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ABSTRACT

Two mixed ligands (L1, L2), L1 = N-(4-methoxybenzylidene) isonicotinohydrazone, L2 = 2-
aminophenol, and their metal (Cu?*, Ni¢*, and Zn?*) complexes with stoichiometry (1:1:1) were
synthesized and characterized by analytical and physico-chemical techniques such as conductivity,
magnetic susceptibility measurements, IR-spectra, and UV-Visible spectra. All of the metal
complexes were 1:1 electrolyte, according to the molar conductance measurements. It can be
concluded from the IR study that the ligands were coordinated to the corresponding metal ions
through N and O donor sites of the azomethine nitrogen atom and the carbonyl oxygen atom.
Magnetic moment and UV-Vis spectra data confirmed that square planar geometry for Cu(ll) and
Ni(ll) complexes, and tetrahedral structure for Zn(Il) ion complex. The metal complexes derived
from L1 and L2 were tested against Escherichia coli and Pseudomonas sp. Among the tested
compounds, Cu(ll) complex showed higher antibacterial activity over both bacterial strains against
reference drug Kanamycin-30. Moreover, synthesized metal complexes exhibited moderate
antioxidant activity than the Schiff base. Cu(ll) complex was found to be most active whereas, Zn(ll)

complex showed the lowest antioxidant activity comparable to the BHT.

Keywords: Schiff base; transition metals; antibacterial; antioxidant.

1. INTRODUCTION

“Schiff base is a condensation product formed
when a primary amine reacts with an aldehyde or
ketone. It is also known as imine or azomethine
(-C=N-) and is a nitrogen analog of an aldehyde
or ketone in which the C=0 group has been
replaced by an imine or azomethine group” [1].
Due to its ability to connect with multiple metal
centers involving different coordination sites and
enabling the production of coordination
compounds, Schiff base metal complexes with
nitrogen (N), sulphur (S), or oxygen (O) as
ligands have become more remarkable [2].

“Schiff bases are a kind of chemical compound
with diverse uses. They've been utilized as
ligands in a range of transition metal complexes”
[3]. “Schiff bases are very essential in inorganic
chemistry, especially coordination chemistry,
since they quickly form stable complexes with a
wide range of transition metal ions” [4]. “Schiff-
bases and their metal complexes have attracted
the attention of researchers due to their diverse
biological actions” [5-6]. “Nevertheless, they are
utilized in organic synthesis, medicine, chemical
catalysis, pharmaceutics, chemical analysis, and
new technologies” [7]. These complexes exhibit a
wide range of activities, including antibacterial [8-
10], antifungal [11-12], anticancer [13-14], and
anti-inflammatory agents [15-16]. “Schiff base
metal complexes are efficient catalysts in both
homogeneous and heterogeneous processes”
[17-19], and “the function of these metal
complexes varies depending on the ligands,
coordination sites, and metal ions” [20]. In the
biological arena, mixed ligand complexes play a

significant role in the activation of enzymes by
metal ions in a number of different ways. Schiff
bases, for example, based on heterocyclic
molecules such as p- anisaldehyde and furan-2-
carbaldehyde, have generated growing interest
in bio-inorganic chemicals [19-21]. Isoniazid is
one of the most potent medications and is the
first-line treatment for tuberculosis (tuberculosis).
Because of its high degree of antibacterial action,
it is a recommended therapy material for
Mycobacterium tuberculosis (MT). It forms metal
chelate complexes with a variety of
physiologically significant bivalent transition
metals ions [22-25]. The purpose of this research
is to synthesize and characterize some newly
created mixed ligand complexes of divalent
transition metals (Ni2*, Cu2*, and Zn2* ions) in
combination with 2-aminophenol (as the
secondary ligand, abbreviated as L2) and
isoniazid (INH) based Schiff base (SB) ligand L1,
(N-(4-methoxybenzylidene)isonicotinohydrazone)

obtained from p-anisaldehyde and isoniazid,
(isonicotinic acid hydrazide).
Some bioactivity test findings, such as

antibacterial and antioxidant properties for
ligands and their metal complexes, were also
mentioned.

