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Abstract

A new series of [Ni(l1l)L2](1), [Cu(Il)L2](2) and [Co(I)L2](3) (L = benzyl-2-((1E,4E)-1,5-diphenylpenta-1,4-
dien-3-ylidene) hydrazine carbodithioate) Schiff base metal complexes have been synthesized. The ligand and its
metal complexes were characterized by elemental analysis, *H NMR, UV-Vis, FT-IR and magnetic moment,
molar conductance and thermal analysis. The electrochemical behaviors of these complexes were investigated by
cyclic voltammetry in DMF. The spectroscopic analyses and magnetic moment value suggested four coordinated
geometry for three metal complexes, tetrahedral structure of complex 1 and square planer structure of complex 2
and 3. The ligand and its metal complexes were evaluated for their antibacterial (Bacillus cereus, Bacillus
subtilis, Escherichia coli) activities. The complex 1 and Complex 2 revealed moderate activity against both gram
positive bacteria (Bacillus cereus and Bacillus subtilis) with the minimum inhibitory concentration (MIC) value
of 256 pg/mL.

Keywords: Hydrazine carbodithioate; Metal complexes; Spectroscopic studies; Thermal analysis; Antibacterial
activities.

understanding the biological activities [5-8].
Designing an appropriate bidentate Schiff base ligand
to combine with metal ion has allowed new area of
synthesizing metal complexes of specific choice.

Introduction

Schiff base metal complexes preface a new era with
multipurpose activities in the coordination chemistry
and also has attracted enormous interest in the field
of inorganic synthesis chemistry due to the reaction
and coordination mode currently. The binding ability
of Schiff base with various metal ion offers stable
metal complexes with unique character and versatile
application [1-3]. The Schiff base and their metal
complexes extensively used for industrial purposes
and reveal biological activities as well as
antibacterial, antifungal, antimalarial etc. properties
due to the azomethine linkage of Schiff base [4]. The
evolution of bioinorganic chemistry has expand the
attention in Schiff base complexes for the reason that,

Schiff base ligand and their metal complexes have
been well known for their easy synthesis, stability
and various type of application. A huge number of
Schiff base ligand and metal complexes are reported,
and their catalytic and biological properties have
been studied continuously [9,10]. The Ni(ll), Cu(ll)
and Co(ll) complexes with Schiff base are found to
show enhanced biological activity with respect to
their parental ligands [11]. Preparative accessibility
and structural variety of metal complexes with Schiff
base as ligand have played drastic change in the
development of new complex design with high
interest [12]. In this work, we presented the
syntheses,  spectroscopic  characterization  and
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antibacterial activities of ligand and corresponding
metal complexes of Ni(ll), Cu(Il) and Co(ll).

Experimental
Materials and methods

All chemicals and solvents were analytical grade and
obtained from commercial suppliers and used without
further purification. UV-Vis spectra were recorded
using UVD-3200 and UV Spectrophotometer. FT-IR
spectra were taken (range 4000 cm™ to 400 cm?,
number of scan 36) using JASCO FT-IR 4200
spectrometer with ATR unit. *H-NMR spectra were
recorded on Bruker AV 500MHz. Elemental analysis
measurements were performed at the Research and
Analytical centre for Giant Molecules, Tohoku
University. The Sherwood Scientific magnetic
susceptibility balance was used to measure the
magnetic moment of the solid complexes by Gouy
method and the effective magnetic moment was
calculated at room temperature from the following
relation [13]. Effective magnetic moment,

Hypr = 2.828,/y5 T B.M.

Where, ¥m' = Molar susceptibility corrected and T =
Temperature.

