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Abstract

In the present work, the synthesis of novel azo dye ligand 6-hydroxy-4-methyl-2-oxo-1-propyl-5-[(E)-1,3-thiazol-2-yldi-
azenyl]-1,2-dihydropyridine-3-carbonitrile (L) and its Cu(Il), Co(Il) and Ni(II) transition complexes were prepared. The
newly formed compounds were characterized by elemental analysis, UV—Vis, FT-IR, '"H NMR, LC-MS, TGA and magnetic
susceptibility measurement. The molar conductance indicates that all the metal complexes are non-electrolytic in nature
Based on spectral data indicate square planar geometry was deduced for Cu(II) and Ni(II) complexes, Co(II) complex has
tridentate chelation of ligand and produce an octahedral geometry around the metal ion. Additionally, the computational
study has been performed using density functional theory (DFT) calculation was used to study the electronic structure of
synthesized ligand and their complexes. The in vitro antimicrobial activity of the azo dye ligand and its complexes was tested
against Gram +ve bacteria (Bacillus subtilis), Gram —ve bacteria (Escherichia coli), yeast (Candida albicans) and fungus
(Aspergillus flavus). All the complexes showed enhanced biocidal activity compared to the free ligand. Moreover, azo dye
ligand and its metal complexes have been studied for their antioxidant activity. The DNA-binding activity of metal complexes
(1a—1c) was studied by electronic absorption spectroscopy and fluorescence spectroscopy. All the complexes bound to CT-
DNA through an intercalation mode. Additionally, all the metal complexes act as good cleavage agents against the pBR322
DNA. The computer-aided molecular docking studies of metal complexes with the receptor of GlcN-6-P synthase showed
that metal complexes are potent drugs for the target enzymes.
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1 Introduction [1-3]. Azo dyes are the potential class of organic compounds

bearing one or more azo (-N=N-) chromophoric group, which

Nitrogen and sulfur bearing heterocyclic compounds have
widely studied due to their diverse biological properties and
their role as pharmacophores of great historical significance
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possess unique numerous properties containing molecular
aggregation, optical data storage, CD, DVD and Blue-ray
discs. In addition to that, they are engaged in various fields
such as dying in textile fibers plastics, leather, metal foil food,
cosmetics, toys and plastic, biological and clinical investiga-
tions and even the organic synthesis [4-6]. Thiazolylazo dyes
are obtained from 2-aminothiazole are significant because
they can form various types of coordination compounds due
to several electron rich donor centers with unusual geomet-
rical structural, electronic features and chemical properties,
owing to their high sensitivity and selectivity thiazolylazo
dyes has been extensively studied [7-10]. Metal complexes
of sulphur—nitrogen chelating ligands are received significant
attention due to their fascinating physico-chemical properties
and marked bioactivity. In addition to that the metal complexes
having thiazole system exhibit a wide range of potential medi-
cal applications, including antibacterial, anticancer, antifungal,
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anticonvulsant and anti-inflammatory activities [11-14]. The
interaction of the azo dye metal complexes with calf thymus
DNA was investigated by multi-spectroscopic techniques such
as electronic absorption spectroscopy and emission spectros-
copy were used to illustrate the binding mode. DNA is the
primary pharmacological target in treating a wide array of
diseases [15]. Transition metals play an important role in pre-
paring the bioactive compounds, which can interact with DNA
by non-covalent interactions [16, 17]. The non-covalent way
include three recognized binding modes of the tiny molecule to
DNA are electrostatic interactions, groove binding and exter-
nal electrostatic binding. Among these, the intercalation mode
of binding is very significant and coherent to the pharmaco-
logical activity of metal complexes [18, 19].

Due to these impending challenges in the last few dec-
ades, remarkable step have been taken in designing transi-
tion metal based-drugs with lesser toxicity, target specific
and improved therapeutic nature [20-23]. Moreover, azo dye
ligand derived from 6-hydroxy-4-methyl-2-oxo-1-propyl-
1,2-dihydropyridine-3-carbonitrile have been widely inves-
tigated due to their broad range of applications in catalysis
and their relevance to bioinorganic systems and ability to
form stable complexes with large number of metal ions [24,
25]. In-silico docking study is extensively used to forecast
protein—ligand binding and to screen large libraries for com-
pounds that will regulate the activity of a biological receptor
[26].

Herein, we present the preparation and characteriza-
tion of novel azo dye ligand 6-hydroxy-4-methyl-2-oxo-
1-propyl-5-[(E)-1,3-thiazol-2-yldiazenyl]-1,2-dihydropyr-
idine-3-carbonitrile (L) and their Cu(II), Co(II) and Ni(II)
complexes by different spectroscopic technique. The
geometry of the metal complexes was inferred by elec-
tronic and thermal techniques. For better understanding,
the structural parameter of ligand and their complexes
were examined by DFT/B3LYP level studies. The biologi-
cal screening of azo dye ligand and its metal complexes
screened against selected kinds of bacteria, pathogenic
fungi and antioxidant activities were also investigated.
The calf thymus DNA binding activity of the metal com-
plexes was studied by absorption spectra and emission
spectroscopy. As well as their cleavage activity toward
pBR 322 DNA has been studied. In addition, in this work,
In-silico molecular docking analysis of synthesized com-
plexes was also performed.

2 Experimental Section
2.1 Reagents and Physical Measurements

All the reagent used for the present work are of analytical
grade, commercially available, purchased from Aldrich, and

they were used as supplied. Carbon, Hydrogen and Nitro-
gen analyses were performed out on a CHN analyzer Calrlo
Erba 1108 analyzer. Melting points of the compounds were
identified using Polmon instrument (model No: MP-96).
UV-Vis spectra in the region 200—800 nm were obtained
on shimadzu model 1650 UV—Vis double beam spectrom-
eter in DMF solution (1073 M). The Infrared spectra were
recorded from KBr pellet on a Perkin—Elmer 621 FT-IR
spectrophotometer in the range 4000500 cm~!. 'H spec-
trum of the ligand was performed using Bruker DPX200 FT-
NMR spectrometer using tetramethylsilane as the internal
reference compound. The mass spectra of the compounds
were recorded on LC-MS: water AQUITY-2777C mass
spectrometer. The molar conductance measurement was
conducted using 107> M solutions of the complexes in DMF
using an ELICO-CM82 conductivity bridge. Room tempera-
ture magnetic susceptibility measurements of the complexes
were carried out by Gouy balance model 7550 applying Hg
[Co(NCS)4] was employed as calibrant. Thermogravimet-
ric analysis (TGA) of complexes were carried out on SII
Exstar TG/DTA 6300 instrument, from room temperature
up to 800 °C with a heating rate of 10 °C min.

