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Introduction
This study includes synthesis 2-amino benzothiazole and its substitutes (M1-M14) by the reaction
of aniline derivatives with KSCN in presence of Br2 and glacial acetic acid then neutralize by
concentrated ammonia solution or (by 50% NaOH). The prepared compounds (M3-M5-M6-M11)
were used for preparation diazonium salts through reaction with NaNO2 and HCl, at that point
diazonium salts were utilized specifically interaction with 4-amino antipyrine and 4-amino-3hydroxy-1-naphthalene sulphonic acid (in alkaline medium) to produce azo dyes (M15-M22).
These compounds were characterized by their physical properties, spectroscopic information (FTIR, 1H-NMR, 13C-NMR and CHNS elemental analysis), and also to systematically defining of a
few active functional groups for these prepared compounds. The biological activity evaluated for
four of prepared compounds towards four kinds of bacteria

Synthesis of 2-amino Benzothiazole Substitutes (M1-M14) [17]: (0.2 mol) of p-fluoro

aniline or substituted aniline and (0.2 mol, 19.4 g) of potassium thiocyanate were added to (350
ml) of (97%) glacial acetic acid, the mixture was cooled between (0-5) 0C then (0.1 mol, 5.1 ml)
of bromine dissolved in (50 ml) glacial acetic acid, which was added slowly with stirring,
temperature was kept between (0-5) 0C, then the mixture was stirred for (2 hours) at (0-5) 0C . The
mixture was filtered off and the precipitate dissolved in warm water, then the mixture was heated
at (80) 0C for (15 min). The produced solution neutralized with (50%) NaOH. The precipitate was
filtered off and collected on a filter paper and dried, recrystallization from ethanol. (pdf15)

In the current years, there has been significant interest in the chemistry of transitional metal complexes
of Schiff’s bases. The latter possess pharmacological activities such as antimicrobial, antimicrobial,
antitubercular, antitubercular, antiviral and antimalarial. The aim of current study was to prepare a new
ligand [3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]-phenylimino}-butan-2-oneoxime] (BTBPBO) from
the reaction of 2-mercptobenzothiazole with 4,4-diaanilinemethane, then the product of this step reacted
with diacetyl monoxime. Methods: The complexes in question were prepared from reaction of ligand with
transitional metal salts [Co(II), Cu(II), Ag(I), Cd(II) and Hg(II)] in the ethanol as solvent. In addition, the

synthesized ligand (BTBPBO) and its complexes were characterized by using the physical and spectral
methods to determine the stereo geometry and the structure of ligand and its complexes. Results and
Conclusion: the results showed that the stereo geometries of the complexes are tetrahedral except Co (II),
Cu (II) complexes were octahedral. The ligand (BTBPBO) and its metal complexes exhibited good
antibacterial activities.

benzyl]-phenylimino}-bi=utan-3-oneoxime (BTBPBO) ligand

3{4[4(benzothiazole-2-ylamino)-
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Bioorganic and medicinal chemistry aspects of 2–amino benzothiazoles derivatives are broadly
found with biological applications in drug discovery and development of drug molecules for the
treatment of diabetes, epilepsy, inflammation, amyotrophic lateral sclerosis, analgesia,
tuberculosis, and viral infection. 2–aminobenzothiazole derivatives have reported to enhance
pharmacological profiles. Coordination and organometallic complexes present a wide variety of
ligand designs, oxidation states and redox behavior, giving the ability to alter the kinetic and
thermodynamic properties of the complexes toward biological receptors. There is a wide range of
scope for future research work to be done in bioinorganic field to find the novel therapeutic agents.
This review would be useful for the researcher working in this field to find out the gap between
past and present research work of metal complexes of 2–aminobenzothiazole derivatives. This
review has intensively focused on the synthesis of metal complexes of aminobenzothiazole,
characterizations, antimicrobial, antiviral and anti-tumor.
Based on literature review, 2–aminobenzothiazol (Fig. 1) the substitution at 4, 5 & 6th position to
improve biological activities. Literature survey reveals that electron withdrawing or donating
groups amended the lipophilicity of the test compounds, which in turn alters permeability across
the bacterial cell membrane.

however, metal complexes of Schiff bases with heterocyclic compounds also find applications as
potential drugs. The medicinal uses and applications of metals and metal complexes are of
increasing clinical and commercial importance.

Metal complexes derived from 2–Aminobenzothiazole Derivatives: have

M. R.

Chaurasia. et al., [30] synthesized mercury(II) and copper(II) complexes of 6–methyl–2–

aminobezothiazole. They were exhibited higher activity against Aspergillus Niger, Alternaria
alternate, Curvularia plunata, and Penicillium fumculorus. Mahmood–ul–Hassam, Chohan et al.,
[31] have discussed the series of Schiff bases formed by reaction of 2–acetamido benzaldehyde
with 2–amino–, 2–amino–4–methyl, 2–amino–4–methoxy–, 2–amino–4–chloro–, 2–amino–6–
nitro– and 6–(methyl sulfonyl)benzothiazole. The afforded products undergo complexation
reactions to obtain Co(II) and Ni(II) chelates and reported that the Schiff bases act as tridentate and
their metal complexes are proposed to possess an octahedral geometry about the central metal ion.
These compounds have been screened for antibacterial activities. S. Saydam et al., [32] synthesized
a new ligand system of 5–bromo–2–hydroxybenzylidene–2–aminobenzothiazole by the
condensation of 2–aminobenzothiazole and 5–Bromo salicylaldehyde in ethanol medium. Metal
complexes of the ligand were prepared from ligand and chloride salts of Co (II), Cu(II) and Ni(II)
under reflex conditions. It is suggested that two ligands with two water molecules coordinate to
each metal atom by hydroxyl oxygen and imino nitrogen to form high spin distorted octahedral
complexes with Co (II), Ni (II) and Cu (II). Schiff base metal complexes of o–vinylidene–2–
amino–N–(2–pyridyl)–benzene sulfonamide (Fig.2) derived from 1,10– phenanthroline and o–
vinylidene–2–aminobenzothiazole shows more potent activities when compared with Schiff base
ligands. (33)
The
new
ligand
system
2–(2–hydroxy)
naphthylideneaminobenzothiazole has been Synthes the new
ligand system 2–(2–hydroxy) naphthylideneaminobenzothiazole
has been synthesized by S. Saydam obtained from 2–
aminobenzothiazole and 2– hydroxynaphthylaldehyde. It is
suggested that the two ligands coordinate to each metal atom by
hydroxyl and the imino nitrogen to form high–spin tetrahedral
complexes with Co (II) and Ni (II) while forming diamagnetic
binuclear complex with Cu(II)(34). K. Krishnankutty et al., [35]
synthesized a new series of tridentate ligand system by coupling
of diazotized 2–aminobenzothiazole with 1,3– dicarbonyl
compounds (benzoyl acetone, methyl acetoacetate and
acetoacetanilide) (HL). This was analyzed by IR, 1H–NMR,
13C–NMR and Mass spectrometry.
All the observed data indicate a stable six–membered chelate ring formed by azo nitrogen and the
enolate oxygen. It is reported that Zn(II) chelates are diamagnetic while Cu(II) and Ni(II)
complexes showed a normal paramagnetic moment.

New mixed–ligand picrate complexes of cobalt(II), formed by interaction of cobalt(II) picrate with
2– aminobenzothiazole (ABZT), 2–(2'–amino phenyl)benzothiazole (2'–AMPHBZT), 2–(3'–amino
phenyl) benzothiazole(3'– AMPHBZT), bipyridyl(Bipy), o–phenanthroline(Phen), and 2,6–
bis(benzimidazole– 2'yl)pyridine(BBZLY) were discussed. These complexes have been
characterized by elemental analyses, molar conductance’s, magnetic and decomposition
temperature measurements, electron spin resonance, infrared and electronic spectral studies. A
trans octahedral structure has been tentatively assigned for those complexes [36]. Yousif et al., [37]
synthesized new metal complexes of the ligand potassium–2–amino acetate benzothiazole with the
metal ions Ni(II), Cu(II), Zn(II), Cd(II) and Sn(II) in alcoholic medium and the geometry of copper
complex and other complexes were proposed to be tetrahedral. P. Saha et al., [38] copper (II) oxide
nanoparticles and recycled without loss of activity by the synthesis of substituted benzimidazoles,
2–aminobenzimidazoles, 2–amino benzothiazoles, and benzoxazoles is described via
intramolecular cyclization of o–bromoaryl derivatives using copper (II) oxide nanoparticles in
DMSO under free from addition of external chelating ligands. Coordination compounds of VO(IV),
Co(II), Ni(II), Cu(II) and Zn(II) with the Schiff base obtained through the condensation of 2–
aminothiazole with 3–formyl chromone were synthesized by M. Kalanithi et al., [39] have reported
that Cu(II) complex possesses tetrahedrally distorted square planar geometry whereas Co(II),
Ni(II), and Zn(II) show distorted tetrahedral geometry, the VO(IV) (Fig. 3) complex shows square
pyramidal geometry. The cyclic voltammogram of Cu (II) complex showed a well-defined redox
couple Cu(II)/Cu(I) with quasi reversible nature. The antimicrobial activity was screened and
compared to the activity of the ligand. The SEM image of the copper (II) complex implies that the
size of the particles is 2 μm.
.

Biologically active nickel(ll), copper(ll) and zinc(ll) chelates with thiazole–derived nitro– and
chlorosalicylaldehyde Schiff–bases (Fig. 4) were synthesized by H. Zahid et al., [40]. In order to
evaluate the possible participating role of anions on the antibacterial properties, the ligands and
their metal chelates with various anions have been screened against bacterial species Escherichia,
Pseudomonas aeruginosa and Staphylococcus aureus

Mercury (II), and copper (II) complexes of 6–methyl–2–aminobezothiazole have been
prepared. It is showed higher activity against Aspergillus Niger, Alternaria alternate,
Curvularia plunata and Penicillium fumculorus [41]. It was followed that Mercury (II)
complex of sulfathiazole has synthesized to show high antibacterial activity against
Escherichia Coli which causes sepsis and also diarrhea in humans. Neha Mathur synthesized
complexes of copper (II) palmitate with substituted 2–amino benzothiazoles (Fig. 5) were
analyzed for their micellar characteristics in non-aqueous media with different polarities.
The synthesized complexes were evaluated critical micelle concentration (CMC). The CMC
study of aforesaid compounds clearly indicates that the solute–solvent interaction decreases
with the increase in ring strain and size of the synthesized complexes.

Series of Cu(II) and Pd(II) complexes with benzothiazole–cored Schiff bases have been
synthesized by Guan–Yeow Yeap et al., [44]. The mesomorphic and thermal properties of
ligands and their metal complexes have also discussed. The compound formation was
confirmed by single crystal X–ray diffraction analysis of which that 6–methoxy–2– (4–
octyloxy–2–hydroxy–benzylidene amino) benzothiazole compound favors more stable.
Further Safaa Eldin H. J. Joseph et al J. Chem. Pharm. Res., 2016, 8(1S):133-152 et al., [45]
described the synthesis, characterization and biological activities of Cu(II), Fe(III), Ni(II)
and Zn(II) complexes containing N–(thiophen–2–methylene)benzo[d]thiazol–2–amine
Schiff base derived from 2– aminobenzothiazole and 2–thiophenecarboxaldehyde. The
antimicrobial assessment against the fungal and the bacterial microorganisms were studied.
The cytotoxicity’s against five human cancer cell lines were examined and presented. Ugo
Caruso et al., [46] have prepared the tetra coordinated complexes of zinc (II) and palladium
(II) of 2– aminobenzothiazole derivatives (Fig. 6). The thermodynamic and optical
properties of ligands and complexes were analyzed by calorimetry, polarizing microscopy
and an X–ray technique. Furthermore, the fluorescence properties of ligands and complexes
were explored

kalagouda et al., [47] have synthesized Cu(II), Ni(II), Co(II), Mn(II), Zn(II) and Cd(II)
complexes of new macrocyclic amide ligand N,N’–bis(2–benzo thiazolyl)–2,6–pyridine
dicarboxamide (BPD) (formed by the condensation of 2,6–pyridinedicarbonyldichloride
with 2–aminobenzothiazole) (Fig. 7). Conductance data of the complexes are found to be
1:1 electrolyte. The X–band EPR spectra of the Cu (II) and Mn (II) complexes in the
polycrystalline state at room (300 K) and liquid nitrogen temperature (77 K) were recorded
and their salient features are reported.

general formula for a series of coordination polymers are {[M(BDC)(azoles)(H2
O)n].xH2O}n (where M = Co(II), Ni(II), and Cu(II); BDC = 1,4–benzene dicarboxylate;
azoles = 2–aminobenzothiazole, 2–aminothiazole, and 2– amino–4–methyl–thiazole; n = 0
or 1; and x = 1 or 2) (Fig. 8) were prepared. The Coats–Redfern and Horowitz– Metzger
equations were used to find out the kinetic parameters [48]

Complexes of Co(II) acetate and Zn(II) chloride with 2–aminobenzothiazole were prepared,
and their structures were studied by IR spectroscopy and single crystal X–ray diffraction.
The complexes have the composition [Co (CH3COO)2(2–aminobenzothiazole)2] and
[ZnCl2(2–aminobenzothiazole)2], respectively [49]. Schiff base (E)–2–[(benzo[d]thiazol–
2–ylimino) methyl] phenol (Fig. 9) has been synthesized from the reaction of 2–hydroxy–
benzaldehyde with 2–aminobenzothiazole. It was prepared by the reduction of the Schiff
base of (E)–2– [(benzo[d]thiazol–2–ylimino) methyl] phenol with sodium borohydride. The
compounds have been characterized by elemental analysis, FT–IR, 1H–NMR, 13C–NMR
and UV–Visible spectroscopic techniques. The structure of the compound 2–
[(benzo[d]thiazol–2–ylamino) methyl] phenol has also been examined crystallographically
[50].