The thermal properties of three metal complexes
were investigated by TGA and DTA. These analyses
were performed using Shimadzu DTG-60D with
reference a-AlO3 All measurements were carried out
from room temperature to 400 °C under N gas flow
100 mL/min condition with sweep rate of 5 °C/min.
Electrochemistry was performed by using an
ALS/HCH model 620D electrochemical analyzer. A
glassy carbon (3 mm diameter) electrode was used as
a working electrode, Pt wire was used as counter
electrode and Ag/AgCI used as reference electrode.
The supporting electrolyte was 0.1 M tetrabutyl
ammonium hexafluorophosphate (TBAPFg) in DMF
at scan rate 0.10 V/s under N2 atmosphere. The L and
the complex 1, complex 2 and complex 3 were
screened for antibacterial activities by (MTT) assay.
The prepared compounds were tested against two
Gram positive (Bacillus cereus and Bacillus subtilis)
and one Gram negative (Escherichia coli) to provide
the minimum inhibitory concentration (MIC) for each
complex. A stock solution of the compounds (1.024
mg/mL) in DMSO was prepared and graded
guantities were incorporated in specified quantity of
the corresponding sterilized liquid medium [14]. The
bacterial suspension was further diluted to 1:200 in
Muller- Hinton medium. The resulting suspension
contained approximately 106 cfu/mL and applied to
micro titration plates with serially diluted compounds
in DMSO to be tested and incubated at 37 °C for 24h.
After that, the MIC level was assessed visually.
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Synthesis of L

S-benzyldithiocarbazate (SBDTC) was synthesized
according to the reported procedures [15,16]. SBDTC
(5.94 g, 0.03 mol) was dissolved in 70 mL hot
ethanol under constant stirring. The hot ethanolic
solution of dibenzalacetone (7.02 g, 0.03 mol) was
then added to the solution of SBDTC. The solution
mixture was refluxed for 6-8 hours and then allowed
to cool at room temperature. A dark red precipitate
was obtained after 7 days refrigeration. After
recrystallization the resultant dark red colored solid
was filtered off and washed with cold ethanol. Then it
was dried over silica gel.

Yield 49%, mp 75-77 °C. IR spectrum, Vmax, CM L
1650 (C=N), 1619-1596 (C=C), 1339 (C-N),
1052-1097 (C=S), 695 (C—S). UV-Vis data, CHCly,
Amax, NM: 233, 296. *H NMR spectrum, solvent
DMSO, 6, ppm: 4.5 s (2H, SCHy), 7.29-7.48 m (15H,
Ar-H), 7.79 d (2H, CHC=N), 7.81 d (2H, ArCH).
Calcd for CasH2S;N2 % C: 72.09, % H: 5.81, % N:
6.73. Found; % C: 71.95, % H: 5.65, % N: 6.68.

Syntheses of complex 1, 2 and 3

Complex 1, 2 and 3 were prepared following the
reported procedure [16] by the treatment of Schiff
base ligand L and hydrated nitrate salts of Ni(ll),
Cu(ll), Co(ll) in ethanol respectively. A mixture of
ligand L (0.84 g, 2mmol) and metal salt (1 mmol,
0.299, 0.24g, 0.29g of Ni(NO3)2-6H0,
Cu(NO3)2-3H20, Co(NOs)2-6H20, respectively) in
hot ethanol was refluxed for 5-6 hours under constant
stirring. The resultant mixture was kept in refrigerator
and color precipitate of individual metal complex was
obtained after 7 days of refrigeration. After
recrystallization the precipitates were filtered off,
washed with cold ethanol and dried over silica gel.

Complex 1: Dark brown solid, yield 54%, 72—74 °C.
Calcd C50H44S4N4Ni'0.25H20 % C: 70.79, % H:
5.29, % N: 6.60. Conductivity pscm™: 9.00. e (B.
M): 1.27.

Complex 2: Dark green solid, yield 55%, 80—82 °C.
Calcd for CsoHasSaN4Cu-0.25H,0 % C: 70.69, % H:
5.28, % N: 6.59. Conductivity pscm™: 7.00. e (B.
M): 0.99.

Complex 3: Red solid, yield 35%, 78—80 °C. Calcd
for CsoH44S4N4Co-0.25H,0 % C: 70.78, % H: 5.29,
% N: 6.60 Found: % C: 70.40, % H: 4.96, % N: 6.34.
Conductivity pscm: 10.00. Hesr (B. M): 1.30.

