
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2021.23073

INTRODUCTION

Synthetic organic chemist made significant progresses in
discovering and developing wide range of heterocyclic comp-
ounds for the benefit of mankind [1]. One remarkable structural
feature and characteristic to heterocycles, which continue to
be exploited, is their capability to accommodate the substituent’s
around central frame. Ever since their initial use in agriculture
which began a century ago, the chemistry of nitrogen and sulfur
containing heterocycles has made remarkable advances [2]. A
number of nitrogen containing heterocyclic derivatives are
known to be good ligands. Some of them are crown ethers,
calixarenes, cucurbiturils and porphyrins [3] are also able to
used as ligands to prepare complexes with different metal ions
due to the presence of electron donor groups. Benzotriazole is
continuing prompt growth in the synthesis of heterocycles since
it can be used as a shape to construct novel biologically active
molecules [4-6].

Compounds containing triazole moeity have attracted
much interest because of their biological applications [7-9].
Triazole containing compounds shows in several metabolic
products of fungi and primitive marine animals. The coordi-
nation chemistry of triazole and benzotriazole derivatives was

Synthesis, Characterization and Biological Screening of Novel Metal(II) Complexes of
2-{[2-(5-Benzoyl-1H-benzotriazol-1-yl)-2-oxoethyl]amino}-5-bromobenzoic Acid

P.S. DESAI
*,  and D.V. PAREKH

Department of Chemistry, Arts, Science and Commerce College, Kholwad, Kamrej Char Rasta, Surat-394185, India

*Corresponding author: E-mail: psdesai69@gmail.com

Received: 18 November 2020; Accepted: 8 January 2021; Published online: 20 March 2021; AJC-20276

In this work, 5-bromoanthranilic acid was condensed with 1-(5-benzoyl-1H-1,2,3-benzotriazole-1-yl)-2-chloro-ethanone to form 2-{[2-
(5-benzoyl-1H-benzotriazol-1-yl)-2-oxoethyl]amino}-5-bromobenzoic acid. The newly synthesized ligand and its metal(II) complexes
with first transition metal series (Cu(II), Ni(II), Co(II), Zn(II) and Mn(II)) have been synthesized and characterized by using elemental
analysis, infrared and electronic spectra. The IR spectra, NMR spectra and atomic absorption analysis show that the benzotriazole ligand
formed chelates with metal in a 2:1 (ligand:metal) stochiometry. All the metal(II) complexes were screened for their antibacterial activity
against Gram-positive and Gram-negative bacteria. Among the synthesized metal(II) complexes, Cu(II) complex showed the highest
antibacterial activity.

Keywords: Antifungal, Antibacterial, Benzotriazole, Triazole, 5-Bromo anthranilic acid.

Asian Journal of Chemistry;   Vol. 33, No. 4 (2021), 747-751

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

studied due to their importance in industry, agriculture and
their biological activities [10-13]. Benzotriazole derivatives
functions as an agonist for a number of proteins. As vorozole
and alizapride have valuable inhibitory properties in contrast
to distinct proteins and benzotriazole esters have been started
to perform as mechanism based fascinator for many respiratory
syndrome 3CL proteases [14]. Benzo-fused azole consists of
three heteroatoms, which are benzoxazole, benzothiazole and
benzotriazole have been widely investigated for their  biological
activities [15,16].

Benzotriazole is continuing prompt growth in the synthesis
of heterocycles since it can be used a shape to construct novel
biologically active molecules. Nitrogen atom containing organic
compounds are some of the leading complexing agents used
in the industries. Many researchers synthesized several ligands
containing 5-benzoyl benzotriazole moiety and prepared their
metal complexes and also evaluted their antimicrobial activity
[17-20]. The present work comprises the synthesis and charac-
terization of few transition metal(II) complexes of the novel
ligand containing benzotriazole moietes, 2-{[2-(5-benzoyl-1H-
benzotriazol-1-yl)-2-oxoethyl]amino}-5-bromobenzoic acid
with first transition series elements Zn2+, Cu2+, Ni2+, Mn2+, Co2+

and evaluated their antimicrobial an antifungal activity.
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EXPERIMENTAL

The chemicals and solvents used of analytical grade and
procured from the commerical sources. The melting points of
all the metal(II) complexes were determined by open capillary
methods and are uncorrected. 1H-benzoyl benzotriazole (1)
[21] and N-(1-chloroacetyl)-5-benzoyl benzotriazole (2) [22]
were synthesized by the reported procedures.