DNA binding, cleavage and cytotoxicity characteristics of a
novel Schiff base ligand 3–(benzothiazole–2– yliminomethyl)–naphthalene–2–ol and
ruthenium(II) complexes have been discussed. The DNA interaction modes of the complexes
have been investigated using absorption spectra, as well as gel electrophoresis studies.
Intrinsic binding constant (Kb) has been estimated under similar set of experimental
conditions. Absorption spectral study indicate that the ligand and ruthenium(II) complexes
has intrinsic binding constant in the range of 1.4 – 7.2 × 104 M −1. Ruthenium(II) complexes

show more binding ability than the ligand. Furthermore, in vitro cytotoxicity study of the
ligand and its complexes exhibit antitumor activity against HeLa and HEp2 tumor cells [51].
Metal Complexes of 2–amino benzoxazole (ABOX) of the type: M(ABOX)2X2 (M = Co;
X = Cl, Br, I, NCS, CH3COO; M = Ni; X = I), Ni(ABOX)X2 (X = Cl, Br) and [Et4N]
[M(ABOX)X3] (M = Co; X = Cl, Br; M = Ni; X = Br; Et4N = tetraethylammonium ion)
were synthesized. Spectral and magnetic properties indicate that a six-coordinate
environment in Co (ABOX)2 (pdf1)
couple of benzothiazole-imino-benzoic acid Schiff Bases namely (E)-2-((benzo[d]thiazol-2ylimino) methyl) benzoic acid and (E)-2-(((5nitrobenzo[d]thiazol-2-yl) imino) methyl)benzoic acid, derived from aminobenzothiazole, 2-formylbenzoic acid. A series of
complexes with Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) metal ions based on these ligands,
have been synthesized and characterized through elemental analyses, FT-IR, NMR, UV/vis
and mass spectroscopy. The preparation of ligands as well as their metal complexes has been
accomplished under mild conditions with reasonably good to high yields. These complexes
are obtained through complete precipitation which led to their easy separation and optimum
purity. Both the ligands and complexes show good antimicrobial activity against human
epidemic causing bacterial strains (1143) which causes infection in mouth, lungs breast,
gastrointestinal tract (4300) and nosocomial infections (741). © 2019 The Authors.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(pdf16(1))

new ligand 5-bromo-2-hydroxybenzylidene-2-aminobenzothiazole has been synthesized
from 2-aminobenzothiazole and 5-bromosalicylaldehyde by condensation in ethanol. Metal
complexes of the ligand were prepared from chloride salts of Co(II), Cu(II), and Ni(II) in
ethanol. Characterization of the ligand and its complexes were carried out by microanalyses,
magnetic susceptibility measurements, FT-IR, 13C, 1 H NMR, and UV-Visible
spectroscopy. It was suggested that two ligands with two water molecules coordinate to each
metal atom by hydroxy oxygen and imino nitrogen to form high spin distorted octahedral
complexes with Co (II), Ni(II) and Cu(II). (pdf11)

A novel proton transfer compound (HABT)+(Hdipic)- (1) obtained from ABT and H2dipic
and its metal complexes (2–5) have been prepared and characterized by spectroscopic
techniques. Single crystal X-ray diffraction method has also been applied to 2 and 5. While
complex 2 has a distorted octahedral conformation, 5 exhibits a distorted square pyramidal
structure. The structures of 3 and 4 might be proposed as octahedral according to
experimental data. All compounds were also evaluated for their in vitro inhibition effects on
hCA I and II for their hydratase and esterase activities. Although there is no inhibition for
hydratase activities, all compounds have inhibited the esterase activities of hCA I and II. The
comparison of the inhibition studies of 1–5 to parent compounds indicates that 1–5 have
superior inhibitory effects. The inhibition effects of 2–5 are also compared to inhibitory
properties of the metal complexes of ABT and H2dipic, revealing an improved transfection
profile. (pdf14)
The reaction of o-Phenylenediamine with Anthranilic acid yield compound 2-(1HBenzimidazole-2- yl) aniline (1). Compound (1) was condensed with hydrazine hydrate in
presence of ethylene glycol at 50 C to get compound 2-(2-hydrazinylphenyl)-1Hbenzimidazole. Which was then reacted with corresponding aromatic aldehydes to get 2-{2[(2E)-2-benzylidenehydrazinyl] phenyl}-1H-benzimidazole derivatives. The compounds
were synthesized in good yield and their structures were confirmed by IR, NMR and mass
spectral data. Synthesized compounds were tested for antibacterial activities (pdf13)

complexes of 2-aminobenzimidazole (L) with nitrates of cobalt(II), nickel(II), copper (II),
zinc(II) and silver(I) were synthesized. The molar ratio metal: ligand in the reaction of the
complex formation was 1:2. It should be noticed, that the reaction of all the metal salts

yielded bis(ligand) complexes of the general formula M(L)2(NO3)2 × nH2O (M=Co, Ni,
Cu, Zn or Ag; n=0, 1, 2 or 6). The complexes were characterized by elemental analysis of
the metal, molar conductivity, magnetic susceptibility measurements and IR spectra. Co(II),
Ni(II) and Cu(II) complexes behave as non-electrolytes, whilst Zn(II) and Ag(I) are 1:1
electrolytes. Cu(II) complex has a square-planar stereochemistry, Ag(I) complex is linear,
whilst the Co(II), Ni(II) and Zn(II) complexes have a tetrahedral configuration. In all the
complexes ligand is coordinated by participation of the pyridine nitrogen of the
benzimidazole ring. The antimicrobial activity of the ligand and its complexes against
Pseudomonas aeruginosa, Bacillus sp., Staphylococcus aureus and Saccharomyces
cerevisiae was investigated. The effect of metal on the ligand antimicrobial activity is
discussed. (pdf4)
New complexes of 2[(2- Benzimidazole) azo] -4- Bromo aniline (BIABA) with Co(II),
Ni(II), Cu(II), Zn(II) and Ag(I) were synthesized and characterized by infrared and electronic
spectra and in addition of elemental analysis, molar conductance and magnetic susceptibility
measurements. The data show that the ligand a bidentate and tridentate and coordinates of
the metal ion via the group amine, nitrogen atom of azo and with imidazole (N3) atom.
Octahedral environment is suggested for Co(II), Ni(II) Cu(II), Zn(II) metal complexes and
tetrahedral for Ag(I) complex. The analytical data show that the metal to ligand ratio (M: L)
in all complexes is (1:2) but Ag(I) is (1:1). (pdf10)

Three new transition metal complexes, Cu(II) 1, Co(II) 2, and Zn(II) 3 with ligand “bimnap”
derived from 1-methyl-2-aminobenzimidazole and 2-hydroxynapthaldehyde were
synthesized and characterized. The structure of the ligand was determined by single X-ray
crystallography. All the three complexes, 1–3, were examined for the mode of interaction
with biomolecule viz., calf thymus-DNA (CT-DNA) using various spectroscopic methods.
The nuclease activity was performed against pBR322 DNA that exhibited concentrationdependent degradation of the nucleic acid. The mechanism of DNA cleavage was studied by
the electrophoretic pattern in the presence of the radical scavengers. Also, the complexes 1–
3 were analyzed for groove binding affinity. Moreover, in vitro cytotoxicity’s of the
complexes 1–3 was tested against the five human cancer cell lines, i.e., HeLa, SK-MEL-1,
HepG2, HT108, and MDA-MB 231. Also, the cell adhesion and migration properties upon
treatment of cell lines with complexes 1–3, and consequently, their cell death pathway via
apoptosis and necrosis were analyzed. Further, complexes 1–3 were studied in vivo for their
toxicities and tolerability’s in mice. In sum, the complexes 1–3 showed merits of an effective
anticancer agent in cell lines–based study while minor side effects were observed in vivo.
(pdf7)
the new ligand [N1,N4-bis((1H-benzo[d]Glyoxalin-2-yl)carbonothioyl)Butane diamide]
(NCB) derived from Butanediol diisothiocyanate with 2-aminobenz imidazole was used to
prepare a chain of new metal complexes of Cr(III), Mn(II), Co(II), Ni(II), Cu(II), Pd(II),
Ag(I), Cd(II) by general formula [M(NCB)]Xn ,Where M= Cr(III), n=3, X=Cl; Mn(II),
Co(II), Ni(II), Cu(II), Pd(II), Cd(II) ,n=2 , X=Cl; Ag(I), n=1, X=NO3. Characterized
compounds on the basis of 1H, 13CNMR (for (NCB), FT-IR and U.V spectrum, melting
point, molar conduct, %C, %H, %N and %S, the percentage of the metal in complexes %M,
Magnetic susceptibility, thermal studies (TGA),while its corrosion inhibition for mild steel
in Ca(OH)2 solution is studied by weight loss. These measurements indicate that (NCB)
coordinates with the metal ion in a hexadentate manner through the sulfur and nitrogen atoms
and the octahedral structure of these complexes is suggested. The anti-bacterial activity of
the complexes against two types of bacterial Staphylococcus Aureus (+) and Escherichia
Coli (_ ) for the metal complexes was higher than for free ligand (NCB).

Fig: Fourier-transform infrared spectrum of[Co(NCB) ]Cl2, [Cd(NCB)]Cl2 complex

Complexes of ligand (NCB)
The electronic spectrum of the chromium complex showed bands at (32894, 17241 and
13422) cm−1 due to 4A2g→ 4T1g (P), 4A2g→ 4T1g (f) and 4A2g→ 4T2g (f) transitions
respectively, suggesting that it had octahedral geometry [25].

The electronic spectrum of the manganese complex showed bands at (36101, 13422 and
10341) cm−1 due to L.F, 6A1g→ 4T2g (G) and 6A1g→ 4T1g (G) transitions respectively,
suggesting that it had octahedral geometry [26]. On the basis of the bands in the cobalt
complex at (35971, 28653, 16129 and 11148) cm-1 , which is back to L.F, C.T mixed with
4T1g→ 4T1g (f), 4T1g→ 4A2g (f) and 4T1g→ 4T2g (f) transitions respectively, the
octahedral geometry of the complex was proposed [27].
Regarding the Nickel complex, the electron spectra appear absorption bands may be assigned
to L.F, C.T mixed with 3A2g → 3T1g (f) , 3A2g → 3T1g (f) and 3A2g → 3T2g (f) transition
which exhibit in (35842, 28653, 23474 and 12674) cm−1 respectively. A characterization of
these bands indicates that the complex has octahedral geometry [28].
confirming the octahedral geometry of the copper complex is the appearance of the bands at
(33333 and 10905) cm-1 are returns to C.T and 2Eg →2T2g transitions [29]. The electronic
spectrum of palladium complex appeared bands at (32154, 13106 and 11976) cm−1 , the
former bands are probably due to C.T, 1A1g →1B1g and 1A1g →1A2g which indicates the
octahedral geometry of this complex [30]. On the basis of bands shown in the electronic
spectrum of the silver complex at (36363 and 28089) cm-1 , which is probably due to C.T,
the octahedral geometry of the complex was suggested [31]. The octahedral geometry of the
cadmium complex was proposed on the basis of the band that appeared at (35842) cm-1
which is back to C.T [32]. In Table (5), UV data was displayed. In Figure (8, 9) the spectra
of the (NCB) and its complexes were displayed.

magnetic Moments and Conductivity Measurements in Table (5), the values of measured
magnetic susceptibility and the effective magnetic moment (μeff) for Cr (III), Mn (II), Co
(II), Ni (II), and Cu (II) complexes are displayed. These complexes exhibit μeff (3.70, 5.96,
4.85, 2.97 and 1.82) B.M respectively, these normal values are consistent with high spin
octahedral complexes [33]. The electrolytes nature ((1:3) ;Cr+3 complex, (1:2); M+2=
Mn(II), Co(II), Ni(II), Cu(II), Pd(II) and Cd(II) complexes,(1:1); Ag+1 complex) of all metal
complexes was confirmed by molecular conductivity measurements [34], Table (1). PDF6
The presents paper deals with the synthesis and characterization of metal complex of
tridentate Schiff base ligand derived from the inserted condensation of 2
aminobenzimidazole
(1H-benzimidazol-2-amine)
with
salicylaldehyde
(2hydroxybenzaldehyde) in a 1: 1 molar ratio. Using this tridentate ligand, complex of Zn (II)
with general formula ML has been synthesized. The synthesized complex was characterized
by several techniques using molar conductance, elemental analysis, FT-IR, and mass and 1
HNMR spectroscopy. The elemental analysis data suggest the stoichiometry to be 1: 1 [M :
L]. The complex is nonelectrolyte in nature as suggested by molar conductance
measurements. Infrared spectral data indicate the coordination between the ligand and the
central metal ion through deprotonated phenolic oxygen, imidazole nitrogen of
benzimidazole ring, and azomethine nitrogen atom. Spectral studies suggest tetrahedral
geometry for the complex. The pure compound, synthesized ligand, and metal complex were
screened for their antimicrobial activity PDF9

Fig: structure of pure compound
benzimidazole)

(2-

Structure of Schiff base

Cu (II) and Zn (II) complexes with 2(thiophene-2-formylimino) benzimidazole having
ML2X2 stoichiometries have been reported (where X = Cl, NO3, CH3COO and
C6H5COO). On the basis of elemental analysis, conductivity measurements, magnetic
studies, IR and electronic spectral studies, the complexes were characterized. All the
complexes show higher central nervous system (CNS) depressant activity and possess much
higher toxicity as compared to the ligand PDF8
A series of complexes of the type [ML2Cl2ML2Cl2], where L=2-(o-anisylidene-2'-imino)
amino benzimidazole (AIAB) and 2-(furfuryl Dene imino) amino benzimidazole (FIAB),
M=Cu(II), Co(II), Ni(II) and Zn(II), have been synthesized and characterized on the basis of
elemental analysis, thermal analysis, molar conductivity, magnetic moment, electronic,
infrared, 1H1H-NMR spectral studies. The results are in consistent with bidentate chelation
of ligand with azomethine nitrogen and ring nitrogen donors. All these Schiff bases and their
complexes have also been screened for their antibacterial (Bacillus subtilis, Bacillus
stearothermophilus, Escherichia coli and Salmonella typhi) and antifungal activities
(Aspergillus Niger and Aspergillus flavus).PDF12
As part of our ongoing studies related with the coordination chemistry of 2-thiazoline
derivatives with transition ions, we report the synthesis of a new class of structurally novel
complexes containing in their structures a 2-aminobenzimidazole ring. The resulting
compound, 2-(2-aminobenzimidazole-1-yl)-2-thiazoline (BzTn), and two cobalt (II)
complexes have been structurally characterized by means of physical measurements. The
crystal structures of BzTn, [CoCl2(BzTn)2] (1) and [CoBr2(BzTn)2] (2) have been
determined by single crystal X-ray diffraction. In both Co (II) complexes, BzTn acts as a
monodentate ligand through nitrogen atom of benzimidazole ring. The distorted tetrahedral
environmental around the Co (II) ions is completed with two halide ions. Besides that, the
newly synthesized compounds were screened for their antimicrobial activity against 6 strains
of bacteria: S. aureus, E. coli, S. epidermidis. B. subtilis, E. faecalis y P. aeruginosa. PDF29

Despite the many biological functions of RNA, very few drugs have been designed or found
to target RNA. Here we report the results of molecular dynamics (MD) simulations and
binding energy analyses on hepatitis C virus internal ribosome entry site (IRES) RNA in
complex with highly charged 2-aminobenzimidazole inhibitors. Initial coordinates were
taken from NMR and crystallography studies that had yielded different binding modes.
During MD simulations, the RNA−inhibitor complex is stable in the crystal conformation
but not in the NMR conformation. Additionally, we found that existing and standard MD
trajectory postprocessing free energy methods, such as the MM-GBSA and MM-PBSA
approaches available in AMBER, seem unsuitable to properly rank the binding energies of
complexes between highly charged molecules. A better correlation with the experimental
data was found using a rather simple binding enthalpy calculation based on the explicitly
solvated potential energies. In anticipation of further growth in the use of small molecules
to target RNA, we include results addressing the impact of charge assignment on docking,
the structural role of magnesium in the IRES−inhibitors PDF17(1)