2.2 Synthesis of Azo Dye Ligand (L)

6-Hydroxy-4-methyl-2-oxo- 1-propyl-5-[(E)-1,3thiazol-2-yl-
diazenyl] 1,2dihydropyridine-3-carbonitrile was prepared
according to the general procedure in the literature [27]. A
cold solution of aqueous sodium nitrite in 5 mL distilled
water was added drop-wise to the well-cooled solution of
2-aminothiazole (0.01 m) in 20 mL of distilled water and
(4 mL) of concentrated hydrochloric acid and stirred for
2 h at 0-5 °C. Further, the cold diazonium solution was
added drop wisely to a well stirred solution of (0.01 mol)
6-hydroxy-4-methyl-2-oxo- 1-propyl-1,2-dihydropyridine-
3-carbonitrile in an aqueous KOH solution (10 mL). The
resulting mixture was stirred for another 2 h at the same
temperature and the pH was maintained around 5-6. The
obtained crude colored azo dye was collected by filtration,
washed with distilled water dried and purified by recrys-
tallization in ethanol. The schematic representation for the
synthesis of azo dye ligand (L) was displayed in Scheme 1.

2.3 Synthesis of 6-Hydroxy-4-methyl-2-oxo-1-pro-
pyl-5-[(E)-1,3-thiazol-2-yldiazenyl] 1,2dihydro-
pyridine-3 carbonitrile (L)

Yield: 68 (%), Color: orange, M.p: 265¢273 °C, FTIR
data (KBr ncm™'): 3440 v (O—H), 1650 v (C=0), 1480 v
(=N=N-). '"H NMR (400 MHz, DMSO-dg, 6 ppm):14.30
(s, 1H, OH), 7.65-7.49 (d, 2H, ArH), 2.46 (s, 3H, pyri-
dine —-CH3), 3.78 (q, 2H, —-CH,-), 0.89-0.87 (t, 3H,
—CH;), 1.60-1.51 (m, 2H, —-CH,-). LCMS m/z =306
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Scheme 1 Synthetic route for azo dye ligand (L) and its metal complexes

(M*H). UV-Vis (DMSO) Amax/nm: 445. Anal. Calcd for
C,5H;5N50,S (305): C: 69.13; H: 5.12; N: 9.48% Found: C
68.91; H:5.26; N 9.21%.

2.4 Synthesis of Cu(ll), Co(ll) and Ni(ll) Complexes

Ethanolic solution (15 mL) of azo dye ligand (L) (2 mmol)
and a solution of hydrated metal chlorides (I mmol) in a
15 mL of ethanol was added drop wise with the constant
stirring. The resulting solutions were then refluxed with stir-
ring for 4 h. The colored solid residue which separated on
cooling collected by filtration and washed several time with
distilled water and ethanol and dried over anhydrous CaCl,
in the vacuum desiccator.

3 DFT Studies

All computations calculations for azo Schiff base ligand (L)
and its complexes were obtained out using the Gaussian 09
software package at density functional theory (DFT) level
of theory [25]. The geometrical structure on the ground state
were obtained on Backe’s three parameter hybrid exchange
functional (B3LYP) and with LANL2DZ basis set [28]. All

@ Springer

the geometrical structures were visualized using chem craft
1.7 software. Quantum chemical parameters such as MEP,
HOMO-LUMO energy gap (AE) and several cycle are cal-
culated for an investigated molecule.

4 Biological Evaluation

4.1 DNA Binding Studies

The DNA binding parameter of metal complexes were car-
ried out using electronic absorption titration spectroscopy.
All titration were performed at room temperature in Trise-
HCI buffer (pH 7.4) gave a ratio of approximately 1.8-1.9.
The concentration of the DNA is measured using molar
absorption coefficient value of 260 nm (e = 6600 M
[29]. Concentrated stock solutions of the complexes were
dissolved in DMSO solvent because of low solubility in
buffer solution. Absorption titration experiments were
carried out by varying the concentration of the CT DNA
(0-60 pM) by keeping the fixed complex concentration
(10 uM). While measuring the absorption spectra and
to eliminate the absorbance of CT-DNA itself, an equal



Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:2608-2625 2611

amount of DNA was added to both the test solution and
the reference solutions. From the absorption data, the
intrinsic binding constant (Kb) was calculated by follow-
ing equation.

[DNA]/(ea— ef) = [DNA]/(eb —ef) + 1/Kb (eb — £f)

ey
where €a, ef and eb are the apparent coefficient, free and
fully bound forms of the metal complex extinction coeffi-
cients, respectively. A plot of [DNA]/(ea— ef) versus [DNA]
gave a slope of 1/(eb—ef) and Y-intercept equal to 1/Kb
(eb— ef), Kb is the ratio of the slope to intercept.

4.2 Fluorescence Titration

The competitive binding experiments for the metal com-
plexes were carried out using fuorescence spectroscopic
studies of ethidium bromide (EB) bound CT-DNA solu-
tion in Tris-HCI buffer (pH 7.2) at 25 °C. This experiment
was performed out by adding stepwise various concen-
trations of complexes (0—60 uM) to EB-bound CT-DNA
solution. The resulting reaction mixture was incubated at
room temperature for 5 min. After successive addition of
the metal complexes, the change in fluorescence intensity
at 580-620 nm was observed [30]. The relative binding
affinity of the complexes with DNA was determined by
measuring the quenching constant (Kgy) from the slopes
of the lines from the plot of fluorescence versus complex
concentration using the following Stern—Volmer equation.

I/I=1+Kgr 0

where Io and I are the fluorescence intensities in the absence
and presence of a quencher, Ksv is the Stern—Volmer
quenching constant and r is the concentration of complex
to that of DNA.

4.3 DNA Cleavage Activity

The DNA cleavage activity of the newly prepared com-
pounds was determined by agarose gel electrophoresis
technique using pBR322 plasmid as a target [31]. Here
the experiment was carried using supercoiled pBR322
DNA (0.3 pg) in buffer (5 mM Tris-HCI1, 50 mM NaCl
and pH 7.2) and (40 and 80 pM) metal complexes (1la-1c)
were incubated for 3 h at 37 °C. After incubation 5 pL
of loading buffer (0.25% Xylene cynol 0.25% bromo-
phenol blue and 30% glycerol) was added. Samples were
electrophoresed for 2 h at 50 V in Tris-acetate-EDTA
(TAE) buffer using 1% agarose gel containing 1 mg/1 mL

ethidium bromide (EB). The gel was photographed under
UV transilluminator (280 nm) and documented.

