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ABSTRACT. Schiff base (HL) N',N3-bis(4-(methylthio)benzylidene)-5-nitrobenzene-1,3-dihydrazide (HL) has
been prepared from condensation of 4-(methyl thio)benzaldehyde with 5-nitrobenzene-1,3-dihydrazide. Binucleated
mixed ligand complexes of nickel(Il) ([Nix(L)(dmphen),]Cl,, [Nix(L)(phen),]JCl,) and cobalt(Il)
([Coz(HL)(dmphen),]Cl,, [Cox(HL)(phen),]Cl,) complexes have been synthesized from Schiff base (HL) and 1,10-
phenanthroline/2,9-dimethyl-1,10-phenanthroline. The synthesized compounds have been characterized by
elemental analysis, 'H-NMR, PC-NMR, FT-IR, UV-Visible, magnetic moment, SEM, powder X-ray diffraction and
molar conductivity measurements. Further, the Schiff base and its metal complexes have been investigated for
fluorescence activity and molecular docking studies. In addition, Schiff base and its metal complexes were screened
for antimicrobial activity against bacteria: Escherichia coli, Bacillus subtilis and fungi: Sclerotium rolfsii and
Macrophomina phaseolina.
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INTRODUCTION

Schiff bases have been playing vital role in coordination chemistry, mainly due to their
characteristic properties in formation of variety of complexes with most of transition metal ions
in different oxidation states [1]. These Schiff base transition metal complexes, can kibosh the
enzymatic activity in the field of medicinal biology. The transition metal complexes of nickel and
cobalt metal ions have received the overwhelming attention in recent years, due to their important
magnetic, catalytic and biological properties [2, 3]. Cobalt plays a vital role in biological system
and exhibits various biological properties such as, antioxidant, antiviral,
antitumor/antiproliferative, antimicrobial and anticancer activity [4, 5]. Hydrazones are one of the
most important categories of Schiff bases and exhibit the activities in the treatment of several
diseases such as tuberculosis, iron overload and in many enzymes inhibition. Many hydrazone
compounds act as anticancer drugs by binding to DNA and can cause the blockage to the cancer
cell division and finally lead to the cancer cell death [6]. The transition metal complexes with
hydrazones show potent antimicrobial activity and have excellent DNA intercalative binding
nature [7]. In the field of hydrazone chemistry, the study of bis(aryl)hydrazone complexes is of
interest due to their complexes can yields the supra molecular coordinated polymers and binuclear
complexes. The brief survey of literature revealed that only a few of these compounds related to
bis (acyl/aryl) hydrazones were reported [8]. DNA interactions and antimicrobial studies of binary
and ternary metal complexes of isoxazole and benzothiazole Schiff bases were reported earlier
from our laboratory [9]. In view of the above facts herein we reported the synthesis, spectroscopic
characterization, bio-molecule interaction (docking) and antimicrobial activity of binuclear Ni(II)
and Co(II) mixed ligand complexes. These Co(II) and Ni(II) complexes are obtained from bis
aroylhydrazone Schiff base and 1,10-phenanthroline/2,9-dimethyl-1,10-phenanthroline.
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EXPERIMENTAL
Material and methods

Metal salts, [CoCl,.6H,0], [NiCl,.6H»0] and hydrazine hydrochloride purchased from Merck, 5-
nitrobenzene-1,3-dioic acid, 4-(methylthio) benzalehyde, 2,9-dimethyl-1,10-phenanthroline and
1,10-phenanthroline were purchased from Sigma Aldrich. Atomic absorption spectrophotometer
(Perkinelmer-500) used to determine the metal ratio of the complexes. NMR spectra of the ligands
were recorded on Bruker 400 MHz NMR instrument using TMS (tetramethyl silane) as internal
standard. IR spectra of the compounds were recorded on Shimadzu FT-IR 8400S spectrometer in
the range 4000200 cm™! using KBr pellet. The UV—Vis spectra recorded on Shimadzu UV-2600
in DMSO in the wavelength range 200-800 nm. Vario micro elemental analyzer (USA) was used
to determine the percentage composition of C, H, N and S of the compounds. Powder XRD of
complexes was recorded by Shimadzu diffractometer. The morphology of compounds was studied
by ZEISS-SEM-EDX packed scanning electron microscope. The fluorescent study carried out by
Shimadzu fluorescent instrument using DMSO as the solvent at room temperature and magnetic
moments measurements done on Gouy balance model No.7550. The docking study was carried
out using Hex 8.0 software.