Discussion:
One of the main scopes of present research focuses on inorganic coordination compounds
and pharmaceutical investigations. The discovery and development of better drugs act as
chemical weapon to fight against diseases. This also has led to numerous studies on drug
metal complexes. The study of heterocycles in the branch of organic chemistry and always
attracts the attention of scientists not only to work in the area of natural products but also in
the synthetic organic chemistry and organometallic chemistry. Many adventure drugs have
been developed from the successful investigations carried out in this frontier area. Most of
the major classes of pharmaceutical agents contain metal compounds which are in clinical
use [1, 2] and new areas of application are rapidly emerging. They are delivered to the
tissues, cells and receptors to reduce the toxicity if they are required. Many studies [3, 4]
have described the biological role of chelation and have established fact that anticancer drugs

exhibit increased anticancer activity when administrated as their metal chelates. The
connected metal centers in such molecules may be involving different functions such as
oxygen transport, DNA inhibition, enzymatic activity, electron transfer and locking
geometry. The heterocyclic compounds are widely distributed in nature and are very
essential to living organisms. They play a vital role in the metabolism of all the living cells.
The heterocyclic compounds also occupy key position in the area of drugs and
pharmaceuticals
Biological significance of metal ions: Many metallic elements play an crucial role in all
living system. Without appropriate metal ion, a biochemical reaction catalyzed by a
particular metalloenzyme would process very slowly. Transition metal ions are components
of biological processes from oxygen formation to hypoxia sensing. This has been implicated
in many diseases including microbial infections, cancer and neurodegenerative disorders.
Metals performed a wide variety of biochemical processes such as carrying oxygen
throughout the body and shuttling electrons. Hemoglobin, an iron–containing protein that
binds to oxygen through its iron atom, carries this vital molecule to body tissues. Metal ions
such as zinc provide the structural framework for the zinc fingers which regulate the function
of genes in the nuclei of cells. Coordination compounds offer many binding modes to
polynucleotides, including outer sphere non covalent binding, metal coordination to
nucleobase and phosphate backbone sites, as well as strand cleavage included by oxidation
using redox–active metal centers. The accessibility of different oxidation states of metals
such as Fe, Cu, Co, Ru, Mn, etc. may allow for redox chemistry resulting in strand breakage.
Anticancer antibiotic bleomycin, whose mode of action on target DNA is strand scission
mediated by Fe binding to the drug [27]. The biochemical action of Copper complexes with
non–steroidal anti–inflammatory drugs (NSAIDs) has been studied. Numerous Cu (II)
complexes of NSAIDs shows enhanced anti–inflammatory and antiulcerogenic activity, as
well as reduced gastrointestinal toxicity when compared to the uncomplexed drug [26]. Zinc
participates in all major biochemical pathways and plays multiple roles in the perpetuation
of genetic material, including transcription of DNA, translation of RNA, and ultimately cell
division [27]. Complexes of cobalt (II) with different ligands (cholic acids, Mannich bases,
mixed ligands) was reduced significantly and proliferation of cultured tumor cells and
induced DNA damages in the treated cells [28]. Metal complexes of sulfa drugs promote
rapid healing of skin disorder, silver(I)sulfadiazine complex is used for human burnt
treatment and zinc (II)sulfadiazine in preventing bacterial infections in burnt animals [29].

A novel series of optically active 2–amino benzothiazole derivatives were synthesized by
the reaction of optically active amine with diphosgene to obtain optically active
isothiocyanates which on condensation with 4–fluoro–3– chloro aniline yielded various
optically active thioureas. The structures of these compounds were established by IR, 1H
NMR, 13C NMR, and Mass spectroscopy [55]. The syntheses and structural analyses of
coordination compounds derived from 2–(2–benzothiazolylamino) benzothiazole, bis–btz,
2–(2
–aminobenzothiazolylamino)
benzoxazole,
btz–boz
and
2–(2–
benzothiazolylamino)benzimidazole, btz–bz were discussed. Ligands are aromatic
heterocycles prepared from 2–amino benzothiazole that differ by the heteroatom (S, O, N)
as shown in the Fig. 10. These heterocycles react with cobalt (II), nickel (II), and zinc (II)
acetates; in addition, ligand with mercury (II) acetate. The coordination compounds were
characterized in the solid state by UV–Vis–NIR reflectance spectra, IR, X–ray diffraction
and mass spectrometry. Unusual electronic spectra of Co 2+ and Ni2+ compounds indicate
the participation of the metal ion in the ligand electronic delocalization. The N–H group was
deprotonated and coordination to the metal ion occurs through the nitrogen atoms N (3) and
N (13), forming a six–membered ring in a planar pentacyclic aromatic system. A distorted
tetrahedral geometry is stabilized for ML2 complexes (M2+=Co, Ni, Zn) and for the (bis–
btz)2Hg2+ compound, while nickel in [Ni(btz–boz)2(MeOH)] is square pyramidal and
octahedral in [Ni(L)(OAc)(MeOH)2]. Solid state structures showed 1D and 2D
supramolecular arrangements [56]. Copper(I) and silver(I) complexes of 2–
aminobenzothiazole (L) were prepared and studied by conductometric and IR techniques.
The ligand is coordinated through the ring nitrogen atom. All the anions are coordinated in
the solid state. All the complexes undergo solvolysis in DMF solution except the silver halide
complexes which are insoluble in this solvent. The halide ions bridge the metal ions in the
halide complexes [57]. Diazotized 2–aminobenzothiazole with 1,3–dicarbonyl compounds
(benzoyl acetone, methyl acetoacetate and acetoacetanilide) obtained a new series of
tridentate ligand systems (HL). Analytical, IR, 1H–NMR, 13C–NMR and mass spectral data
indicated that the compounds exist in the intramolecularly hydrogen bonded azo–enol
tautomeric form in which one of the carbonyl groups of the dicarbonyl moiety had enolised
and hydrogen bonded to one of the azo nitrogen atoms. The stable complexes were with
Ni(II), Cu(II) and Zn(II) ions.

the Cu (II) complexes conform to [Cul (OAc)] stoichiometry while the Ni(II) and Zn(II)
complexes are in agreement with [ML2] stoichiometry. Analytical, IR, 1H–NMR, 13C–
NMR and mass spectral data of the complexes are consistent with the replacement of the
chelated enol proton of the ligand with a metal ion, thus leading to a stable six–membered
chelate ring involving cyclic nitrogen, one of the azo nitrogen’s and the enolate oxygen. The
Zn(II) chelates are diamagnetic while Cu(II) and Ni(II) complexes shows a normal
paramagnetic moment [59]. Metal complexes of o–vinylidene–2–aminobenzothiazole have
been prepared and characterized by elemental and spectral (vibrational, electronic, 1H NMR
and EPR) data as well as magnetic susceptibility measurements and thermo gravimetric
analysis (TG/DTA). The low molar conductance values reveals the non–electrolytic nature
of these complexes. The elemental analysis suggests that the stoichiometry found to be 1:2
(metal: ligand). Magnetic susceptibility values coupled with electronic spectra dated that two
ligands coordinate to each metal atom by phenolic oxygen and imino nitrogen to form high
spin octahedral complex with Co(II), Mn(II) and Ni(II). The fifth and sixth position of metal
ion is satisfied with water molecules. The thermal behavior (TG/DTA) of the synthesized
complexes showed that the complexes loss water molecules in the first step followed by
decomposition of the ligand. Spin Hamiltonian parameters predict a distorted tetrahedral
geometry for the copper complex. XRD and SEM analysis provide the crystalline nature and
the morphology of the metal complexes.

IR spectra of Co(II) acetate and Zn(II) chloride complexes of 2–aminobenzothiazole (Fig.
13) were synthesized. The strong band of vibrations at 1648 and 1571 cm–1 suggested that
considerable shift of the antisymmetric and symmetric stretching vibration bands of the C=N
bond was observed in the spectrum of the free ligand at 1642 and 1528 cm–1 .The appearance
of the new absorption bands at 442 and 531 cm–1 and symmetric ν(C=N) band was shifted
toward lower frequencies (1523 cm–1 ) suggested that the ligand coordinates with the metal
ion via N atom of the hetero ring [49].

M. M. El–ajaily et al., [68] discussed the Infrared band assignments of the Co (III) mixed
ligand complexes of catechol(L1) as primary ligand with 2–aminopyridine (L2) and 2–
aminobenzothiazole (L3) (Fig. 14) as secondary ligand. It exhibits broad bands at 3267 and
3400 cm–1, corresponding to the presence of water molecules. The spectra displayed bands
at 1481 and 1550cm–1 is due to –C=N group. The changes of this group compared to its
original position in the free ligands at 1595 and 1605cm–1 indicating its involvement in
coordination through nitrogen atom with the metal ion under investigation. The
disappearance of NH2 bands of the free ligands indicating the participation of this group in
chelation and the appearance of new bands at 446, 474 and 667cm–1 assigned to the ν(M–
N) and ν(M–O) vibrations. The appearance of these bands supports the involvement of –
C=N, NH2 and OH groups via nitrogen and oxygen atoms. The same spectra exhibit two
bands at 330 and 345 cm–1 which was assigned to ν(M–Cl) vibration. IR spectral data of the
Schiff base and its metal complexes (Fig. 15, Fig. 16) showed that the Schiff base behaves
as bidentate and is bonded to the metal ion through phenolic oxygen and imino nitrogen of
azomethine group. IR spectra of the Schiff base (LH) has the most characteristic bands
appeared at 3253 cm–1 ν(O–H), 1662 cm–1 ν(C=N azomethine), 1562 cm–1 ν(C=N, thiazole

ring), 1253 cm–1 ν(C–S–C) (C–O), and 748 cm–1 ν(C–S–C). Co(II), Mn(II) and Ni(II)
complexes (Fig. 16) shows abroad band at ~3400 cm–1 . The band of medium intensity
observed for the complexes in the region 430–470 cm–1 is attributed to ν(M–O) and in the
region 560–580 cm−1 to ν(M–N). The ν(C=N) at 1563 cm−1 and ν(C–S–C) at 748 cm–1 of
the thiazole ring remains unchanged suggested that the thiazole group does not coordinate
to metal by neither nitrogen nor Sulphur atom and their IR values are tabulated below
(Table–3) [60].

. Molar

conductivity measurements: The molar conductivities of 10−3M solution of

the metal complexes of N– (thiophen–2–yl methylene) benzo[d]thiazol–2–amine in DMF
were measured at 25◦C. They concluded from the results that Cu(II) and Fe(III) complexes
were found to be 70 and 98.5 Ω −1 mol−1 cm2, respectively, indicating the ionic nature of
these complexes. Ni(II) and Zn (II) complexes were found to have molar conductance values
of 9.3 and 8.5 Ω−1 mol−1 cm2, respectively, supporting the non–electrolytic nature [45]

HNMR spectral studies
the formulation of metal complexes has been proposed on the basis of IR, NMR and mass
spectral studies (Figs. S2, S4–S6). The Zn(II)-complex (4) exhibits a downfield shifted
resonance at 8.59 ppm due to – CH=N– proton while the aromatic proton adjacent to the
carboxylate substituent resonates at 8.36 ppm (Fig. S2a). Further, the aromatic protons
neighboring to the five membered benzothiazole ring appear at 8.04 and 7.91 ppm. Other
aromatic protons also resonate at downfield region relative to the HL1 which indicate
formation of the complex. Likewise, Cd(II) complex (5) displays resonance due to
azomethine proton at 8.54 ppm whereas other protons resonate in almost same position as in
case of (4) (Fig. S2b). In contrast to HL1 complexes, the Zn (II)-complex (9) of HL2 ligand,
shows a singlet at 9.26 ppm assignable to the aromatic proton between nitro group and five
membered benzothiazole ring (Fig. S2c). The azomethine protons resonate at 8.60 ppm
whereas other aromatic protons resonate in the downfield region relative to that of HL2,
which strongly suggest formation of the complex. Similarly, the Cd (II)-complex 10 exhibits
downfield shifted signals at 9.33 and 8.60 ppm due to aromatic proton (lies between nitro
group and thiazole ring) and –CH=N– proton, respectively thereby indicating formation of
10 (Fig. S2d).

Infrared spectral studies
The IR spectrum of HL1 exhibits two vibrations at 3337 and 3290 cm−1 owing to the O\\H
asymmetric and symmetric stretching vibrations, respectively (Fig. S5a). The asymmetric

and symmetric stretching vibrations of carboxylic group appear at 1741 and 1539 cm−1,
respectively. Further, the vibration at 1643 cm−1 is assignable to the C_N stretching
frequency. Upon formation of complex with Co(II), a broad band centered at 3318 cm−1 is
observed which may be attributed to the presence of lattice water molecule(s). The vibrations
due to -O-H, -COOH and -C=N functional groups shifted toward lower frequency (~ 20–30
cm−1) in complex 1 (Fig. S6a). Likewise, HL1 complexes (2–5) exhibit similar shifts toward
lower frequency between 2000 and 500 cm−1, however, total number of vibrations, are
different in the range ~2000–3100 cm−1, which may be attributed to the presence of lattice
water molecules in varied in number (Fig. S6). In addition, IR spectrum of HL2 exhibits
band at 3250 cm−1 due to the -O-H stretching vibration of -COOH group (Fig. S5b). The
asymmetric and symmetric stretching vibrations of carboxylic group appear at 1739 and
1524 cm−1, respectively. Moreover, the band appeared at 1643 cm−1 due to the C_N
stretching vibration in HL2. The Cu(II)-complex 8 displays broad band centered at 3337
cm−1 indicating presence of extensive hydrogen bonding between 8 and lattice water
molecules. Other vibrations associated to the -O-H, -COOH and -C=N functional groups,
shifted toward lower frequency (~10–20 cm−1) in complexes 6–10 (Fig. S6). Overall, IR
spectral studies strongly supports formation of the complexes 1–10 comprising HL1 and
HL2 ligands

Electronic absorption studies
The UV/vis spectra for ligands HL1, HL2 and complexes 1–10 were acquired in DMSO
(Fig. 2). The HL1 displayed strong absorption at 270 nm and weak shoulder at 301 nm while
HL2 exhibited strong absorptions both at 262 and 377 nm. The low energy (LE) band may
be attributed to the n-π* whereas higher energy (HE) band may be associated to the π-π*
transitions. Amongst HL1 complexes, (1) exhibited broad absorption band centered at 305
nm; (2) showed moderately intense absorption band having maxima at 272 nm; (3) displayed
strong and relatively sharp absorption band centered at 290 nm; (4) exhibited intense
absorption band having maxima at 278 nm and complex (5) showed strong and broad
absorption band having maxima at 282 nm. The strong absorption bands exhibited by
complexes 1–5 may be attributed to the increase in ligand chromophore units in the
complexes due to 2: 1 (ligand: metal) stoichiometry. The HL2 complex 6 exhibited relatively
weak shoulder at 272 nm along with a broad and strong absorption band centered at 340 nm.
Notably, (7) displayed strong band at 258 nm and very intense absorption band having
maxima at 375 nm. Similar to that of (6), complex (8) showed a moderately intense band at
255 nm along with a broader and stronger absorption band centered at 342 nm. Further, (9)
exhibited very strong band at 281 nm and the LE band at 377 nm which is almost similar to
LE band of HL2. Conversely, complex (10) showed only a strong band centered at 281 nm.
It is noteworthy to mention here that both in the HL1 and HL2 based complexes, Ni (II)-

complexes 2 and 7 exhibited UV/vis spectral feature almost similar to that of respective
ligand. It may likely to be attributed to the formation of pseudo-square planar complexes due
to d8 electronic configuration, wherein ligands retain their orientation identity thereby
displaying alike electronic transitions except change in the optical density.