4.4 Antimicrobial Activity

Antimicrobial activity of azo dye ligand (L) and its metal com-
plexes (1a-1c) is studied using agar well diffusion method
against the bacterial species of Escherichia coli (gram nega-
tive bacteria) and Bacillus subtilis (gram positive bacteria).
Ciprofloxine is used as standard antibacterial agent (control).
The in vitro antifungal activities were carried out against two
fungal strains, Candida albicans and Aspergillius flavus. The
test compounds had been dissolved in dimethyl formamide to
get a concentration of 0.5 and 1 mg/cm®. Sample poured petri
plates were incoculated with microorganism and incubated at
37 °C for 24 h [32, 33]. The minimum inhibitory concentra-
tion (MIC) value of the compounds was determined by serial
dilution technique.

4.5 Antioxidant Activity

The free radical scavenging activity of the azo dye ligand (L)
and its complexes were determined by 1,1-diphenylpicrylhy-
drazyl (DPPH) as per literature [34, 35]. Different concentra-
tions (5, 10, 15, 20 and 25 pM) of test compounds were dis-
solved in DMSO. To these solutions, 2 mL of DPPH solution
(0.2 mM in methanol) were added. The mixture was shaken
vigorously and allowed to stand at room temperature for
20 min. The decrease in the absorbance of DPPH was calcu-
lated relative to the measured absorbance of the control. The
percentage of radical scavenging activity was calculated by
the following formula:

% Inhibition = [(Control Absorbance (AC)
— Sample Absorbance (AS)/Control Absorbance] x 100
3)

4.6 Molecular Docking

In-silico molecular docking study was performed using HEX
6.1 software. The structures of the synthesized compounds
have been drawn by CHEMSKETCH and convert it into PDB
format from mol format by online OPENBABEL (https://
www.vcclab.org/lab/babel/). The protein targets were acquired
for the docking studies from Protein Data Bank (https://www.
rcsb.org) [36]. All calculations were carried out on an Intel
Pentium 4, 2.4 GHz based machine running MS Windows XP
SP2 as operating system. The output results from AutoDock
were analysed by ligplot and paymol software. The docking
scores proved valuable information regarding the interaction
of prepared compounds with active sites of GIcN-6-P synthase
[37].
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5 Results and Discussion

Azo dye ligand (L) and its Cu(II), Co(II) and Ni(II) com-
plexes were prepared and characterized by using differ-
ent spectroscopic methods. The synthesized complexes
were coloured, solid, and stable towards air and moisture
at room temperature and they are readily soluble in DMF
and DMSO. The molar conductance measurements of the
complexes in DMF (1 X 1073 M) solution revealed their non-
electrolytic in nature [38]. The analytical and physical data
of azo dye ligand (L) and their metal complexes (1a—1c) are
presented in Table 1. These data of metal complexes indicate
that 1:2 stoichiometric ratio of metal to ligand with general a
formula [M (L),] 2H,0 for Cu(II), Ni(IT) and [M(L,)2H,0]
Co(II) complexes. The microanalytical data of the synthe-
sized compound are in good agreement with the proposed
stoichiometry of the complexes.

5.1 Infrared Spectra

The binding mode metal chelates were determined by match-
ing FT-IR spectrum of free ligand with its complexes is
summarized in Table 2. The free ligand exhibited a char-
acteristic broad band at 3414 cm™! which can be assigned
to stretching vibration of hydroxyl group. Altogether the
metal complexes, this band is absent in all the complexes
indicating the participation of the hydroxyl group in com-
plex formation [39]. The ligand and its complexes exhibited
medium intensity bands in the region 3056-3017 cm™! is
attributed to vibrations of aromatic C—H. A sharp absorption
band observed at 1660-1690 cm™" region is due to carbonyl
group v (C=0) group, which appears at the same position in
all the complexes, indicates corbonyl not taking part in the
coordination [40]. The moderate intensity band observed at

1448 cm™! is assigned to (—N=N—) stretching vibration of
the functional azo group and in all the metal complexes this
frequency is shifted to lower frequency by 10-25 cm™! indi-
cating its participation in coordination sphere [41]. Further,
the appearance of new medium intensity non-ligand absorp-
tion bands in the region 490—460 and 622-555 cm™! are
assigned to (M—N) and (M—O) vibration bands respectively,
which support the participation of nitrogen and oxygen atom
in coordination with metal centre [42]. The existence of
broad band within 3455-3450 cm™' range in all the spectra
of complexes are assigned to (-OH) of water molecules con-
nected with the complexes. This was moreover supported
the existence of weak band at 715-730 cm™" is assigned to
(H,O) for coordinated water molecules [43]. The obtained
FTIR results were in consistent with their proposed molecu-
lar structures of the prepared compounds.

5.2 Electronic Spectral Studies

The UV-Visible spectral data of newly synthesized azo dye
ligand (L) and their metal complexes were recorded in DMF
solution in the range of 200—800 nm and data are presented
in Table 3. The free ligand showed intense absorption bands
at 22,727 cm~! is ascribed to n — 7 * of the azo group.
Further, the absorption due to (—N=N—) group in all the
metal complexes are shifted to lower wavelength indicating
coordination of the metal ions with the azo dye ligand. The
electronic spectrum of Cu(Il) complex showed two bands at
30,303 and 20,161 cm™" which are attributed to °B,,—*A,
transitions, suggesting square planar geometry and this is
further emphasized by its magnetic moment value of 1.82
BM [41]. The spectrum of Co(II) complex exhibited three
bands at 18,181, 24,937 and 35,714 cm™'. These bands may
be attributed to transition *T, g—>4T2g(F), ‘T, g—>4A2g(F)
and “T, g—>4Tg(P), respectively. The observed magnetic

Table 1 Analytical and physical properties of azo dye ligand (L) and its metal complexes (1a—c)

Compound Mol. wt Color M.p (°C) Elemental analysis (%) Calcd.(found) Am cm
Q! mol™!
C H N M