Synthesis of 2-{[2-(5-benzoyl-1H-benzotriazol-1-yl)-2-
oxoethyl]amino}-5-bromobenzoic acid (ligand): N-(1-
Chloroacetyl)-5-benzoyl benzotriazole, (2.99 g, 0.01 mol) and
5-bromo anthranilic acid (2.16 g, 0.01 mol) in ethanol were
suspended. To this suspension, sodium bicarbonate (0.84 g,
0.01 mol) was added and the mixture content was warmed on
the steam bath for about 6 h. On cooling, the solid crystals were
separated out by filtration and washed with little alcohol and
dried (Scheme-I). Yield 68%; m.p.: 240 ºC, m.f.: C22H15N4O4Br,
m.w.: 479 g/mol.

Synthesis of metal complexes: Metal(II) complexes were
synthesized by the following common methods. The ligand
(0.01 mol) dissolved in ethanol was mixed with the corres-
ponding metal(II) salt (0.005 mol) dissolved in minimum
quantity of ethanol. Both the solutions were mixed together
with continuous stirring and raised pH (4-5 for Cu2+, 6 for Ni2+

and Co2+, 5.6 for Mn2+ and Zn2+) by addition of sodium acetate
solution. The resulting mixture was refluxed for 4 h. The solid
coloured complexes were filtered, washed and dried and recrys-
tallized. The yield of complexes was in the range of 64-68%.

Measurements: The elemental analysis for C, H and N
elements of metal chelates were carried out on elemental anal-
yzer Thermofiniggan 1101 Flash EA (Italy). The metal contents
were estimated using standard methods [23]. The halogen
content was determined by Carius methods [24]. The infrared
spectra (KBr) were examined in the range 4000-600 cm-1 with
Nicolet 760 FTIR spectrophotometer. A diffused reflectance
spectrum of solid metal complexes was recorded on a Backman
DK2A spectrophotometer using MgO as reference. Magnetic
susceptibility measurement of the entire metal complex was
carried out at room temperature (303K) by the Gouy method
[25] using mercury tetrathiocynatocobaltate (II) as calibrant
[26]. The values of effective magnetic moment µeff were calcu-
lated by the using eqn. 1 and diamagnetic corrections were
made by using Pascal’s constant [27].

'
eff m2.84 X Tµ = × (1)

1H NMR spectrum were recorded on Bruker WM 400FT
MHz NMR instrument using CDCl3 or DMSO-d6 as solvent
and TMS as internal reference.

Biological activities: The ligand and their metal(II)
complexes were screened at 1000 ppm concentration in vitro
for their antifungal activity against three fungi viz. Penicillium
expansum, Nigrospora sp. and Aspeginus niger. The antifungal
activity of the compounds was measured by cup-plate method
[28]. Five days old cultures were suspended in potato dextrose
agar medium and autoclaved at 1200 ºC for 15 min at 15 atmos-
pheric pressure. The percentage of inhibition of fungi was
calculated after 5 days using eqn. 2:

100(A B)
Inhibition (%)

A

−= (2)

where, ‘A’ is area of colony in control plate and ‘B’ is area of
colony in test plate.

RESULTS AND DISCUSSION

1-(5-Benzoyl-1H-1,2,3-benzotriazole-1-yl)-2-chloro-
ethanone condensed with 5-bromo anthranilic acid to form 2-
{[2-(5-benzoyl-1H-benzotriazol-1-yl)-2-oxoethyl]amino}-5-
bromobenzoic acid. The synthesized novel ligand was further
utilized for the synthesis of Cu(II), Ni(II), Co(II), Mn(II) and
Zn(II) complexes. The synthesized ligand and its metal(II)
complexes were characterized by 1H NMR, IR, mass and
elemental analysis. The ligand was soluble in CH3OH,
C2H5OH, DMSO and DMF where as metal(II) complexes were
soluble in DMSO/DMF. The physical properties of ligands
and its metal complexes are shown in Table-1.