Synthesis of ligand (HL)

Hot methanolic solution of 5-nitrobenzene-1,3-dioic acid (1 mmol) was added to hot methanolic
solution of hydrazine (2 mmol) and the resulting mixture was stirred at 60-80 °C temperature. The
reaction mixture was poured on crushed ice, the precipitate formed was filtered and washed with
hot methanol. Then the washed solid product (5-nitrobenzene-1,3-dihydrazide) (1 mmol) was
stirred with 4-(methylthio)benzaldehyde (2 mmol) for 5-7 h at 60-80 °C that precipitated the
yellow color solid ligand (bis(4-(methylthio)benzylidene)-5-nitrobenzene-1,3-dihydrazide)
filtered and recrystallized in methanol. The synthesis of ligand is shown in Scheme 1.

refluxed for

NO,
H H (~80 °C)
| |
N NO o =
T HN NH,
(¢} (¢}

in MeOH

1 = 4-(methylthio)benzaldehyde 2 = 5-nitrobenzene-1,3-dihydrazide

HL = N, N*"-bis(4-(methylthio)benzylidene)-5-nitrobenzene-1,3-dihydrazide

Scheme 1. Synthesis of ligand (HL).
Synthesis of metal complexes

The present mixed ligand complexes were prepared by mixing of metal to ligands (metal:(HL):
dmphen/phen) ratio at 2:1:2. Hot mixture of methanol and DMF solution of ligand (1 mmol), hot
methanol solution of metal chloride MCl,.6H,O (2 mmol) and methanol solution of 1,10-
phenanthroline/2,9-dimethyl-1,10-phenanthroline (2 mmol) were mixed together with constant
stirring. The mixture refluxed for 6-7 h at 60-80 °C on water bath. The contents were cooled and
allowed for precipitation. The precipitated complexes were collected by filtration and washed
with petroleum ether and methanol.
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Antimicrobial activity

The stock solution prepared by dissolving the compounds 10 mg in 2 mL of DMSO and the
solution was serially diluted to 25, 50, 75 and 100 pg/mL. The prepared nutrient agar media and
activated bacterial culture (Escherichia coli and Bacillus subtilis) was mixed together and poured
and spread on Mueller-Hinton agar plate with cotton swab the bacterial colonies was streaked
onto the surface of the agar four times in the different directions by rotating the plate each time to
ensure the bacterial distribution evenly on agar medium. In addition, around the agar should also
be swabbed with bacterial colonies. A well of 6 mm diameter was punched off into agar medium
with sterile cork borer and filled with 100 pL of different concentration of stock solution by using
micropipette in each well in aseptic condition. Plates were then kept in a refrigerator for 30 min
and further incubated in an incubator at 37 °C for 24 h. The standard antibacterial drug
Streptomycin was used for comparison under similar conditions. The antibacterial activity was
evaluated by measuring the zone of inhibition at different concentration of the compound. The
experiment was done in triplicate and the mean diameter of the inhibition zone was calculated.

Anti fungal activity was carried out using two fungi (S. rolfsii and M. phaseolina). Potato
dextrose agar media was prepared and the fungal plugs were placed in the center of the plate then
incubated for 24 h and the compounds were loaded in the wells surrounding the plug and the zone
of inhibition was measured after 72 h. Endofil used as a standard drug for comparison with same
conditions in antifungal screening.

RESULTS AND DISCUSSION
Chemistry

The elemental composition and physical properties of all synthesized compounds are given in
Table 1. The synthesized ligand and its metal complexes have been studied for fluorescence,
antimicrobial activity and docking studies.

'H-NMR

"H-NMR spectrum of Schiff base, showed a sharp singlet peak at § 9.91 ppm is due to ketonic
form of N-H protons and enolic -OH proton signal is not detected in ligand. This indicates that
the ligand (HL) is in ketonic form. The aromatic protons signal appeared in the range of 6 7.43-
8.78 ppm and the thio methyl (SCH3) signals appeared as strong singlet at & 2.55 ppm.

BC-NMR

BBC-NMR spectrum of ligand, the signals observed at & 13.8 ppm, & 147.3 ppm, & 164.7 ppm and
6 191.9 ppm are corresponding to CH3, C=N, C=0 and C-NO; groups of hydrazone, respectively,
and the signals of aromatic carbons appeared in the range of § 125.1-134.9 ppm.

Molar conductivity measurement

The synthesized complexes are subjected to solubility test in water and it is found to be nickel(1I)
complexes are soluble and cobalt(II) are complexes insoluble. That, suggests the chloride ions are
present in outer sphere of Ni(II) complexes and inner sphere of Co(II) complexes [10]. The molar
conductance values of the complexes measured at room temperature in DMF solution with 0.001
M concentration and the values are given in Table 1. The conductivity of nickel(I[) complexes are
falls in the range 180-220 Q! cm? mol’!, it indicates that the electrolytic nature of chloride ions
are in outer sphere. Whereas in the case of cobalt(II) complexes the molar conductivity is fall in
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the range 18-26 Q! cm? mol™! indicates the chloride ions are in inner sphere and are non-
electrolytic in nature [11].

Table 1. Molar conductivity and elemental composition data of ligand and its metal complexes.