Results and Discussion
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Synthesis of L was carried out by the condensation of
equimolar amount of (SBDTC) and dibenzalacetone.
SBDTC was synthesized according to the reported
procedures [15,16]. The metal complexes [Ni''L] (1),
[Cu"L] (2) and [Co"L] (3) were obtained by mixing
L and corresponding metal ion sources in ethanolic
solution. The structure of L and corresponding
complexes were confirmed by *H NMR, IR and UV-
Vis. The 'H NMR spectrum of L in DMSO solvent is
shown in Fig. 2. The singlet at 4.5 ppm (a)
corresponds to proton for S—CH,. The multiplate at
7.29-7.48 ppm (b) represents 15H of three phenyl
rings. A doublet at 7.79 ppm (c) is assigned to the
two CH—C=N protons and the doublet at 7.81 ppm
(d) assigned to Ar—CH= protons.

The UV-Vis spectra of L, Complex 1, 2 and 3
represents at Fig. 3. Similar types of patterns are
observed in all cases. The peak ~232 nm is associated
with m—n* transition whereas peak at ~295 nm
corresponds to n—7* transition. The d-d transitions
~400 nm are not properly appeared in those
complexes [17]. The v(C=N) and v(C=S) vibrations
are most important in this metal complexes for
determining the mode of coordination of ligand to
metal ion. The IR spectra of L and corresponding
metal complex 1, 2 and 3 are shown in Fig. 4, 5, 6
and 7 respectively. The C=N stretching vibration
occurs at 1650 cm™ in free ligand. Another important
band appeared from 1052 cm™ to 1097 cm™ which
are assigned to the C=S stretching vibration. The
vibration of C=N groups is shifted to the lower
frequency of 1589 cm™, 1556 cm™and 1566 cm™ for
complex 1, 2 and 3 respectively. Other bands are also
slightly displaced higher to lower from their previous
position with respect to ligand. These shifting support
the evidence of coordination of N and S atoms with
the metal ions. They are further coordinated as M—N
at 559 cm™, 550 cm™ and 581 cm™* for complex 1, 2
and 3 respectively to represent the metal-nitrogen
linkage. Similarly bands at 517 cm™, 494 cm™ and
513 cm for complex 1, 2 and 3 respectively
illustrates the diagnostic peak of metal-sulfur linkage
in the Schiff base metal complexes [18—20].

The magnetic moment (Merr) measurements were
carried out to get an idea about complexes structure.
The observed values of effective magnetic moment of
the complexes at room temperature are suggested that
the 1, 2 and 3 complexes are paramagnetic. The
magnetic moment value indicate the tetrahedral
structure of complex 1 and square planer structure of
complex 2 and 3.

The thermal properties of complex 1, 2 and 3 were
carried out by TGA and DTA under N» gas condition
from room temperature to 400 °C under 5 °C/min
scan rate. The thermogram of complex 1, 2 and 3 are
shown in Fig. 8, 9 and 10 respectively. In Fig. 8, the
TGA curve shows a small decrease weight below 150
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°C associated with the removal of moisture from the
complex which reflects by the two endothermic peaks
at 74 °C and 125 °C in the DTA curve. Then the large
weight loss of 63% at the temperature range 175 °C
to 400 °C corresponds to the removal of a ligand and
=N-NH-CS-CH_-Ph unit, which is accompanied by
an endothermic peak at 280 °C and an exothermic
peak at 330 °C in the DTA curve. Similar type of
TGA-DTA patterns are observed for the complex 2
and 3. In the complex 2 and 3, there are also observed
a very small weight loss of 2-3% which is attributed
to the removal of adsorbed moisture from the
complexes and DTA curve showed two endothermic
peaks at 74 °C and 125 °C. The complex 2 and 3
show major weight loss (about 65%) in the same
temperature range of 175 °C to 400 °C responsible
for the removal of a ligand and =N-NH-CS-CH,-Ph
unit from the complexes. This is accorded by an
endothermic peak (270 °C for complex 2 and 285 °C
for complex 3) and an exothermic peak (325 °C for
complex 2 and 337 °C for complex 3) in the DTA
curves [21-24].

