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ARTICLE INFO ABSTRACT

Received: 17 Dec 2017 A novel 1,4-Bis(5-Phenylmethionone-benzimidazole)benzene and its series of their 3d metal
complexes have been synthesized in good yields. The structure was characterized by IR, uv-visible,

Accepted: 15 Jan 2018 1H-NMR, 13C-NMR, Maldi mass and TGA techniques. 'H NMR and 13C NMR clearly shows that
plane of symmetrical structure of the bis-benzimidazole ligand. IR spectra data indicate the
bidentate bonding mode of ligand with 3d metal and electronic absorption spectra suggest the
octahedron geometry of the Fe, Co, Ni and Cu metal complexes. The 'H NMR and Maldi mass
spectral data indicate tetrahedral geometry for Zn(Il) complex. The antimicrobial activity of all of
the synthesized compounds were evaluated against six bacterias (Staphylococcus aureus,
Staphylococcus epidemidis , Bacillus cereus, P.aeruginosa, Vibrio cholerae and E. colij and two
phytopathogens fungi (Aspergillus aureus and Aspergillus fumigates) using standard method. The
synthesized ligand and metal complexes are exposed to molecular docking studies using
gtlucosamine-6-phosphate synthase (EC 2.6.1.16) as target site. All the synthesized compounds
showed very good binding scores, among them the Zn(Il) complex has more negative binding
energy suggesting that, it can be a good inhibitor of glucosamine-6-phosphate synthase and is
potential to act as good antimicrobial agent. The In vitro antimicrobial activity at MIC level showed
that the Co(Il) metal complex also exhibit potent antimicrobial activity as similar to Zn(II) complex.
The complexes showed significant antioxidant activity compared to uncoordinated ligand. Among
the studied complexes, zinc complex exhibited promising antioxidant activity as compared with
other complexes.

KEYWORDS: Synthesis, 1,4-Bis(5-Phenylmethionone-benzimidazole)benzene, Metal complexes,
Antimicrobial activities, Molecular docking studies, MIC level. Antioxidant activity.
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become one of the most important area of research today [1].
Benzimidazole derivatives are structural isosteres of
naturally occurring nucleotides, which alow them to easily
interact with the biopolymers of the living systems and
exhibit different kinds of biological activity.

The benzimidazole ring can be substituted at the 4, 5, 6 or 7-
positions, by various groups. This not only allows the
introduction of other functional groups, which can be used
for targeting biomolecules, but can have a major effect on
the electronic properties, with a consequent influence on the
SAR activity. Benzimidazole is a versatile pharmacophore
producing a diverse range of biological activities including
anti-inflammatory and analgesic [2-4], anti-ulcer [5], anti-
fungal [6], anti-microbial [7-9], anthelmintic [10], anti-
cancer [11], anti-asthmatic and anti-diabetic [12], anti-
tubercular [13], antiprotozoal [14], antiviral activities etc.,
The optimization of benzimidazole derivatives based on
their structures has resulted in various potent drugs that are
now being currently practiced in the market, like
albendazole, omeprazole, mebendazole, etc. Despite a
numerous attempts to develop new structural prototype in
the search for more effective antimicrobials, the
benzimidazoles till remain as one of the most versatile class
of compounds against microbes [15-22], some important
benzimidazole moieties are shown bel ow.
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Fig 1: Clinically used benzimidazoles from the current literature.

Metal complexes of biologically vital ligands are often more
active than the free ligands [23]. The biologically active
heterocyclic compounds containing the benzimidazole
moieties as well and their transition metal complexes were
reported [24-26]. The interaction phases and the geometric
position of the transition metal in ligand chelation
environment serve as models to enzyme containing metal ion
[27].

In this context, an attempt has been made to synthesize a
pharmacological  active new  derivative 1,4-Bis(5-
Phenyl methi onone-benzimidazole)benzene and their metal
complexes. The antimicrobial activity, molecular docking
and the In-vitro antioxidant scavenging activity of
uncoordinated ligand and their metal complexes have been
evaluated.