The structure of ligand and its metal(II) complexes were
confirmed from the IR and NMR spectral data. The anticipated
IR spectral, inflections around 1450 and 1480 cm-1 attributed
to symmetric and asymmetric stretching vibrations frequencies
of CH2 presence in COCH2NH linkage. The bands around 1500
cm-1, 1600 cm-1 and 3030 cm-1 in the region of double bond
are appeared. The strong band around 1690 ± 10 cm-1 largely
responsible to C=O of COOH group of aromatic acid. The other
bands in the fingerprint region are appeared at their respective
positions. The bands around 1020 and 1220 cm-1 are mainly
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Scheme-I: Synthetic route of 2-{[2-(5-benzoyl-1H-benzotriazol-1-yl)-2-oxoethyl]amino}-5-bromobenzoic acid (Ligand)
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due to C-N bending vibrations, while the C-N stretching vibra-
tion appeared around 1690 cm-1. The weak bands due to out
of plane deformation of 1,3,5-sustituted benzene ring systems
appeared at near 896 cm-1. The bands appears at 2341, 1558
and 1488 cm-1 due to benzotriazole structure and the band
around at 723 cm-1 may be arise from 1,2,3-triazole system.

Most of the bands appeared in the spectra of corresponding
metal complexes were observed at the similar position in the
IR spectra region for their metal ligands. The band due to C=O
of COOH group appeared in the spectra of ligand is almost
vanished in the spectra of metal complex. The new strong band
around 1600 cm-1 appeared and this might be responsible for
COO− anion. This is expected as COOH group of ligand partici-
pated in the metal chelate bond formation. A new band at 1077
cm-1 had appeared in the spectra of metal complexes. This
may be assigned to ν(C-O) of C-O-metal bond formation.

In this present work, the magnetic moment of Cu(II)
complexes was found to be 2.10 B.M., indicating the distorted
octahedral geometry for metal complex. These findings are in
agreement with data reported by several researcher [29,30].
The two absorption bands are observed in the region 15513
cm-1 and 24515 cm-1 for ligand. In electronic spectra of Cu(II)
metal complexes may be assigned to 2B1g→2A1g and charge
transfer transition respectively. These results revealed that the
distorted octahedral geometry for these complexes.

The magnetic moment of Ni(II) complex was 3.4 B.M.,
indicating the octahedral distorted structure of Ni(II) complex
and further the high magnetic moment value may be due to
orbital contribution. Such remarks are also supported by many
researchers [31,32]. Further, the diffuse reflectance spectrum
of Ni(II) shows two bands at 15780 and 23131 cm-1 which can
be assigned to transitions 3A2g (F)→3T1g (F) and 3A2g (F)→3T1g

(P), respectively suggesting octahedral geometry for the Ni(II)
complex. The data are presented in Table-2.

The data assessment of electronic spectra of Co(II)
reflected in Table-2, indicates that transitions observed near
the range of 8900 cm-1 are assigned to 4T1g(F)→4T2g(F) and
another bands around the 19000 cm-1 and 24900 cm-1 may be
attributed to 4T1g(F)→4A2g and 4T1g(F)→4T2g(P) transition,
respectively [33,34]. Magnetic moment values of some Mn(II)
complexes give the coordination value of three unpaired electrons
instead of five unpaired electrons and thus thereby show low
magnetic moment (5.24 B.M.) [35]. This may be due to aerial
oxidation of Mn2+→Mn3+ in the solid state [36,37]  and/or due
to spin exchange in the solid state. Mn(II) complex compounds
show two bands in the region 18000-20000 cm-1 and weak

TABLE-2 
MAGNETIC MOMENT AND ELECTRONIC SPECTRAL  

DATA OF THE SYNTHESIZED METAL(II) COMPLEXES 

Complex Absorption band Transitions µeff 
(B.M.) 