L (C;53H;5N50,5) 305 Light Orange 281 69.13 (68.91) 5.12(5.26) 9.48 (9.21) - -

[Cu(L,)] 2H,0 (C,4Hy 4N O4S,Cu)  699.62  Bric red > 300 57.54 (57.18) 4.18 (3.98) 15.89 (15.64) 10.16 (9.79) 29

[Co(L,)2H,0] (CpeHpgN,(04S,Co)  668.21 blueish green >300  54.79 (54.33) 4.60 (4.55) 17.04 (16.85) 8.96(8.74) 23

[Ni(L,)] (Cy6H,4N,O,S,Ni) 663.46 Dark brown > 300 57.98 (57.65) 4.22(4.39) 18.03 (17.91) 9.45(9.22) 19

an ofast dye igandandis PN Meon Moo Mo Mwan  vw  fum o

metal complexes 1a-1c L 3440 B 1693 2225 1488 - -
Cu-complex(la) - 3425 1677 2223 1510 457 526
Co-complex(1b) - 3463 1645 2222 1513 463 602
Ni-complex(1c) - 3453 1664 2214 1462 472 580
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Tablfls Electronic s.pcctral data Compounds Absorption in Transition Per (BM) Geometry
(cm™") for azo dye ligand and em™!
its complexes
L 22,727 n—m* - -
Cu-complex(la) 30,303 B, e 2A, o 1.82 Square planar
20,161 INCT
Co-complex(1b) 18,181 T, — T, (F) 438 Octahedral
24,937 T — *A,(F)
35,714 T — *Ty(P)
Ni-complex(1c) 20,080 'Aj,— By, 3.46 Square planar
22,727 A 'Ay
30,581 INCT

susceptibility value 4.38 BM also indicate the octahedral
geometry around Co(II) ion [44]. The Ni(II) complex exhib-
ited three d—d bands at 20,080, 22,727 and 30,581 cm™"' that
could be assigned to 'A;,— "B, 'Aj,—'A,,, and INCT
respectively. The observed magnetic moment value 3.46
BM clearly indicating the square planar geometry for Ni(II)
complex [45].

6 'H NMR Spectral Data

The proton NMR spectrum of the azo dye ligand (L) was
recorded using DMSO-dj as a solvent and tetramethylsilane
as an internal standard (Supplementary Material S1). The
"H NMR spectrum of the ligand displayed a singlet peak at
14.30 ppm which is assigned to the protons of the phenolic
—OH group. The aromatic protons corresponding to 1,3-thia-
zole group were resonated as two distinguished doublets in
the range of 7.65-7.49 ppm. The signal corresponding to
CH, protons attached to the nitrogen atom of the pyridone
ring was observed as triplet at 3.78 ppm. Another singlet
appeared at 2.46 ppm which corresponds to the methyl group
(CH,;) attached to the pyridone ring. The methylene and

Table 4 TGA data of metal complexes (1a-1c)

methyl protons of the aliphatic group attached to nitrogen
atom appeared as multiplet and triplet within the range of
1.60-1.51 and 0.89-0.87 respectively [46].

6.1 Mass Spectra

The mass spectrum of free ligand displayed well defined
molecular ion peak observed at m/z 306 [M+H], which is
in good agreement with the expected molecular mass of the
azo dye ligand (Supplementary Material S2). In addition, the
mass spectra of complexes showed molecular ion peak for
Cu(II), Co(II) and Ni(II) complexes of ligand exhibited m/z
at 704.35, 699.35 and 670 respectively, Which are coinci-
dent with the stoichiometric composition of [M (L),] type.
Further, the observed molecular ion peaks in all the spectra
of the synthesized complexes are in good agreement with
their proposed empirical formula.

6.2 Thermal Analysis
In order to determine the thermal stability and molecu-

lar structure of newly synthesized complexes were carried
out under nitrogen atmosphere in the temperature range

Complex Stage Decomposition Probable assign-  Loss of mass in (%) Residual species
temp (°C) ment S —
Obsd Cald
[Cu(Ly)] 2H,0 Ist 30-83 2H,0 2.62 2.88 CuO
2nd 83-320 C H6S, 32.62 32.79
320-810 45.48 49.55
3rd C,5HgN, (05
[Co(L,)2H,0] Ist 28-111 2H,0 5.09 5.14 CoO
2nd 111-365 C,H ¢N,S, 3491 35.76
3rd 365-685 C,,HgNgO4 45.34 46.14
[Ni(L,)] 2H,0 Ist 30-83 2H,0 5.62 5.96 NiO
2nd 83-350 C,H6S, 31.88 32.14
3rd 350-670 C,3HgNgO5 49.23 51.40
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30-1000 °C. The thermal properties of complexes are given
in Table 4 and Fig. 1. The TG graph of Cu(Il) complex (1a)
showed three successive degradation stages, the first stage of
degradation occurred in the temperature range 30-83 °C is
corresponding to the loss of lattice water molecules with a
weight loss of 2.62% (calcd 2.82%). The second stage of deg-
radation occurred at 83-320 °C with a mass loss of 32.62%
(calcd 32.79%) due to the removal of C;,H,4S, fragments.
The third stage of degradation occurred in the temperature
range 320-810 °C corresponds to complete decomposition of
organic part C,,H;cNgO; with a mass loss of 45.48% (calcd
49.55%). finally leaving one mole of CuO and two mole of
carbon as residue. In the TG graph of Co(II) complex, the
first step of degradation occurred in the temperature range
28-111 °C is represents the loss of two coordinated water
molecule with a mass loss of 5.09% (calcd 5.14%). The
second stage of decomposition appeared in the temperature
range 111-365 °C with a practical mass loss of 34.91% (calcd
35.76%) corresponds to removal of C,,H;(N,S, molecules.
The third step of decomposition occurred with a weight loss
of 45.34% (calcd 46.14%) due to the complete elimination of
organic part C;3;HgNgO; with in a temperature 365-685 °C,
Finally leaving one moles of CoO and carbon as residue.

100 Cu(ll) complex

80
_
X
<
R
260
>
2

40

20

200 400 600 800
Temperature

Similarly, the TG graph of Ni(II) complex, the first stage of
decomposition appeared in the temperature range 30-83 °C
with a weight loss of 5.62% (calcd 5.96%) is due to elimination
of two lattice water molecule. The second stage with weight
loss of 31.88% (calcd 32.14%) at 83-350 °C is corresponding
elimination of C,,H,4S, fragments. The third step with mass
loss of 49.23% (calcd 51.40%) at 350-670 °C is assigned to
complete dissociation of organic part C;;HgNgO;, Finally leav-
ing one mole of NiO as residue.