2.MATERIALSAND METHODS
2.1. General Experiments

3,4-Diaminobenzophenone, terephthalic acid, LR grade
orthophosphoric acid, absolute ethanol and metal salts were
procured from Sigma-Aldrich (INDIA), Himedia (INDIA),
Labo Chemicals(INDIA) (Commercialy available from
local sources) were used as received without further
purification. Freshly distilled solvents were employed for al
synthetic purposes. Spectroscopic grade solvents were
employed for spectral works. All other chemicals were of
AR grade. The progress of every coupling reaction was
monitored by TLC. Yields refer to isolated yields after
column chromatographic purification of compounds that
have a purity of = 97%.
The products of these reactions were authenticated by
matching spectroscopic data of the products obtained with
those of the reported in the literature. *H and *C NMR
spectra recorded on Bruker 400 MHz spectrometer at
Sophisticated Analytical Instruments Facility, Cochin
University, Cochin, Keralg, India. The chemical shifts have
been proven in  values (ppm) with tetramethylsilane (TMS)
as an internal standard. The signals are designated as
follows: s, singlet; d, doublet; t, triplet and m, multiplet.
Elemental analyses were carried out with a Perkin-Elmer
2400 Series Il C, H, N analyzer. Molecular weights of
unknown compounds were characterized by Electrospray
ionization (Maldi-tof-ms (+ve or —ve mode)) Indian Institute
of Scientific Education & Research , Pune (IISER). Uv-vis
spectra recorded on varian, cary 5000. Melting points were
determined in an electrically heated apparatus by taking the
sample in a glass capillary sealed at one end. The Fourier
transform infrared (FT-IR) spectra of the compounds were
taken as KBr pellet (100 mg) the usage of a Shimadzu
Fourier Transform Infrared (FT-IR) spectrometer. Reactions
were monitored by thin layer chromatography on 0.25mm
silicagel plates, visualized under UV light and KMnO,
staining. The thermal gravimetric analysis of al metal
complexes was taken by the Diamond TG/DT Analyzer
(TG/DTA) at room temperature of 600 °C below on the
heating rate of 20 °C min™.
2.2. Synthesis of 1,4-Bis(5-Phenylmethionone-
benzimidazol€)benzene (BPBB)
3,4-Diaminobenzophenone (2 g, 9.4 mmol) and benzene-1,4-
dicarboxylic acid (0.78 g, 4.7 m mol) were suspended in
ortho phosphoric acid (30mL) in an 100mL round bottom
flask, the resulting mixture was stirred at room temperature
for 60-90 min and refluxed at 190 —195 °C for 6 h (Scheme
1). The reaction was monitored by TLC (ethylacetate : n-
hexane). After completion of the reaction, the solution was
gquenched into cracked ice, the resulting mass
was neutralized by dilute ammonia solution, the greenish
coloured precipitate was collected by filtration. The raw
product was on purification by column chromatography
afforded a light yellow powder final product. The probable
mechanisms of reaction is shown in the scheme 2. The
melting point of the product was 172 — 176 °C. Yield: 55 %.
Elemental analysis (%) found (Calculated) for Cz4H2N4O5:
2130
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C- 78.75(77.61), H - 4.28 (3.98), N -10.80 (10.22), O - 6.17
(5.99). M, (CaHN,0,) = 51856 g/mol. Moldy-MS in
CDCl; (positive): m/z 519.17. IR (KBr, cm™): 3237 (v -NH),
1640 (v C=0), 1601 (v Ar-C=N), 1534 (v Ar-C=C), 1278 (v
Ar-C-N). M, (CyH»N,0,) = 51856 g/mol. *H NMR
(CDCls, 400 MHz): 3 = 8.085 (2H, s, H;), 8.048-8.030 (2H,
t, Juzo, nas = 7.2), 7.966-7.962 (4H, d, Jizs, 1z, Has, Hao = 1.6
Hz), 7.758-7.753(4H, d, Ju1 viz Hu, nis = 2 HZ), 7.504-
7.498(4H, t, Jhizo, a1, Ha7, Hao = 2.4 HZ),7.449-7.447 (2H,d, 37,
w27 = 0.8 Hz, H-, H27), 7439-7433(2H, d, JHG, H3 = 2.4 HZ)
7.396 (2H, s, Hg, Hy). °C NMR (CDCls, 100.62 MHz): &
=197.0 (Cy6, Cs3), 151.6 (C,, Cyg), 138.3 (Cs , Cy), 132.33
(Cz7, Css), 132.11 (C4, Cyy), 130.75 (Cso, Cag), 130.27 (Cs,
Cys), 130.03 (Cy, Cy3), 129.70 (Cs, Cgg), 129.30 (Cag, Cao),
129.17 (Cye, Cso), 129.11 (Cay, Cs7), 128.22(Cyy, Crp, Cuas
Ch4), 126.60 (C;, Cp4), 125.46 (Co, Cz6), 123.46(Cg, Cys). Uv-
ViS: Apax iN (Nm): A 27397 (365 nm).

Scheme 1: Reagents and condition (a) OPA / 190-195 'C
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Scheme 2 The  probable  mechanism of
cyclocondensation  of 1,4-Bis(5-Phenylmethionone-
benzimidazole) benzene using orthophosphoric acid as
cyclodehydrating agent.

2.3. Synthesis of Metal Complexes.

2.3.1. Synthesis of [Fe(BPBB),Cl;]

An ethanolic solution of FeCl,.6H,0 (62.54mg, 0.38 mmol)
was mixed with a hot stirring ethanolic solution of the BPBB
(0.4g, 0.77 mmoal) (Fig 2). The mixture was stirred with
heating for 6 h, the solid precipitated, evaporated to dryness
under vacuum to give brown colored solid. The solid product

was recrystallized from the methanol and the obtained
complex were kept in a vacuum desiccator. The melting
point of the product was 185 - 189 °C. Yield: 69 %.
Elemental anaysis (%) found (Caculated) for
CegHasCloFeNgO,: C - 70.17 (69.91), H - 03.81 (03.75), CI -
06.09 (05.89), Fe - 04.80 (04.74), N - 09.63(09.54), O -
05.50 (05.49). M, (CegHuClFeNgO,) = 1164.88 g/mol.
Moldy-MS in CDCl; (positive): m/z 1164.88. IR (KBr, cm’
1): 3383 (v -NH), 1655 (v C=0), 1625 (v Ar-C=N), 1565 (v
Ar-C=C), 1285 (v Ar-C-N), 525 (v Metal- oxygen), 482 (v
Metal-Nitrogen). Uv-vis: Apa in (nm): A 20618 (485 nm), A
24096 (415 nm).

.
oo @%‘”
g
\ Where M = Fe*2, Co*2, Ni*2, CLI"2

Fig 2; Thestructure of metal complex containing BPBB ligand.