Antimicrobial studies
the basic principle to estimate the antimicrobial activity of compounds is to identify and
monitor the growth inhibition of microbes without any adverse effects. Our experiment
revealed that, both of the ligands HL1, HL2 and their transition metal complexes 1– 10 show
good antimicrobial activity against tested bacteria. The detailed data on antimicrobial
properties of ligands and complexes have been incorporated in Tables S1 to S2. Through
this study, it has been observed that HL1 and HL2 ligands are effective but their metal
complexes are more efficiently active toward antimicrobials (Fig. 3). In a sharp comparison
amongst 1–10, complexes 1–4 and 6–9 exhibit good antimicrobial properties however, the
Cd(II) complexes (5) and (10) display better and significant antimicrobial behavior which is
closer to the Streptomycin drug (Fig. 3). Further, ligands and their respective Zn(II)
complexes also showed good antimicrobial properties against the tested strains [better than
Co(II), Ni(II) and Cu(II) complexes but less effective than Cd(II) complexes].
.PDF16(1)

Numerous Schiff bases [1,2,3] and their transition metal complexes [4,5,6], have been
investigated by various techniques [7]. Thiazole and its derivatives has been found to be of
biological significance, for example vitamine-B1 and coenzyme carboxylase contain the
thiazole ring [8]. It is known that 2-aminothiazole is a biologically active compound with a
broad range of activity and also it is an intermediate in the synthesis of antibiotics and dyes.
Metal complexes of Sulphur-nitrogen chelating ligands have attracted considerable attention
because of their interesting physicochemical properties, pronounced biological activities
[9,10,11] and as models of the metalloenzyme active sites. It is well known that nitrogen and
Sulphur atoms play a key role in the coordination of metals at the active sites of numerous
metallobiomolecules [12]. Thiazoles are known to possess antitubercular [13,14]
antibacterial [15,16], fungicidal [17] hypotensive and hypothermic [18] activities. Therefore,
it has been found interesting to study of a complex containing the thiazole moiety. In our
best knowledge, transition metal complexes of the 5-bromo-2-hydroxybenzylidene-2aminobenzothiazole (LH) have not been synthesized. Therefore, we synthesized the
complexes of Co(II), Ni(II) and Cu(II) of the LH (Figure 1).
The synthesis reaction of the ligand is given in Figure 1. In the first step the ligand was
obtained by condensation of 2-aminothiazole with 5-bromo-2-hydroxybenzylaldehyde and
was crystallized from cold ethanol. Then its purity was checked by FT-IR, 1 H and 13C
NMR and elemental analysis. In the second step coordination compounds were synthesized
in dry ethanol by the reaction of metals halides with the ligand.

Fig1: scheme for the synthesis of ligands, (LH)

UV-Vis spectra and magnetic moments:
The electronic spectrum of the Schiff base LH and its complexes were taken in acetone.
Two very strong bands at 390 nm and 336 nm were observed in the spectra of the ligand,
which is attributed to n* and * transitions in the aromatic ring and C=N chromophore [20].
Cobalt complex has two bands the one at 490 as shoulder, and the other at 680 nm. Nickel
complex also exhibits two absorption bands at 400 and 475 nm. On the other hand, the copper
complex has one broad band at 450 nm. The magnetic moments 4.63 and 3.31 B.M. are
observed for the Co(II) and Ni(II) complexes respectively. On the other hand, 1.67 B.M. is
observed for the Cu(II) complex. Cu(II) complexes take a wide range of geometries, often
with a low symmetry and in most geometries the electronic spectra exhibit a very broad band
with maximum, which contains all the expected transitions [21]. Thus, electronic spectrum
of the Cu(II) is of little value in structure assignment. However, the UV-visible spectra of
the Cu(II) complex has a broad band at 450 nm, which is tailing into the visible region of the
spectrum (up to 800 nm), assigned to charge-transfer band of distorted octahedral Cu(II)
complex [22]. This tailing suggests that d-d transitions of the complex is mixed with the
charge transfer band. Therefore, electronic spectrum of the Cu(II) complex is not informative
for structure assignment. However, the structure of the complex was tentatively assigned to
octahedrally distorted geometry from the elemental analysis results. The magnetic moment
of the Co(II) and Ni(II) complexes at room temperature falls in the range of 4 to 5 B.M and
2.9 to 3.3 B.M. (Table 2), which is characteristic for mononuclear high spin octahedral
complexes [23,24] (Figure 2). The UV-visible spectra of the Co(II) complex show two
bands, at 490 and 680 nm, which may be assigned to 4T1g(F) → 4T1g(P) and 4T1g(F) → 4
A1g(P) transitions in octahedral complexes. The electronic spectra of the Ni(II) complex
presents two bands: one at 400 and the other at 475 nm, which might be assigned to the
3
A2g(F) → 3T1(P) and the 3A2g(F) → 3T1g(F) transitions respectively. From these transitions
of

Fig2: suggested structure of Co(II), Ni(II) and Cu(II)
Complex

the Ni (II) complex and the magnetic moment measurements the structure of the Ni (II)
complex can be assigned to distorted octahedral geometry with two moles of water on the z
axes of the cartesian coordinate.PDF11
Table 2. Formulas, formula weights, colors, melting points (Ni(II) and Co(II) complexes decompose over 230◦C),
yields, metal contents of the ligand and its complexes with transition metals of Co(II),Ni(II) and Cu(II).

In current years, there has been significant interest in the chemistry of transitional metal
complexes of Schiff’s bases due to their activities as Fluorometric Analytical Reagents,
intermediates for synthesis of heterocyclic antimicrobial agents and antioxidant products
[1,2]. Schiff's base ligands have significant importance in chemistry, especially in the
development of Schiff's base complexes, because they are possibly capable of forming stable
complexes with metal ions and many of them also show excellent catalytic activity in
different reactions at high temperature and in the presence of moisture [3]. A Schiff base
(also known as imine or azomethine) is a nitrogen analogue of an aldehyde or ketone in
which the carbonyl group (CO) has been replaced by an imine or azomethine group [4]. They
have been found to possess pharmacological activities such as antimicrobial, antitubercular,
antiviral and antimalarial [5,6]. Benzothiazole is a heterocyclic compound, with molecular
formula (C7H5NS), weak base and is one of the biologically active heterocyclic compounds
formed by the benzene ring fused with 4, 5 positions of thiazole rings. Benzothiazole Schiff's
bases have a wide variety of applications in analytical, biological, inorganic, medicinal and
pharmaceutical fields due to their biological activities like antioxidant, antifungal, antiinflammatory, antimicrobial, anticancer and cytotoxic activity [7-10]. The aim of current
study was to prepare a new ligand (BTBPBO), derived from benzothiazole, and its
compounds with divalent transitional metal ions [Co(II), Cu(II), Ag(I), Cd(II), and Hg(II)]
and characterizing them by spectra and physical methods with evaluation of their biological
activities.

antibacterial activity
All the newly synthesized compounds were evaluated for in vitro antibacterial activity
against gram positive (Staphylococcus aureus) and gram negative (Escherichia coli, Proteus
vulgaris, Pseudomonas aeruginosa) bacteria. The test microorganisms were obtained from
College of Biotechnology at AL –Qadisiya University. All the newly synthesized
compounds were weighed and dissolved in dimethylsulphoxide (DMSO) to prepare stock
solution of 1000 microgram/milliliter (μg/mL) then diluted to prepare other concentration
250 and 500μg /mL by disc diffusion method [18] using Mueller-Hinton agar (MH) (Difco,
Detroit, MI) was employed as culture media. A volume of 100μL of compound solution
prepared in DMSO (1%) was added in the cup under aseptic conditions with the help of
micropipette. A volume of 100μL of DMSO placed in one of the cups as a blank (negative
control) and After 24-48 h of incubation at 37 o C, the zones of inhibition were measured in
mm. The activity was compared with a known antibiotic, Gentamycin.
A new ligand 3-{4-[4-(Benzothiazol-2-ylamino)-benzyl]- phenylimino}-butan-2-one oxime
(BTBPBO) was prepared by reaction of 2-mercptobenzothiazole with 4,4diaanilinemethane, then the product reacted with diacetyl monoxime. The complexes for this
ligand were prepared from reaction metals chlorides of [Co (II), Cu (II), Ag (I), Cd (II), and
Hg (II)] with (BTBPBO) ligand in ethanol as solvent. This ligand and its complexes were
soluble in ethanol, methanol and DMSO. The molar ratio method was used to determine the
metal to ligand ratio and showed that this ratio was (1:1). The physical properties and
elemental analysis are shown in Table (1). 1 H and 13C-NMR spectra of the ligand
(BTBPBO) The 1 H- NMR spectrum of the ligand (BTBPBO) were recorded using DMSOd6 as a solvent and TMS as an internal reference at room temperature. The spectrum showed
two singlet signals concentrated at (S, δ= 12.367ppm, 1H) and (S, δ= 10.717ppm, 1H) which
were due to two protons of hydroxyl of oxime group (-C=N-OH) and amine group (-NH),
respectively [11,12]. There were also multiple signals at the range (M, δ= 7.683- 7.709 ppm
, 4H) of the benzothiazole ring protons [13]. Multiple signals were observed at (M, δ= 7.254
-7.396 ppm, 8H) due to the protons of the two phenyl rings [14]. The singlet signal located
at (S, δ= 3.974 ppm , 2H) was due to the protons of the methylene group [15]; whereas the
appearance of two singlet signals at (S, δ= 2.297ppm , 3H) and (S, δ= 1.812ppm , 3H)
indicated that there are protons of two methyl groups [16]. A 13C-NMR spectrum of free
ligand (BTBPBO), which was recorded using DMSO-d6 as a solvent and TMS as an internal
reference at room temperature, showed several signals at the ranges (120.825 – 172.295
ppm), related to carbon atoms that belong to the benzothiazole ring [17]. The observed
signals at (123.374 – 133.949 ppm) were due to the carbon atoms of the two phenyl rings
[18]. The methylene group (-CH2-) showed a signal at (40.136ppm), also the two methyl
groups (-CH3) showed two signals at (17.113, 26.970 ppm) [19], while the two signals at

(153.190 ,156.659 ppm) were referred to the carbon atoms of the azomethine-oxime (-C=N
,-C=N-OH) [20].

Infra-red spectra:
The Infra-red spectrum of the ligand (BTBPBO) The FTIR spectra were measured using the
Shimadzu 8400S and KBR disks. The ligand spectrum showed the disappearance of the NH group of the primary amine at (3325 and 3417 cm-1) and the appearance of a new band at
1635cm-1 which was due to the frequency of the azomethine group (C=N)(21). The bands
of (OH),(NH) groups[22] is observed at the wave number (3309, 3186 cm-1), respectively,
while the bands at 3039 and 3072cm-1 and at 833, 2893 and 2962cm-1 were attributed to
υ(C-H) aromatic and aliphatic [23], while (C=Nimime), (C=Noxime) and
(C=Nbenzothiazole ring) gave bands at 1635, 1586 and 1558cm-1 [24,25]. The bands of
(C=C aromatic) group [26] were concentrated at 1496 and 1537cm-1.

The Infra-red spectra
of the complexes the spectra of the prepared complexes showed a shift in the frequencies of
some groups in the free ligand spectrum compared to the spectra of the complexes at lower
frequencies than in the free ligand. This is a strong evidence of consistency between ligand
and transitional metal ions where complexes' spectra exhibited an occurrence shifted for
frequency of (C = Nimine), (C = Noxime) groups by (15-23 cm-1) and (11-28 cm-1) toward
lower frequencies compared with their frequency in the free ligand spectrum [27] . As such,
the frequency of the azomethine group (C = N) of benzothiazole ring[28] was reduced by
about (6-14 cm-1) while NH group of the secondary amine [29] was also shifted to the lower
frequencies compared to the free ligand spectrum by about (14-27cm-1). Another evidence
of coordination and complexes formation is the appearance of new bands in complexes
spectra at the region (418-512 cm-1) which were due to the stretching vibration of the υ (MN) [30]. In addition, the new and broad bands at (3417, 3559, 3525 cm-1) indicating hydroxyl
group of hydrate water molecules were shown in the cobalt (II), copper (II) and cadmium
(II) complexes, respectively [31].

Electronic spectra
The electronic spectra of the ligand and all of its complexes were obtained in ethanol as
solvent at room temperature and (1x10-5 and 1x10-3 M) concentration. The (BTBPBO)
ligand spectrum showed peaks at 202 nm (49504 cm-1) and 238 nm (43103 cm-1) which

were due to the π → π* transition of the phenyl and benzothiazole rings. The peak at 323 nm
(30959 cm-1) refers to the n→ π* transition of azomethine groups [32]. The Co(II) complex
spectrum showed peak at 335 nm (29850 cm-1) referred to charge transfer while the
absorption peaks at 572 nm (17482 cm-1), 622 nm (16077 cm-1), 656nm (15243cm-1),
indicated to (4 T1g (F) → 4 A2g (F) transition while the other two peaks referred to the
transitions (4 T1g (F) → 4 T1g (P) and 4 T1g (F) → 4 T2g (F), respectively [33]. These
transitions referred to the octahedral geometry around the metallic ions. A Cu(II) complex
spectrum appeared absorption peak concentrated at 285nm (35087cm-1) which belonged to
charge transfer.The absorption peak at 624nm (16025cm-1) which is attributed to the
transition 2 Eg → 2 T2g which referred to distorted octahedral copper complexes [33]). The
electronic spectra of Ag(I), Cd(II) and Hg(II) were not important in determining the complex
structure due to absence of d-d transitions in their spectra. The latter because the (d) orbitals
were completely occupied in metal ions. The above complex showed several peaks at 405,
409, 393 (24691, 24449, 25445 cm-1). It referred to the charge transfer of the type (metalligand) [34].

Magnetic moment measurements
The values of the magnetic moment of the prepared complexes were measured at the
laboratory temperature by using the Freaday method .The effective magnetic (μeff) values
of the complexes are presented in Table (4). The magnetic effective moment of the Co(II)
complex was 3.84 B.M. which corresponds to octahedral geometry. In addition, the magnetic
moment of Cu(II) complex was 1.72B.M. which corresponds to octahedral geometry around
Cu(II) ion while the magnetic moments of Ag(I), Cd(II) and Hg(II) complexes were zero
due to the saturation of their orbitals. As a result, these complexes are diamagnetic with
tetrahedral geometry [33,34].

Molar conductance measurements
The molar conductivity of all the complexes was measured in the ethanol solvent at a
concentration of 10-3 M and laboratory temperature. It was found that the conductivity
measurements in the solvent correspond to the assumed formulas of the complexes. Copper
and cobalt complexes showed conductivity values equal to 17.5 and 14.3 ohm-1cm2 mole-

1, respectively, indicating that these complexes have non-ionic characteristics. On the other
hand, the other complexes showed molar connectivity at the range (39.4- 79.4ohm-1cm2
mole-1) which indicated that the silver complex has a 1:1 ionic properties while the cadmium
and mercury complexes have an ionic ratio of 1: 2 [35].

