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Abstract: Complexes of nickel(II), cobalt(Il), copper(II), zinc(II), and manganese(ll) are derived from
the ligand, (N-(3-methoxyphenyl)-2-[(2E)-3-phenylprop-2-enoyl]hydrazinecarboxamide [MPH] and
structurally characterized by various physicochemical and spectral tools such as FTIR, UV-Visible, 'H
NMR, LC-Mass, P-XRD and TGA-DTC. These studies showed that the ligand coordinated to the 3d metal
ions in bidentate manner. X-ray diffraction studies indicates that the Ni(II), Cu(II) and Zn(II) complexes
are crystalline in nature. Degradation mechanisms, thermodynamic and kinetic parameters of the

synthesized metal complexes have been evaluated. The prepared ligand and complexes were evaluated
for in-vitro antioxidant DPPH assay, in which metal complexes showed excellent activity. The molecular
docking analysis by using human antioxidant enzyme DTT (PDB: 3MNG) have also been evaluated. The
ligand and their metal complexes were screened for their antimicrobial activities against different
pathogenic bacterial and fungal species.
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INTRODUCTION show variable bio-potential activities like
antibacterial, antifungal, antiarthritic,

Semicarbazide and its derivatives are reported antimalarial, antitumor, antiviral, and anti-HIV

to be pharmacologically and physiologically
active and find various applications in the
treatment of several diseases (1-2). These are
biologically active and are nontoxic due to the
presence of ureido unit (-NH-CO-NH-NH-),
which acts as pseudodipeptide motif. The
derivatives of semicarbazone are an important
class of ligand containing nitrogen and oxygen
as donor atoms. The chemistry of the transition
metal complexes of semicarbazone became
largely appealing because of their extensive
profile of medicinal and pharmacological activity
that provides a variety of compounds with
diverse applications (3-5). The semicarbazone
derivatives and their transition metal complexes

agents and they have been well documented in
the literature (6-7). The above important
applications of semicarbazone derivatives and
their 3d metal complexes in various fields
prompted us to synthesize some derivatives of
semicarbazone and their complexes to enhance
their activities and test against mycobacterium
tuberculosis (8-9. Now we report the synthesis,
characterization, and biological activities of
transition metal complexes containing amide-
appended (2E)-3-phenylprop-2-enehydrazide
and 1-isocyanato-3-methoxybenzene. This
ligand system coordinates with the metal ion in
a bidentate manner through the carbonyl oxygen
and azomethine nitrogen (10). The aim of the
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present work deals specifically the coordination
properties of (N-(3-methoxyphenyl)-2-[(2E)-3-
phenylprop-2-enoyl]hydrazinecarboxamide

concerning its interactions with Ni(II), Co(II),
Cu(Il), Zn(II) and Mn(II) complexes, spectral
characterization and thermal decomposition
studies serve as important tools for the
interpretation of structures of molecules and
also biological and analytical importance.
molecular docking study have been performed to
investigate the interaction and binding energies
of the complexes with protein enzyme by using
HEX 8.2 for antioxidant activity, the compounds
were also performed to investigate against the
growth of in-vitro bacteria and pathogenic fungi.

MATERIALS AND METHODS

The chemicals cinnamic acid, 1-isocyanato-3-
methoxybenzene, hydrazine hydrate, and
methanol were purchased from Sigma Aldrich,
Laboratory chemicals, Bangalore, Karnataka,
India. Nickel(II) chloride hexahydrate, cobalt(II)
chloride  hexahydrate, copper(ll) chloride
hexahydrate, anhydrous zinc(II) chloride and
manganese(Il) chloride were purchased from
Merck. The metal chlorides were used in their
hydrated form. The solvents were distilled and
dried by standard method.
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Synthesis of N-(3-methoxyphenyl)-2-[(2E)-
3-phenylprop-2-enoyl]
hydrazinecarboxamide (MPH)