2.3.2. Synthesis of [Co(BPBB),Cl5]
A similar procedure was adopted for the synthesis of Co*
complex (CoCl,.H,0, 90.41mg, 0.38 mmol ) with ligand
solution, gives light blue coloured solid. The melting point
of the product was 189 — 192 °C. Yield: 76 %. Elemental
analysis (%) found (Calculated) for CggHuyCl,CONgOy: C -
69.99 (69.84), H - 03.80 (03.77) , Cl - 06.08 (05.69), Co -
05.05 (04.93), N - 09.60 (09.58), O - 05.48 (05.40). M,
(CegHa4Cl,CONgO,) = 1166.97 g/mol. Moldy-MS in CDCly
(positive): m/z 1166.97. IR (KBr, cm™): 3441 (v -NH), 1657
(v C=0), 1621 (v Ar-C=N), 1544 (v Ar-C=C), 1281 (v Ar-C-
N), 561 (v M-O), 479 (v M-N). Uv-vis: A (nM): A 14925
(670 nm), A18518 (540 nm).
2.3.3. Synthesis of [Ni(BPBB),Cl,]
A similar procedure was adopted for the synthesis of Ni*?
complex (NiCl,.6H,0, 90.32mg, 0.38 mmol ) with ligand
solution, gives light green coloured solid. The melting point
of the product was 187 — 193 °C. Yield: 63 %. Elemental
analysis (%) found (Calculated) for CggHasCloNiNgO,: C -
70.00 (69.94) , H - 03.80 (03.72), Cl - 06.08 (05.78), Ni -
05.03 (04.98), N - 09.60 (09.58), O - 05.49 (05.37). M,
(CsgHa4CloNiINgO,) = 1166.73 g/mol. Moldy-MS in CDCl;
(positive): m/z 1166.73. IR (KBr, cm'™): 3372 (v -NH), 1648
(v C=0), 1619 (v Ar-C=N), 1570 (v Ar-C=C), 1285 (v Ar-C-
N), 513 (v M-0), 488 (v M-N). Uv-Vis: Apa (nm): A 12345
(810 nm), A 14492 (690 nm), A 22727 (440 nm).
2.3.4. Synthesis of the [Cu(BPBB),Cl,].
Synthesis of this complex was done by following the
procedure used for the synthesis of [Fe(BPBB),Cl;]. The
addition of ethanolic solution of CuCl,.2H,O to a hot
ethanolic solution of the BPBB, which gives a dark green
coloured solid. The melting point of the product was 189 —
2131
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196 °C. Yield: 67 %. Elementa anaysis (%) found
(Célculated) for CggHasClo,CuNgO4: C - 69.71(69.69), H -
03.79 (03.77), CI - 06.05 (05.91), Cu - 05.42 (05.38), N -
09.56 (09.55), O - 05.46 (05.35). M, (CggHu4Cl,CuNgO,) =
1166.73 g/mol. Moldy-MS in CDCl; (positive): m/z
1166.73. IR (KBr, cm™): 3243 (v -NH), 1642 (v C=0), 1607
(v Ar-C=N), 1539 (v Ar-C=C), 1285 (v Ar-C-N), 525 (v M-
0), 492 (v M-N). ). Uv-Vis: Ay (nM): A 15151 (660 nm).
2.3.5. Synthesis of [Zn(BPBB)CI,]

A solution of ZnCl, (0.09g, 0.77mmol)in ethanol was
prepared and mixed with a hot stirring ethanolic solution of
the BPBB (0.4g, 0.77 mmol) (Fig 3). The resulting solution
was heated with stirring about 6 h, the pale yellow solution
was obtained which was evaporated slowly to remove excess
of solvent. The solid was recovered by filtration and
recrystallized from methanol. The obtained complex were
kept in a vacuum desiccator. The melting point of the
product was 179 — 184 °C. Yield: 61 %. Elemental analysis
(%) calculated (found) for CggHuCl,CuNgO4: C - 62.36
(62.27), H - 03.39 (03.33), CI - 10.83 (10.72), Zn - 09.99
(09.89), N - 0856 (0845), O - 04.89 (04.76). M,
(C34H2ClI2ZnN4O,) = 654.86 g/mol. Moldy-MS in CDCl,
(positive): m/z 654.86. IR (KBr, cm™): 3242 (v -NH), 1643
(v C=0), 1607 (v Ar-C=N), 1541 (v Ar-C=C), 1285 (v Ar-
C-N), 530 (v M-0), 495 (v M-N).
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Fig 3: Thestructure of zinc metal complex containing BPBB ligand
2.4. Antimicrobial activity.
2.4.1. Antibacterial screening.

The antibacterial activity of the compounds were
tested against gram positive bacteria namely
staphylococcus aureus, staphylococcus epidemidis and
bacillus cereus and gram negative bacteria namely
pseudomonas aeruginosa, vibrio cholerae and escherichia
coli by agar well diffusion method. Twenty four old
Muller-Hinton broth cultures of test bacteria were
swabbed on sterile Muller-Hinton agar plates using sterile
cotton swab followed by punching wells of 6mm with the
help of sterile cork borer. The standard drug
(chloramphenicol, 100 pg/mL of sterile distilled water),
three different concentrations (100, 50 and 25 pg /mL in
10% DMSO) and control (10% DMSO) were added to
respective labeled wells. The plates are alowed to stand
for 30 min. and were incubated at 37 °C for 24 h in upright
position and the zone of inhibition was recorded [28].
During this period, the test solution diffused and zone of
inhibition were recorded using vernier callipers.

2.4.2. Antifungal screening.

Antifungal activity of the compounds was eval uated
against Aspergillus aureus and Aspergillus fumigates
fungus, using the sabouraud dextrose agar diffusion
method [29]. Wells were made (6mm diameter) with a
sterile cork borer. The standard drug (Fluconazole, 100
pg/mL of sterile distilled water) and control (10% DMSO)
were added to respectively labeled wells. To these wells
140 pL from each (100, 50 and 25 pg/mL in 10% DMSO)
of the test stock solution compounds were added and the
plates were allowed to cool for an hour to facilitate the
diffusion. The plates were then incubated at 37 °C for 48
h. At the end of the incubation period, the diameter of the
zone of inhibition around the wells was measured using
vernier callipers.

2.5. Molecular docking studies.

Three dimensional structure of glucosamine-6-
phosphate synthase (PDB Id - 2VF5) retrieved from
Protein Data Bank (PDB) http://www.pdb.org of
resolution 2.90 A. The water molecule and hetero atoms
were removed from the protein, the non-polar hydrogen
atoms were added, followed by gasteiger charger
calculation using Autodock tools. Then the structure was
saved in PDBQT file format for further analysis. The
lignads were drawn in ACD/ChemSketch 2015.2.5 with
proper 2D orientation and energy minimization was
carried out using Dundee PRODRG2 server (Schuttelkopf
and Aadlten, 2004) and saved in PDBQT file format.
Molecular docking studies were carried out using
Autodock Vina Program with grid box of size set at 70, 64
and 56 A for x, y and z respectively, which centered on
mass center 30.59, 15.822 and -3.497 for x, y and z
respectively of the crystalographic macromolecule
covering al active site atoms (Thr 302, Ser 303, Cys 300,
Gly 301, Ser 347, GIn 348, Ser 349, Ala400, Val 399, Ala
602, Lys 603 Thr 352,). The spacing between grid points
was 1 A. The output result were analyzed with Ligplot and
Pymol.