Molar Melting Found (Calculated) %
Compound (g??g;ifﬁf) pointC) | ¢ | H | N S | Metal
56.79 | 4.17 | 13.80 | 12.63
C2aH2iNsO4S: (HL) ) 310 (56.69) | (4.07)| (13.58) | (12.60) | ~
Cs2HysCLNoNi204S: 120 56.19 | 4.05 | 1134 | 570 | 10.50
[Ni2(L)(dmphen)2]CL >300 | (56.15)| (4.08) | (11.33)| (5.77) |(10.55)
C4sH37C12N9Ni204S2 220 5435 | 348 | 11.96 | 6.08 11.31
[Ni2(L)(phen)2]Cla >300 | (54.58)| (3.53)|(11.93)| (6.07) | (11.11)
Cs:Ha7CLC02Ns04S: 18 56.46 | 4.06 | 10.64 | 544 | 10.01
[Cox(HL)(dmphen)>Clu] >300 | (56.67)| (4.00) | (10.63)| (5.41) | (9.94)
CasH39C14C02No04S2 . 5133 | 338 | 11.16 | 5.67 | 1043
[Cox(HL)(phen)>Clu] >300 [ (51.36)| (3.31)| (11.36)| (5.61) | (10.56)
IR spectra

The characteristic IR frequencies of ligand and its metal complexes are presented in Table 2. In
free ligand, the stretching frequency bands appeared at 1719 and 1587 cm™! are due to vC=0 and
to vC=N bands respectively. The broad bands appeared at 3470 and 3084 cm™! are due to vVOH
and vN-H bands, respectively [12]. In metal(Il) complexes vOH is disappeared and the broad
band vN-H shifting takes place in cobalt(IT) complexes. The bands at 1719 cm™ due to vC=0 and
1587 cm! due to vC=N of free ligand are shifted to the range 1724-1736 cm™ and 1584-1634 cm
!, respectively. It bespeaks the coordination of ligand to the metal ion through the keto group by
the delocalization of electrons [13]. In nickel(II) complexes, the broad bands of ligand at 3470 and
3084 cm! due to vOH and vN-H, respectively, are disappeared; this indicates the ligand binds to
the metal ion through ionization of enolic proton. The intense aromatic vibrational bands of free
phenothroline appeared at 738, 853 cm™! and pyridyl vC=N vibrations appeared at 1421 cm™'. On
complexation, these peaks are observed in the range 729-785 cm™ and 1030-1152 cm’,
respectively [14]. In metal complexes, the observed low intense vibrational bands at low
frequency region in the range of 351-395 cm! represents the metal-nitrogen bonding (M-N) and
the bands observed in the range from 432-584 cm'! represents the metal-oxygen bonding (M-O)
[15, 16].

Table 2. IR spectral data of ligand and its metal complexes.

IR spectral data (cm™!)

Compound Vo | VNH | Ve=o | Ve VPhen VDMphen V::' VM0
Ligand(HL) 3470 | 3084 | 1719 | 1587 - - - -
[Niz(L)(dmphen)]Cla - ; - | 1624 ; 103702’360’ 351 | 432,548
[Ni2(L)(phen)2]Cl2 - - - 1597 | 1082,785 - 356 | 415,525
[Coo(HL)(dmphen,Cli] | - | 3065 | 1736 | 1584 - 1152,783 | 353 | 436,584
[Coo(HL)(phen):ClLi] ~ [ 3079 | 1724 | 1634 | 1088,783 ; 395 | 444,572
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Electronic spectra

The electronic absorption spectra of ligand and its metal complexes are recorded in DMSO at
room temperature in the range 200-800 nm. The electronic spectrum of free ligand (HL) showed
two bands at 281 and 354 nm, these are assigned to n-n* and n-n* transitions, respectively. In
addition to ligand bands, in all complexes the ligand to metal charge transfer bands are observed
in the range 347-373 nm. The complex [Nix(L)(dmphen);]Cl. showed d-d band at 574 nm,
assigned as 'A;,—! Ay, transition which refers to the square planar geometry around the Ni(Il) ion
[17]. In complex [Niz(L)(phen),]Cl,, the weak d-d transition bands are not observed probably
because the bands are lost in the low energy tail of intense charge transfer band [18, 19], whereas,
in cobalt complexes [Co,(HL)(dmphen),Cls], [Co.(HL)(phen),Cls] the d-d transitions ascertained
at 640 and 617 nm, respectively. These bands are assigned as a “To(F)—*Ax(F) transition [20],
usually the octahedral complexes contain three bands, but here only one band is appeared.

Magnetic moments

The magnetic moments of all the metal complexes measured at room temperature. The magnetic
moment values of complexes [Cox(HL)(dmphen),Cls], [Co2(HL)(phen)>Cls] found to be 5.3 and
5.17 BM, respectively, these values are slightly higher than the theoretical values of mono
nucleated cobalt complexes and lower than the expected di nucleated cobalt complexes. These
magnetic moment values attribute the di nuclear nature of complexes and it may be occurred due
to the weak anti ferromagnetic intra molecular coupling interaction between the two metal ions
[18, 21]. Whereas nickel complexes are diamagnetic in nature, it suggests the square planar
geometry around nickel(II) ion [22, 23]. Based on above spectral data, the proposed structures of
metal complexes are shown in Scheme 2.