Biological Activity
Figure 1 and Table (5) presents the maximum activity shown by mercury complex against
S. aureus and it was more active than antibiotic (Gentamycin). In addition, it exerted good
antibacterial activities against all other test bacteria. However, Co(II) and Cu(II) complexes
at a concentration of 250mg/ml were not effective against E.coli. All BTBPBO complexes
have shown good antibacterial activity against all test bacteria at a concentration of 500
mg/ml.
In current study, the new ligand was prepared by reacting 2- mercaptobenzothiazole with
4,4-diaanilinemethane, then the product reacted with diacetyl monoxime. The ligand
(BTBPBO) and its complexes with metals chlorides of [Co (II), Cu (II), Ag (I), Cd (II), and
Hg (II)] were characterized by physical and spectral methods. The ligand coordinates with
transitional metal ions through the nitrogen atoms of the azomethine group of imines, oxime
and benzothiazole ring as well as the nitrogen atom of the secondary amine group which
made the ligand behave as tetradentate ligand. From above results, the structures of the
complexes are tetrahedral geometry, except Co(II) and Cu(II) complexes are octahedral
geometry. Also, all BTBPBO complexes have produced good antibacterial activity against
all test bacteria. PDF2
Benzothiazole is un-homogenized a cyclic system due to sulfur atom on position (1) and
nitrogen on position (3) on thiazole that attached to benzene ring. It is important because of
multi applications, which attracted chemistry and pharmaceutical people because of
biological activities [1]. When the benzothiazole discovered, they helped in reducing the
death percent due to many diseases that could not cure before or a kind of high cost treatment
[2]. From the literatures, the benzothiazole and its derivatives used as virus inhibitors for (1HIV), and protein activities inhibitors [3]. They contain two un homogenized atoms of (N,
S), in which they give anti-inflammable activities [4], anti-tumors [5], anti-convulsant [6],
anti-microbial [7], anti-malaria [8], anti-infection bacterial [9], anti-fungi [10], tuber clauses,
anti-parasitic worms [11], and anti-diabetes [12]. The benzothiazole derivatives used as
painkiller and reduce the muscle spasms and it interact with nerve transfer of glutamate in
biochemical and electro-physiological experiments [13]. While the paints Azo, they are
organic compounds that were prepared for the first time by scientist (Peter) on 1858. They
are prepared by coupling reactions in which Amine group (NH2) is attached to the compound
(2-ABT) and its derivatives with organic reagents in acidic environment to give colorful

organic compounds that absorbed at UV and visible length [14]. These compounds are
characterized by high stability because they contain azo group (-N=N-) with double bond,
accordingly it is classified as aliphatic and aromatic homogenized and heterocyclic
compounds. It was found that the aliphatic compounds are limited in their distribution
compared to aromatic compounds because of their low stability and breaking down to
nitrogen and hydrocarbons [15]. While the un-homogenized aromatic azo compounds are
distributed widely for their industrial, pharmaceutical, and medicinal importance as they are
prepared by the reaction of amine group with different aromatic reagents [16]. PDF15
Benzimidazole nucleus, which is a useful structure for further molecular exploration and for
the development of new pharmaceutical compounds, has been studied extensively. Synthesis
of benzimidazoles has received much attention owing to the varied biological activity
exhibited by a number of its derivatives. The class of these molecules proved to be very
important as they possess pharmaceutical properties including antibacterial against different
strains of Gram-positive and Gram-negative bacteria, antifungal, herbicidal, analgesic,
antioxidant, antiallergic, antitumoral agents, antiparasitic and anthelmintic. Etc. Various
benzimidazole derivatives have been found to possess bioactivity as phosphodiesterase IV
inhibitor, antagonist of angiotensin II, neuropeptide Y receptors20, H3-receptor antagonist
and neuropeptide Y5- receptor antagonist. Recently, benzimidazole derivatives have
attracted particular interest due to their anticancer activity and may act as in vitro anti-HIV
agents. Owing to the great biological and synthetic importance of this heterocyclic core,
synthesis of benzimidazole derivatives has long been an area of intense development, and
still constitutes an active domain from academic and industrial points of view.PDF13
In the 21st century, infectious diseases remain one of the most important causes of death in
the world [1]. The rapid progress of science in the past decades led to the significant
improvement in the diagnosis and treatment of infectious diseases. In this regard, antibiotics
have saved millions of lives, but for years there has been a growing threat, bacterial
resistance to antibiotics. Infectious diseases caused by resistant microorganisms are
associated with increased morbidity and mortality, with high occurrence in
immunosuppressed individuals, especially in patients subject to cancer chemotherapy or
organ transplantation and patients with AIDS [2]. Antibiotic resistance is accelerated by the
misuse and abuse of antibiotics and by deficiencies in prevention and control of infections.
For this reason, Member States requested World Health Organization (WHO) to develop a
global priority pathogen list (PPL) of antibioticresistant bacteria to help prioritize research
and development (R&D) of new and effective antibiotic treatments [3]. Thus, there is an
interest in developing new classes of antimicrobial compounds [4], as a therapeutic
alternative to antibiotics that do not generate resistance and that are capable of preventing or

avoiding infections, either alone or as adjuvants. The study of compounds containing
heterocycles with N and/or S atoms in their structure has raised research interest in recent
years due to their significant pharmacological properties. Among them, benzimidazole
substituted derivatives are of wide interest due to their potential applications in several
biological areas [5], such as antiinflammatory [6], antiviral [7], antibacterial [8,9], antifungal
[10], antioxidant [11] and anticancer activities [12–14]. Moreover, thiazolines constitute
building blocks in several drugs and biologically active natural product, like the antibiotics
micacocidin [15] and bacitracin A [16]. Recently, it has been proved that thiazoline
derivatives are essential antimicrobial agents [17,18]. On the other hand, it is known that
metallic ions can play an important role in the biological activity of benzimidazole and
thiazoline derivative compounds [19,20]. Among these biological activities, it should be
noted that metal complexes are a promising source for new antibiotics. According to the
Community for Open Antimicrobial Drug Discovery (CO-ADD), metal complexes display
a significantly higher antimicrobial activity (9.9%) when compared to purely organic
molecules (0.87%) [21]. Among them, Co(II) complexes have shown activity against various
classes of bacteria [22–25], including complexes where the ligand contains the
benzimidazole heterocycle coordinating to Co(II) through the nitrogen atom [26]. Also,
existing antibiotics, such as enrofloxacin, enhance their activity by coordinating to Co(II)
[20]. For all these reasons, over the last few years our group has carried out a systematic
study on the coordination chemistry of compounds containing benzimidazole or thiazoline
rings [19,27–30]. Herein, we present the preparation, characterization and in vitro
antibacterial properties of 2-(2-aminobenzimidazole-1-yl)-2-thiazoline (BzTn) and two
cobalt(II) complexes, [CoCl2(BzTn)2] (1) and [CoBr2(BzTn)2] (2). The organic ligand has
been structurally characterized by elemental analysis, IR, 1 H and 13C NMR spectroscopy
and single crystal X-ray diffraction. The Co(II) complexes have been characterized through
elemental analysis, single crystal X-ray diffraction, IR and electronic spectroscopy. The
synthesized ligand and their complexes have been screened for in vitro antibacterial activity
against gram positive and gram-negative bacteria.
. Antibacterial

activity

The antibacterial activities of compounds were determinate in vitro against the following
organisms, obtained directly from American Type Collection Culture (ATCC, Manassas,
VA, USA): Staphylococcus epidermidis ATCC 12228, Staphylococcus aureus ATCC
29213, Enterococcus faecalis ATCC 29212, Bacillus subtilis ATCC 12432, Escherichia coli
ATCC 25,922 and Pseudomonas aeruginosa ATCC 27853. All microorganisms were stored
at –80 ◦C in porous beads (Microbank, Pro-Lab Diagnostics, Austin, USA). Bacterial strains
were cultured in Blood agar plates (Oxoid Ltd., Basingstoke, Hampshire, UK) and incubated
at 37 ◦C for 24 h to obtain isolated bacteria. Then, bacteria were transferred to Mueller

Hinton Broth (MHB; Oxoid Ltd., Basingstoke, Hants, UK) for culture overnight. The tested
substances were dissolved in DMSO at a concentration of 2 mg mL− 1. Stock solutions were
prepared and dilutions were made according to protocols of the Antibacterial Susceptibility
Test for Bacteria by a broth dilution method using Mueller-Hinton medium according to the
guidelines of the Clinical and Laboratory Standards Institute, CLSI guidelines [36]. The
microorganisms were diluted in fresh MHB to a turbidity equivalent to a 0.5 McFarland
standard and then diluted 1/100 to obtain an inoculum of approximately 106 cfu/mL by
spectrophotometry (Helios epsilon, Thermo Scientific, Waltham, MA, USA). The
antibacterial activity of compounds was measured as the minimum inhibitory concentrations
(MIC), defined as the lowest concentration of compounds which inhibited visible growth
after 24 h of incubation. The MIC determination of compounds were evaluated by broth
microdilution method [36]. Briefly, for quantitative measurements, wells of sterile 96-well
polystyrene flat-bottomed microtiter plates were each filled with 100 µL of different
concentrations of compounds in MuellerHinton and 100 µL of each cell suspension (~106
cfu/mL), in duplicate. All strains were incubated for 24 h at 37 ◦C with different
concentrations of compounds in Mueller-Hinton and the MIC was determined by reading
each well at 492 nm in an automated microplate reader). Negative control wells contained
only compounds and strains growth was used as a positive control. Each assay was
performed in duplicate and repeated three or more times.

Spectroscopic studies
H and 13C NMR signals from spectra (Figures S3 and S4) are in agreement with the
structure of BzTn and the data found in the literature [31]. The electronic reflectance spectra
of complexes 1 and 2 (Figure S5 in ESI) are very close and they exhibit two main bands that
have intensities consistent with spin-allowed d-d transitions. These bands may be assigned
as: ν2 [ 4 A2(F) → 4 T1(F)] (7480 cm− 1 for 1; 7290 cm− 1 for 2) and ν3 [ 4 A2(F) → 4
T1(P)] (16290 cm− 1 for 1; 15290 cm− 1 for 2) transitions, in an idealized Td symmetry.
The value of the ν2 assignment has been calculated with the barycenter of two bands (8330
and 6740 cm− 1 for 1; 8220 and 5920 cm− 1 for 2) in the solid-state spectrum [39]. The
ligand field parameters, 10 Dq = 4355 cm− 1 for 1 and 4260 cm− 1 for 2, and B = 714 cm−
1 for 1 and 653 cm− 1 for 2, were calculated using the Konig ¨ relationships [40] for
tetrahedral d7 complexes. For both compounds the bands detected at higher energy (34250
cm− 1 for 1; 31690 cm− 1 for 2) are assigned to π → π* transitions from the organic ligand.
The stability of compounds in DMSO solution was determined by UV–Vis spectroscopy
(Figure S6). The spectrum of free ligand BzTn was measured in the wavelength range 270–
350 nm and showed no changes over 24 h. In the same way, the spectra of 1 and 2 were
recorded over the wavelength range 400–750 nm and also showed no changes of the
1

absorption band ν3 within 24 h. Those results indicate that compounds stay unalterable in
DMSO solution.

Antibacterial activity
The BzTn ligand and complexes 1–2 were screened for antibacterial activity against gram
positive (S. aureus, S. epidermidis, B. subtilis, E. faecalis) and gram negative bacteria (E.
coli, P. aeruginosa) (see Table 4). To compare antibacterial activities shown by the
synthesized compounds, data from
this study reports structurally a 2-aminobenzimidazole-thiazoline derivative (BzTn) and
their CoCl2 and CoBr2 complexes. BzTn exhibited a monodentate behavior as ligand. The
crystal structure of BzTn and its Co(II) complexes, [CoX2(BzTn)2] (X = Cl in 1, Br in 2)
were determined by X-ray diffraction analysis. According to the X-ray data, Co(II) ions are
in a slightly distorted tetrahedral environment in complexes. Antimicrobial activity of the
compounds was studied towards six bacteria, both gram-positive and gram-negative,
showing more activity against gram-positive bacteria. Co(II) complexes showed activity on
different bacteria than the free ligand. Complex 2 was the most active, reaching MIC at
concentration of 100 µg/ml against half of the strains, and inhibiting the growth of the others
up to 33% at the same concentration. These complexes have given promising results;
therefore, new BzTn complexes with different metal ions should be synthesized and tested
on their antimicrobial properties. In addition, further studies are needed to elucidate their
mechanisms of action, with a view to their use as an adjuvant in the treatment of infectious
diseases. (PDF29)

an unusual type of central nervous system (CNS) depressant activity is indicated
by benzimidazole. Domino and his coworkers reported anticonvulsant
properties1 and the paralyzing action2 of some benzimidazole. The ligation of
the azomethine molecule derived from the condensation of 2aminobenzimidazole and thiophene-2-carboxaldehyde thus hopefully provide a
more potent drug in the interest of mankind. Copper and zinc metals and their
compounds have been reported to possess effective drug potential and are
frequently used in Indian Ayurvedic and Homeopathic therapies for the treatment
of psychopharmacological, cardiovascular and various other disorders.

General and elemental analysis
All the synthesized complexes have been found stable in air at room temperature. These were
fairly soluble in DMSO, DMF and THF but less soluble in methanol and nitrobenzene.
Elemental analysis data indicate that in all the complexes, the metal-ligand stoichiometric
ratio is 1: 2. Low molar conductivity for all the complexes indicates that the anions have
entered into the coordination sphere during the complex formation. The same has been
confirmed by the qualitative tests for the anions carried out in aqueous suspensions and
ethanolic solution of the complexes. Elemental analysis data, molar conductance data (103M nitrobenzene solution), percentage yield, color of the complexes and magnetic moment
values are shown in Table 1.

IR Spectral studies
In the IR spectrum of the ligand, the absorption bands at 3320, 3150 and 1610 cm-1 are
assignable to νs(NH2), νas(NH2) and δ(NH2) vibrations of the base amino compound 2aminobenzimidazole were absent5 . The absorption band at 1710 cm-1, which is assignable
to ν(C=O) stretching vibrations corresponding to C=O moiety of the aldehydic group of
thiophene-2-carboxaldelyde was also found absent in the spectrum of the ligand; thus,
confirming that the C=O moiety of thiophene-2-carboxaldelyde have entered into
condensation with the amino group of 2-aminobenzimidazole to form the azomethine. The
sharp new band at 1640 cm-1 in the spectrum of the ligand is assignable to ν(C=N)
(azomethine) stretching vibration6,7. The imino (NH) group stretching frequency at 3210
cm-1 did not suffer any change except a small change in band intensity attributable to the
polarization effect of the heterocyclic aldehydic group due to the condensation. A sharp
stretching frequency at 890 cm-1 corresponds to C-S-C moiety8.
Comparing the IR spectra of the ligand and complexes, the azomethine νC=N of the ligand
found shifted to negative side by 30-35 cm-1 in all the complexes confirming the
participation of azomethine nitrogen in cordination9. The thiophene ring Sulphur νC=S
shifted to negative side by30-40 cm-1 confirming the coordination to metal ion through
thiophene ring sulphur10. The ν(C=N) and ν(N-H) of imidazole ring at 1570 and 3210 cm1 do not show any appreciable shift indicating that these groups do not participate in the
coordination.