A mixture of cinnamic acid (2.96 g, 0.02 mol)
and 5 drops of conc. H,SO4 in 30 mL of dry
methanol was refluxed for 8 hours. The solvent
was evaporated under reduced pressure. The
white solid methyl (2E)-3-phenylprop-2-enoate
formed was filtered and recrystallized from a
mixture of ethanol and acetone in the ratio 1:2.
The mixture of methyl (2E)-3-phenylprop-2-
enoate (3.24 g, 0.02 mol) and hydrazine
hydrate (1.10 g, 0.022 mol) in 20 mL of dry
methanol was refluxed for 6 hours and the
resulting mixture was evaporated under
vacuum. The white solid, (2E)-3-phenylprop-2-
enehydrazide formed was filtered off, washed
with water, dried and recrystallized from
dioxane. Then, the solution of (2E)-3-
phenylprop-2-enehydrazide (3.23 g, 0.02 mol),
1-isocyanato-3-methoxybenzene (2,98 g, 0.02
mol) and triethylamine (0.51 g, 0.005 mol) in 40
mL of dry methanol was added and refluxed for
about 10 hours. The reaction mixture was
poured into ice-cold water. The cream colored
solid of N-(3-methoxyphenyl)-2-[(2E)-3-
phenylprop-2-enoyllhydrazinecarboxamide
formed was filtered and recrystallized from
ethanol.

A °4+ Hgec—oH —m o
~
oH RF =z CHs
o

H3CO/©\NCO \j

0
60 C | NH,NH,H,0

TEA,RF 2,

Schemel: Synthesis of the ligand MPH.

Ci7H17N303: Yield: 78%; Color: Cream; M.p:
122-124 °C; Mol.wt: 311.33; Elemental
analyses: calculated and found (%): C: 65.58
(65.99), H: 5.50 (5.72), N: 13.50 (13.69), O:
15.42; IR (KBr, cm): 3182 (NH?), 3243 (NH!2),
3320 (NH13), 2943 (Ar-CH), 1709 (C=019), 1665
(C=0%%), 1014 (N-N), 1604 (Ar-OCHs), 1207
(CH16=CH'?). 'H NMR (DMSO-ds, 400 MHz):
Oppm 8.24 (s, 1H, NH?), 8.84 (s, 1H, NH!?),
9.99 (s,1H, NH®3), 7.16 (s, 1H, Ar-H?), 6.56,
7.25 (d, 2H,Ar-H46), 7.13 (t, 1H,Ar-H%), 3.71 (s,
3H, OCH3), 7.62, 7.61 (d, 2H, Ar-H!%:23), 7.39-
7.45 (t, 3H, Ar-H20.21,22)- Mass of the ligand M+1
at m/z: 312.00.

Synthesis of the metal complexes
A solution of nickel(II) chloride hexahydrate
(0.950 g, 0.004 mol), cobalt(II) chloride

hexahydrate (0.951 g, 0.004 mol), copper(II)
chloride dihydrate (0.697 g, 0.004 mol), zinc(II)
chloride (0.545 g, 0.004 mol) and
manganese(Il)chloride tetrahydrate (0.692 g,
0.004 mol) in 20 mL of ethanol was added one
each time to the solution of N-(3-
methoxyphenyl)-2-[(2E)-3-phenylprop-2-
enoyllhydrazinecarboxamide (1.245 g, 0.004
mol) in 20 mL of ethanol. The resulting reaction
mixture was refluxed for about 10 hours. The
solid product was collected by filtration and
washed with 4-5 mL of hot water and dried
under vacuum over anhydrous calcium chloride
in desiccator.

(i) [Ni(MPH)2CI2]H20: C34H32CI2NgNiOs.H20:
Yield: 68%; Color: Dark brown; M.p: 280-282
°C; Mol. wt: 768.25; Elemental analyses:
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calculated and found (%): C: 54.43 (54.64), H:
4.30 (4.80), N: 11.20 (11.48); IR (KBr, cm):
3441 (H,0), 3168 (NH%), 3056 (NH!2), 1592
(C=019), 1504 (C=0%%), 1218 (N-N), 1504 (A-
OCHs), 1218 (CH=CH), 448 (M-0), 422 (M-N);
Molar conductance: 15.72 ohm™! cm?2 mol-i.