M = Co(Il) ; R= CH;, H
M =Ni(ll); R= CH;, H oIl ; ;

Scheme 2. Proposed geometry of complexes.

X-Ray powder diffraction study

The crystals size of synthesized compounds is inadequate to study the single crystal X-ray
crystallography. Therefore, we used the powder X-ray diffraction technique to solve the mystified
crystal systems of these compounds. The XRD patterns of the synthesized compounds scanned in
the range of 10-80° at a wavelength of 1.5406 A and their representative diffractograms are shown
in Figure 1. The XRD pattern of the ligand and complexes with respect to major peaks having
relative intensity greater than 10% indexed using software programme Expo-2014 [24-28]. The
above indexed results yielded the unit cell parameters, unit cell volumes and crystal systems. The
assigned crystal systems of ligand (HL) and complexes ([Niy(L)(dmphen),]Cl, and
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[Niz(L)(phen):]Cl,) are orthorhombic, triclinic and triclinic, respectively and their corresponding
crystal data presented in Table 3.

The number of molecules per unit cell are calculated by using Eq. (1) [29] and are found to be
2, 4 and 4 for ligand (L), complexes; [Ni(L)(dmphen),]Cl, and [Ni>(L)(phen),]Cl,, respectively.

n=dNV/M (D

where, n = number of molecules per unit cell, d is calculated density, N is Avogadro number, V
is unit cell volume and M is molecular weight of complex.

The crystal sizes of ligand (L), complexes [Niy(L)(dmphen),]Cl, and [Niy(L)(phen),]Cl, are
calculated by using Debye-Scherrer’s equation, Eq. (2) [29] and found to be 9.49, 12.77 and 66.02
nm, respectively.

D = kM(B Cosb) )

where D is the particle diameter in angstroms, k is a coefficient and is equal to 0.89, £ is the full
width at half maximum (FWHM), 0 is the Bragg diffraction angle and A is the wavelength of X-
rays.
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Figure 1. Powder X-ray diffraction pattern of A for ligand (HL), B for complex
[Nix(L)(dmphen),]Cl, and C for complex [Ni>(L)(phen),]Cl,.
Table 3. Powder X-ray crystallographic data of ligand (HL), complexes.
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Crystal data Ligand (HL) [Niz(L)(dmphen),]Cl [Ni2(L)(phen)2]Cl2
Empirical formula C24H21N504S2 Cs2HasC1NoNi2O4S2 CasH37C1Ni2NoO4S>
M.wt 507.6 1109 1056.3
Crystallite size (nm) 9.49 12.77 66.00
Lattice strain 0.0164 0.0120 0.0015
Space group Pmmm P-1 P-1
Crystal system Orthorhombic Triclinic Triclinic
al 10.54 9.20 12.376
bA 20.13 8.596 12.182
cA 4.16 7.25 8.4602
a deg 90 101.47 92.32
B deg 90 102.496 96.25
y deg 90 93.51 117.04
VA3 871.11 545.7 1123.4
Y4 2 4 4
20 range 10-80° 10-70° 10-80°
w(CuKa ), cm”! 1.543 1.543 1.543
0<h<30<k 0<h<2 0<h<4
hkl indexed range <4 3<k<3 4<k<5
0<i<li —2<I<2 —1<1<2
1o/1 % Indexed >10 >10 >>10

Scanning electron microscopic analysis

The scanning electron microscopy (SEM) used to determine the surface morphology of the
synthesized compounds. From the micrographs, surface morphology changes was observed in the
complexes compared to the ligand (HL),complex [Nix(L)(dmphen),]Cl, and [Niz(L)(phen),]Cl»
appeared with irregular shape are shown in Figure 2. SEM micrographs revealed that upon
complexation the surface morphology of ligand changed with changing the metal ion in their
coordination.

Fluorescence emission spectra

The fluorescence properties of ligand (HL) and its metal complexes were studied at room
temperature in 104 M DMSO solution (Figure 3). The Excitation and emission slit widths are set
at 10 nm with a scan speed of 500 nm/min. Generally azo Schiff base compounds exhibit
fluorescence due to intra ligand m-m* transitions [30]. The ligand and its metal complexes
excitation observed at 370 nm and emission peaks observed at 442, 439, 440, 436 and 438 nm for
ligand (HL), complexes; [Ni>(L)(dmphen),]Cl,, [Ni(L)(phen),;]Cl,, [Co>(HL)(dmphen),]Cl, and
[Co2(HL)(phen),]Cl, respectively. The emission intensity of metal complexes found to be lower
than the free ligand. Thus, the fluorescence emission intensity of ligand decreased on complex
formation with transition metal ions is due to decrease in electron density on ligand (L) [31, 32].
The emission maxima of all the synthesized compounds are in the following order ligand (HL) >
[Niz(L)(phen);]Cl, > [Nix(L)(dmphen),]Cl, > [Co,(HL)(phen),Cls] > [Co>(HL)(dmphen),Cly].
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Figure 2. SEM images, A for ligand (HL), B for complex [Nix(L)(dmphen),]Cl, and C for complex