2. METHODS

“The weighing operation was performed with the
help of a METTLER PM 200 electronic balance.
The melting or decomposition temperatures of all
the prepared metal complexes were observed in
an electro thermal melting point apparatus model
0.AZ6512. Infrared spectra of the ligands and
complexes were recorded on a FTIR-8400,
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SHIMADZU, Japan using a KBr disc at the
Central Science Lab of Rajshahi University. The
Electronic spectra of the complexes in solution
phase (1x105 M) were recorded in the range of
200-800 nm on a Thermo-electron Nicolet
evolution 300 UV-Vis spectrophotometer.
Conductivity measurements of the complexes
were carried out in N, N’-dimethylformamide
(DMF) using Horiba conductivity meter B173 in
which cell constant is fixed” [26]. A Sherwood
Scientific Magnetic Susceptibility Balance was
used to measure the magnetic moment values.
Elemental analysis was carried out on a LECO
(CHNS-932) elemental analyzer. The purity of all
these compounds was tested by thin layer
chromatography (TLC) on Silica gel-GF 254
(Merck) coated plates.

2.1 Synthesis of Schiff Base Ligand (L1)
H-(4- methoxybenzylidenelisonicotinohyd mrone)

N-(4-methoxybenzylidene)isonicotinohydrazone
Schiff base Ligand was prepared (Scheme 1) by
the condensation reaction of Isoniazid (INH) and
p-anisaldehyde in an equimolar ratio (1:1).
INH(1.374 g, 10.00 mmol) was intermixed with
ethanol (15 mL) and then the mixture was poured
in a round bottom flask with extra ethanol for a
homogeneous mixture solution. Moreover, 4-
methoxybenzaldehyde (1.22 mL, 10.00 mmol)
was added up drop-wise over 5 minutes and
washed with ethanol (5 mL). The reaction
mixture was refluxed for 5 hours and also the
color of the solution (yellow) converted into white.
After completion of the reaction, it allowed to cool
slowly and to stand overnight. Eventually, it
produced a white crystalline solid which was
filtered off and dried in a desiccator over
anhydrous CaClz.

N-{4-methoxybenzylidene)isonicotinohydrazone

C14H13N302; White solid, yield 74 %, mp., 110 °C,
IR spectrum, v, cm™: 1658.70 (C=0), 1593.61
(C=N). UV-Vis spectrum, Amax, nm: 267, 318.
Elemental analysis for C14H13NsO2: Found, %: C,
65.87; H, 5.12; N, 16.45; O, 12.55. Calculated,
%: C, 65.86; H, 5.10; N, 16.46; O, 12.54

2.2 Synthesis of Mixed Ligand Complexes

“The synthesized Schiff base ligand (L1) having
0.255 g, (1 mmol) was dissolved in methanol (10
mL). Then, the hot methanolic solution of ligand
and equimolar 2-aminophenol (0.110 g, 1 mmol)
which was used as a secondary ligand (L2) were
added up drop-wise unitedly in the heated
methanolic solutions (10 mL, 1 mmol) of nitrate

salts (0.254 g, 1 mmol) of divalent metals for-
instance; Cu(ll), Ni(ll), and Zn(ll). In addition, the
mixture was refluxed for 3 hours and after
completion of the reaction, it allowed to cool
slowly and to stand overnight. The obtained
precipitate was filtered, washed with a-few times
with methanol, and dried under vacuum on
anhydrous CaCl.. The synthesized metal
complexes were soluble in DMSO) and DMF”
[26].

[Cu(L1)(L2]NO3:

[CuC20H19NsOs];  F.wt.(g/mol): 488.94; Yield:
78%; Color: Dark olive green solid, mp., >300 °C.
Molar conductance (Qt cm2mol-1): 85. e, B.M:
1.83. IR spectrum, v, cm~; 452.12 (M-N), 528.02
(M=0), 1552.72 (C=N), 1607.46 (C=0). UV-Vis
spectrum, Amax, NM: 272, 352. Elemental analysis
for CuC20H19NsOs; Found, %: C, 49.13; H, 3.92;
N, 14.32; O, 19.63; Cu, 13.00. Calculated, %: C,
49.09; H, 3.89; N, 14.32; O, 19.63; Cu, 13.00.