6.3 Computational Details

6.3.1 Molecular Electrostatic Potential Surface of Ligand
and Its Complexes

Molecular electrostatic potential (MEP) is greatly useful
method in forecasting to electrophilic and nucleophilic
sites in a molecule. This technique is helpful in deter-
mining reactivity of molecule and intra or intermolecular
interaction in the molecule. Figure 2, displays the MEP of
the prepared ligand and its complexes. The negative and
positive potential were represented as blue and red color
respectively, the blue colours show the positive regions to

100 Co(ll) complex

80
3
=
<
B
z 60
2
2

40

20

200 400 600 800
Temperature

80 —

60 —

Weight % (%)

40 4

20

Ni(ll) complex
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Fig. 1 TGA curves of the metal complexes 1a—1c¢
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Fig.2 Molecular electrostatic
potential surface of ligand (L)
and its complexes

nucleophilic reactivity and red color indicative the nega-
tive region to electrophic reactivity. The most negative
site is oxygen close to nitrogen atom and group looks to
be red in color with highest electron density [47]. The
electrostatic potentials increase in the order as follows
red < orange < yellow < green < blue.

6.3.2 Geometrical Optimization

The optimized structures of the azo dye ligand (L) and its
complexes (la-1c) are given in Fig. 3. Selected geometric
parameter bond lengths and bond an angle of ligand is cal-
culated at B3LYP/6-31G(d,p) level and depicted in Table 5.
The electronic parameter of the compounds was determined
from the total energy and Koopman’s theorem. The frontier
molecular orbital descriptors such as HOMO-LUMO energy
gap, AE, absolute electronegativity (), chemical potential
(Pi), absolute hardness (1), absolute softness (o), global elec-
trophilicity (w), global softness (S), and additional electronic
charge (AN,,,,). The chemical reactivity parameter for ligand
and their complexes are calculated using following equation
and tabulated in Table 6.

AE = E; ymo — Enomo (@Y]

- (EHOMO + ELUMO)

X =

2
(ELMMO - EHOMO)
- 2
1
c=-
n
Pi=—y
1
S =—
2n
.
25
ANmax = —E
n

®

(6)

@)

®)

€))

(10)

an
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The energy gap (AE) is examined as a significant sta-
bility index, which was used for describing the structure
and verification barrier in several molecular systems.
While increasing the energies the compound becomes
more stable. Moreover, the charge of chemical potential
(Pi) was —ve value, whereas electrophilicity index () had
+ve value. These data reveal that azo schifff base ligand
donated electron to metal ions [48].

6.3.3 Frontier Molecular Orbital Analysis

Chemical reactivity and some physical properties of a
typical molecule can be found from its Frontier Molecular

Orbitals (FMO) [49]. The energy gap has been calculated
from [Egomo — Erumol levels and it is used to clarify the
bioactivity of a molecule by comparing the intra-molecular
charge transfer. The highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO)
are the main orbital takes part in chemical stability and reac-
tivity. The higher energy electron present in HOMO behaved
as an electron donor and while the lower energy electron
present LUMO behaved as a electron acceptor. Species
with large energy gap indicate a considerable level of intra-
molecular charge transfer from the electron-donor groups
to the electron-acceptor groups through the n-conjugated
system. Recently, the lower energy gap HOMO-LUMO

Table 5 The various quantum chemical parameters of azo dye ligand (L) and its metal complexes

Parameter Ligand (L) Cu(Il) Co(II) Ni(II)
Enomo (€V) —-1.771 —2.488 —4.761 —4.522
E; omo (€V) —2.362 —4.369 —-9.429 —7.187
Enomo (€V)-Eromo (V) 0.591 1.881 4.668 2.635
nev 0.2955 0.9405 2.334 1.3325
ceV! 3.38 1.063 0.4284 0.7504
®eV 7.725 5.501 5.384 12.85

x eV 2.0665 3.421 7.09 5.854
SeV 1.692 0.470 0.214 0.3752
ANmax —6.997 3.636 3.0377 4.391
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Table6 Selected geome.trical Bond length Bond angle Dihedral angles
parameters for azo dye ligand
@® N(D)-C(2) 1.446 C(2)-N(1)-C(3) 110.999 P(31)-Ce(32) 2.744
N(1)-C(3) 1.446 C(2)-N(1)-Ce(32) 124.499 Ce(32)-CI(33) 2.640
N(1)-Ce(32) 2.326 C(3)-N(1)-Ce(32) 124.500 Ce(32)-CI(34) 2.640
C(2)-S4) 1.790 N(1)-C(2)-S(4) 111.000 Ce(32)-CI(35) 2.640
C(2)-N(6) 1.446 N(1)-C(2)-N(6) 124.498 C(2)-N(1)-C(3) 110.999
C(3)-C(5) 1.324 S(4)-C(2)-N(6) 124.498 C(2)-N(1)-Ce(32) 124.499
C(3)-H(53) 1.122 N(1)-C(3)-C(5) 111.000 C(3)-N(1)-Ce(32) 124.500
S4)-C(5) 1.743 N(1)-C(3)-H(53) 124.498 N(1)-C(2)-S(4) 111.000
C(5)-H41) 1.122 C(5)-C(3)-H(53) 124.498 N(1)-C(2)-N(6) 124.498
N(6)-H(38) 1.028 C(2)-S#)-C(5) 88.089 S(4)-C(2)-N(6) 124.498
N(6)-H(39) 1.028 C(3)-C(5)-S(4) 117.591 N(1)-C(3)-C(5) 111.000
N(7)-C(8) 1.446 C(3)-C(5)-H(41) 125.039 N(1)-C(3)-H(53) 124.498
N(7)-C(9) 1.446 S(#)-C(5)-H(41) 117.368 C(5)-C(3)-H(53) 124.498
N(7)-Ce(32) 2.326 C(2)-N(6)-H(38) 120.000
C(8)-S(10) 1.790 C(2)-N(6)-H(39) 119.999
H(38)-N(6)-H(39) 119.999
C(8)-N(7)-C(9) 110.999
C(8)-N(7)-Ce(32) 124.499

values support the trend of bioactivity. The frontier molec-
ular orbitals (HOMO and LUMO) surfaces of prepared
ligand (L) and its complexes showed in Fig. 4. The FMO

Fig.4 Molecular orbitals and
energies for the HOMO and
LUMO of azo dye ligand and its
complexes

energies HOMO, LUMO and energy gap (AE) are calculated
as—1.771,—2.362 and —0.591 eV for (L), —2.488,—-4.369
and — 1.881 eV for Cu(Il) complex. —4.716,—9.429
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Fig.5 XRD patterns of metal complexes la-1c

and — 4.668 eV for Co(Il) complex and —4.522,—7.187
and —2.635 eV for Ni(Il) complex respectively. It may be
concluded that the energy gap (AE) of ligand is found to
be lower than the energy gap of metal complexes that sug-
gest high chemical reactivity of ligand than the ligand than
the complexes and hence highest stability for the complexes
[50, 51].