In the chloro complexes, medium intensity bands observed in the far IR at 580-520, 440350 and 330-270 cm-1 are assignable to M-O, M-N, M-CI stretching vibrations,11-13
respectively.
In the IR of nitrato complexes, additional sharp bands at ca. 1015-10, ca. 1280-70 and ca.
1435-30 cm-1 are assignable to ν2, ν1 and ν4 modes of coordination nitrates ions. The
magnitude of separation between ν4 and ν1 band is ca. 165-160 cm-1. Hence, coordination of
nitrate ion in a unidentate manner is confirmed14, 15.
In acetato and benzoato complexes, the coordination of anions with metal have been
confirmed by comparing the spectra of metal acetates and benzoate salts with the spectra of
respective complexes. Frequencies at ca.1560-50 cm-1 and ca. 1425-10 cm-1 assignable to
νas and νs carboxylic mode16 of the acetate and benzoate ions in metal salts have been found
to be shifted to the opposite sides upon complex formation, i.e., νas shifted to higher side
(30-20 cm-1) and νs shifted to lower side (30-15 cm-1). This large difference between the
asymmetric and symmetric frequencies in comparison to the uncoordinated acetate and
benzoate ion thus confirms the coordination of these ions as unidentate anions through the
C-O moiety of their respective carboxylic groups17 .

Magnetic studies and electronic spectra
In the electronic spectra of all the copper complexes, a broad asymmetric band appears in
the region of 13200 cm-1 assignable to 2T2g ← 2Eg transition. This suggests a tetragonally
distorted Dh symmetry for these complexes18. 10 Dq values taken directly from 2T2g ← 2Eg
suggest sufficient metal-ligand overlap in the complex. The magnetic moment value ranging
between 1.68-2.00 BM is in fair agreement with the reported values for the spin free
complexes with tetragonally distorted octahedral environment around Cu(II) ions19, 20 . All
the Zn(II) complexes were found diamagnetic. Transition 30000-28000 cm-1 may be
attributed to charge-transfer only. On the basis of the analogy in the elemental analysis,
conductivity and IR data with other complexes, octahedral symmetry is proposed for all the
zinc complexes.

Effect of coordination on the drug potential of the ligand
The studies on the central nervous system depressant activity have been carried out21,22,
to test the drug potential of the newly synthesized compounds. The study of the complexes
in comparison with the ligand and 2-aminobenzimidazole was done on mice by the method
of Goodsell et al.23 and Witkin et al.24 The compounds were administered orally and the
ED50, PD50 and LD50 values are shown in Table 2. The ligands and their metal complexes
were screened for their antibacterial and antifungal activity in vitro against Staph.

Aureus 209p, E. Coli ESS 2231, Aspergillus fumigatus, Candida albicans, Candida albicans
ATCC10231, Candida Krusei GO 3 and Candida glabrata HO5, using standard agar well
diffusion assay method25. The Cu(II) complexes showed good antifungal and moderate
antibacterial activity. It is interesting to note that Zn(II) complexes are moderately active
against Candida Spp.
Thus, the evidences obtained from IR, electronic spectra and magnetic measurements
suggest spin free complexes with tetragonally distorted octahedral environment around
Cu(II) ions. On the basis of the analogy, octahedral symmetry is proposed for all the zinc
complexes. The four coordination positions are satisfied by two bidentate ligands and the
other two positions by two univalent anions. Drug potential studies show that the complexes
show higher central nervous system (CNS) depressant activity and they are more toxic as
compared to the ligand. The ligands are not effective against the microbes, but their metal
complexes seem to have developed a fairly good antimicrobial activity. Such enhanced
antimicrobial activity in the metal complexes were also reported earlier26.PDF8
RNA performs a vast array of functions in biological systems, including genetic encoding,
regulation, and catalysis,1−3 and yet very few small-molecule drugs that target RNA exist.4
This may be the result of many factors, including the relatively recent discovery of RNA’s
many biological roles and the difficulty in preventing RNA degradation during experiments,
particularly by ribonucleases.5,6 Likewise, computational investigations of RNA−ligand
binding are comparatively rare (a PubMed search of “protein binding simulations” as of
January 2014 yielded 7633 results, and a search of “RNA binding simulations” yielded 488
results).7,8 In order to address this paucity, the current study reports the results of molecular
dynamics (MD) simulations on a specific RNA−ligand system and aims to provide a more
reliable foundation for future studies involving highly charged RNA−ligand complexes such
as those described here.
The target of this research is the domain IIa RNA sequence from the hepatitis C virus internal
ribosome entry site (HCV IRES).9 Experimental structures exist for the unbound (or free)
structure10,11 and also of the RNA in complex with 2- aminobenzimidazole inhibitors.12,13
These RNA−inhibitor complexes are attractive structures to study because they involve a
relatively short RNA sequence bound to druglike molecules. This contrasts with typical
structures that are often larger and more complex, such as RNA or riboprotein molecules in
complex with aminoglycosides.14,15 Moreover, a distinct structural difference between the
free and bound HCV IRES is observed, and this is most notably characterized by the loss of
a critical bend in the RNA upon ligand binding that explains the inhibition mechanism.16
Biologically, the structure is of interest because of both the high degree of sequence
conservation in IRES elements and its importance in HCV genome translation and viral
replication.17 Rather than using the 5′ cap-dependent mechanism to initiate translation at the

ribosome, as is typical in eukaryotes, the HCV IRES element is responsible for recruiting
the 40S ribosomal subunits. Thus, the development of inhibitors of the IRES machinery
could be useful in treating hepatitis C virus infections.
The presented results are relevant for computational drug development targeting the HCV
domain II site as well as for research on RNA−ligand binding in general. First, we have
demonstrated that the crystal structure of the RNA−inhibitor complex is strongly supported
over the NMR conformation by simulation using the AMBER ff12SB force field in explicit
solvent. This result highlights the need for accurate initial structures when performing MD
simulations. Because of the rugged energy landscape of RNA, highly incorrect initial
structures will likely not reach the global minimum on tractable time scales. Since this
concern is coupled with known force field flaws for RNA), it necessitates caution when
performing MD simulations. In this case, the force field does not predict that the NMR
conformations are near a local energy minimum. The result is a quick degradation of the
initial structural contacts during the simulation. In contrast, the crystal structure is clearly in
a minimum of the force field energy landscape and yields extremely stable simulations that
maintain fidelity in the binding region.
It still remains unclear how best to resolve the apparent contradictions between the NMR
data and the crystal structure. The low proton density of RNA compared with proteins
presents a challenge in the use of NMR spectroscopy for high resolution RNA structure
determination. The addition or exclusion of just a few atom-pair restraints can make a large
difference in the resulting structural refinement. In this case, close contacts that would result
in detectable NOEs between RNA residue G33 and the inhibitor do not exist, so there was
no justification during the original NMR refinement to enforce the hydrogen-bonding
interactions observed in the crystal structure. In regard to NOE distance restraints that are
violated by the crystal structure, possible explanations include the presence of an additional
inhibitor binding site near the primary site or, alternatively, a third unidentified conformation
that is present in solution. At present, use of the crystal conformation is recommended for
simulation studies.PDF29

Physiological activity and commercial applications of many benzimidazole derivatives have
received much attention. Benzimidazole and its derivatives have different activities as they
can act as bacteriostats or bactericides, fungicides, anticarcinogens, etc (1-4). This ring
system is present in numerous antiparasitic, anthelmintic and anti-inflammatory drugs (5).
Several thousands of analogs of imidazole and benzimidazole have been synthesized and
screened for pharmacological activity. Some of these compounds exhibited anti-HIV activity

(6,7). The complexes of transition metals with benzimidazole and related ligands have been
extensively studied as models of some important biological molecules (8-12). We have
recently reported isolation, characterization and antimicrobial activities of different metal
complexes with benzimidazole derivatives (9-12). As an extension of our previous studies,
the objective of the present work was to synthesize and study physicochemical
characteristics, as well as antimicrobial activity of 2-aminobenzimidazole complexes with
nitrates of cobalt(II), nickel(II), copper(II), zinc(II) and silver(I). Antimicrobial activities of
the ligand and its complexes were evaluated against Pseudomonas aeruginosa, Bacillus sp.,
Staphylococcus aureus and Saccharomyces cerevisiae
The elemental analysis of complexes, magnetic moments and molar conductivity data are
summarized in Table 1.
Table
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The complexes were synthesized in the reaction of warm ethanolic solution of the Me(NO3)2
× nH2O (M = Co(II), Ni(II), Cu(II), Zn(II) and Ag(I)) with 2-aminobenzimidazole (L) in a
mole ratio 1:2. It should be noticed that the reaction of all the metal ions yielded bis(ligand)
complexes. All the complexes are insoluble or sparingly soluble in common organic solvents
such as alcohols or acetone, but highly soluble in dimethylformamide and
dimethylsulphoxide. The molar conductivity values of the Co(II), Ni(II) and Cu(II)
complexes (Table 1) indicate that these complexes behave as non-electrolytes. The molar
conductivity of Zn(II) complex in DMF solutions fall in the range of 65-90 Scm2 mol-1,
corresponding to a 1:1 type of electrolyte (13). It indicates that one coordinated nitrate anion
in the Zn(II) complex has been replaced by solvent molecule. The molar conductivity of the
Ag(I) complex in methanol corresponds to a 1:1 type of electrolyte.

Magnetic properties
An indication of the most probable stereochemistry of the synthesized Co(II) complex is
given by its color and magnetic moment. Namely, blue cobalt(II) complex usually have a
tetrahedral configuration. The magnetic value of cobalt(II) complex (Table 1) are in the
expected range (µeff=4.2-4.7µB) for a tetrahedral stereochemistry. The room temperature

effective magnetic moment for Ni(II) complex suggests tetrahedral configuration, too, whilst
the µeff value for Cu (II) complex supports square-planar geometry (14). Zinc(II) and Ag(I)
complexes are diamagnetic so the complex of zinc is tetrahedral, whilst silver complex is
linear.

Infrared spectra
The infrared spectrum of the ligand exhibits the bands at 3450-3330 cm-1 and ca. 1650 cm1, assigned to ν (NH2) and δ (NH2) of the benzimidazole ring, respectively (15). The band
appearing at about 1560 cm-1 may be assigned to τηε ν (C=N) vibrations. The infrared
spectra of the investigated complexes are similar to those of the corresponding ligands. An
upward shift (5-10 cm-1) of ν(C=N) in the IR spectra of the complexes as compared to their
values for the free ligand, suggests coordination through the pyridine nitrogen of 2aminobenzimidazole (16). The bands due to ν (NH2) and δ (NH2) in the complexes are
shifted to lower frequency. These shifts may be indicative of the presence hydrogen bonding
between the −NH2 group of the ligand and water molecules. The results indicate the presence
of two types of nitrate: coordinated nitrate anions and free nitrate anions in synthesized
complexes. The peak at 1030cm-1 is attributed to N-O stretching vibrations of the
coordinated nitrate groups. A very strong band corresponding to NO3 stretching of free
nitrate anions is observed at 1378 cm-1. The other bands in the spectrum of each complex
are similar to those in the corresponding ligand spectrum except for slight shifts in their
positions and changes in their intensities due to coordination. The presented results (molar
conductivities, magnetic moments and IR spectra) suggest that copper(II) complex has a
square-planar stereochemistry, silver(I) complex is linear, whilst the cobalt(II), nickel(II)
and zinc(II) complexes have a tetrahedral configuration. In all the complexes (except silver
complex), configurations are realized by coordination of the two organic ligand molecules
through the pyridine nitrogen, nitrate anions or molecules of water. In the case of silver
complex, water molecules and nitrate anions are not included in coordination.

Antimicrobial investigations
In this work, 2-aminobenzimidazole and its complexes were screened for their in vitro
antimicrobial activity against the four microbial isolates. The antimicrobial activities of the
compounds were tested by the agar disc-diffusion method. The results of these studies are
summarized in Table 2. As can be seen from Table 2, the majority of the investigated
compounds displayed in vitro antimicrobial activity against very persistent microorganisms.
The starting ligand (2-aminobenzimidazole), as well as its silver complex showed no
antimicrobial activity. However, some metal ions (Co, Cu, Zn) coordinated with ligand
strongly increased the general antimicrobial activity of the 2-aminobenzimidazole. In the

case of gram-negative isolate Pseudomonas aeruginosa only copper(II) and zinc(II)
complexes exhibited antibacterial activity. Gram-positive bacteria Bacillus species was
persistent only in the case of nickel(II) and silver(I) complexes. In the case of Staphylococcus
aureus nickel(II) and copper(II) complexes exhibited very low inhibitory activity, whilst
cobalt(II) and zinc(II) complexes were highly active against the same bacteria. Also, Ni(II)
and Cu(II) complexes had no activity against yeast Saccharomyces cerevisiae, but Co(II) and
Zn(II) complexes were very active. Of the complexes, the most active compound was the
one containing zinc(II), which exhibited high inhibitory activity against all the tested
isolates. Cobalt(II) complex was also highly active, except in the case of gram-negative
bacteria. Comparing the activities of the tested compounds, it can be seen that some of the
complexes were more active than the starting ligand. In view of the structural formula of the
complexes that exhibited antimicrobial activity, it can be thought that metal may play a
significant role. This can be explained in terms of chelation theory, which states that a
decrease in the polarizability of the metal can enhance the lipophilicity of the complexes
(12).
Table

2.

In

vitro

antimicrobial

activity

of

2-aminobenzimidazole

and

its

complexes

The ligand, 2-aminobenzimidazole (L), formed with cobalt(II), nickel(II), copper(II),
zinc(II) and silver(I) the complexes of the general formula M(L)2(NO3)2×nH2O (M=Co,
Ni, Cu, Zn or Ag; n=0, 1, 2 or 6). The complexes were synthesized and characterized by
elemental analysis of the metal, molar conductivity, magnetic susceptibility measurements
and IR spectra. Co(II), Ni(II) and Cu(II) complexes behave as non-electrolytes, whilst Zn(II)
and Ag(I) are 1:1 electrolytes. Cu(II) complex have a square-planar stereochemistry, Ag(I)
complex is linear, whilst the Co(II), Ni(II) and Zn(II) complexes have a tetrahedral
configuration. In all the complexes (except silver complex), configuration is realized by
coordination of the pyridine nitrogen, nitrate anions or molecules of water. In the case of
silver complex, water molecules and nitrate anions are not included in coordination. The

results of antimicrobial investigations indicate that the starting ligand (2aminobenzimidazole), as well as the silver complex, showed no antimicrobial activity.
However, some metal ions (Co2+, Cu2+, Zn2+) coordinated with the ligand, strongly
increased the general antimicrobial activity of the 2-aminobenzimidazole. Of the complexes,
the most active compound was the one containing zinc(II), which exhibited high inhibitory
activity against all the tested isolates. Cobalt(II) complex was also highly active except in
the case of gram-negative bacteria. In view, of the structural formula of the complexes that
exhibit antimicrobial activity, metal moiety may play a significant role in the antimicrobial
activity PDF4
Even after the significant development of anticancer drugs, cancer is still a major cause of
death worldwide. The primary concern in the treatment of cancer is drug resistance and the
adverse side effects of the drug. Metallodrugs’ potential as anticancer agents continues to be
one of the fascinating areas of pharmaceutical research since the serendipitous discovery of
cisplatin and its analogs. However, the drug-associated adverse side effects and resistance
hinders the use of these drugs [1–3]. This opens up new vistas for the researchers to go for
new metal-based chemotherapeutical compounds/complexes. Numerous metal cores have
been explored as a replacement of the platinum-based therapeutics. In this endeavor,
transition metals are the most investigated class of elements predominantly because of their
biocompatibility in the living system and their endogenous presence in living system as cofactors in several enzymes. Another significant property of transition metal-based
therapeutics is their ability to mimic natural compounds with low toxicities. Moreover, the
propensity of metal-based compounds to efficiently bind DNA and hence leading to its
cleavage is one of the hallmarks of an effective anticancer drugs like cisplatin [4–6]. The
transition metals such as Cu, Co, Zn, Ru, Fe, Ag, and Au are considered to be promising
candidates for designing of such therapeutic agents [7]. Among these metals, copper draws
the paramount importance due to its oxidative and bio-essential properties [8–13]. Copper is
present in various metalloproteins such as hemocyanin, plastocyanin, and ceruloplasmin
[14,15], and also acts as cofactor in enzymes such as cytochrome C oxidase, DNAzymes,
nitrous-oxide reductase, nitrite reductase, laccase, etc. [16]. Copper also plays an essential
role in the neurotransmission and cellular respiration processes. Similarly, zinc is also an
important (in fact the most abundant) trace element found in human body. It plays a pivotal
role in the catalysis, structure of proteins, cell metabolism regulations, metallo-enzymes, and
rewinding of the DNA [17–20]. Many researchers have observed a direct relationship
between cancer cell progressions with zinc deficiency [21,22]. Zinc also plays a prime role
in gene regulation, DNA synthesis, and induction of apoptosis [23,24]. The other transition
metal of paramount significance is cobalt; an essential element, less toxic and integral
constituent of the vitamin B12 (cyanocobalamin), formation of RBCs, nerve tissue
maintenance and also acts as a cofactor for various enzymatic systems. It is well known that