[Ni(L1)(L2)]NOs:

[NiC20H19N5s06]: F.wt.(g/mol): 484.09; Yield: 67%;
Color: Gold solid, mp., >300 °C. Molar
conductance (Q' cm? mol): 90. pett, B.M: 1.23.
IR spectrum, v, cm1: 459.02 (M-N), 530.97
(M=0), 1552.49 (C=N), 1608.04 (C=0). UV-Vis
spectrum, Amax, NM: 269, 354. Elemental analysis
for NiC20H19Ns50s; Found, %: C, 49.62; H, 3.96;
N, 14.47; O, 19.83; Ni, 12.12. Calculated, %: C,
49.58; H, 3.92; N, 14.46; 0, 19.83; Ni, 12.12.

[Zn(L1)(L2]NOs3:

[ZnC20H19NsOs]:  F.wt.(g/mol):  490.78; Yield:
61%; Color: White solid, mp., 191 °C. Molar
conductance (Q~ cm?mol-1): 88. perr, B.M: 0.63.
IR spectrum, v, cm™?: 460.38 (M-N), 530.45
(M=0), 1557.79 (C=N), 1660.51 (C=0). UV-Vis
spectrum, Amax, nm: 271, 326, 380. Elemental
analysis for ZnCz0H19NsOe; Found, %: C, 48.95;
H, 3.90; N, 14.27; O, 19.56; Zn, 13.32.
Calculated, %: C, 48.91; H, 3.87; N, 14.26; O,
19.56; Zn, 13.32.

3. RESULTS AND DISCUSSION

All complexes with a distinct color, stable at room
temperature were insoluble in polar solvent but
complete soluble in DMSO and DMF. At room
temperature, the molar conductance values of all
prepared complexes were measured (102 M) in
DMF solvent. According to conductance
investigations, all complexes were electrolytic,
and nitrate complexes were 1:1 electrolyte
[27-28]. The magnetic moment value for Cu(ll)
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Scheme 1. Synthesis of Schiff base ligand L1

complex was 1.83 B.M, demonstrating that it is
paramagnetic and corresponds even with a
square planar shape [29]. The result for the Ni(ll)
complex was 1.23 B.M, indicating diamagnetic
nature with square planar geometry, while the
Zn(l1) ion complex was 0.62 B.M with tetrahedral
structure [30-32].

3.1 IR Spectral Studies

The IR spectra of the free ligand showed two
distinctive bands close at 1658 cm* and 1593
cm owing to the v(C=0) and v(C=N) stretching,
respectively (Fig. 1) [33-34]. The bond C=0
stretching was moved to lower values (1600—
1608) cm? in the spectra of Cu(ll), Ni(ll), and
Zn(ll) complexes suggesting the coordination of
carbonyl oxygen to the metal ions ( Figure 1).
This was further confirmed by the new absorption

bands at 528-531 cm? in the IR spectra of
complexes due to metal-ligand M-O interaction
[33,35]. The medium peak observed close at
1593 cm?! was due to imine bond C=N
stretching. This band was moved to lower
wavenumbers from 1552—-1558 cm! region in the
spectra of the produced complexes showing the
coordination of the metal ions via azomethine
nitrogen and this was confirmed by the other
bands in the range 452—-461 cm™ due to v(M—N)
vibration [34-36]. The infrared (IR) spectra of
mixed ligand metal complexes revealed a
prominent sharp line at 1383 cm that may be
attributed to uncoordinated nitrate ion [28].

From the IR data, it leads to infer that two ligands
as a bidentate way have coupled to metal
centers through azomethine nitrogen (N) and
carbonyl(=C=0) oxygen (O) atoms, respectively.
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Fig. 1. IR Spectra of the ligand L1, and its mixed ligand complexes with L2
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3.2 UV- Visible Spectra

UV-Visible spectrum of the ligand (L1) showed
two broad bands at 267 and 318 nm region
(Fig. 2), assigned to 1-m* and n-1* transitions
[37]. In the complexes these bands moved
towards longer and lower wavelengths compared
to their free ligand and showed the charge
transfer transitions from the ligand to metal
(LMCT) and vice versa [32].

In the UV-region, the electronic spectra of the
obtained Cu(ll) and Ni(ll) complexes displayed
two absorption bands in the region 269-272 nm,
and 352-354 nm, attributed to -m*, and charge

25
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transfer band (C.T) [38]. On the contrary, the Uv-
Vis spectra of Zn(Il) complex showed three strong
bands in the region 271 nm assigned to 1r-11, 326
nm assigned to n-r*, and 380 nm attributed to
MLCT transitions, respectively [38-41].