(ii) [CO(MPH)zClz]: C34H32C|2CON50(,: Yield:
62%; Color: Gray; M.p: 253-254 °C; Mol.wt:
750.49; Elemental analyses: calculated and
found (%): C: 54.41 (54.61), H: 4.30 (4.44), N:
11.20 (11.32); IR (KBr, cm™): 3159 (N°H), 3084
(NH12), 1605 (C=019), 1506 (C=014), 1221 (N-
N), 1508 (Ar-OCHs), 1221 (CH=CH), 456 (M-0),
424 (M-N); Molar conductance: 14.92 ohm- cm?
mol-L,

(iii) [Cu(MPH)>CI]CI.H>0:
C34H32ClI,CuNeO6.H20: Yield: 74%; Color: Dark
green; M.p :290-292 °C; Mol.wt: 773.10;
Elemental analyses: calculated and found (%):
C: 54.08 (54.68), H: 4.27 (4.63), N: 11.13
(11.34); IR (KBr, cm™): 3445 (H;0), 3196
(NH®), 3056 (NH?), 1592 (C=019), 1504
(C=01%), 1219 (N-N), 1504 (Ar-OCHs), 1219
(CH=CH), 437 (M-0), 418 (M-N); Molar
conductance: 57.40 ohm™ cm? mol-t.

(iV) [Zn(MPH)2C|]C|.H2°: C34H32CI2N6062n:
Yield: 66%; Color: White; M.p: 269-272 °C;
Mol.wt: 756.97; Elemental analyses: calculated
and found (%): C: 53.95 (54.15), H: 4.26
(4.42), N: 11.10 (11.58); IR (KBr, cm™): 3228
(NH%), 3068 (NH2?), 1594 (C=019), 1542
(C=01%), 1218 (N-N), 1542 (A-OCHs3), 1218
(CH=CH), 456 (M-0), 427 (M-N); Molar
conductance: 54.92 ohm™! cm?2 mol-.

Scavenging ratio (%)

Where A, is the absorbance in the presence of
the test compound; Ao is absorbance of the
blank in the absence of the test compound and
Ac is the absorbance in the absence of the test
compound.

Molecular docking studies

Molecular modeling studies were performed by
using Hex 8.2 protein-ligand docking in PDB
formats. The parameters used for docking
include: correlation type-shape only, FFT mode
3D, grid dimension 0.6, receptor range 180,
ligand range 180, twist range 360, distance
range 40. The starting coordinates of the human
antioxidant enzyme in complexes with the
competitive inhibitor DTT (PDB: 3MNG) were
taken from the Protein Data Bank
(http://www.rcsb.org/pdb) (12-14). The ligand
was docked against the lead competitive
inhibitor ligand DTT at the crystal enzyme
structure of the target protein and the best
energy conformations of receptor ligand was
studied and the binding energy was calculated
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(v) [Mn(MPH)2CI]CI: C34H32Cl2MnNgQOs: Yield:
71%; Color: light orange; M.p: 281-283 °(C;
Mol.wt: 746.49; Elemental analyses: calculated
and found (%): C: 54.70 (55.10), H: 4.32
(4.72), N: 11.26 (11.48); IR (KBr, cm™): 3181
(NH®), 3018 (NH!2), 1598 (C=019), 1511
(C=0%), 1242 (N-N), 1541 (A-OCHs), 1249
(CH=CH), 458 (M-0), 416 (M-N); Molar
conductance: 58.62 ohm™! cm?2 mol-.

Biological studies

Antioxidant activity:

The free radical scavenging activity of the ligand
MPH and their complexes was measured in-vitro
by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay.
The stock solution was prepared by dissolving 24
mg of DPPH with 100 mL of methanol and stored
at 20 °C until required. The working solution was
obtained by diluting the DPPH solution with
methanol to attain an absorbance of about
0.98+0.02 at 517 nm using a
spectrophotometer. All the tested samples in
various concentrations (50, 75 and 100 pg/mL)
were prepared in methanol and the
homogeneous solutions were achieved by
stirring. An aliquot of test sample (1 mL) was
added to 4 mL of 0.004% (w/v) methanolic
solution of DPPH and then reaction mixture was
vortexed for 1 min and kept at room
temperature for 30 min in the dark to complete
the reaction. The absorbance was read against
blank at 517 nm. The synthetic antioxidant
butylated hydroxytoluene (BHT) was used as the
positive control (11). The ability of the tested
samples at tested concentration to scavenge
DPPH radicals was calculated using the equation
below.

= [(Ai=Ao) / (Ac—Ao)] X 100%

as the difference between the energy of the
MPH, metal complexes and the individual energy
of enzyme. In order to interrupt the binding
interactions modes of the MPH and metal
complexes with human antioxidant enzyme DTT
(PDB: 3MNG).