2.6. Antioxidant activity.

This activity for the synthesized compounds were
performed using DPPH method as per literature [30]. The
compounds of different concentrations are dissolved in
menthaol and were introduced to each vials of 5mL. To
this test vials 3 mL of 0.004% DPPH in methanol was
added and the mixtures have been incubated in dark
condition at ambient temperature for 30 min. Ascorbic
acid is used as the standard. The absorbance reduced while
the DPPH is scavenged by way of an antioxidant, through
contribution of hydrogen to shape a strong DPPH
molecule. DPPH scavenging activity calculated by the use
of the following equation and absorbance measured at 517
nm.

Scavenging ratio (%) = [(Ai-A0)/ (Ac-A0)] x 100%

Where

Ai is the absorbance within the presence of the check
compound.
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Table1: Analytical and physical properties of BPBB and their metal
complexes.

C,H,N,OandMetal (%) [Ohm/Cm%mol
EntryiCompoundg Mol. |Yield Analysisfound (calculated)
wt %

M|C|H|N|O|C

1 | L(Light |518.56| 45 | --- [78.7504.2810.8006.17 ---
yellow)

2 | [FeClsL,] |1163.88 78 |04.8070.17/03.8109.6305.5006.09 1271
(Light
Brown)

3 | [CoClaLy] [1166.97] 83 |05.5069.9903.81/09.60105.4806.08 12.88
(Light blue)

4 | [NiCl,Ls] [1166.73 75 [05.0370.0003.8009.6005.4906.08  17.58
(Light
green)

5 [Cu 1171.58 76 (05.4269.71/03.7909.5605.5906.05 15.58
L ,Cl,](Dark|
green)

6 | [ZnCl,L]( |654.87| 81 |09.9962.3603.3908.5604.8910.8: 04.29
Pale
yellow)

Ao is absorbance of the clean inside the absence of
the check compound.

Ac is the absorbance within the absence of the test
compound.

3. RESULTSAND DISCUSSION
3.1. Chemistry.

The majority of research articles focusing on
cyclization of o-phenylenediamine with aromatic acids to
form benzimidazole ring in the presence of Bronsted-
Lowry acid 6N HCI [31] or strong dehydrating agent
polyphosphoric acid (PPA) [32-33] as solvents, fortunately
in case of dicarboxylic aromatic acid like 1,4-dicarboxylic
acid the cyclization of o-phenylenediamine will not be
achieved. It is therefore setup new way to synthesize bis-
benzimidazole by using ortho-phosphoric acid (OPA), a
strong cyclodehydrating agent. Heating the 34-
diaminobenzophenone with 1,4-dicarboxylic acid in OPA
solvent at 190-195 °C for 6 h afforded a symmetrical
structured BPBB in moderate yield ( Scheme-1). The
reaction probably proceeds via the mechanism illustrated
in Scheme 2. The 1,4-bis(5-Phenylmethionone-
benzimidazole)benzene were characterized by elemental
analysis, IR, *H NMR, **C NMR and mass spectral data.

The complexes were prepared by the reaction of the
hot alcoholic solution of ligand (BPBB) with the acoholic
solution of metal chlorides (M = Fe(ll), Co(ll), Ni(ll),
Cu(l1) and Zn(ll) ) in methanol. All compounds are stable
under atmospheric conditions and are soluble in polar
organic solvents like DMF, DMSO, MeCN and partially
soluble in methanol, water, ethylacetate and chloroform.
Insoluble in Et,O and petroleum ether. The elementary
analysis of the complexes of Fe(ll), Co(ll), Ni(ll) and

Cu(Il) showed that the metal and ligand are in 1:2 molar
ratio and the complex of Zn(Il) arein 1:1 molar ratio. The
elemental analyses of the complexes were consistent with
the calculated results from the empirical formula of each
complexes represented in Table 1. The molar
conductivities of 10° M of the complexes (dissolved in
DMF) at room temperature were measured, the results are
in the range 04.29-17.58 Q'mol™em? for al the
complexes. The dlightly higher values observed may be
due to partial dissociation of the complexes in DMF
solvent [34-35]. The compounds were characterized on the
basis of the following studies.

3.2. IR spectra and mode of bonding.

The infrared spectra data of the BPBB ligand and
its metal complexes are summarized in table 2 and fig 4.
The IR spectraum of the ligand and complexes were
recorded in the region of 4000 — 400 cm ™. The free ligand
BPBB displayed characteristic (v N—-H) stretching band at
3237 cm™, a medium intensity band at 1458 cm™* and
1278cm™ assigned to (v C=N) and (v C-N) of the
imidazole moiety respectively and due to the extended
conjugation ligand showed a sharp band at 1640 cm™ for
(v C=0) and the aromatic (v C=C) stretching band shown
at 1534 cm™,

In the complexes, the band due to (v N-H) remains
unaltered excepting some dight variation in the position
indicating non-participation of N-H group in complex
formation. The effect of metal ions on binding modes has
been investigated. The observed bands at 1458cm™ were
assigned as ring stretching, ring bending and ring out of
plane deformation respectively [36-41]. These bands were
shifted by 3 - 23 cm™ towards high frequencies upon
complexation with metal ions. The skeletal modes of these
intra molecular vibrations should be hindered by the effect
of metal ions, which bind the benzimidazolyl nitrogen.
Slight higher frequency shift of (v C=N) vibrations appear
in the region 1458cm*-1486 cm™ for all the metal
complexes and stretching bands observed around 472 cm™
to 495 cm™ in metal complexes, these absorptions support
the argument that coordination most probably occurs
through imine nitrogen atoms of benzimidazole [42]. The
position of (v C=0) band is shifted to the higher
frequencies in the region between 1657-1642 cm ™ in the
spectrum of the metal complexes, indicating that the
coordination occurs through the oxygen atom of carbonyl
carbon of BPBB to the metal ion. The stretching bands
observed around 584 cm™ to 560 cm™ in metal complexes
indicating (v M-O) mode of bonding [43-44].
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Table 2: FTIR spectral data (cm™) of BPBB and its metal
complexes.