6.4 Powder X-ray Diffraction Study

The newly synthesized metal complexes were stud-
ied for their crystalline nature by powder X-ray diffrac-
tion spectroscopy. The metal chelates are not soluble in
common organic solvents, thus single crystal study not
achieved and presented in Fig. 5. The powder XRD analy-
sis of the hybrids was obtained in the 2-90 (20) range and
at wavelength 1.54 A. The inter-planar spacing was evalu-
ated by well known Bragg’s Equation 2d sin@ =n A. The

@ Springer

calculated inter-planar spacing together with the relative
intensities with most intense peak is recorded and depicted
in Tables 7, 8 and 9. From all the highly intense peaks,
unit cell parameters were calculated for all the complexes
and h? 4 k? +1? were also determined. In all the complexes
the calculated values of h> +k?+1%, showed the absence
of forbidden numbers (7, 15, 23, 71 etc.), which suggests
that metal complexes have cubic symmetry. The calculated
lattice parameter for the Cu(Il), Co(II) and Ni(II) com-
plexes were found to be a=b=c=6.534, 7.944 and 8.141
respectively.

7 Biological Activities
7.1 DNA Interaction Studies

The DNA binding studies of the metal complexes 1a to
1c were examined by electronic absorption spectroscopy
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Fig.6 UV absorption spectra of of metal complexes 1la [Cu(L,)] »
2H,0], 1b [Co(L,)2H,0] and 1c¢ [Ni(L,)], 5% DMSO/5 mM
Tris—HC1/50 mM NaCl buffer at pH 7.2 upon addition of DNA.
DNA =0-50 pM and complex =10 pM. The figure in inset shows the
linear fit of [DNA]/(ea — ef) versus [DNA]

through the variations observed in the absorbance and shift
in the wavelength. The changes in absorption spectra of
metal complexes (10 pM) were recorded in the absence and
presence of CT-DNA and the changes observed in the spec-
tra are shown in Fig. 6. In general, significant hypochromism
with red shift/bathochromic shift is due to the strong stack-
ing m—x interaction between the aromatic chromophore of
metal complexes and DNA base pairs. The extent of the
hypochromism depends upon strength of intercalative
binding [52]. In the presence of CT-DNA, upon gradually
increasing the concentration the absorption bands of com-
plexes displayed significant hypochromic effect together
with moderate bathochromic and hypsochromic shift was
observed 1-2 nm and exhibited hypochromism of around
be 20—33%. These results indicate that the metal complex
bound with DNA via an intercalation mode of the double
helix DNA. When compounds bind into the DNA base pairs,
the 7* orbital of the intercalators coupled with & orbitals of
the DNA base pairs and then leads to decreasing in n—n*
transition energies and hence hypochromism observed in all
the complexes [52, 53].

To further illustrate the binding strength of metal com-
plexes with DNA, the intrinsic binding constant (K,) was
determined using the Eq. (1). The K, values are found to be
1.98%x10°M™, 2.64x 10° M~" and 2.86 x 10° M~ for com-
plexes 1a, 1b and 1c¢ respectively. From the above results
reveal that the nickel complex is strongly bind to DNA than
the remaining copper and cobalt complexes.

7.2 Fluorescence Quenching Measurements

The fluorescence experiments were performed in order to
further support the mode of interaction of the metal com-
plexes with DNA by displacement of ethidium bromide
(EB). EB is a sensitive fluorescence probe for DNA struc-
ture detection, its fluorescence intensity is increased in the
presence of DNA due to strong intercalation between the
DNA base pairs. Upon successive addition of metal complex
to EB-DNA aduct, the fluorescence intensity is decreases
with increase in the concentration of metal complexes.
This is owing to their complex competitive binding to EB-
bound DNA [54, 55], as displayed in Fig. 7. The EB-bound
DNA showed emission band between 310 and 390 nm

1a
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c
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Fig.7 Fluorescence emission spectra EB-DNA system in the »
absence and presence of metal complexes la [Cu(L,)] 2H,0],
1b [Co(L,)2H,0] and 1c¢ [Ni(L,], [EB]=12.5 pM and [Com-
plex]=0-60 puM, respectively; Aex =280 nm.. Arrow shows the emis-
sion intensities upon increasing DNA concentration

upon excitation at 270 nm. Quantitatively, the fluorescence
quenching constants (Kgy) of the complexes have been
caluclated using the Stern—Volmer equation and the values
are 2.45x10* M™" (1a), 1.73x 10* M~" (1b) and 2.87 x 10°
M~! (1c). The results reveal that there are strong interac-
tions between DNA and metal complexes, the fluorescence
quenching may be due to the complexes interacting with
DNA through an intercalative mode. Moreover, the binding
strength of Ni(IT) complexes is higher than the Cu(II) and
Co(II) complexes and consistent with the results obtained
from absorption titration.