Physical measurements

Elemental analyses (C, H, N) were performed
with a Perkin—-Elmer 2400 series II analyzer.
Molar conductance values (103 mol/L) of the
complexes in DMSO at 28 °C were measured
using an EQUIP-TRONICS model-660A
instrument. Melting point of the synthesized
compounds was recorded by using apparatus
model code NAMPA/045. UV-Visible spectra were
measured in DMF/DMSO on an Ocean Optics
USB 4000USA spectrophotometer, using 1 cm
path length cuvette at room temperature.
Infrared spectra were recorded using FT-IR
8400s Shimadzu spectrometer with KBr pellets
in the range of 400-4000 cm™t. The NMR spectra
have been recorded as 400 MHz Varian-AS NMR
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spectrometer in DMSO-ds using
tetramethylsilane (TMS) as the internal
standard. Thermal measurements (TGA, DTA,
28-900 °C) were noted on a DTG-50 Shimadzu
thermo-gravimetric analyzer at a heating rate of
10 °C/min and nitrogen flow rate of 20 mL/min.
Magnetic susceptibilities were recorded with a
Sherwood scientific magnetic susceptibility
balance at 298 K. Mass spectra was recorded
using the instrument Code; SC/AD/10-014.

RESULTS AND DISCUSSION

The molar conductance of 0.1x102 mol/L
solution in DMF was recorded; the synthesized
3d series metal complexes have been confirmed
by physico-chemical techniques. The synthesized
complexes such as [Ni(LMPH)Cl>]1H20,
[Co(LMPH).ClI], [Cu(MPH),CI]CI.H20,
[Zn(MPH),CI]CI.H,O and [Mn(MPH)CI]CI are
quite stable in air and soluble in some organic
solvents such as DMF and DMSO. The elemental
analyses and molar conductivity values were in
premising agreement with the suggested
structure. The molar conductivity of
[Ni(LMPH),CI>]H,0 and [Co(MPH),Cl,] complexes
were 15.72 and 14.92 ohm™ cm? mol! due to
non electrolytic nature. Also, the molar
conductances of [Cu(MPH),CI]CI.H0,
[Zn(MPH),CI]CI.H,O0 and [Mn(MPH).CI]CI were
57.40, 54.92 and 58.62 ohm' cm? mol?
respectively due to uni-uni valent electrolytic
state.

1H NMR and Mass studies:

The proton NMR spectrum of ligand MPH showed
at 8.24, 8.84 and 9.99 ppm (s, 3H, NH? 12/ 13)
are assigned to NH protons of derivative of the
semicarbazone group. The aromatic hydrogen
resonance observed at 7.16 ppm (s, 1H, Ar-H2),
6.56, 7.25 ppm (d, 2H, Ar-H* 6), 7.13 ppm (t,
1H, Ar-H>), 3.71 ppm (s, 3H, OCHs). In addition,
the doublets and triplets around 7.62, 7.61 ppm
(d, 2H, Ar-H®: 23) and 7.39-7.45 ppm (t, 3H, Ar-
H20, 21, 22) are due to aromatic ring protons were
represented in Supplementary file S1. The mass
spectrum confirms the formula of MPH by giving
molecular ion peak (M*) corresponding to their
molecular weight shown in Supplementary file
S2.

FT-IR Spectral studies:

Infrared spectrum of the ligand and their metal
complexes were taken as KBr pellets. The strong
bands appeared at 3182 (NH®), 3243 (NH!2) and
3320 (NH!3) cm! assignable to v(NH) of the
derivative of semicarbazone group. One band
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disappeared out of three in the IR spectra of
metal complexes like [Ni(MPH),CI>]H20,
[Co(MPH)Cl:] [Cu(MPH),CI]CI.H0,
[Zn(MPH),CI]CI.H,O and [Mn(MPH),CI]Cl which
showed the deprotonation of the NH group (12-
13). The strong band observed at 1604 cm!
range in the uncoordinated ligand have been
assigned to v(N-N) stretching vibrations. On
complexation, these bands were observed at
1488-1542 cm?' to lower intensity, thus
representing the coordination of =N-N= nitrogen
to metal ion and appearance of a new bands
indicated -N=N- bond formation (14). A sharp
bands observed at 1709, 1665 cm™! in derivative
of semicarbazone mainly due to v(C=0)
stretching frequency, a split band is an indicative
of cis arrangement of both C=0 groups. These
bands are shifted to lower frequency side at
1605-1542 cm™ which indicates that carbonyl
oxygen involves in the coordination with metal
ion (15). In the spectra of complexes, the
appearance new bands in the region at 437-458
cm? and 416-427 cm! showed stretching
vibrations of (M-N) and (M-0) respectively.