Fnty  Componnds YA 0=CQp =Ny =D X Dehars
1 Ligeaund ny 1534 1601 1640 7%

1 [Fe@PBELCLT 383 1568 1628 1635 L% MN=482

MO =828

K [Ca(BPER)CE] 3441 1544 1€ 1657 I MN-4

LU =561

4 Ni@FEELCH 3T 1570 1618 1648 1% MN=458

MO=81

H [Cu(BPBBRCE 314 1538 1607 1642 1% MN-482

MU=315

4 UZaClEPERY 341 1541 1607 1643 1% MN=45

MO=50

Fig 4: FT-IR Spectra of Ligand BPBB and its M etal complexes.

3.3. 'H NMR and *C NMR spectra.

The 'H NMR spectra of the BPBB compound
were obtained in CDCI; solvent at room temperature using
TMS asaninternal standard. The *H NMR spectrum of the
BPBB showed a singlet peak which is attributed to
imidazole -NH at 8.08 ppm and a multiplet in the range
8.04 - 7.20 ppm for both imidazole and aromatic benzene
nuclei protons which are shown in fig 5. The **C NMR
spectrum of the BPBB showed a signal at 197.0 ppm for
(C=0) group and a signa at 151.6 ppm is assigned to (N-
C=N). The peaks in the region 138.2 - 123.0 ppm are due
to aromatic carbons which confirming the structure of the
ligand and is showed in fig 6. The *H NMR spectrum of
Zn(ll) complex were obtained in DMSO solvent, it
represented in fig 7. The aromatic protons from 7.986 -
7.203 ppm for imidazole and benzene rings are shifted to
dight upper field due to the increased conjugation on
coordination. The signa due to -NH a 8.203 ppm
appeared with slight shift towards down field indicates no
participation of -NH group in the coordination.
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Fig 5:'"H NMR spectrum of the BPBB ligand
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Fig 6: *C NM R spectrum of the BPBB ligand.
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Fig 7: '"H NMR spectrum of the Zn*? metal complex.

3.4. Mass spectra.

The electrospray ionization (ES|I) mass spectral
investigation of BPBB is in good agreement with its
calculated values and is presented in fig 8. The compound
give a molecular ion peak at m/z 519 with characteristics
isotopic contribution. The m/z value 415 and 222
indicating respective cleavage of the benzilic carbonyl
and benzene ring of BPBB ligand. On fragmentation, one
side of the ligand is removed yielding a base peak at 299,
indicating the most stable skeletal system of the ligand.
Thus the molecular ion peak and the base peak of the
ligand are obtained at 519 and 299 respectively. The mass
spectrum Zn(I1) complex gave a molecular ion peak at m/z
654.62 (M+2 Peak 655.60) which indicate that
metal:ligandisin L:1ratioasinfig 9.
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Fig 8: Maldi mass of the BPBB ligand

Fig 9: Maldi mass of the Zn*? metal complex.

3.5. Electronic absor ption spectra.

In order to understand the physicochemical
properties of metal complexes, it isimportant to know the
electronic structure of ligand and metal complexes. The
electronic absorption spectrum of ligand and meta
complexes were recorded in DM SO solvent in the range
250 - 900 nm and the data were presented in table 3 and
fig 10. The spectrum of BPBB displayed three absorption
bands in DMSO solvent. The first and second bands at
A,=38461cm™ and A,=35087cm™ may be assigned to 1 —
m* transitions in the delocalized m-electron. The longer
wavelength band at A;=27027cm™ can be assigned to an
intramolecular charge transfer interaction from the
aromatic nucleus to the neighboring nitro acceptor center
[45]. The electronic absorption spectrum of Fe (I1) metal
complex showed two absorption bands at A; = 24390 cm'™*
and A, = 20833 cm™ in DM SO are assigned to the *T,g(D)
- 5E,_l,(D) (v transitions. This band is a composite of the
splitting of the excited state energy level 5Eg into two non-
degenerate energy levels, which form a characteristic
transition band in iron complex. The other expected bands
are not properly appeared in the spectrum. The Fe(ll)
complex showed the magnetic moment of 4.9 BM, hence
the complex is expected to have octahedral geometry. The
Co(Il) complex exhibited two absorption bands. A band
occure at A,;=15037 cm™ and the another higher energy
band at A,= 17543 cm corresponding to the transition
TP - Ty Oy and ‘TP - TP (U
respectively and the observed magnetic moment of 3.3
BM aso support for the octahedral geometry [46-47].
Three absorption bands are obtained for Ni*? complex in
the range A,=23255cm™, A,=14492cm™ and A;=12492cm’
! corresponding to *Ag (F) - *Tig (P) (01), *Ax(P) -
*Tog(F) (v2) and 2Azg (F) — *Tyg (F) () attributed to d-d

electron transitions. The magnetic moment obtained is 2.6
BM, suggest the octahedral geometry. In the case of Cu(ll)
complex, a broad band appeared at A;=15503 cm™ is
assigned to the transition °Eg — “Ay4(u1) and the observed
magnetic moment of 1.4 BM support octahedral geometry
of the complex.

Table 3 : Electronic Absorption Spectral Bands of the ligand
BPBB and their Complexes

Compound  Electronic transition v (eml) g (BM)
BPBB ligand 38,461, 35,087 and 27,027
[Fe (BPEB),CL] 24,390 and 20,833 4.9
[Co (BPBB) Cl] 15,037 and 17,543 33
Ni IBPBB}ZCIZ] 14,492, 12,492 and 23,255 2.4
[Cu (BPBB) CL] 15,503 1.1
2.5 Ligand

Fe Complex
Co Complex

Ni Complex
Cu Complex

Absorbance

—

T T T T T T 1
300 400 =00 SO0 F00 200 S0
Wave length

Fig 10: Electronic Absorption Spectral Bands of theligand BPBB and

their Complexes.