Therefore, the effective magnetic moment values
and electronic transitions complied with the
square planar structure for Cu(ll), and Ni(ll)
complexes as well as tetrahedral structure for
Zn(ll) ion complex.

On the basis of the above characterizations, the

Absorbance

probable structure of complexes is given
below:
] Ligand L1
Cu(L1)(L2)
Ni(L1)(L2)
Zn(L1)(L2)
0'0 T T I
300 400 500 600

Wavelength (nm)

Fig. 2. UV- Visible spectra of the L1 and its mixed ligand complexes with L2

[ OCHS
H—C;—\_\_‘
H T‘/ :
.
——
L M

+

NO,

Fig. 3. The proposed geometry of mixed ligand complexes for L1 and L2 where,
M=Cu(ll), and Ni(ll)

116



Ashrafuzzaman et al.; Asian J. Chem. Sci., vol. 13, no. 5, pp. 112-122, 2023; Article no.AJOCS.106801

OCHs — ]

MO

Fig. 4. The proposed geometry of mixed ligand complexes for L1 and L2

3.3 Pharmacology
3.3.1 Antibacterial activity

The antibacterial activity of Schiff base ligands
and mixed ligand complexes against Escherichia
coli and Pseudomonas sp. was studied at a
concentration of 100 pg/ 10uL in DMF. The
diameter of the inhibitory zone was measured in
millimeters, and the results of their antibacterial
activity are reported in Table 1 and shown in
Fig. 5. The Schiff base ligands did not exhibit any
inhibitory zone against the tested bacterial
strains. Furthermore, [Cu(L1)(L2)]NOs was found
to have the best antibacterial activity against
Pseudomonas sp. and Escherichia coli (E.coli).
E. coli was unaffected by the Zn(ll) complex. In
addition, the heightened reactivity of the
complexes may be comprehended via the
implementation of Overtone's concept and
Tweedy's chelation theory [42]. The considerable
antibacterial activity of metal complexes is owing
to their lipo-solubility nature derived from lipid-
soluble components, which is a key control
element in antibacterial activity. The polarity of
metal ions is decreased during chelation owing to
overlap and partial sharing of positive charge by
the metal ion with the orbitals of the donor
groups of the ligands. Metal ions may so readily
be adsorbed on the surface of an organism's cell
wall. As a result, it inhibits cell respiration and
prevents protein synthesis. This, in turn, restricts
the development of new organisms. “Apart from
that, the methyl group plays an important role in

increasing the lipophilic nature of metal
complexes, which is the reason for their
remarkable antibacterial activity, with other

factors such as solubility, coordinating sites,
complex geometry, steric, concentration, and

hydrophobicity having a significant impact on
antibacterial potency” [42-44].

3.3.2 Antioxidant activity

“The investigation focused on assessing the
antioxidant activity of the ligand that was
synthesized, as well as its mixed ligand
complexes with metal ions. This assessment was
conducted by using the free radical molecule
known as 2,2-diphenyl-1-picryl hydrazyl (DPPH)
and BHT(butylated hydroxytoluene) as a
standard at different concentrations (ranging
from 20 to 100 pg/mL). When DPPH was
dissolved in DMF, it became pale red” [45]. The
percentage of DPPH radical scavenging activity
and the ICsp values of BHT, ligand L1, and its
mixed ligand complexes with L2 are given in
Table 2 and illustrated in Figures 6 and 7,
respectively. According to the findings, all of the
metal complexes showed moderate DPPH
radical scavenging activity, which was similar to
BHT, when compared to Schiff base ligands.
Cu(ll) complexes outperformed Ni(ll) and Zn(ll)
complexes in terms of antioxidant activity
when compared to standard BHT. The variation
in the antioxidant activity of the Schiff base
metal complexes may be attributed to the
coordination environment and redox properties.
The redox properties of metal complexes are
influenced by several factors, including axial
ligation, chelate ring size, and chelate ring
unsaturation [43-44]. Cu(ll) complexes have
higher antioxidant activity than other synthesized
complexes may be due to its reducing ability and
proton donation characteristic, which allows Cu?*
to serve as a superoxide scavenging center [46].
The weak antioxidant activity of Ni(ll) complexes
may be ascribed to steric hindrance resulting
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from their geometric structure, which hinders the  Zn(ll) ion lacking transition metal properties, it is
radical interaction of DPPH with the active wunable to engage in electron-transfer reactions,
centers of the complexes. Additionally, due to the  resulting in a decrease in its reactivity [46].