[Nia(L)(phen),]Cl.
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Figure 3. Photo-emission spectra of HL; ligand and its metal complexes (1; [Ni(L)(dmphen),]ClL,
2; [Niz(L)(phen),]Cly, 3; [Co,(HL)(dmphen),Cls] and 4; [Co»(HL)(phen),Cl4]) in 10
M DMSO.
Docking study

The crystal structural models of proteins, obtained from protein data bank and the binding efficacy
of synthesized compounds with proteins structures (B. subtilis and S. rolfsii) are predicted by
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generating the Erow values using HEX 8.0 software [33, 34]. The predicted results of ligand and
its metal complexes on proteins are presented in Table 4 and shown in Figure 4. The metal
complexes showed the lower Erow values compared to ligand (HL), which brought out the fact of
high binding affinity of metal complexes with proteins. The ligand (HL) exhibits the minimum
Erow value on B. subtilis (-352 kJ/mol) compared to S. rolfsii proteins, it demonstrates the stable
association of ligand-B. subtilis due to the presence of H-bonds. The complex [Co,(L)(phen),ClL)]
has the highest relative binding affinity with Etow value -443 and -402 kJ/mol on B. subtilis and
S. rolfsii proteins, respectively. The remaining synthesized complexes also show the lower Erow
values than ligand on B. subtilis.

Table 4. Docking results of ligand (HL) and its metal complexes against microbial proteins (Bacillus and S.

rolffi).
Total binding energy, kJ/mol
Compound
Bacillus (PDB; 2VAM) S. rolffi (PDB; 4YLD)

Ligand(HL) -352.0 -294.05
[Ni2(L)(dmphen)2]Cl2 415.18 -369.03
[Ni2(L)(phen)2]Cl2 -408.09 -359.03
[Co2(HL)(dmphen)>Cls] -427.8 -393.62
[Co2(HL)(phen)2Cl4] -442.8 -402.15

Figure 4. Molecular docked model of (a) ligand (HL) and (b) [Co>(HL)(phen),Cls] complex with
Bacillus (PDB: 2VAM).

Microbial screening

For in-vitro antimicrobial activity, the synthesized compounds have been tested by well diffusion
method on bacteria; Escherichia coli (E. coli), Bacillus subtilis (B. subtilis) and fungi; Sclerotium
rolfsii (S. rolfsii) and Macrophomina phaseolina (M. phaseolina). The zone of inhibition values
of investigated compounds and standard drugs such as Streptomycin and Endofil are summarized
in Table 5. The values revealed that the metal complexes have higher antimicrobial activity than
free ligand [35-40] and the inhibition level is increased with increasing the concentration. In the
present investigation all synthesized compounds showed the remarkable inhibition on B. subtilis
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(gram +ve) bacteria. Among these, [Niz(L)(dmphen),]Cl, and [Co.(HL)(phen).Cls] compounds
showed the excellent growth inhibition on B. subtilis. While on E. colli (gram -ve) only
[Cox(HL)(phen),Cl4] exhibited the inhibitory activity with values 75 and 100 pg/mL and rest of
the compounds showed the moderate activity. In the case of anti-fungal activity, only cobalt
complexes have the activity at the concentration of 75 and 100 pg/mL due to other factors such
as solubility, dipole moment, stereo chemistry, size, coordination sites, geometry of complexes,
concentration and hydrophobicity also influence the antimicrobial potency of the complexes and
the remaining compounds not having any inhibitory activity on fungi even at higher concentration.
On the other hand, the ligand (HL) showed the low growth inhibition only on Bacillus with values
75 and 100 png/mL.

Table 5. Antimicrobial activity of ligand and its metal complexes (zone of inhibition).

Compound MIC Zone of inhibition, cm
(ug/mL)
B. subtilis E. coli S. rolfsii M. phaseolina
Ligand (HL) 25 R R R R
50 R R R R
75 0.1 R R R
100 0.1 R R R
[Ni2(L)(dmphen),]Cl 25 0.3 R R R
50 0.5 R R R
75 0.7 R R R
100 0.9 0.3 R R
[Ni2(L)(phen)2]Cl> 25 R R R R
50 R R R R
75 0.2 R R R
100 0.5 0.2 R R
[Co2(HL)(dmphen)2Cls] 25 0.1 R R R
50 0.3 R R R
75 0.3 0.1 0.4 0.1
100 0.7 0.2 0.4 0.3
[Co2(HL)(phen):Cl4] 25 0.5 R R R
50 0.6 R R R
75 0.7 0.8 0.4 0.3
100 0.7 0.8 0.4 0.3
Streptomycin 100 1.3 1.3 R R
Endofil 100 R R 1.5 1.5
R = Resistant.
CONCLUSION

Ligand and its of bimetallic mixed ligand complexes of Ni(II) and Co(II) have been successfully
synthesized and characterized by different analytical and spectral techniques. The molar
conductivity data revealed that, the Ni(II) complexes are electrolytes and the Co(Il) complexes
are non-electrolytes. The powder X-ray diffraction studies indicated that orthorhombic and
triclinic crystal structures for ligand and Ni(Il) complexes, respectively. In fluorescence spectra,
the decrease in intensity of metal complexes compared with ligand, confirms the formation of
metal complexes. The docking study of ligand and its metal complexes supported that, all
compounds have the minimum Erow values on binding with B. subtilis protein. The anti microbial
evaluation revealed that all synthesized compounds showed good activity against B. subtilis gram
(+ve) bacteria. On fungi, only Co(Il) complexes showed very good inhibitory activity at the
concentration of 75 and 100 pg/mL.