3.6. Thermal analyses and kinetics studies.
3.6.1. Thermal analyses.

In the present investigation, heating rates were
suitably controlled a 5 °C min under nitrogen
atmosphere and the weight loss was measured from the
ambient temperature up to 600 ‘C. The data are listed in
table 4 and fig 11. The thermogram of Fe(ll) complex
showed three decomposition in the temperature range 30 —
600 °C. The first step of decomposition occur within the
temperature range 30 — 145 °C correspond to the loss of
two coordinated chlorine atoms with a mass loss of 6.03%
and the energy of activation is 2.97 kJ mol™ The
subsequent steps (150 — 530 °C) correspond to complete
dissociation of the ligand for the mass loss = 88.75%,
leaving FeO as residue. The Co(ll) complex showed the
loss of two chlorine atoms from 30 to 155 °C with the
mass |oss = 6.12 %. The energy of activation for this step
is3.19 k mol~*. Theloss of ligand molecules occur with a
mass | oss of 88.96% in the temperature range 155- 600 °C,
leaving CoO as a residue with the total weight loss
amounts to 97.10%. Similarly, the Ni(Il) complex exhibits
the decomposition in the temperature range 100 — 135 °C
with the mass loss = 6.08%, for the dissociation of two
chlorides, with activation energy for this step is 3.71 kJ
mol ™. The second decomposition step occur form 135 —
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605 °C corresponding to the loss of 88.93%, due to the
loss of BPBB and leaving behind NiO as residue. In the
case of Cu(ll) complex, the decomposition step with an
estimated mass loss of 6.25% in the temperature range 90
— 130 °C, attributed to the loss of coordinated two
chlorides with the activation energy is 4.14 kJ mol™.
Another decomposition step found within the temperature
range 130 — 520 °C is due to the last of BPBB with an
estimated mass loss of 88.78% leaving CuO as a residue.
The overall weight |oss amountsto 97.19%.

Table4: Thermoanalytical results (TGA and DTA) of metal

complexes of BPBB.

Complex G TA *| ass | otal | ssgnment| etallic
rang| ('C) loss| mas residue|
e % s
(C) loss
%
0- 5(+), 03 ossof 2CI"| eO
Fe 145 | 130(+), 478| 2
(BPBB).CI 180(-),
2] 370(-),
50— | 450(-), 8.75 oss of
610 490(+), organic
520(- part of the
):535(+ ligand
).
12
Co 0- 10(+), 5.08| ossof 2ClI"| 0O
(BPBB),CI| 155 | 145(+), 2
210(),
320(-),
55— | 350(-, 8.96 oss of
600 450(+). organic
part of the
ligand
Ni 0- 7(+), .08 | 5.01| ossof2Cl'| iO
(BPBB),Cl| 135 | 190(+), 2
B 230(-),
350(-),
35— | 425(-). 8.93 oss of
605 organic
part of the
ligand
Cu 0- 15(+), .25 | 5.03| ossof2ClI"| uO
(BPBB).CI| 130 | 180(-), 2
2] 290(-),
390(-),
35— | 410(+), 8.78 oss of
600 430(-) organic
part of the
ligand

100 - Fe Complex

90 -

80
70
60
S50 :

% of Weight loss (mg)

40
30

100 200 300 400 500
Temprature ')
Fig 11: Thermoanalytical (TGA and DTA) of metal complexes of
BPBB.

3.6.2. Kinetic studies.

The thermodynamic activation parameters of
decomposition processes of dehydrated complexes namely
activation energy (AE*), enthalpy (AH*), entropy (AS*)
and Gibbs free energy change (AG*) of the decomposition
were evaluated graphicaly by employing the Coats —
Redfern relation [48]. The data are summarized in Table 5.
The values of the activation energies reflect the thermal
stability of the complexes. The activation energies of
decomposition are found to be in the range 2.97 to 4.14 kJ
mol %, The AE* is found to have negative valuesin all the
complexes indicating that the decomposition reactions

proceed with lower rate than the normal ones.
Table 5: Thermodynamic data of the thermal decomposition of metal
complexes of BPBB

Complex Decomp. E"(kJ InA AH (kJ AS (kJ AG (kJ

temp. (C) mol™) Min* ma™® md™® ma™)

275 3.306 0.690 -154.21 42.40

[Fe 415 2.977 3480 -0473 -35.75 62.07
(BPBB) Cl;]

240 3.457 1197 -13452 3349

[Co 405 3.193 3484 -0.174 -150.14 60.81

(8PBB) Cl]

1910 -11943 27.88
217 3718 3.813

[Ni 330 3530 0974 -152.74 5041
(BPBB)ClJ 435 3724 0101 -14897 64581
207 4101 2415 -15661 3250

[Cu 352 4140 3758 1209 -151.68 5346
(BPBB)Clj 450 3865 0399 -14850 66.82

3.7. Biological activity studies.
3.7.1. In vitro antibacterial and antifungal activity.

The data showed that the BPBB and its metal
complexes have the capacity of inhibiting the metabolic
growth of the investigated bacterial and fungal strains.
Antimicrobial activity in different concentrations of ligand
BPBB and its metal complexes were revealed in Table 6.
The inhibitory activity of complexes is related to the cell
wall structure of the microbs. Which is essential to the
survival of bacteria. Some antibiotics are able to kill the
bacteria by inhibiting the synthesis of peptidoglycan [49].
A possible explanation for the poor activity of these
complexes with respect to their ligand may be attributed to
their inability to chelate metals is essential for the
metabolism of microorganisms and/or to form hydrogen
bonds with the active centers of cell structures, resulting in
an interference with the normal cell cycle. Furthermore,
the low activity of these complexes may be due to their
low lipophilicity, because of which penetration of the
complex through the lipid membrane may decrease and
hence, they could neither block nor inhibit the growth of
the microorganism. Therefore, we confirm that the toxicity
of the complexes can be related to the strengths of the M-
L bond, size of the cation and receptor sites [50-51]. The
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size of the inhibition zone depends upon the culture
medium, incubation conditions, rate of diffusion and the

