n* and
n—m* transitions assigned and this indicates due
to the interaction of azo-aromatic chromophore
due to intermolecular charge transfer. In
[CO(NTA),.(H;0);] exhibited “Tio— *Ag(P)

transition assignment due to at 24,390 cm™ and
along with its magnetic moment is 3.872 BM
shows tetrahedral geometry [10-13]. The [Ni
(NTA),.(H,0),] is attributed absorption peak at
25,000 its transition assignments is *B;;—E, its
magnetic moment is 2.828 BM, it is also revealed
tetrahedral geometry. The wavelength is shifted
various regions in complexes compared to ligand
due to charge transfer from ligand to metal, while
all transition appeared in bathochromic shift. The
spectral results of the electronic spectral studies
were noted in Table 3 and Figure 3 [10-14].

Table 3 The electronic spectral data of NTA and its metal complexes

Compounds Absorptions | Transitions Magnetic moment p(BM)
in (cm™) assignment

NTA 36,101 n—7 * non *
25,641

Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460
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Figure 3 Electronic spectra of NTA, [Co(NTA),.(H,0).]and [Ni(NTA),.(H,0)]

3.5 XRD Studies

The crystallinity of prepared [Co(NTA),(H,0),]
and [Ni(NTA),.(H,0),] complexes  was
determined by PXRD pattern in this order to scan
at 10°/min and constant a wavelength () 1.54 A
in the region between 5-100°. The inter-planar
space was determined using Bragg’s formulae ni=
2dSin6. However, (d) is inter-planar distance
recorded data are given in Table 4. The
diffractogram 260 peak of [Co(NTA),(H,0).]

good agreements with 1, 5, 7, 8 and 4 hence it
represents tetrahedral/octahedral nature. The
[Ni(NTA),(H,0),] also h?+k ?+I? values noted as
1, 5, 6, 7, 8 and 11 forbidden diffractions, these
diffractions indicate tetrahedral/octahedral
structure of complex [10-13, 15]. Further, the
lattice parameter of Co and Ni complexes provide
a=b=c = 11.64 and 11.63 A respectively. All novel
synthesised metal complexes data relived the
molecules are arranged in crystalline nature as

shows 5 reflections and it’s h?+k>+I® values are

shown in Figure 4.

Table 4 XRD data of NTA ligand and its metal (1) complexes

Compound Point | 20 Sin® | Sin“0 | Sin*0x1000 | h*+k*+1* [ hkl | D a in
Obs Cal A°

[Co(NTA), (H,0),] | 1 7.6 0.066 | 0.0043 | 4.356 1 100 | 1169 | 11.66 | 11.66
2 17.17 | 0.147 [ 0.0216 | 21.609 5 210 [533 |523 117
3 20.11 | 0.174 [ 0.0302 | 30.276 7 - 443 | 442 17
4 21.82 | 0.189 [ 0.0357 | 35.721 8 220 417 407 [115
5 28.7 | 0.247 [ 0.0610 | 61.009 14 321 [323 [311 [1166

[Ni(NTA),(H,0),] |1 7.7 0.067 | 0.0044 | 4.489 1 100 115 1148 [ 1148
2 173 [ 0.145 [0.0210 | 21.025 5 210 |[536 |530 [11.87
3 18.5 0.16 [ 0.0256 | 25.6 6 211 [489 481 [1178
4 20.25 | 0.175 [ 0.0306 | 30.625 7 - 4.4 439 |11.63
5 21.71 ] 0.188 | 0.0353 | 35.344 8 220 |41 409 |1158
6 25.68 | 0.222 | 0.0492 | 49.284 11 311 [351 [346 |11.49

Eu

=

. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460
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Figure 4 XRD patterns of [CO(NTA),.(H,0),]and [Ni(NTA),.(H,0),]

3.6 Mass Spectra Of Syntheses Compounds

The mass spectra of the novel NTA ligand peak
attributable to the given molecular ions peak m/z
250.07 (Cal: 249.23) represents in Figure 5 and its

[CO(NTA)z(Hzo)z] and [Nl(NTA)Q(HgO)g]
complexes m/z ion peak showed at (Cal:592.44)
and (Cal: 591.20) respectively, as data shown in
elemental analysis Table 1

2303521-D 5 (0.269)