7.3 DNA Cleavage Activity

The Gel electrophoresis is experiment is used to observe
the cleaving reaction of plasmid DNA by small molecules.
The DNA cleavage capacity of metal complexes with super
coiled pPBR322 plasmid DNA was performed by using aga-
rose gel electrophoretic technique. When circular plasmid
DNA subjected to electrophoresis, the fastest migration
will be observed for the intact supercoil form (Form I). If
scission occurs on one strand, the supercoils will relax to
produce a shorter moving is circular form (Form II). If both
strands are cleaved, linear form (Form III) will be generated
and migrates in between. The cleavage patterns of synthe-
sised Cu(Il), Ni(II) and Co(II) metal complexes are shown
in Fig. 8. Lane 1 applies to unrefined pPBR322 DNA (control
DNA), which was found to be mixture of supercoiled form
land nicked form II, lane 3(1a) lane 4 (1b) and lane 5 (1¢).
Metal complex 1a—1c can induce the apperent cleavage of
the supercoiled DNA at the concentration of 40 uM and
80 pM. At the concentration of 40 pM metal complex can
promote 90% conversion of super coiled DNA (Form I) into
nicked form (Form II) DNA. However, on increasing the
concentration at 80 pM, the Supercoiled (Form I) of DNA
gradually converted into Nicked Circular (Form II) of DNA
and then to Linear (Form III) of DNA. It was noticed that, at
lower concentration the cleavage capacity of metal complex
is more effective when compared to higher concentration.
Therefore, all the metal complexes cleave DNA in absence
of external agent and offer the proof for intercalation mode
of binding between the metal complex and DNA. Thus, we
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Table7 Powder X-rayspectral — pep 79 @ sin  sin®®  1000sin’® h +k’+1> hkl D ain A
data of Cu(II) complex
Obs calc
1 11.18 5.59 0.0974 0.0094 9.48 1(1) 100 7.908 7911 6.534
2 12.40 6.20 0.1079 0.0116 11.61 1.224 (1) 100 7.139 7.141 6534
3 14.82 741 0.1289 0.0166 16.32 1.72 (2) 110 5975 5977 6.532
4 16.32 8.162  0.1419 0.0201 21.15 2.231(2) 110 5428 5430 6.534
5 19.04 9.502  0.1653 0.0273 27.35 2.88 (3) 111 4660 4.662 6534
6 22.37 11.18 0.1938  0.037 37.59 3.965 (4) 200 3.997 3.999 6.535
7 2790 13.95 0.241 0.0581 58.11 6.129 (6) 211 3.196 3.200 6.535
8 3330 16.65 0.2866 0.0820 82.09 9.2921 300 2.687 2689 6.534
9 3545 17.725 0.3044 0.092  92.68 9.7763 310 2530 2532 6.534
Table8 Powder X-ray spectral  pep 29 @ sind  sin?0  1000sin®  h*+k2+1> hkl D ain A
data of Co(II) complex
obs calc
1 11.31 6.795 0.1183 0.0139 13.9 1(1) 100 6511 6.512 7.944
2 1441 7.205 0.1254 0.0157 15.72 1.130 (1) 100 6.142 6.081 7.942
3 15.76  7.881 0.1370  0.0187 18.79 1.351 (1) 100 5.622 5.723 7.942
4 23.05 11.525 0.1997 0.0399 3991 2.871 (3) 111 3875 3879 7944
5 2521 12.605 0.2182 0.0476 47.62 3.42 (3) 111 3530 3.533 7.941
6 26.82 1341 0.2319 0.0537 53.78 3.869 (4) 200 3321 3326 7.943
7 28.02 14.01 0.2420 0.0586 58.60 421 4) 200 3.180 3.184 7.944
Table9 Powder X-rayspectral — pep 79 @ sin  sin®  1000sin’® h +k>+1> hkl D ain A
data of Ni(II) complex
Obs calc
1 10.87 5435 0.0947  0.008 8.971 1(1) 100 8.134 8.136 8.141
2 1452 7.26 0.126  0.0159 15.96 1.779 (2) 110 6.113 6.115 8.141
3 17.49 8.745 0.1520 0.0231 23.11 2.576 (3) 111 5067 5070 8.142
4 21.07 10.535 0.1823 0.0334 33.42 3.725 (4) 200 4225 4225 8.141
5 2735 13.675 0.2363 0.0558 55.85 6.225 (6) 211 3781 3.783 8.141
Lane 1 2 3 4 Lane
II NC
IINC
IILC
ISE
ISC

Fig.8 Agarose gel electrophoresis pattern of supercoiled pBR322 DNA (0.3 pg) at 37 °C in 5 mM Tris HCl/5 mM NaCl buffer by the metal

complexes, Lane 1: DNA control (pBR322), lane 2: DNA + 1a complex, lane 3: DNA 4+ 1b complex, lane 4: DNA 4+ 1c¢ complex
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Fig.9 In vitro antibacterial activity of ligand (L) and its complexes (1la—1c) against Bacillus subtilis (gram positive bacteria) and E-coli (gram

negative bacteria)

Fig. 10 DPPH scavenging activ-
ity of azo dye ligand (L) and its

metal complexes

Table 10 Results of antimicrobial activity of azo dye ligand and its

complexes
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Table 11 In-vitro antifungal activity of ligand and its complexes

Sample code  A. flavus % inhibition Candida albicans %

Sample code  E. coli

Bacillus subtilis

inhibition

50 ug/mL 100 pg/mL 50 yg/mL 100 pg/mL

25mg/mL  50mg/mL 25 mg/mL 50 mg/mL
L 22 55 15 58
L 1.5+0.6 1.8+0.8 1.6+0.3 2.0+0.5 la - 52 27 67
la 1.2+0.2 1.7+0.5 22+0.2 24+0.1 b 41 69 52 74
1b 1.1+£0.2 22+03 2.1+0.1 25+04 lc 35 55 28 61
Ic 1.8+0.1 1.5+0.2 1.4+0.2 1.7+£0.2 Fluconozole 45 75 37 75
Ciproflaxin 2.0+02 24+0.2 23+0.3 2.8+0.3

Values are represented as the mean+SEM

Values are significant for the standard at 0.005 level of significance
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Values are represented as the mean + SEM

Values are significant for the standard at 0.005 level of significance
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Fig. 11 Molecular docked
model of metal complexes
(1a-1c¢) into active sites of
GIcN-6-P synthase

NICKEL (11

COPPER (I1)

CIPROFLOXACIN

Table 12 DPPH free radical scavenging activity of azo dye ligand (L)

and its complexes (1la—1c)

Compounds DPPH radical scavenging activity (%) of
different concentrations of compounds

50 (ug/mL) 100 (pg/mL) 200 (pg/mL)

L 69.2 73.1
la 93.9 96.1
1b 85 87.1
lc 92.1 93.6
Standard (ascorbic acid) 93.1 95.2

8.7
89.2
90.1
93.5
97.1

can conclude that the metal complexes inhibit the growth of
pathogenic microorganism by cleaving the genome [56, 57].