Table 6 : Antimicrobial activity of the isolated ligand and its
metal complexes.

concentration of the antimicrobia agent (the activity
increases as the concentration increases). In the present
study, the BPBB and its metal complex are active against
the bacteria and fungi, which may indicate broad-spectrum
properties. The remarkable activity of these compounds
may be arising from the two benzimidazole ring, which
may play an important role in the antibacterial activity.
The mode of action may involve the formation of a
hydrogen bond through the tertiary nitrogen of the 09 16908 I6HSIM ITISIIL 160020 0NN LSO LMl 6278l
imidazole ring with the active centers of the cell

Cruprnsd i th i bibick izst baderia in rom Growth inhibitian
i against foegicider e mm

upml

Pasugiosa Sawews Vholoos S.pidemids Bnddls  Ecod A qwens A fimipans

5 106085 1543005 1500006 1403005 1101=000 L107=B45  ER17=0I5 SHN=lH

Lizasd BPEE b2 1419=005 1600000 16032031 1510026 1105=005 13.00=003 11132031 M=

constituents, resulting in interference with the normal cell o TIRUE MR RSN LR wnAy e mnsines

proce$ [Fe b 1516004 MO0 H2=000 1435030 M=l 1327006 LA 43000
As a result of this, the primary screening against oy

the bacterial strains in different concentrations showed 100 1T=008 16515035 1748001 16715033 0000000 161IE=007T  1S39=033 1735000

good zone of inhibition as shown in fig 12 and fig 13. The

Co(Il) complex exhibited the highest antibacteria activity . MRUTRIARIURIN IR DI e I H e

agai nst P aeruginosa, V cholerae and S epidemidis. The G TR —

Ni(I), Cu(ll) and Zn(ll) complexes showed good EFED.0

antibacterial activity towards B cereus, Saureus and E coli e e D e e e

respectively [52]. The Zn(ll) complex performs highest

antifungal activity against A aureus and A fumigates, the 2 18IS LIS 1M LSS DTSN LESNL HAALT 1621501

primary screening against the fungal strains in different

concentrations showed good zone of inhibition as shown Gy CMIRMASILRETIECIN BIRaan mhanes

in fig 14 and fig 15. The ligand and Fe(ll) complex
showed the least activity against B subtilis bacteria and
both fungal strains. The MIC study of both BPBB and B 61007 1205 16205 LNSI9 1628005 LS IS8 1515008
metal complexes against bacterial and fungal strains at [cs

different concentrationsi.e., 1, 10, 25, 50, and 100 pg/mL
was evauated. The MIC data of antimicrobial activity of
the ligand and its metal complexes are reported in table 7.
The fig 16 and 17 represents the MIC activity against

bacterial and fungal strains. The Co(ll) and Zn(Il) “ ) Ll ok i
complexes showed potential MIC values against bacterial 2
and fungal strains respectively.. | :

Lipand BRI

im BAT=01 NI Hue=hIT 15275007 PRS0 16eBid 2541003 3H1S=h0S

B

3

of Zoaeof ighibitivn iz om ——s=

L anpramats

Fig 12: Antibacterial activity of theligand and its metal complexes.

Fig 13; Antibacterial activity of the ligand and its metal complexes.

A) Pseudomonas aeruginosa interact with BPBB ligand B) Escherichia coli
interact with Fe metal complex C) Bacillus cereus interact with Co metal
complex D) Staphylococcus epidemidis interact with Ni metal complex E)
Staphylococcus aureus interact with Cu metal complex F) Vibrio cholera interact
with Zn metal complex.
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Fig 14: Antifungal activity of theligand and its metal complexes.

Fig 15: Antifungal activity of the ligand and its metal complexes.

A) Aspergillus aureus interact with BPBB ligand B Aspergillus aureus interact
with Fe metal complex C) Aspergillus aureus interact with Co metal complex D)
Aspergillus fumigates interact with Ni metal complex E) Aspergillus fumigates
interact with Cu metal complex F) Aspergillus fumigates interact with Zn metal

complex.

Table 7: MIC data of antimicrobial activity of the ligand and its metal
complexes
Compound Growth inhibition against bacteriain mm

Growth
inhibition
against
fungicides in
mm

P.aerugin S.aure V.choler S.epidermi B.subti E.coA.  A.fumigat

osa us ae dis lis li aureus
us

Ligand 250 500 250 250 NT 500 250 NT
BPBB
[Fe 500 250 500 500 NT 250 250 500
(BPBB).Cl]
[Co 700 500 700 500 500 500 500 250
(BPBB).ClJ]
[Ni 700 250 500 500 700 500 700 500
(BPBB):Cl]
[Cu 500 500 500 250 500 500 700 500
(BPBB).ClJ]
[ZnCl,(BPB 500 500 700 700 500 500 700 700
B)]
Stnd? 250 250 250 NT NT 250 - -
stnd® - - - - - - 250 NT

1l

Lt BIISE

os’é%’éé

-

Hil,

Compomnds —

Fig 16: M| C data of antibacterial activity of theligand and its metal
complexes.

- Aallergy
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Commpm

Fig 17: M1 C data of antifungal activity of the ligand and its metal
complexes.

3.7.2. Molecular docking studies.
L-glutamine: D-fructose-6-phosphate aminotransferase were
used as a target for antimicrobial activity of the synthesized
compounds as potentia inhibitors. This enzyme is
commonly known as Glucosamine-6-phosphate synthase
(EC 2.6.1.16) belongs to enzyme class transferase. This
enzyme catalyze the important step in the formation of
uridine diphosphate N-acetylglucosamine (UDP-GIcNAC).
Which transfer ammonia from L-glutamine to fructose-6-
phosphate (Fru-6-P), and followed by isomerisation of
formed fructosamine-6-phosphate to  glucosamine-6-
phosphate. Fungi and bacteria solely use UDP-GIcNAC to
build their cell wal assembly, eg. chitins and
mannoproteins in case of fungi and peptidoglycan in
bacteria. The docking simulations in the active sites of
Glucosamine-6-phosphate  syntheses were performed by
Auto Vina program. Docking studies of synthesized BPBB
and metal complexes with the enzyme showed that all of the
inhibitors can bind to one or more amino acids in the active
site.