Electronic absorption spectra and magnetic
moment:

Electronic spectrum of gray colored cobalt(II)
complex showed three strong bands at 14,598,
16,393 and 16,949 cm?! due to the
Tig(F)—>T2g(F)(v1),  *Tig(F)—*Azg(F)(v2) and
T1g(F)—*T1g (P)(v3) transitions, respectively
(16). The observed magnetic moment values
3.92 B.M, also support the complex to have
octahedral geometry (17). The spectrum of dark
brown colored nickel(II) complex showed bands
at 14,705, 16,000 and 16,949 cm! respectively.
These bands can be attributed to the transitions
3Axg(F)— 3T2g (F)(Vi1), 3A2g(F)—3Tig(F)(v2) and
3A29(F)—3T14(P)(v3) respectively. Three bands
exhibited by nickel complex with magnetic
moment 2.86 B.M may be due to octahedral
geometry. Copper(II) complex showed strong
bands at 14,492 and 16,393 cm~!, which can be
assigned to the transitions 2Bi1g—2A1g(dx%-
y2—d2(v1) and 2Big—2Eg(dx®y2—dxyyz(v1). The
two bands of dark green colored copper(II)
complex showed the magnetic moment value
1.76 B.M evidence for square pyramidal. The
manganese(II) complex exhibits a band with
weak intensity at 10,309 cmand its magnetic
moment value 5.95 BM, which can be attributed
to ®A;g—*Tig transition in a square pyramidal
environment (18). The electronic spectra of the
ligand and complexes are presented in Figure 1.
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Figure 1: Electronic spectra of ligand and Ni(MPH),CI>]H>0, [Co(MPH).Cl>] and [Cu(MPH),CI]CI.H;0.

Powder XRD analysis:

Diffraction patterns of Ni(II), Co(II), Cu(II),
Zn(II) and Mn(II) complexes have been carried
out and recorded at 26 = 10-80°, among them
[Ni(MPH)2CI2]H20, [Cu(MPH),CIICI.H,O  and

[Zn(MPH),CI]Cl.H,O complexes exhibited sharp
peaks showed crystalline nature. The values of
relative intensities, d, 260 and sin26 values of
both observed and calculated are given in Tables
1 and 2.

Table 1. Diffraction pattern of [Cu(L),CI]CI.H,0

Peak 26 ;) Sin@ Intensity d (R) FWHM
No (deg) (deg) (cps deg) Calcd.  Obs. (deg)
1 15.387 7.693 0.133 359.22 5.752 5.753 0.404
2 18.325 9.162 0.159 425.15 4.836 4.837 0.700
3 21.313 10.656 0.184 344.98 4.164 4.165 1.094
4 22.722 11.361 0.196 329.52 3.969 3.910 0.372
5 23.852 11.926 0.206 58.24 3.726 3.727 0.238
6 24.578 12.289 0.212 195.85 3.617 3.618 0.387
7 25.492 12.746 0.220 366.35 3.490 3.491 0.443
8 26.481 13.740 0.229 470.42 3.362 3.363 0.398
9 27.982 13.991 0.241 51.44 3.185 3.185 0.368
10 28.888 14.444 0.249 62.88 3.092 3.088 0.538
Table 2. Diffraction pattern of [Zn(L),CI]CI.H,0
Peak 20 ;) Intensity d (R) FWHM
No (deg) (deg) Sin® (cps deg) Calcd. (deg)
Obs.