Bull. Chem. Soc. Ethiop. 2021, 35(3)



Synthesis of binuclear Co(II) and Ni(II) complexes of bis aroylhydrazone and phenanthroline 509
ACKNOWLEDGEMENTS

The authors are thankful to Department of Chemistry, O.U., Central Facility, O.U., Department
of Physics and Department of Technology for providing advanced instrumental and necessary
facilities. DST-SERB (SB/EMEQ-141/2014), DST-FIST, UGC-UPE (FAR)
(002/OU/UPE/FAR/CO0/2013), OU-DST-PURSE-II(C-DST-PURSE-11/9/2017) and Council for
Scientific and Industrial Research (File No.09/132(0864)/2017-EMR-I), New Delhi for their
financial assistance.

REFERENCES

1. Prasad, K.S.; Shivakumar, L.; Chandan, S.; Jayalakshmi, B.; Revanasiddappaa, H.D.
Diorganotin(IV) complexes of biologically potent 4(3H)-quinazolinone derived Schiff bases:
Synthesis, spectroscopic characterization, DNA interaction studies and antimicrobial activity.
Spectrochim. Acta Part A 2011, 81, 276-282.

2. Kahn, O. Molecular Magnetism, VCH: Weinheim, Germany; 1993.

3. McGarrigle, E.M.; Gilheany, D.G. Chromium and manganese—salen promoted epoxidation of
alkenes. Chem. Rev. 2005, 105, 1563-1602.

4. Floriani, M.C.; Fiallo, M.; Villa, A.C.; Guastini, C. Reaction of elemental sulphur with cobalt(II)
Schiff-base complexes: Synthesis of p-disulphido and p-tetrasulphido binuclear cobalt(III)
complexes. Crystal structures of two binuclear cobalt(IIl)-Schiff-base complexes. Dalton Trans.
1987, 6, 1367-1376.

5. Zhang, Q.L.; Liu, J.G.; Chao, H.; Xue, G.Q.; Ji, L.N. DNA-binding and photocleavage studies
of cobalt(Il) polypyridyl complexes: [Co(phen).IP]** and [Co(phen),PIP]**. J. Inorg.
Biochem. 2001, 83, 49-55.

6. Li, Y.; Yang, Z.Y.; Wang, M.F. Synthesis, characterization, DNA binding properties and
antioxidant activity of Ln(III) complexes with hesperetin-4-one-(benzoyl) hydrazine. Eur. J.
Med. Chem. 2009, 44, 4585-4595.

7. Krishnamoorthy, P.; Sathyadevi, P., Senthilkumar, K.; Thomas Muthiah, P.; Ramesh, R.;
Dharmaraj, N. Copper(I) hydrazone complexes: Synthesis, structure, DNA binding, radical
scavenging and computational studies. Inorg. Chem. Comm. 2011, 14, 1318-1322.

8. Adams, H.; Fenton, D.E.; Minardi, G.; Mura, E.; Pistuddi, A.M.; Solinas, C. A coordination
polymer derived from the copper(Il) complex of a bis-(salicylhydrazone) derived from
iminodiacetic acid diethyl ester. [norg. Chem. Comm. 2000, 3, 24-28.

9. Kumar, M.P.; Vamsikrishna, N.; Ramesh, G.; Subhashini, N.J.P.; Shivaraj. Cu(Il) complexes
with 4-amino-3,5-dimethyl isoxazole and substituted aromatic aldehyde Schiff bases:
Synthesis, crystal structure, antimicrobial activity, DNA binding and cleavage studies, J.
Coord. Chem. 2017, 70, 1368-1388.

10. Masoud, M.S.; Abou El-Enein, S.A.; Motaweh, H.A.; Ali, A.E. Thermal and electrical
conductivity properties of some Cr', Mn" and UQ," amino alcohol complexes. J. Therm.
Anal. Cal. 2004, 75, 51-61.

11. Najim, M.A.; Hasun, S.M. Synthesis and characterization of manganese(II), cobalt(Il),
nickel(IT), copper(II) and zinc(II) complexes with new Schiff base derived from 6,7-dimethyl-
quinoxaline-2,3(1H,4H)-dione and thiosemicarbazide. Eur. J. Chem. 2015, 6, 44-47.