30

B E coli
05 B Pseudomonas sp.

Diameter of zone of inhibition/(mm)

Fig. 5. Graphical representation of antibacterial activity of L1 and its metal complexes with L2
against E. coli and Pseudomonas sp. with Kanamycin-30

Table 1. Antibacterial activities of ligand L1, L2, and its metal complexes

Diameter of zone of inhibition ( mm) of tested compounds (100 pg/disc)

Compounds Gram Negative
Escherichia coli Pseudomonas sp.
Kanamycin (30 pg/disc) 15 22
Ligand (L1) - -
[Cu(L1)(L2)INOs 6 6
[Ni(L1)(L2)]NOs 5 6
[Zn(L1)(L2)]NOs - 6
DPPH Assay
60

> -~ BHT

é -= Ligand(L1)

< 404 - Cu(L1)(L2)

g = Ni(L1)(L2)

c

Zn(L1)(L2

2 0 (L1)(L2)

(&

w

S

0 T T T T 1
20 40 60 80 100 120

Concentration (ug/mL)

Fig. 6. DPPH radical scavenging activity of the mixed ligand complexes of ligand-L1, and L2 at
different concentrations (20, 40, 60, 80, and 100 pg/mL with BHT
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Table 2. % of Scavenging activity and ICso values of BHT, L1, and its mixed ligand complexes

with L2

Conc. % BHT %L1  %[Cu(L1)(L2)]JNOs % [Ni(L1)(L2)]NOs % [Zn(L1)(L1)]NOs
(Hg/mL)
20 10.61 1.00 12.70 12.30 2.69
40 23.06 1.70 22.91 25.00 3.54
60 30.96 3.20 25.13 26.18 5.09
80 34.23 5.38 27.56 25.26 7.50
100 38.76 7.12 28.77 25.78 9.34
ICs0 126.60  641.90 204.50 259.10 574.10

700=

=

£ 500+

>

=

98 300+

100

Fig.7. ICso value of the mixed ligand complexes of L1 and L2 at different concentrations (20, 40,
60, 80, and 100 pg/mL with standard antioxidant BHT

4. CONCLUSIONS

A variety of novel Ni?*, Cu?* and Zn?* complexes
generated from isoniazid based Schiff base
ligand (L1) and 2-aminophenol (L2) have been
successfully synthesized and spectroscopic and
analytical techniques have been used to describe
them. The ligands coordinated to central metals
through N and O atoms, according to the IR
spectrum study. On the basis of IR, UV-Vis, and
magnetic susceptibility data, a square planar
geometry for Cu(ll) and Ni(ll) complexes and a
tetrahedral geometry for Zn(ll) complex may be
suggested. In comparison to Schiff base ligand
and other complexes, Cu(ll) complex has the
most antibacterial activity. When compared to
BHT, Zn(ll) complex exhibited the lowest
antioxidant activity than Cu(ll) and Ni(ll)
complexes.

ACKNOWLEDGEMENTS

The authors are thankful to the Chairman,
Department of Chemistry, University of Rajshahi,
Bangladesh for the laboratory facilities.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Jose” EDS, Edward RD, E’der TGC.
Synthesis and characterization of Schiff
bases from chitosan and salicylaldehyde
derivatives. Carbohyd. Poly. 2005;60(3):
277-282.

119



10.

11.

Ashrafuzzaman et al.; Asian J. Chem. Sci., vol. 13, no. 5, pp. 112-122, 2023; Article no.AJOCS.106801

Vedhamonickom A. Design and synthesis
of macrocyclic ligands and their complexes
of lanthanides and actinides. Chem. Rev.
1995;95(2):273-342.

Haythem AS, Eman AAS, lbrahim MM,
Amal GAB, Mohammad SM. Synthesis,
characterization and biological activity of
Schiff bases derived from metronidazole.
Med. Chem. Res. 2012;21:2969-2974.
Thorat BR, Kamat P, Khandekar D, Lele S,
Mustapha M, Sawant S, Jadhav R, Kolekar
S, Yamgar R, Atram RG. Synthesis and
Fluorescence study of Novel Schiff Bases
of Isoniazide. J. Chem. Pharm. Res.
2011;3(6):1109-1117.