anticancer chemotherapeutics largely leads to DNA damage, inhibits proliferation of the
cells, and causes apoptosis [25,26]. The interaction of potential drug candidates with
biomolecules like DNA is quite fascinating. Most of the metal-based anticancer drugs are
targeted to bind the grooves of DNA through coordinate and non-covalent mode of
interactions. Such interactions are mediated through π-π stackings, electrostatic interactions,
and hydrogen bonds. The nature of interactions between DNA and metal-based anticancer
drugs depends on the organic moieties attached to the metal center [27]. Therefore, the
organic framework around the metal core plays a very imperative role and dictates the mode
of binding. Thus, designing of the organic moieties is of key significance for clinical
application. In lieu of this background, benzimidazole constituent is most important, as it is
present as a constituent in the Vitamin B12. This moiety possesses potential to coordinate
with the metal, gives planarity to the drug candidate, and mimics imidazole functions in
proteins.
.

Synthesis and Characterization

The new tridentate organic ligand “bimnap” has been synthesized by reacting 1-methyl-2aminobenzimidazole and 2-hydroxynaphthaldehyde at 80 ◦C for 2 h in ethanol, leading to
the formation of Schiff base (Figure 1). The reaction mixture was kept for slow evaporation,
and after 2 days, orange colored single crystals were obtained. X-ray crystallographic study
revealed the formation of the tri-dentate structure of the ligand, which was further
characterized using various spectroscopic studies and elemental analysis. The results
obtained by all these techniques are consistent with the structure (for detail see experimental
section). By taking the ligand “bimnap” in 2:1 ratio with metal salts namely, Cu(CH3COO)2,
Co(CH3COO)2, and Zn(CH3COO)2, complexes 1–3 were prepared, respectively (Figure
1). All three complexes 1–3 was isolated, washed and dried. All the three complexes were
isolated in reasonably good yields. Several attempts were made to grow a suitable single
crystal of complexes 1–3 for the X-ray crystallography but could not be achieved. All the
complexes 1–3 was characterized using spectroscopic techniques and elemental analysis that
was found in good agreement with the proposed structures. Molar conductance values for all
the three complexes 1–3 which was 1 × 10−3 M in DMSO were found to be in the typical
non-electrolytic range, thus confirming the non-ionic nature of the complexes. FT-IR spectra
of the ligand showed characteristic signals of aldimine stretching vibration ν(C=N) at around
1622 cm−1 (Figure S1). Upon complexation with metal centers, it gets shifted and appeared
in the range of 1618–1615 cm−1 thus confirming the coordination of metal centers with the
C=N (Figures S2 and S3). Also, the stretching vibration of ν(C=N) associated with
benzimidazole ring which appeared at 1567 cm−1 in the free ligand, showed a significant
shift in the region of 1577–1571 cm−1 thereby confirms the coordination of benzimidazole
ring with metal centers (Figures S1–S3). Furthermore, a new band associated with M-O and

M-N appeared at 567–555 cm−1 and 463–448 cm−1, respectively. Thus, the FT-IR results
stand parallel with proposed structures. The 1H-NMR of the ligand exhibited the signal
associated with free ligand ‘bimnap,’ and the characteristic signal appeared at 10.36 ppm as
a singlet. The aromatic signals lie in the region of 7.51–7.16 ppm and the N-CH3 at 3.84
ppm and small broad signal for Ar-OH at 3.56 ppm (Figure S4). On complexation with zinc
metal (3), the characteristic signals of aldimine proton get de-shielded and lie at 9.69 ppm,
similarly shift in the aromatic protons were also observed and appeared in the 8.69–6.56 ppm
range and the N-CH3 protons as a singlet at 1.90 ppm (Figure S5). The 1H-NMR spectrum
lies in the agreement with the proposed structure. Molecules 2018, 23, x FOR PEER
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Figure 1. Schematic representation of the ligand synthesis and proposed structures of the Cu(II) (1), Co(II) (2), and
Zn(II) (3) complexes.

In this article, we have designed, synthesized and characterized three transition metal
complexes, Cu(1), Co(2), and Zn(3) of biologically significant benzimidazole derived
organic moiety. All the three complexes 1–3 were subjected to study binding with DNA as
an essential feature of the metal-based anticancer chemotherapeutic. The results exhibited
significant binding affinity of the complexes with DNA. Complex 1 exhibited the most avid
binding as compared to 2 and 3. Furthermore, the nuclease activity of the complexes 1–3
was studied on pBR322 DNA and their mechanistic pathways was elucidated in the presence
of radical scavengers. The results showed significant nuclease activity at a relatively lower
concentration of the complexes. Moreover, these complexes 1–3 were tested against 5
different human cancer cell lines, i.e., HepG2 (Liver), SK-MEL-1 (Skin), HT018 (Colon)
Hela (Cervical), and MDA-MB231 (Breast) cancer cells. The results showed that the
complex 3 was more active than complexes 1 and 2 contrasting with the above DNA binding
results. Further, one of the fascinating outcomes of the present work is that the zinc complex

(3) exhibited significant cytotoxicity as compared to cisplatin on all the tested cell lines.
Also, the phenomenon of cell adhesion and migration was examined as an essential
parameter of the death of cancer cells. Later, a vital prospect of toxicity was examined and
studied the effect of complexes 1–3 on all the major organs of the mice. The results of
chronic and acute toxicity ascertained that the degree of toxicity of all these potential drug
candidates was very low. However, the present findings warrant more in vivo confirmatory
experiments before judging the molecules as possible drug candidates. PDF7
Metal complexes of Schiff base have played a central role in the development of coordination
chemistry [1]. Various Schiff base complexes have been widely studied because they have
antimicrobial, anticancer, analgesic, anti-inflammatory, antifertility, and herbicidal
applications [2, 3]. Chelating ligands containing N, N, and O donor atoms show broad
biological activity and are of special interest because of the ways in which they are bonded
to the metal ions [4]. It is known that existence of metal ions bonded to biologically active
compounds may enhance their activities [5–7]. Even though many Schiff bases using
salicylaldehyde and substituted salicylaldehyde’s and amines had been studied [8– 11] as
ligands, no work had been done with salicylaldehyde and 2-aminobenzimidazole as the basic
nucleus of Schiff bases. Schiff base metal complexes had been a widely studied subject to
their industrial and biological applications [12]. The synthesis, physicochemical
characterization, and biological activity of 2-aminobenzimidazole complexes with different
metal ions have been reported [13]. An efficient synthesis of Schiff bases containing
benzimidazole moiety catalyzed by transition metal nitrates had been done [14].
The synthesis and antimicrobial activity of Cu(II), Co(II), and Ni(II) complex with 2aminobenzamidozole were availed. [15]
The reaction in solution between the ligand and transition metal cation may proceed by the
following general equation:
MX𝑛𝑛 + 𝑛𝑛HL → ML𝑛𝑛 + 𝑛𝑛HX

(1)

where 𝑛𝑛=1 or 3; M = Zn (II); and X = corresponding anion of metal salt

. The metal complex is formed in 1: 1 stoichiometric ratio. The ligand and the metal (II)
complex were isolated pure from EtOH in good yields and they are of various colors. The
ligand is yellow whereas the complex is pale green in color. The complex gets decomposed
up to 245∘ C. They are very air stable solids at room temperature without decomposition for
a long time. The complex is no hygroscopic and insoluble in water and other common
organic solvents but soluble in DMF and DMSO. The molar conductance value of the
complex (measured in 10−3 M DMSO) is 18.0 Scm2 mol−1, indicating the nonelectrolyte
nature [20] of the complex.

. Antimicrobial Study:
The pure compound does not show any biological activity but the synthesized Schiff base
and the complex showed moderate to good biological activity against all microbes. In case
of bacterial strains E. coli showed good activity in both Schiff base and the complex whereas
others showed moderate to zero activity [36]. But in case of fungal strains A. Niger has zone
of inhibition ranging between 1.15 mm and 3.41 mm with the metal complex having
maximum zone of inhibition more than the derived Schiff base. Further, in case of C.
albicans, the effective antifungal activity was shown again by the complex with 3.20 mm
zone of inhibition [37].

Figure 3: Structure of the metal complex.

The study of the reaction between the transition metal and the derived Schiff base indicates
its high stability. This encourages the synthesis and careful investigation of the nature of
bonding between the Schiff base and the transition metal cation of important biological role,
using physicochemical method of analyses. It is clear from above discussion that the
fragmentation pattern and spectral studies of the complex confirm and illustrate the proposed
geometry obtained by elemental analysis, IR, 1 H NMR, and mass spectra. Hence, the
proposed tentative structure of the metal complex is given as in Figure 3.PDF9
Benzimidazole is a heterocyclic organic aromatic compound. It comes back to bicyclic ring
system and has different pharmacological uses. Among the heterocyclic derivatives, Because
of the unique structure of diagnostic and therapeutic factors, 2- aminobenzimidazole has
become more interesting [1, 2]. 2-Aminobenzimidazole (ABI) have diverse applications in
coordination chemistry, photo physics, photochemistry, bioinorganic chemistry, biological
activities include anti-cancer, bactericidal, fungicidal, analgesic, viral, pharmacokinetic and
pharmacodynamics properties. Specifically, this nucleus is a constituent of vitamin B12.
Also, Because of anti-histamine activity, local analgesic, inhibition of cells, hypokalemia
and inflammation of the ligand increased its importance [3, 4]. Transition metal complexes

containing (ABI) are widely used as catalysts for hydrogenation, hydroformylation,
oxidation and other reactions. Because of the promising therapeutic potential of
benzimidazole complexes have begun to be used to model important biological systems;
most of the works carried out on these types of compound are related to their medical
features. The N and S hetero atoms play an essential role in the coordination of metals at the
active sites of various metallobiomolecule and viewed as promising pharmaceutical agents
with antioxidant/free radical scavenging properties [5, 6]. (ABI) have been used as corrosion
inhibitors for copper, zinc, steel and brass in different environments. The inhibition
performance of (ABI) as corrosion inhibitors in (acid or base) media mild steel corrosions,
using molecular dynamic simulation and quantum chemistry calculations, we evaluated the
theoretical and analysis steps to inhibition corrosion [7, 8]. The aim of the current study to
define the structure and geometry of the ligand (NCB) and its complexes to ions Cr(iii),
Mn(ii), Co(ii), Ni(ii), Cu(ii), Pd(ii), Ag(i), Cd(ii).
One of the most important characteristics of mineral complexes is that it is thermally stable
and solid color. They are soluble in Dimethyl formamide and Dimethyl sulphoxide. The
theoretical and practical results of atomic absorption measurements for all prepared
complexes were approximated.

Anti-bacterial Activity Studies
Bacterial cultures and growth conditions, Escherichia coli (G- ) and Staphylococcus aureus
(G+) were used as test microorganisms. In the tested organisms, the medium surface was
inoculated and covered. Before applying disks, allow the agar surface to dry from 3 to 5
minutes. Using sterile forceps, the disks were dipped into a beaker of the chemicals and
placed them in the previous medium. At 37 °C for 48 hours, Cultures plates of bacteria were
incubated to grow. In concentrations prepared, the complexes display high efficacy to inhibit
the spread of bacteria compares ligand (NCB) [40-42]. The data obtained are found in the
Table (8), Fig (13)
No.

Compound

Escherichia coil

1
2
3

Control
Ligand (NCB)
[Cr(NCB)]Cl3
[Ni(NCB)]Cl2

Zero
15(D)
15
24

Staphylococcus
aureus
Zero
12(D)
20
14

4

[Ag(NCB)]NO2

14

20

Table 8: The diameter values of inhibition of the (NCB) and some complexes prepared

Fig.13:The diameter values of inhibition of the (NCB) and some complexes prepared against selected bacteria

This paper describes the prepared and identification of a new (NCB) and its Cr(iii), Mn(ii),
Co(ii), Ni(ii), Cu(ii), Pd(ii), Ag(i), Cd(ii) complexes. The octahedral geometry of the
prepared complexes was suggested on the basis of data (1H 13C NMR for (NCB) only),
conductance and magnetic moment for the compounds. The (NCB) acts as hexadentate and
coordinates by the S atom in the (C=S) group, N atom in (NH-C=O) group, N atom in (C=N
in ring) group. The (NCB) show appreciable corrosion inhibition action against corrosion of
mild steel in Ca (OH)2 solution. Multi-step decomposition patterns for their organic
frameworks, TGA studies show for (NCB) and its complexes. The (NCB) and its complexes
were examined for their anti-bacterial activities against two types of bacteria.PDF6
Schiff base complexes have undergone a phenomenal growth during the recent years because
of the versatility offered by these complexes in the field of industries,1,2 catalysis3 and in
biological system4,5 etc. In this way, the synthesis, structural investigation and reaction of
transition metal Schiff bases have received a special attention, because of their biological
activities as antitumoral, antifungal and antiviral activities.6 Thus, Schiff base hydrazones
are also interesting from the point of view of pharmacology. Hydrazone derivatives are found
to possess antimicrobial,7 antitubercular,8 anticonvulsant9 and antiinflammatory10
activities. Particularly, the antibacterial and antifungal properties of hydrazones and their
complexes with some transition metal ions was studied and reported by Carcelli et al..11 In
addition, complexes of salicylaldehyde benzoylhydrazone were shown to be a potent
inhibitor of DNA synthesis and cell growth.12 This hydrazone also has mild bacteriostatic

activity and a range of analogues has been investigated as potential oral ion chelating drugs
for genetic disorders such as thalasemia.13,14 Following all these observations and as a part
of our continuing research on the coordination chemistry of multidentate ligands,15-22 we
report here the synthesis and structural studies on the complexes of Cu(II), Co(II), Ni(II) and
Zn(II) with some hydrazone derivatives containing benzimidazole moiety such as 2-(oanisylidene-2’-imino) amino benzimidazole (AIAB) and 2-(furfurylDene imino) amino
benzimidazole (FIAB).
The complexes were formulated from the analytical data and molar conductance data support
the suggested formulae (Table 1). The complexes are highly colored and insoluble in water
and common organic solvents but soluble in highly coordinating solvents such as dioxane,
DMF and DMSO. They are non-hygroscopic, highly stable under normal conditions and all
of them decompose above 250 ℃. The molar conductance data values in DMSO for the
complexes
indicate
them
to
be
non-electrolyte
in
nature.