12. Pouralimardan, O.; Chamayou, A.C.; Janiak, C.; Monfared, H.H. Hydrazone Schiff base-
manganese(Il) complexes: Synthesis, crystal structure and catalytic reactivity. /norg. Chem.
Acta 2007, 360, 1599-1608.

13. Banerjee, S.; Mondal, S.; Sen, S.; Das, S.; Hughes, D. L.; Rizzoli, C.; Desplanches, C.;
Mandal, C.; Mitra, S. Four new dinuclear Cu(Il) hydrazone complexes using various organic
spacers: Syntheses, crystal structures, DNA binding and cleavage studies and selective cell inhibitory
effect towards leukemic and normal lymphocytes. Dalton Trans. 2009, 34, 6849-6860.

Bull. Chem. Soc. Ethiop. 2021, 35(3)



510

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ganga Rajam K. et al.

Stamate, D.; Ferbinteanu, M.; Opreal, C.1.; Panait, P.; Cimpoesu, F.; Mihai Girfu, A. New
mixed ligand Co(II) complexes as possible electrolytes for dye- sensitezed solar cells - A
combined experimental and computational approach. /* International Electronic Conference
on Materials, 2014. DOI: 10.3390/ecm-1-b003.

Schilt, A.A.; Taylor, R.C. Infra-red spectra of 1,10-phenanthroline metal complexes in the
rock salt region below 2000 cm ™. J. Inorg. Nucl. Chem. 1959, 93, 211-221.

Wilde, R.E.; Srinivasan, T.K.K.; Ghosh, S.N. Mono complexes of 2,2"-bipyridine and 1,10-
phenanthroline with transition metals. J. Inorg. Nucl. Chem. 1973, 35, 1017-1021.

Raman, N.; Fathima, S.A.; Raja, J.D. Designing, synthesis and spectral characterization of
Schiff base transition metal complexes: DNA cleavage and antimicrobial activity studies. J.
Serb. Chem. Soc. 2008, 73, 1063-1071.

Kavitha, N.; Lakshmi, P.V.A. Synthesis, characterization and thermogravimetric analysis of
Co(1), Ni(II), Cu(Il) and Zn(II) complexes supported by ONNO tetradentate Schiff base
ligand derived from hydrazino benzoxazine. J. Saudi Chem. Soc. 2017, 21, S457-S446.
Maurya, R.C.; Malik, B.A.; Mir, J.M.; Vishwakarma, P.K.; Rajak, D.K.; Jain, N. Nickel(II)
complexes of ONS donor Schiff base ligands: Synthesis, combined DFT-experimental
characterization, redox, thermal, and in vitro biological investigation. J. Coord. Chem. 2015,
68, 2902-2922.

Kanagavalli, C.; Sankarganesh, M.; Raja, J.D.; Kalanithi, M. Spectral, NLO and antimicrobial
studies of Co(II), Ni(II) and Cu(Il) complexes of Schiff base ligands of 2-amino-6-
nitrobenzothiazole. J. Serb. Chem. Soc. 2018, 83, 267-275.

Mohammed, M.Al-Ne’aimi. Synthesis and characterization of bis-acylhydrazone derivatives
as tetradentate ligands and their dinuclear metal(Il) complexes. Period. Polytech. Chem. Eng.
2012, 56, 83-90.

Bag, S.; Bhaumik, P.K.; Jana, S.; Das, M.; Bhowmik, P.; Chattopadhyay, S. Syntheses and
characterizations of square planar nickel(II) complexes with pendant ligands: Examples of bi-
dentate bonding modes of potentially tri- and tetra-dentate Schiff bases, Polyhedron 2013, 65,
229-237.

Chandrasekar, T.; Pravin, N.; Raman, N. DNA incision evaluation, binding investigation and
biocidal screening of novel metallonucleases of 1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-
1,6-diene-3,5-dione based Knoevenagel condensate having methionine: Synthesis and
structural validation. J. Mol. Struct. 2015, 108, 477-485.

Shulgin, V.F.; Gusev, A.N.; Chernega, A.N.; Larin, G.M. Spacered dinuclear copper(Il)
complexes with acyldihydrazones of aliphatic dicarboxylic acids and 2-hydroxy-5-
nitroacetophenone. Russ. Chem. Bull. Int. Ed. 2007, 56, 236-241.

Altomare, A.; Cuocci, C.; Giacovazzo, C.; Moliterni, A.; Rizzi, R.; Corriero, N.; Falcicchio,
A. EXPO2013: A kit of tools for phasing crystal structures from powder data. J. Appl. Cryst.
2013, 46, 1231-1235.

Nebojsa, N.; Begovic; Stojanovic, N.N.; Ostojic, S.B.; Radulovic, A.M.; Vladimir, A.;
Blagojevic; Simonovic, B.; Minic, D.M. Thermally induced polymerization of binuclear
[Niy(en)2(H20)6(pyr)]-4H,0 complex. Thermochim. Acta 2015, 607, 82-91.