The electrochemical behavior of complex 1, 2 and 3
was investigated by cyclic voltammetry analysis in
DMF with 0.1 M TBAPF; at scan rate 0.1 Vs under
N2 atmosphere and shown in Fig. 11, 12 and 13
respectively. In the negative region of Fig. 11 the
cyclic voltammogram of complex 1 shows quasi-
reversible peak at Epc = —0.69V for Ni(Il)— Ni(I)
with associated Ep, = 0.53V for Ni(II) — Ni(III). The
A Ep value is 160 mV and the ratio of the values of I
and lpa is not equal to unit value. The separation of
peak potentials indicates two electron transfers in this
redox system. Due to the transfer of unequal number
of electron, complex 2 and 3 shows irreversible peak
character in their cyclic voltammogram [16,25].
Antibacterial activity of L and corresponding
complexes were assed against two Gram-positive (B.
Cereus and B. Subtilis) and one Gram-negative (E.
Coli) by disc agar  diffusion method
[25]. Kanamycin K-30 was used as reference drug.
The results were assessed by zone of inhibition in
mm (table-1) and measurement of MIC (table-2). The
Complex 1 and Complex 2 showed significant zone
of inhibition at 16mm and 12mm respectively with
gram positive B. Cereus at the dose of 256mg/mL,
whereas the standard drug Kanamycin showed zone
of inhibition at 30mm at the dose of 512mg/mL.
Also, in case of the bacteria B. Subtilis with same
dose only complex 1 showed good zone of inhibition
at 11mm at the dose of 256mg/mL.

But in case of the gram negative bacteria E. Coli the
complex 3 and L no zone of inhibition, whereas the
standard drug Kanamycin showed zone of inhibition
at 30mm at the dose of 512mg/mL. According to
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Table 1. Antibacterial activity of Benzyl-2-((1E,4E)-1,5-diphenylpenta-1,4-dien-3-ylidene(L), Complex 1,

Complex 2 and Complex 3.

Zone of inhibition, mm

Complexes Compounds Gram (+ve) bacteria Gram (—ve) bacteria
B. cereus B. subtilis E. coli
Benzyl-2-((1E,4E)-1,5-
diphenylpenta-1,4-dien-3- 5 6 -
ylidene (L)
Complex 1 [Ni'"'L] 16 11 9
Complex 2 [Cu"Ly] 12 8 6
Complex 3 [Co"L7] 7 6 -
Kanamycin K-30 disc 30 30 30

Table 2. Minimum inhibitory concentration (MIC) of Benzyl-2-((1E,4E)-1,5-diphenylpenta-1,4-dien-3-

ylidene (L), Complex 1, Complex 2 and Complex 3.

MIC, pg/mL
Complexes Compounds Gram (+ ve) bacteria Gram (-ve) bacteria
For B. cereus For B. subtilis For E. coli
Benzyl-2-((1E,4E)-1,5-
diphenylpenta-1,4-dien-3- 512 512 512
ylidene(L)
Complex 1 [Ni"Ls] 256 256 256
Complex 2 [Cu"L] 256 256 256
Complex 3 [Co"L7] 256 256 256
Kanamycin K-30 disc 512 512 512
Schiff base ligand and corresponding metal
accumulated data L and complex 3 shown poor complexes. The spectroscopic analyses suggested,

activities against B. Cereus and B. Subtilis, while no
activity against E. Coli. The complex 1 exhibited

moderate activity against B. cereus and B.
Subtilis. Complex 2 exhibited medium  activity
against B. cereus. In  these experiments metal

complexes were found to have prominent inhibitory
property against several pathogenic microbial species
related to standard drug Kanamycin. It is noticeable
that the complexes except Complex 3 exhibited more

active than the corresponding ligand for the
antibacterial ~ activities  against B.  cereus, B.
subtilis and E. coli.

Conclusions

In summary, we have described synthesis,

characterization and antibacterial activity of a new
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that the three metal complexes are followed four
coordinated geometry. Complex 1 form tetrahedral
and complex 2 and 3 are square planner structure.
The antibacterial tests indicate that complex 1 is more
active against B. Cereus and B. Subtilis than complex
2, complex 3 and ligand.
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