1 16.362 8.184 0.142 14434 5.411 5.413 0.561

2 20.268 10.134 0.176 10109.91 4.372 4.377 9.877

3 22468 11.234 0.194 319.17 3.952 3.953 0.642

4 23,587 11.793 0.204 408.83 3.768 3.768 0.614

5 26.248 13.124 0.227 878.89 3.315 3.392 0.719

6 27.556 13.778 0.238 126.11 3.233 3.234 0.522

7 30.301 15.150 0.261 119.93 2.946 2.947 0.920

8 46.964 23.484 0.398 245.77 1.932 1.933 6.230

The diffraction patterns were further analyzed by
using Debye Scherrer equation D KA/BCosB
Where D size of the particle, K
dimensionless shape factor, A = wavelength of
the X-ray (1.5406 R), B full width half
maximum x 3.13/180, 6 Bragg’s diffraction
angle, the metal complexes [Ni(MPH).Cl>]H>0,
[Cu(MPH),CI]CI.H,O and [Zn(MPH).CI]CI.H.O
complexes are showing the nano-crystallinity
size of 2.445, 11.225 and 20.275 nm
respectively, while the other complexes
exhibited amorphousness in nature (19). The

unit cell dimension can be calculated by using
equation a 2rv2 for Cu(Il) and Zn(II)
complexes. Where r is the atomic radius of
corresponding metals. For copper: a 4.101R
and zinc: a = 3.931A.

Thermo gravimetric
complexes:

The thermogravimetric analysis was carried out
in the temperature range 30-850 °C. Metal
complexes of [Ni(MPH),CI>]H20,
[Cu(MPH),CI]CI.LH,O and [Zn(MPH).CI]CI.H,0O

analysis of metal
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showed mass loss of calculated: 2.34, 2.32 and
2.31% (found: 2.44, 2.48 and 2.58%) in the
temperature range 99-170 °C, 90-160 °C and
99-180 °C, showed the dissociation of water
molecules. The second stage of mass loss
involves in the temperature range 180-240 °C,
170-220 °C and 180-240 °C, mass loss 9.24,
9.18 and 9.11% (9.11, 10.01 and 9.24%)
assigned to dissociation of two chlorine atoms,
the next stage involves the dissociation in the
temperature range 260-380 °C, 220-310 °C and
240-380 °C respectively, with weight loss 27.62,
27.45 and 27.24% (2.44, 2.48 and 2.58%)
which corresponds to the decomposition of
methoxy benzene moiety (20-21). The fourth
step at 380-600 °C, 310-580 °C and 380-630
°C respectively, with weight loss 51.07, 50.75
and 51.71% (50.01, 49.08 and 51.88%) the
removal of phenyl group moiety and the metal
residue of NiO, CuO and ZnO with weight loss of
9.72, 10.28 and 9.10% (10.06, 10.30 and
9.18%) from 610-850 °C. Also, the TGA curves
of the [Co(MPH).Cl;] and [Mn(MPH)CI]CI
showed three stages of degradation. The first
stage from 180-240 °C and 180-230 °C with
weight loss 9.46 and 9.51% (10.11 and
10.12%) was attributed to the loss of equivalent
mass of two chlorine atoms, the second step
with weight loss 28.28 and 28.39% (29.01 and
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28.76%) from 220-305 °C and 240-330 °C
corresponded to the removal of methoxy
benzene moiety. In the third stage from 310-
600 °C and 330-600 °C with weight loss 52.36
and 52.10% (51.66 and 50.88%) which involves
in the removal of phenyl group moiety. The
mass of the final residue, weight loss of 9.91
and 9.96% (10.22, and 10.17%) occur from
620-800 °C as stable metal residue of CoO and
MnO. Degradation mechanism and kinetic and
thermodynamic parameters of the synthesized
complexes has been evaluated by Broido’s
graphical method for straight-line decomposition
portion of the thermodynamic analytical curve
(22). Energy of activation (Es) were calculated
by the slope of In(In1/y) versus 1/T X 10-3. The
thermodynamic properties like change in
enthalpy (AH), entropy change (AS), free energy
change (AG) and frequency factor (InA) are
calculated using the standard equations by
employing Broido’s relation: -In[In(1/y)] =
E./RT4-InA-In(8.314/T4) where y is the fraction
of the complex undecomposed, T4 is the
decomposition temperature, R is the gas
constant and E; is the activation energy in
kJ/mol. The nature of decomposition curve for
metal complexes are represented in Figure 2.
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Figure 2: TGA curves of metal complexes.