LS

92.0312

138.0140

2: TOF MSES+
3.87e4

140.1212

150.0432

250.0772

0} T {320 Illl"l

60 80 100 1%0 i

1
140

| miz
300

T L3Ry RARED AR | T T 20 ki 2

1&0 180 200 220 240 260 280

Figure 5 Mass of the NTA ligand

3.7 Thermal Studies of Compounds

The metal complexes were examined by thermo
gravimetric analysis in the temperature range 25
to 1000 °C at a heating rate 10 °C/min under

nitrogen atmosphere. Thermograms
[Co(NTA),(H,0),] exhibited two

nitrophenyl)diazenyl]-1,3-thiazol-2-amine

nitro aniline molecules. In the second step 19.6 %
weight loss between 332.25 to 796.3 °C is due to

steps
degradations. The first step being at 20.05 to
332.25 °C, which corresponds to the mass loss of
67.5 % due to one coordinated water, 4-[(E)-(2-

residue formed. The [Ni(NTA),(H,0),] exhibits
three degradation steps, in the first step 52.5 % of
mass loss is due to the dissociation of two oxygen,
one amine, one coordinated water and NTA
molecules at temperature between 24.01-295.5 °C.
The second degradation step, has occurred from
295.5-528.03 °C showed the weight loss of 19.1
% benzene-1,2-diamine molecules and the third
degradation step at 528.03- 751.2 by 2-
aminothiazole molecules of 16.9 % weight loss
the end left over residue is NiO [25-29] as shown
Table 5 and Figure 6 [10-13, 15-16].

of
of

and

1,3-thiazole-2,4-diamine and at the end Co oxide

Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460
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Table 5 Thermal deg

radation data of complexes

Section A-Research Paper

Complex Step | Decomposition | Assignment Moiety left Loss of Residue
Temp (°C) mass (%)
[Co(NTA).(H0),] | 1 20.05-332.25 One coordinated water, | 67.5
NTA and nitro aniline CoO
2 332.25-796.3 1,3-thiazole-2,4-diamine 19.6
[Ni(NTA),(H,0),] |1 24.01-295.5 Two oxygen one amine | 52.5
One Coordinated water
molecule and NTA NiO
2 295.5-528.03 benzene-1,2-diamine 19.1
3 528.03-751.2 2-aminothiazole 16.9

100 —

90 4

80 H

Weight (%)

70 H

60 —

50 . : : ;

200 40

0 600 800

Temparature °C

Figure 6 TGA curves for [Co(NTA),.(H,0),] and [Ni(NTA),.(H,0),]

3.8 BIOLOGICAL STUDIES

3.8.1 Antioxidant Studies

The synthesised NTA and its metal (1) complexes
[Co(NTA)..(H20),] and [Ni(NTA),.(H,0),] are
evaluated by DPPH scavenging activity in
different concentrations. The metal (I1I) complexes
shows positive results towards DPPH free radical
which presented in Figure 7. Whereas the [Co(I)]

1000

complex explore more potential activity result
compered by other complexes. Briefly at 200
pg/mL, the [Co(NTA),.(H,0),]and
[Ni(NTA),.(H,0),] percentage inhibited DPPH
free radical till 74.93 and 53.83 % respectively
results are entered in Table 6 and comparatively
results suggest they act as good prevention against
oxidation caused diseases [17-21].

Table 6 Antioxidant activity of NTA and its metal (1I) complexes

Compounds % Scavenging activity (Concentration in pg/mL)
25 50 100 200

NTA 37.55 39.16 | 4135 46.64

[Co(NTA),(H,0),] | 59.98 62.18 | 67.23 74.93

[Ni(NTA),(H,0),] | 41.19 48.14 | 49.98 53.83

Ascorbic acid 82.33 88.77 |91.42 94.78

Eur. Chem. Bull. 2023, 12 Regular Issue 11), 449 -460
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NTA [Co(11)] [Ni(In] Ascorbic
Acid

Figure 7 DPPH free radical scavenging activity of NTA and their complexes

4. CONCLUSIONS

A novel NTA and its metal (Il) complexes
[CO(NTA)z(Hzo)z]and [Nl(NTA)z(Hzo)z]
synthesised and the structure of the prepared
compounds was elucidated by various spectra-
chemical studies. The non-electrolytic nature of
[CO(NTA)z(Hzo)z] and [Nl(NTA)z(Hzo)z] was
confirmed by the molar conductivity method.
Infrared spectral data suggested the mode of
bonding between the metal ions with NTA.
Antioxidant examine on synthesized compounds,
however, [Co(NTA),.(H,0),] shows  best
significant antioxidant agent. In addition, the
biocompatibility and synergistic effect of
compounds enhanced results in medical purpose.
The spectrochemical, pharmaceutically results
suggest that the synthesised compound act as
drug.
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