Cu(II) complex 24515, 15513 CT, 2B1g→2A1g 2.10 

23131, 3A2g→3T1g(P), 3.15 
Ni(II) complex 

15780 3A2g→3T1g(F)  

24974, 4T1g(F)→4T2g(P), 4.52 
19116, 4T1g(F)→4A2g,   Co(II) complex 
8874 4T1g(F)→4T2g(F)   

23994, 6A1g→4A1g(4Eg), 5.24 
18780, 6A1g→4T2g(4G),   Mn(II) complex 
16533 6A1g→4T1g(4G)   

 
band in the region 23600-24350 cm-1 for octahedral geometry
[38]. These three bands can be allocated as 6A1g→4T1g (G),
6A1g→4E1g (G) and 6A1g→4A1g (G) transitions [35]. The absor-
ption spectrum of Zn(II) complexes was not properly resolved
and not interpreted. The values of µeff indicates its diamagnetic
nature as expected [38,39].

The tentative structure of the synthesized metal(II)
complexes are as follows:
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where M = Cu, Ni, Co, Mn, Zn 

Biological studies: The antibacterial activities of all the
synthesized metal(II) complexes were screened against two
Gram-positive bacteria (Bacillus subtilis and S. aureus) and
two Gram-negative bacteria (Escherichia coli and Salmonella
typhi). Antifungal activities were screened against three fungal
species (Penicillium expangum, Nigraspora sp. and A. niger).
The minimal inhibitory concentration (MIC) of all the synthe-
sized metal(II) complexes were determined by the borth micro-
dilution method according to National Commitee for Clinical

TABLE-1 
MICROANALYTICAL DATA OF THE SYNTHESIZED LIGAND AND ITS METAL(II) COMPLEXES 

Elemental analysis (%): Calcd. (found) 
Compound m.w. (g/mol) Yield (%) 

C H N Br M 
C22H15N4O4Br   479.00 68 55.11 (55.10) 3.13 (3.11) 11.69 (11.66) 16.70 (16.68) – 
C44H26N8O8Br2Cu·2H2O 1053.54 66 50.11 (50.09) 2.46 (2.45) 10.63 (10.61) 15.18 (15.17) 6.03 (6.01) 
C44H26N8O8Br2Ni·2H2O 1048.69 70 50.34 (50.32) 2.47 (2.46v 10.67 (10.66) 15.25 (15.23) 5.59 (5.57) 
C44H26N8O8Br2Co·2H2O 1055.38 67 50.02 (50.01) 2.46 (2.44) 10.61 (10.60) 15.16 (15.15) 6.19 (6.17) 
C44H26N8O8Br2Mn·2H2O 1048.93 72 50.33 (50.31) 2.47 (2.45) 10.67 (10.65) 15.25 (15.24) 5.61 (5.60) 
C44H26N8O8Br2Zn·2H2O 1044.93 65 50.52 (50.51) 2.48 (2.45) 10.71 (10.70) 15.31 (15.30) 5.25 (5.24) 
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Laboratory Standards (NCCLS) [40]. The results are presented
in Table-3. It has been observed that the majority of the metal(II)
complexes showed good efficiency against Gram-positive
bacteria. Copper(II) complex showed a highest potency than
the synthesized all the metal(II) complexes.

The antifungal activity of all the synthesized metal(II)
complexes measured for various plant pathogens. Results (Table-
3) clearly indicated that all the synthesized complexes have
good inhibition efficiency in contrast to the synthesized ligand.
Among all the synthesized metal(II) complexes, Cu(II) complex
was found to be more toxic than the other.

Conclusion

A novel ligand 2-{[2-(5-benzoyl-1H-benzotriazol-1-yl)-
2-oxoethyl]amino}-5-bromobenzoic acid was synthesized by
the condensing 5-bromoanthranilic acid with 1-(5-benzoyl-
1H-1,2,3-benzotriazole-1-yl)-2-chloroethanone. This ligand
was chelated with some metal ions of 3d-series. All the synthe-
sized metal(II) complexes were characterized and were found
to be in full compliance with suggested structure. The novel
ligand and its metal(II) complexes were found to exhibit an
enhanced antibacterial and antifungal activities.
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