The major weight loss for all the complexes was
found in the temperature range 222.03-294.60
°C. The activation energies of zinc(II) complex
(14.381 kJ/mol) and cobalt(II) complex (8.196
kl/mol) were found to be very high, which
accounts for their rapid degradation compared to
nickel(II) complex (6.345 ki/mol),
manganese(II) complex (6.343 kJ/mol) and
copper(Il) complex (5.623 kJ/mol) that exhibit
higher thermal stability was in the order of Zn >
Mn > Co > Ni > Cu. The negative values of AS
indicated that the decomposition reactions are
slower than normal. The positive sign of AG
values for the investigated complexes indicated
that the free energy of the final residue was

higher than that of the initial compound and all
the decomposition stages are non-isothermal
processes. The major weight losses for all the
complexes were found in the temperature range
222.03-294.60 °C. The activation energies of
Zn(II) (14.381 kJ/mol) and Co(II)(8.196 ki/mol)
were found to be very high, which accounts for
their rapid degradation compared to Ni(II)
(6.345 kJ/mol), Mn(II) (6.343 kJ/mol) and
Cu(Il) (5.623 kJ/mol) that exhibit higher
thermal stability was in the order of Zn > Co >
Ni > Mn > Cu. The negative values of AS
indicated that the decomposition reactions are
slower than normal. The positive sign of AG
values for the investigated complexes indicated
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that the free energy of the final residue is higher
than that of the initial compound and all the
decomposition stages are non-isothermal
processes.

Biological evaluation

Antioxidant activity:

The free radical scavenging ability of the
synthesized ligand MPH and their metal
complexes such as [Ni(L)2Cl>;]H20, [Co(L)2Cl:],
[Cu(L)2CIICLH20, [Zn(L)2CIICI.H20 and

[Mn(L)2CI]CI were evaluated at different
concentrations. The metal complexes found to
be more potent antioxidant activity as compared
to uncoordinated ligand. In which, the Co(II),
Cu(Il) and Zn(II) complexes assigning more
antioxidant result approximately close to the
standard butylated hydroxytoluene and Ni(II)
and Mn(II) complexes exhibited moderate
activity when compared with BHT. The activity is
due the chelation of semicarbazone nucleus in
the coordinated metal ion with the ligand (23).
The results were shown Figure 3.

DPPH assay

100
80

B Conc. 25
60

B Conc. 50

40 B Conc. 100
20
0
MPH MPH-1 MPH-2 MPH-3 MPH-4 MPH-5 BHT

Figure 3: Antioxidant data of the ligand MPH and its metal complexes.

Molecular docking studies:

The docking studies of all the complexes showed
prominent binding interactions, Co(II), Cu(II)
and Zn(II) complexes offer the highest binding
energy of -335.61, -329.54, -330.02 kcal/mol,
while Ni(II) complex showed and -318.17
kcal/mol with human antioxidant 3MNG protein
receptor by the key of amino acid residues are
PHE128, LEU97, VAL39, LEU110, LEU125,
GLY38, ARG127, HIS51, PHE37, GLY38,
ARG127, HIS51 ,LEU36, VAL39, LEU125, LEU96,
CYs72, LEU97, GLY38, ARG127, PHE37,
MET130, LEU36, PHE29, ALA71, LEU97, VAL39,
PRO40, LEU125, ARG127, and LEU36 (24). The

binding interaction of ligand with receptors
amino acid residues shows conventional
hydrogen bond, pi-alkyl and pi-sigma interaction
bonds as shown in Figures 4 and 5. The
interesting binding sites present in the receptor
will favors the binding interaction with ligand,
the computational docking studies were done for
good docking scored complexes revels that they
showed good antioxidant inhibition activity (25-
27). Finally, the results are good comparison for
the wet analysis of antioxidant study. These
results are shown in Table 3.

Table 3: Docking scores of metal complexes.

Compounds Receptor PDB code AG (kcal/mol)
MPH 3MNG -240.51
[Ni(MPH)2CI2]H20 3MNG -318.61
[Co(MPH)2CI2] 3MNG -329.54
[Cu(MPH)2CI]CI.H20 3MNG -330.02
[Zn(MPH)2CI]CI.H20 3MNG -335.17
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Figure 4: 3D & 2D binding interactions of [Ni(L)2Cl>2]H20 and [Co(L)2Cl>]
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Figure 5: 3D & 2D binding interactions of

Antimicrobial activity:

The antibacterial and antifungal activity of the
ligand and its metal complexes was evaluated
against S.aureus, B.subtilis and E.coli bacteria
by the agar well diffusion method using nutrient
agar medium at £37 °C, incubated for 24 hrs
and potato dextrose agar (PDA) for fungal
strains like C. neoformans, C.albicans and
A.niger at £25 °C, incubated for 48 to 78 hours.