Douglas XW, Anthony EL.
Thiosemicarbazone complexes of copper
(IN: structural and biological studies.
Coord. Chem. Rev. 1993;123(1-2):49-71.
Tuo W, Zijian G. Copper in medicine:
Homeostasis, chelation therapy and
antitumor drug design. Current med.
Chem. 2006;13(5):525-537.

Gupta B, Fahmi N. Co(ll) and Ni(ll)
Complexes with schiff base ligands:
Synthesis, characterization, and biological
activity. Russian J. Gen. Chem. 2016;
86(5):1182-1190.

Babahan llknur, Esin PC, Halil B.
Synthesis, characterisation and
antimicrobial activities of vic-dioxime
derivatives  containing  heteroaromatic
hydrazone groups and their metal

complexes. Maejo Intern. J. Sci. Techno.
2013;7(1):26-41.

Ikechukwu PE, Peter AA. “Synthesis,
characterization and biological studies of
metal (Il) complexes of (3E)-3-[(2-{(E)- [1-
(2, 4-dihydroxyphenyl) ethylidene] amino}
ethyl) imino]-1- phenylbutan-1-one
Schiff base. Molecules. 2015;20(6):9788-
9802.

Ajay RP, Kamini JD, Sambhaji SR,
Vishwanath RP, Rama SL. Synthesis,
characterization and biological activity of
mixed ligand Co (Il) complexes of schiff
base 2-amino- 4-nitrophenol-n-salicylidene
with some amino acids. J. Chem. Pharma.
Res. 2012;4(2):1413-1425.

Zahid HC, Sajjad HS, Moulay HY, Taibi
BH. Metal based biologically active
compounds: Design, synthesis, and
antibacterial /antifungal/cytotoxic
properties of triazole-derived Schiff bases
and their oxovanadium (IV) complexes.
European J. Med. Chem. 2010;45(7):2739-
2747.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

120

Aliasghar J, Dariush K, Erik DC, Chanaz
S, Jean MB. “Synthesis, antibacterial,
antifungal and antiviral activity evaluation
of some new bis-Schiff bases of isatin and
their derivatives. Molecules. 2007;12(8):
1720-1730.

Parashar RK, Sharma RC, Govind M.
Biological activity of some Schiff bases
and their metal complexes. Biolo. Tra. Ele.
Res. 1989;23(1):145-150.

Yang G, Xia X, Tu H, Zhao C. Synthesis
and antitumor activity of schiff base
coordination compounds. Chinese J.
Appli. Chem. 1995;2.

Lekaa K, Abdul K, Fawzi YW, Nisreen HK.
Schiff base complexes of some drug
substances. J. Pharm. Sci. Res. 2018;
10(8):1912-1917.

Blahova M, Sokolik J, Tumovéa |, Svec P.
Anti-inflammatory  activity of aqua
(aryloxyacetato) copper (Il) complexes”,
Pharmazie. 1994;49(5):373-374.

Asraf MA, Chizoba IE, Zakaria CM,
Francis V. “Homogeneous photochemical
water oxidation with metal salophen
complexes in neutral media. Photochem”,
Photobio. Sci. 2019;18(11):2782-2791.
Asraf MA, Hussein AY, Chizoba IE,
Akshay M, Francis V., “Cobalt salophen
complexes for lightdriven water oxidation.
Cataly. Sci. Techno. 2016;6(12):4271-
4282.

Asraf MA, Younus HA, Yusubov MS,
Verpoort F, Earth-abundant  metal
complexes as catalysts for water oxidation;

is it homogeneous or heterogeneous.
Cataly. Sci. Techno. 2015;5(11):
4901-4925.

Gupta KC, Alekha KS. Catalytic activities
of schiff base transition metal complexes.
Coord. Chem. Rev. 2008;252(12-14):
1420-1450.

Chaviara AT, Cox PJ, Repana KH, Papi
RM, Papazisis KT, Zambouli D, Kortsaris
AH, Kyriakidis DA, Bolos CA. Copper(ll)
Schiff base coordination compounds of
dien with heterocyclic aldehydes and 2-
amino-5-methyl-thiazole:synthesis,
characterization,  antiproliferative  and
antibacterial studies. Crystal structure of
CudienOOCI2. J. Inorg. Biochem. 2004
;98:1271.