7.4 Antimicrobial Activity

The antimicrobial activity of the synthesized azo dye ligand
(L) and their metal complexes were carried out against
Gram-positive bacteria (Bacillus subtilis) and Gram-neg-
ative bacteria (Escherichia coli) and two fungal strains
(Aspergillus fumigatus and Candida Albicans) by agar well
diffusion technique using Ciprofloxacin and Fluconozole as
standard drug. The diameter of zone of inhibition (mm) is

Table 13 Molecular docking scores of the prepared metal complexes and standard drug against GlcN-6-P synthase

Ligand AFFINIY H-bonds H-bond  H-bond with Hydrophoc interactios
(kcal/mol) length(A)
Co-complex (1b) -7.3 4 2.92 2XCT:Gly1082::1:01  Glu435,Lys460, Asp510,Asp512Arg1033,Pro1080, Ser1084,
3.07 2XCT:Gly1082::1:06 ~ Phell23
3.20 2XCT:Ser1085::1:C2
322 2XCT:His1081::1:05
3.10 2XCT:Ser1085::2:01
3.25 2XCT:Glu435::2:0E2
Cu-complex (1a) —-7.2 3 2.87 2XCT:Asp437::2:03  Gly436, Serd38, Ala439, Gly459, Lys460, Asp508,
Asp510, Asp512, 1le516, Gly584, Pro1080, His1081,
Glyl1082Arg1122
Ni-complex (1c) — 6.6 1 3.03 2XCT:Ser1084::3:03  Glu435, Gly436, Ser438, Ala439, Pro1080, His1081, Gly1082,
Ser1085, Argl122, phel123
Ciprofloxacin -7.1 2 2.88 2XCT:Asp437::4:0Q  Gly436, Argd58, Asp510, Gly582, Phel123
2.98 2XCT:Gly459::4:0P
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shown in Table 10 and Fig. 9. From the data, it is observed
that all the isolated metal cheated exhibited significantly
enhanced antibacterial activity against selected bacterial
strains compared to the free ligand. Among all the metal
complexes, the complexes 1a and 1b showed grater activity
against both the bacteria. Upon chelation, the enhanced bac-
terial activity of metal complex than the free ligand is due
the decrease in polar character of metal ion due to overlap-
ping of the ligand orbitals with the partial sharing of positive
charge of the metal ion with the donor atoms and delocaliza-
tion of electrons over the chelating ring. Thus, enhancing the
lipophilic feature of the complex can easily penetrate into
the bacterial cell membrane by blocking the metal binding
site inside the enzyme of microorganism [58].

Moreover, the efficiency of the prepared compounds
against the fungal strains indicates that ligand and its metal
complexes had fungal activity and results are tabulated in
Table 11. Complex 1b has showed higher antifungal activity
compared to free ligand and complexes. The reason for such
results can be explained through Tweedy’s chelation theory
and is same as discussed in the antibacterial study [59].

7.5 Antioxidant Activity

The antioxidant activity of the azo dye ligand (L) and its
complexes (la—1c¢) were carried out by using (2,2-diphe-
nyl-1-picrylhydrazyl) DPPH assay, which is a rapid,
simple, precise and low-cost technique to spectrophoto-
metrically establish the antioxidant activity [60, 61]. The
inhibitory effects of the synthesized compounds on OH
radicals are shown in Fig. 10 and Table 12. The inhibitory
effect of the prepared compounds against the DPPH radi-
cal are observed with an increasing dose-dependent man-
ner, and suppression ratio for OH increases with increas-
ing sample concentration. All the isolated compounds are
showed marked antioxidant activity by scavenging DPPH,
but lower when compared to ascorbic acid (vitamin C)
as standard. Among 1a and 1c¢ complexes exhibited good
scavenging efficiency, whereas the complex 1b and ligand
(L) showed moderate activity.

7.6 Molecular Docking Studies

Molecular docking is a great method for knowing the
interaction between studied complexes and a biological
target which is important clinical treatment and nucleic
acid molecular recognition [62]. In order to understand the
mechanism of drug action. The in silico active pocket pre-
diction of glucose-amine-6-phosphate synthase engaged
in binding with the prepared complexes and ciprofloxacin
[63]. The docking studies showed a feasible interaction
between the investigated complexes and the receptor. All
the synthesized metal complexes showed well established

@ Springer

hydrophobic interactions to amino acids such as Gly436,
Ser438, Ala439, Gly459, Lys460, Asp508, Asp510,
Asp512, 1le516, Gly584, Pro1080, His1081, Gly1082 and
Argl122 in the target enzyme active pockets (Fig. 11).
The resulting relative binding affinity of the investigated
complexes was achieved in the range of — 6.6 kcal/mol to
7.3 kcal/mol, respectively. From the result it is evident that
Ni(IT) complex showed more —ve relative binding energy
in comparison with remaining docked complexes that indi-
cating it may be considered as a good inhibitor glucose-
amine-6-phosphate synthase. The obtained data is in good
agreement with the results and summarized in Table 13.

8 Conclusion

In this study, synthesis of novel azo dye ligand (L) and its
metal complexes with Cu(Il), Co(II) and Ni(II) ions were
prepared and characterized by conventional spectroscopic
and analytical techniques. The synthetic procedure in this
work revealed the formation of complex in 1:2 metal to
ligand molar ratio. The molar conductance data suggested
that these complexes were non-electrolytes. Based on the
results of UV—Vis and magnetic susceptibility data indicate
square planar geometry was deduced for Cu(Il) and Ni(II)
complexes and octahedral geometry of Co(II) complex. The
covalent nature of the copper complex was confirmed by
EPR study. The thermal properties of metal complexes are
investigated by TGA, result showed high thermal stabil-
ity and suggested molecular formulae of the complex. The
molecular structure of azo dye ligand and its complexes
were determined by theoretical method (DFT at B3LYP
level) and calculated some important parameter viz. geo-
metrical optimization, frontier molecular orbitals and
molecular electrostatic potential by same basis set. The
binding strength of synthesized metal complexes ascer-
tained with calf thymus DNA, using electronic absorp-
tion titrations and fluorescence spectroscopy. The results
reveal that complexes bound with CT DNA through inter-
calation. The prepared complexes have efficiently cleaved
supercoiled DNA in the absence of external reagent. All
the complexes displayed significant antioxidant activity
compared to free ligand. Amid the investigated complexes,
Ni(IT) complex showed promising antioxidant activity. The
free ligand and their complexes were tested against Gram-
negative bacteria, Gram-positive bacteria and two strains
of fungi, in comparison with the ligand all the complexes
showed enhanced activity and can be used as a potent anti-
microbial agent against selective pathogens. Furthermore,
in silico docking studies have also indicated that the Ni(I)
complex showed more —ve relative binding energy and have
strong binding affinity with target receptor GIcN-6-P syn-
thase and act as good inhibitor.
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