[Cu(L)-CIICI.H20 and [Zn(L)-CI]CI.H20

Compounds were basically dissolved in DMSO
and about 100 pL of this compound were filled
to pre labelled wells using micropipette (28).
DMSO used as negative control and
chloramphenicol and fluconazole were used as
standards (positive control) for bactericide and
fungicide. All the synthesized complexes and the
uncoordinated ligand showed inhibition property,
among them Cu(Il), 2Zn(II) and Mn(II)
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complexes showed excellent activity when
compared to standards and represented in Table
4. Our results showed that ligand MPH least
activity against S. aureus with 03+0.3 mm zone
of inhibition, but the complexes MPH;, MPH3 and
MPH, indicated highest activity against S. aureus
with zone of inhibition 13+0.1 mm. B. subtilis
showed highest susceptibility against MPHj3,
MPHs and MPHs with zone of inhibition 15+0.1

RESEARCH ARTICLE
showed a significant antibacterial activity against
E. coli with zone of inhibition 12£0.3 mm (29).
In case of antifungal activity, the highest activity
was observed in MPH; against C. neoformans
with 10+0.6 mm zone of inhibition. C. albicans
showed highest susceptibility against complexes
MPHs, MPHs and MPHs with zone of inhibition
10+£0.1 mm respectively. Also, the complex
MPH, showed highest activity aligned A. niger

mm. the complexes MPH3;, MPH; and MPHs with 11+£0.3 mm zone of inhibition.
Table 4: Zone inhibition of antimicrobial data
Antibacterial zone inhibition in mm Antifungal zone inhibition in mm
Compounds (mean * SD) (mean * SD)
S. aureus B. subtilis E. coli C. neoformans C. A. niger
albicans
Ligand 03+0.3 05+0.2 05+0.7 04+0.4 03+0.1 -
MPH; 06+0.3 - 07+0.3 08+0.2 - 06+0.3
MPH; 14+0.2 12+0.4 10+0.2 10+0.6 09+0.2 11+0.3
MPH; 13+0.1 15+0.1 12+0.3 08+0.4 10+0.1 10+0.3
MPH, 13+0.1 15+0.1 12+0.3 08+0.4 10+0.1 10+0.3
MPH;s 13+0.1 15+0.1 12+0.3 08+0.4 10+0.1 10+0.3
Chloramphenicol 15+0.2 16+0.3 13+0.3 12+0.2 11+0.4 13+0.3
Fluconazole - - - 12+0.2 10+0.1 12+0.3
DMSO 0 0 0 0 0 0
CONCLUSION less prominent in comparison with standard
drugs.
In the present work, the ligand and a series of
its metal complexes [Ni(MPH),CI>]H20, ACKNOWLEDGEMENT
[Co(MPH):Cl2], [Cu(MPH),CI]CI.H,0,

[Zn(MPH),CI]CI.H,0 and [Mn(MPH),CI]CI have
been synthesized by a conventional method. The
obtained compounds were analyzed by various
spectroscopic techniques. Thermogravimetric
analyses curve explains step by step
degradation and the results are also supported
the stability of metal complexes in the order of
Zn(Il) > Mn(II) > Co(II) > Ni(II)> Cu(II)
complexes. The synthesized ligand is bidentate
and coordinates through the nitrogen and
carbonyl oxygen atoms of semicarbazone
derivative. The two chlorine atoms also occupy
the two sites of each metal giving an octahedral
geometry  for  nickel(II) and cobalt(II)
complexes. However, copper(Il) complex is
square pyramidal. The 2D and 3D binding
interactions of all metal complexes exhibited
highest binding energy scores as compared to
ligand with human 3MNG protein receptor. In
case of antioxidant activity, the cobalt(II),
copper(Il), and zinc(II) complexes showed
better results than other complexes. The
complexes were also screened for antimicrobial
and molecular docking studies. The results are
suggested that the complexes more prominent
when compared to uncoordinated ligand, but

The authors thank Sahyadri Science College
Shivamogga and Manipal Institute of Technology
for providing analytical data analysis. Manipal,
Karnataka, INDIA.
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