Yaul, A.R.; Dhande, V.V.; Pethe, G.B.; Aswar A.S. Synthesis, characterization, biological
and electrical conductivity studies of some Schiff base metal complexes. Bull. Chem. Soc.
Ethiop. 2014, 28, 255-264.

Righi, L.; Calestani, G.; Gemmi, M.; Migliori, A.; Bettinelli, M. Neutron diffraction study of
¢-BigPbsO,7: Structure refinement and analysis of cationic ordering, Acta Cryst. 2001, 57,
237-243.

Mabhapatra, B.B.; Mishra, R.R.; Sarangi, A.K. Synthesis, characterisation, XRD, molecular
modelling and potential antibacterial studies of Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II)
complexes with bidentate azodye ligand. J. Saudi Chem. Soc. 2016, 20, 635-643.

Bull. Chem. Soc. Ethiop. 2021, 35(3)



Synthesis of binuclear Co(II) and Ni(II) complexes of bis aroylhydrazone and phenanthroline 511

30. Gomleksiz, M.; Alkan, C.; Erdem, B. Synthesis, characterization and antibacterial activity of
2-p-tolyl-1h-Imidazo[4,5-F][1,10]phenanthroline and its Co(II), Ni(II) and Cu(II) complexes.
Bull. Chem. Soc. Ethiop. 2013, 27, 213-220.

31. Singh, K.; Kumar, Y.; Puri, P.; Kumar, M.; Sharma, Ch. Cobalt, nickel, copper and zinc
complexes with 1,3-diphenyl-1H-pyrazole-4-carboxaldehyde Schiff bases: Antimicrobial,
spectroscopic, thermal and fluorescence studies. Eur. J. Med. Chem. 2012, 52, 313-321.

32. Wang, Q.H.; Weng, W.; Liu, J.M.; Cai, L.Z.; Guo, G.C. Synthesis, crystal structure, and
fluorescence properties of several schiff-base compounds. J. Coord. Chem. 2006, 59(5), 485-
492.

33. Raman, N.; Sobha, S.; Selvaganapathy, M. Probing the DNA binding mode of transition metal
based biologically active compounds: Validation by spectroscopic methods. /nt. J. Pharm.
Bio. Sci. 2012, 3, 251-268.

34. Chandraleka, S.; Ramya, K.; Chandramohan, G.; Dhanasekaran, D.; Priyadharshini, A.;
Panneerselvam, A. Antimicrobial mechanism of copper(Il) 1,10-phenanthroline and 2,2'-
bipyridyl complex on bacterial and fungal pathogens. J. Saudi Chem. Soc. 2014, 18, 953-962.
35. Sultan, J.S.; Lateaf, S.M.; Rashid, D.K. Synthesis, characterization and antibacterial activity
of mixed ligand (HL) complexes Mn(II), Co(II), Ni(II), Zn(II, Cd(II) and Hg(II) with azide.
Open Inorg. Chem. 2015, 5, 102-111.

36. Sreenu, D.; Aveli, R.; Narendrula, V.; Nirmala, G.; Shivaraj. Synthesis, structural
characterization, antioxidant, antimicrobial, DNA incision evaluation and binding
investigation studies on copper(Il) and cobalt(Il) complexes of benzothiazole cored Schiff
bases, J. Coord. Chem. 2019, 72, 1973-1993.

37. Sreenu, D.; Marri, P.K.; Aveli, R.; Narendrula, V.; Nirmala, G.; Shivaraj. Design, synthesis,
spectral characterization, DNA interaction and biological activity studies of copper(Il),
cobalt(Il) and nickel(II) complexes of -amino benzothiazole derivatives. J. Mol. Struct. 2017,
1144, 47-158.

38. Aveli, R.; Sreenu, D.; Nirmala, G.; Dasari, S.S.; Krishnan, R.; Shivaraj. Mononuclear Co(II),
Ni(I) and Cu(ll) complexes of the Schiff base, 2-(((4-trifluoromethoxy)
phenylimino)methyl)-6-tert-butylphenol: Synthesis, spectroscopic characterization, X-ray
study and biological evaluation. J. Mol. Struct. 2020, 1199, 127006.

39. Sumalatha, V.; Aveli, R.; Narendrula, V.; Nirmala, G.; Sreenu, D.; Shivaraj. Synthesis,
characterization, DNA binding propensity, nuclease efficacy, antioxidant and antimicrobial
activities of Cu(Il), Co(Il) and Ni(II) complexes derived from 4-(trifluoromethoxy)aniline
Schiff bases. Chem. Data Coll. 2019, 20, 100213.

40. Gali, R.; Sreenu, D.; Nirmala, G.; Aveli, R.; Kadtala, V.; Shivaraj. Facile synthesis, structural
characterization, DNA binding, incision evaluation, antioxidant and antimicrobial activity
studies of cobalt(Il), nickle(Il) and copper(Il) complexes of 3-amino-5-(4-
fluorophenyl)isoxazole derivatives. J. Mol. Struct. 2020, 1202, 12733.

Bull. Chem. Soc. Ethiop. 2021, 35(3)