Anoop KP, Abhishek B, Vikas B, Apoorva
D. Structural, electronic, and vibrational
properties of isoniazid and its derivative n-
cyclopentylidenepyridine-4-



23.

24,

25.

26.

27.

28.

29.

30.

31.

Ashrafuzzaman et al.; Asian J. Chem. Sci., vol. 13, no. 5, pp. 112-122, 2023; Article no.AJOCS.106801

carbohydrazide: A quantum chemical
study. J. Theoret. Chem. 2014;1-15.

Garner RN, Pierce CG, Reed CR,
Brennessel WW. Photoinitiated treatment
of mycobacterium using ru(ii) isoniazid

complexes. Inorganica. Chimica. Acta;
2017.

Zubatyuk RI, Kucherenko LI, Mazur IA,
Khromyleva OV, Shishkin OV. A

theoretical structural study of isoniazid
complexes with thiotriazoline. Chem.
Hetero. Comp. 2014;50(3):476-482.
Guilian L, Jingrui Z, Yi J, Li-li Z, Haican L,
Machao L, Xiugin Z, Kanglin W. Cross-
resistance of isoniazid, para-aminosalicylic
acid and pasiniazid against isoniazid-
resistant  mycobacterium  tuberculosis
isolates in China. J. Glob. Antimicro.
Resist. 2020;20:275-281.

Ashrafuzzaman MD, Camellia  FK,
Mahmud AA, Pramanik MD, Nahar K,
Haque M. Bioactive mixed ligand metal
complexes of Cu (Il), Ni (ll), and Zn (II)
ions: synthesis, characterization,
antimicrobial and antioxidant properties.
Journal of the Chilean Chemical Society.
2021;66(3):5295-9.

Imran A, Waseem AW, Kishwar S.
Empirical formulae to molecular structures
of metal complexes by molar conductance,
synthesis and reactivity in inorganic, metal-
organic, and nano-metal chemistry.
2013;43(9):1162-1170.

Mariana LD, Angela K, Nicoale S, Adin
MM. Transition metal M(ll) complexes with
isonicotinic acid 2-(9-anthrylmethylene)-
hydrazide. J. Serb. Chem. Soc.
2010;75:1515.

Raman N, Dhaveethu RJ, Sakthivel A.
Synthesis, spectral characterization of
Schiff base transition metal complexes:
DNA cleavage and antimicrobial activity
studies. J. Chem. Sci. 2007;119(4):303—
310.

Sulekh C, Lokesh KG, Deepali J,
Spectroscopic studies on Mn(ll), Co(ll),
Ni(ll), and Cu(ll) complexes with N-donor
tetradentate  (N4) macrocyclic ligand
derived from ethylcinnamate moiety.
Spectrochimi. Acta Part A. 2004;60:2411—
2417.

Mitu L, Farook NAM, Igbal SA, RAMAN N,
Imran M, Sharma SK. Template synthesis,
characterization and biological activity of
Cu(ll), Ni(ll), Co(ll), Zn(Il) Complexes with
Isonicotinoylhydra. E-J. Chem.
2010;7(1):227-233.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

121

Farhana A, Sadia AD, Saddam H, Shaheen
S, Kudrat EZ. Synthesis, spectral and
thermal characterization of selected metal
complexes containing schiff base ligands
with antimicrobial activities. Asian J. Chem.
Sci. 2018;4(3):1-19.

Riyadh MA, Enaam 1Y, Mohamad JAJ.
Co(ll) and cd(ii) complexes derived from
heterocyclic  schiff-bases: Synthesis,
structural characterisation, and biological
activity. The Sci. World J. 2013;1-6.
Kehinde OO, Joseph AA, Cyril EE, Olayinka
OA, Akinlolu K, Tadigoppula N. (E)-N'-(2,
4-dihydroxybenzylidene)nicotinohydrazide
and its metal complexes: Synthesis,
characterisation and antitubercular activity.
Pak. j. sci. ind. res. Ser. A: phys. sci.
2016;59(2):63-75.