Table 1. aOhm-1 cm2 mole-1

IR spectra
The IR spectra of the ligands AIAB and FIAB and their metal complexes have been studied
in concert for the appraisal of the structure of the complexes. The formation of the above
ligands via the condensation of each of anisaldehyde/furfural with 2hydrazinobenzimidazole has been confirmed by the disappearance of band due to νNH2 and
appearance of a new band at ~1600 cm-1 which undoubtedly originates due to newly
introduced azomethine (C=N) group. The presence of furan ring in FIAB and - OCH3 group
in AIAB are also indicated by the appearance of bands at ~1510 and ~2840 cm-1 in their
respective spectrum assignable to νC-O-C of furan ring and -O-CH3 group of o-anisaldehyde
respectively.25 The position of above bands remain practically unaltered in the IR spectra
of complexes there by suggesting non participation of furan ring oxygen and methoxy
oxygen atom in coordination. The characteristic IR bands observed in the spectra of the

ligands at ~1560, ~1303 cm-1 are assigned to νC=N (cyclic) νC-N (cyclic) of benzimidazole
group respectively. Analogous to the previous complexes, the position of both the band
remain unaltered suggesting there by nonparticipation of ring N atom (- C=N) in
complexation. However, νNH band of benzimidazole ring (-N-H) group was found
invariably shifted 20-10 cm-1 towards negative side indicating the coordination of
benzimidazole ring NH group to the metal ions. Where as band occurring at ~3100 cm-1 due
to νN-H exocyclic remains practically unaltered indicating it’s noninvolvement either in
coordination or enolization. Besides the above, the bands occurring at ~1600 and ~1010 cm1 assignable to azomethine (νC=N) group and (νN-N) respectively shifted their position on
complexation. Like previous cases here also, νC=N band under goes red shift where as νCN
band shows blue shift indicating coordination of azomethine nitrogen atom to metal ions.
This is further confirmed by the presence of a band at ~525 cm-1 due to νNN. It is interesting
to note that presence of electron releasing group like -OCH3 and -C-O-C- near the
condensation site only enhance conjugation but do not take part in coordination most
probably due to steric hindrance. Although evidence of νM-Cl band could not be brought in
the present investigation due to instrumental limitation, the insolubility of the complexes in
water and their nonelectrolytic nature provide sufficient evidence for the coordination of the
counter ions Cl- to form neutral complexes. Thermal analysis Thermal characteristics of the
complexes formed by AIAB and FIAB are recorded in Table 2. These complexes follow the
same pattern of thermal decomposition. An examination of thermograms of the complexes
reveals that, the complexes remain almost stable up to ~235 ℃ indicating absence of water
molecules. Beyond this range, the complexes decompose rapidly leaving their stable
residues. The rapid decomposition denotes loss of ligand moiety. It has been observed that
the composition of the residue corresponds to the respective metal oxides. The
decomposition temperature varies for different complexes. The representative thermogram
of Cu(AIAB)2Cl2 complex is shown in Fig. 1. Thermal stability of the complexes is found
to be in the following order:
AIAB Complexes: Co(II) < Zn(II) < Cu(II) < Ni(II)
FIAB Complexes: Co(II) < Ni(II) < Cu(II) < Zn(II)

The spectral characteristics of Co(II) complexes with AIAB and FIAB ligands with Cl- as
co ligand do not indicate pure octahedral or D4h symmetry, rather it suggests approximately
C2 geometry having distorted six coordinate as supported by μeff values. This however
requires splitting of ν1 and ν3 bands due to lowering of symmetry.28 The electronic spectra
has bands in the region ~19,200-20,500 cm-1 which may be considered as the split

component of ν3 band and the shoulder near 19,000 cm-1 might also contain one of the split
Component of ν3 band. Although no split Component of ν band is observed, yet the presence
of a broad envelope suggests superimposition of the different components into a single one.
The electronic spectral data and μeff value room temperature for Ni(II) complexes with
ligands AIAB and FIAB with Cl- as co ligand have recorded. The observed μeff values for
these complexes advocate for a tetragonal six-coordinated spin free Ni(II) species.29 The
electronic spectra of the complexes show a number of bands in the range, ~8,600 cm-1 (1160
nm), ~10,400cm-1 (961nm), ~14,000 cm-1 (714 nm) and ~26,000 cm-1 (386 nm). These
types of spectral features can be explained on the basis of energy level schemes derived by
Ballhausen and coworkers30 for D4h symmetry. The first two bands correspond to the split
components of 3T2g (F) namely; 3B1g→3Eg and 3B1g→3B2g while the third and fourth
are due to 3B1g→3A2g and 3B1g→3Eg the split components of 3T1g (F) term. The fifth
one can be assigned to 3B1g (P)→3T1g (P) transition. In this case the ground state term A2g
under Oh symmetry has been transformed to 3B2g term under D4h symmetry.31
The electronic spectral data and room temperature μeff values of Cu(II) complexes with
ligands AIAB and FIAB are recorded. The μeff value in these cases lie in the range 1.821.88 B.M. as expected for hexa coordinated spin free Cu(II) complexes in distorted
octahedral environment. In the electronic spectra of these complexes one broad envelope is
seen at ~16,000 cm-1 (625 nm). Suggesting superimposition of ν1, ν2 and ν3 transitions
because of similar energy. Thus above band corresponds to 2Eg→2T2g transition under a
distorted octahedral environment. The width of the band provides evidence for distortion.

The representative spectrum of the Ni(FIAB)2Cl2 complex is shown in Fig. 2.

Fig. 2. Electronic spectra of Ni (FIAB)2Cl2.

1H-NMR spectra
In the 1H NMR spectrum of the ligand AIAB, the multiple is observed at δ 8.0-8.7 ppm
correspond to 4 aromatic protons of benzimidazolyl group and 4 aromatic protons C6H4(OCH3) group. A signal observed at δ 7.0 ppm and δ 9.2 ppm correspond to ring NH
proton of benzimidazolyl group and exocyclic -NH-N= proton respectively. Besides the
above peaks, a sharp signal at δ 9.4 ppm and δ 4.7 ppm observed due to azomethine (-N=CH) protons and O-CH3 group respectively. In case of AIAB complexes, the NH (cyclic) proton
of benzimidazolyl group show downfield shift indicating thereby the coordination of ring
NH group to the metal ions, while the azomethine proton show upfield shift in the conformity
with the coordination of azomethine group in
complexes.

Fig. 3.M = Co(II), Ni(II), Cu(II) and Zn(II).

In the 1H NMR spectrum of the ligand FIAB, the multiple is observed at δ 8.0-8.7 ppm
correspond to 4 aromatic protons of benzimidazolyl group and 3 additional peaks at δ 5.4, δ
6.3 and δ 7.4 ppm corresponding to H-3, H-4 and H-5 of (-C4H3O) ring. A signal observed
at δ 7.0 ppm and δ 9.0 ppm correspond to ring NH proton of benzimidazolyl group and
exocyclic -NH-N= proton respectively. Besides the above peaks, a sharp signal at δ 9.4 ppm
is observed due to azomethine (-N=CH-) protons. In case of FIAB complexes, the NH
(cyclic) proton of benzimidazolyl group show downfield shift indicating thereby the
coordination of ring NH group to the metal ions, while the azomethine proton show upfield
shift in the conformity with the coordination of azomethine group in complexes. It is to be
noted that the multiple due to aromatic proton undergoes downfield shift to some extent
probably due to the involvement of ring NH group to the complexation because of lowering
electron density in the ring system. Based on the foregoing observations the following
tentative structure (Fig. 3) has been proposed for the present complexes.

Antibacterial and antifungal activity
The Antibacterial activities of the synthesized complexes were evaluated by the Agar Well
Diffusion Assay Technique against two Gram positive bacteria, i.e., Bacillus subtilis and
Bacillus stearothermophilus and two Gram negative bacteria, i.e., Escherichia coli and
Salmonella typhi. Solutions of the ligands and its complexes in DMF were plated onto the
cultured agar medium and incubated for a period of 24h at 37 ℃. After the incubation period,
the plates were observed for zones of inhibition (in cm). The antifungal activities of the
complexes were determined against two fungal strains, i.e., A. Niger and A. flavus. The
complexes showed good antibacterial and antifungal activities (Table 3) against the species.
This may be explained on the basis that their structures mainly possess C=N bonds.
Moreover, coordination reduces the polarity27,32 of the metal ion mainly because of the
partial sharing of its positive charge within the chelate ring formed during coordination. This
process increases the lipophilic nature of the central metal atom, which favors its permeation
more efficiently through the lipid layer of the micro-organism33-35 thus destroying them
more aggressively. In addition to this, many other factors, such as solubility, dipole moment
and conductivity, which are influenced by the metal ion may be the possible reasons for the
antibacterial activities of these metal complexes.36 PDF12

Table 3. Antibacterial and antifungal activities of the compounds (for a concentration of 100
μg
mL-1)

A large number of (N,N) - donor ligand in azo imine family have been prepared in the last
few year (1-3).This azo imine family contains aryl azo imidazole’s (4).This type of
molecules has several advantages. They are used as analytical reagents (5,6), and as a
staining agerds. (7). This class of azo compound possess active (π- acidic) azo imine (-N=NC=N-), for this reason a number of these compound were synthesed and their abilities as
chelating ligands (8-9).This work describe the preparation and characterization of some
transition metal complexes, using the azo derived from 2- aminobenzimidazole (BIABA).
The azo ligand was reddish brown, but the isolated metal complexes were found to be
different color crystals depending on the nature metal ion and stable at room temperature.
The ligand and its complexes were insoluble in water, but soluble in most organic solvents.
The analytical and physical data of ligand and its complexes are given in (Table 1).

Table (1): Analytical and physical data of the (BIABA) ligand and its complexes

Infrared spectra
The functional groups of the azo ligands and the metal complexes assigned by infrared
spectra are given in Table 2. The band at 3441cm-1 due to υ (NH2). This band is shifted in
the complexes Cu(II)and Ag(I) toward lower frequencies because of the coordination of the
nitrogen to the metal ion, but the complexes Co(II), Ni(II),and Zn(II) did not show any
frequency shift of the υ (NH2) band (11-13).In the spectra of Zn11 and Ag1 the broad band
near 3370 cm-1 indicates the presence of water molecule in these complexes (1,14,15).But
the spectra of rest complexes band observed at 3163 cm-1 assigned to υ (NH) group in
imidazole ring does not participate .Spectra of ligand shows two weak bands at 3070 cm-1
and 2977 cm-1 due to υ (C-H) aromatic and aliphatic respectively. These band are stable in
position and intensity in both ligand and its metal complexes (14,16). The I.R spectra showed

band at 1627 cm-1 due to υ (C=N) of (N3) imidazole nitrogen. It is observed with a little
change in the shape and shifted to lower frequencies 1593 – 1602 cm-1 in the prepared
complexes spectra. These differences suggest the linkage of metal ion with nitrogen
imidazole ring (14). The υ (N=N) stretching vibration appears at 1589 cm-1 in the free ligand
spectra. This band appearing at 1535 – 1573 cm-1 , both bands shifted and reduced intensity
due to complex formation (17).New weak bands in the region (422 – 537) cm -1 which are
never been observed in the free ligand spectrum, this may attributed to υ (M – O), υ (M – N)
and υ (M – N) azo, amine bands (14,18,19).Chelating agent, coordinating with metal ions by
azo nitrogen, group amine and nitrogen in imidazole ring, to give five – membered chelating
ring. Fig. (1-3), shows the spectra of ligand (BIABA), [Cu (L)2] CI2 and [Zn (L)2 CI2] H2O.
Table (2): Selected IR Data (4000 – 400 cm-1) of 2- [(2- Benzimidazole) azo] -4- Bromo aniline and its
complexes.

Magnetic susceptibility and electronic spectra measurements.
The electronic spectra of the azo ligand (BIABA) and its complexes were recorded in DMF
and their assignments are given in Table 3.The free azo ligand spectral data display two
bands of 239 nm (41841 cm-1 ) and 299 nm (33444 cm-1 ) attributed to n→ π* , π → π*
(amino ring), and whilst the peak at 364 nm (27472 cm-1 ) was assigned to charge transfer
(20).The magnetic moment of the cobalt (II) has been found to be (5.0 B.M.), which is with
the range of octahedral cobalt (II) complexes (13). The electronic spectra of this complex
shows band at 207 nm (4830 cm -1 ) and 275 nm (36363 cm-1 ) which are assigned to ligand
field. The bands at (549 nm) (18214 cm-1 ), 581 nm (17211 cm-1 ) and 931 nm (10741 cm-1 )
pertaining to 4T1g (F) → 4T1g(P) (υ3),4T1g (F) →. 4A2g(F) (υ2) and 4T1g (F) → 4T2g(F) (υ 1)
transitions respectively. These electronic spectral data were consistent with high – spin
octahedral configuration around Co(II) ion. (13, 21) For the nickel(II) complex, its magnetic

moment (3.6 B.M) and d-d spectrum of this complex show band achieved at 940 nm (10638
cm-1 ) attributed to 3A2g → 3T2g(F)( υ 1) transition. The bands at 632 nm (15822 cm-1 ) and
471 nm (121231 cm-1 ) which are suggesting the existence of 3Azg → 3T2g(F)( υ 2) and 3A2g
→ 3T2g(P)( υ 3) transitions with an octahedral spatial configuration. (13) The magnetic
moment value of the Cu(II)- complex is (1.8 B.M.) due to presence one electron unpaired
which may suggest an octahedral structure. Its electronic spectrum shows a band centered
at(644 nm)(15527 cm-1 ) which may assigned to 2E2g → 2T2g transitions in octahedral
environment. (13, 14) .For the Zn (II) – complex and Ag (I)– complex are diamagnetic and
the electronic spectra of their complexes exhibit high intense charge transfer transitions in
the visible region (509 – 530) nm which are assigned to a charge transfer (M → L, CT).(22)
Fig. (4-8) and Fig 9 shows the absorption spectra of Co (II), Ni(II), Cu(II) Zn(II), and Ag(II)
complexes.

Conductivity measurements
The conductivity value for the the Cu(II) – complex and Ag(I) – complex were found 142.16
and 78.10 S.mol- .Cm2 respectively (Table 3) in DMF at room temperature, indicating that
the Cu(II) – complex is (1:2) and the Ag(I) – complex is 1:1 ionic structure (14). But all
complexes showed conductivity values ranged between 7.93 – 10.52 S.mol – Cm2 , in the
same solvent indicating non conductivity species (22). Prepared complexes in this work may
be proposed in Fig 10,11 and Fig.12.

Table (3): Electronic spectra, conductivity and magnetic moment of chelate complexes
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Figure (4): The absorption spectra of ligand (BIABA).
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Figure(10): The proposed structural formula of Ag(I)– complex
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Figure (11): The proposed structural formula of Co(II), Ni (II), and Zn(II) complexes.

Figuer(12): The proposed structural formula of Cu (II) complex.