Kehinde OO, Joseph AA. Cyril OEE,
Tolutope OS, Akinlolu K, Micheal AM,
Tadigoppula N, Transition metal
complexes of (E)-N’-(4 cyanobenzylidene)
nicotinohydrazide): Synthesis, structural
and anti-mycobacterial activity study. J.
Appli. Sci. 2015;15 (10):1210-1222.

Khlood SAM. Transition metal complexes
of isonicotinic acid(2-
hydroxybenzylidene)hydrazide.
Spectrochimi. Acta Part A. 2008;70:162—
170.

Rehab KAS, Ahmed TN, Eman MA.
Synthesis characterization and
antimicrobial evaluation of mixed ligand
complexes of Manganese(ii), cobalt(ii),
copper(ii), nickel(ii) and Mercury(ii) with
1,10 phenanthroline and a Bidentateschiff
base. Eur. Chem. Bull. 2016;5(8):335-338.
Kechukwu PE, Peter AA. Synthesis,
characterization and biological studies of
metal(ll)Complexesof(3E)-3-[(2-{(E)-[1-
(2,4Dihydroxyphenyl)ethylidene]amino}eth
yl)imino]-1-phenylbutan-1-one Schiff Base.
Molecules. 2015;20:9788-9802.

Hossain MD, Shaheed ASME, Haque MM,
Ranjan KM, Zakaria CM, Kudrat-E ZM.
Synthesis and characterization of Cu(ll)
and Co(ll) complexes containing Schiff
base ligands towards potential biological
application. J. Chem. Bio. Phy. Sci. Sec.
A. 2018;8(4):654-668.

Gondia NK, Priya J, Sharma SK.
Synthesis and physico-chemical
characterization of a schiff base and its
zinc complex. Res. Chem. Intermed.
2017;43:1165-11783.

Kismat AE, Hossain MS, Bitu MNA, Zahid
AASM, Ranjan KM, Mannan MA, Zakaria



42.

43.

44,

Ashrafuzzaman et al.; Asian J. Chem. Sci., vol. 13, no. 5, pp. 112-122, 2023; Article no.AJOCS.106801

CM, Zahan MKE. Synthesis, spectral and
thermal characterization on bioactive
complexes of Mg(ll), Zn(ll), Sn(ll), VO(II)
and Bi(lll) lons containing schiff base
ligand journal of chemical, biological and
physical sciences. J. Chem. Bio. Phy. Sci.
Sec. A. 2019;9(4):201-218.

Patel MN, Pansuriya PB, Parmar PA,
Gandhi DS. Synthesis, Characterization,
and Thermal and Biocidal Aspects of Drug-
Based Metal Complexes. Pharma. Chem.
J. 2008;42(12):687-692.

Kadtala V, Nirmala G, Sreenu D, Kumar K,
Krishnan R, Shivaraj. Crystal structure,
DNA  interactions, antioxidant  and
antitumor activity of thermally stable Cu(ll),
Ni(ll) and Co(lll) complexes of an N,O
donor  Schiff base ligand. Poly.
2019:171:86-97.

Sumalatha V, Aveli R, Narendrula V,
Nirmala G, Sreenu D, Shivaraj.
Synthesis, characterization, DNA

45,

46.

binding propensity, nuclease efficacy,
antioxidant and antimicrobial activities of
Cu(ll), Co(ll) and Ni(ll) complexes derived

from  4-(trifluoromethoxy)aniline  Schiff
bases. Chem. Data Collect. 2019;20:
1-12.

Nighat N, Irshad A, Nizam D, Amjad W,
Sadeeq U-R, Abdul S, Farhan K, Sher K,
Simon P, Kamal U. Synthesis,
characterization and antioxidant activity of
nickel(ll) schiff base complexes derived
from 4-(Dimethylamino)benzaldehyde. J.
Chem. Soc. Pak. Chem. Soc. Pak.
2020;42(2):238-242.

Saif M, Hoda FE-S, Mahmoud MM,

Mohamed FE, Nabeel Al, Fouad R.
Synthesis, characterization, and
antioxidant/cytotoxic  activity —of new

chromone schiff base nanocomplexes of
Zn(ll), Cu(ll), Ni(ll) and Co(ll). J. Molec.
Struct; 2016.

DOI: 10.1016/j.molstruc.2016.03.060

© 2023 Ashrafuzzaman et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/106801

122


http://creativecommons.org/licenses/by/4.0