Theoretically all the synthesized compounds showed
very good binding scores ranging from -9.5 to -13.1
kcal/mol. Among the synthesized compounds Zn(l1) showed
less binding energy compared to the other compounds
suggesting that it may be considered as a good inhibitor of
glucosamine-6-phosphate synthase and is potential to act as
a good antimicrobial agent. These results are in accordance
with experimental results listed in Table 8 and showed in fig
18.

Table 8 : Docking study of synthesized BPBB ligand and metal
complexes
Drug Affinity H- H- H-bond Interactions
molecule (kcal/moBondbond with

1) S lengt Hydrophob

h (A)ic

Ligand -9.5 1 311 Vval60s His493,
BPBB Glu488,Gly301,Ser604,T
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hr3 52, Lys603,
Cys300,GIn348,
Ser349,Leu60l, Leudss,
L ys487,Tyr491
[Fe -124 - - - Ser328,Tyr332, Glu329
(BPBB).Cl3]
[Co -120 1 330 Asn305  Ala483, Leudd4, Gly301,
(BPBB).Cl;] Leu480, Lys487, Alad96,
Ala483
[Ni -118 1 3.09 Ala602 Val605, Leu601
(BPBB)Cl;]
Tyr491, Leu601, Arg599,
[Cu A11 - - - Alad98 Tyr476,
(BPBB).Cl3] Alad96,Tyr497,
Asn600,Lys487, Tyr304,
Asn305,L eu480, Glu488
[ZnCIBPBB-13.1 - - - Thr352, Val605, Asp354,
)] Ala353

AlnGoz

a o
g::mﬁ
\

-
= Vi
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=
: e
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Fig 18: 2D docking study of synthesized BPBB ligand and metal
complexes.

2D representation of A)BPBB, B) Fe'? metal complexes, C) Co™ metal
complexes, D) Ni*? metal complexes, E) Cu*? metal complexes and F) Zn*?
metal complexeswith receptor D-fructose-6-phosphate amidotransferase

3.7.3. Antioxidant activity.

Free-radical-scavenging activity using the DPPH method.
The DPPH radical scavenging activity data represented in
table 9, fig 20 and fig 20. DPPH solution in methanol gives
strong absorbance at 517 nm. If DPPH abstracts a hydrogen
radical from an external source, the absorption decreases
stoichiometrically depending on the number of electrons or
hydrogen atoms [53]. The metal complexes showed
significantly higher activity than BPBB, but lower when

compared to ascorbic acid (vitamin C) as standard. The Zn*?

complex exhibited highly potent scavenging activity almost
close to the standard Vitamin-C and Co*? complex and Ni*?
also showed better inhibitions activity against free radical
and the BPBB and Cu'? showed moderate activity.
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Fig 20: Free-radical-scavenging activity result.

Free-radical-scavenging activity result of Zn*? metal complex using the
DPPH method

4. CONCLUSIONS
In the present work, we successfully designed and devel oped
a benzene bridged 1,4-Bis(5-Phenyl methionone-
benzimidazole)benzene (BPBB) and its metal complexes.
The ligand and their complexes have been characterized by
various analytical techniques. '"H NMR and *C NMR clearly
shows that plane of symmetrica structure of the bis-
benzimidazole ligand. IR spectra data indicate the bidentate
bonding mode of ligand with 3d metal ions, coordinated

through the oxygen atom of carbonyl carbon and imine
nitrogen atoms of benzimidazole ring.
Table9: Scavenging activity.
Conce Asco
ntrati - - rbic
on in | Liga | [Fe [Co [Ni [Cu [ZnCl2 | a6id
uL nd (BPB | (BPB | (BPB | (BPB | (BPBB
B).Cl | B).Cl | B).Cl | B).Cl | )]
2l 2l 2 2]
0 - - - - - - -
5 048 | 2695 | 40.24 | 15.85 | 18.08 | 4113+ | 49.1
3+0. | +0.01 | +0.25 | +0.05 | +0.30 | 0.22 0+0.
05 25
10 055 | 27.48 | 44.68 | 28.33 | 20.03 | 45.03+ | 55.2
1+0. | +0.39 | +0.26 | +0.21 | +0.08 | 0.03 310.
12 02
15 101 | 29.25 | 46.63 | 41.04 | 2464 | 5053 | 625
0£0. | +0.14 | +0.35 | +0.17 | +0.24 | 0.17 310.
22 15
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152 | 4237 | 50.00 | 52.23 | 29.25 | 55.31+ | 70.3
20 4+0. | +0.02 | +0.03 | +0.30 | +0.16 | 0.20 1+0.
06 04
25 18.0 | 50.88 | 53.36 | 57.94 | 46.45 | 60.10+ | 78.1
8+0. | +0.18 | +0.10 | +0.25 | +0.01 | 0.13 0+0.
14 08

The electronic absorption spectra suggest the octahedron
geometry of the Fe, Co, Ni and Cu metal complexes. The
tetrahedral geometrical arrangement of Zn(l1) complex can
be confirmed by mass spectra of the complex. The
TGA/DTA data indicate stepwise degradation and from this,
the kinetic parameters were evaluated. The obtained
analytical techniques results are in good agreement with the
proposed structure. Their antimicrobial activity were
evaluated on three different concentration of compounds, in
which Zn(ll) complex performs good activity against both
bacterial and fungal salines. The MIC studies of both BPBB
and metal complexes against bacterial and fungal strains at
different concentrations ware evaluated. The Co(ll) and
Zn(l1) complexes showed potential MIC values against
bacterial and fungal strains respectively. Molecular docking
studies reveals that Zn(11) complex have comparatively least
binding scores as compared glucosamine-6-phosphate
synthase (EC 2.6.1.16) as target site receptor may be
considered as a potent antimicrobial agent. The complexes
showed significant antioxidant activity compared to
uncoordinated ligand. Among the studied complexes, zinc
complex exhibited promising antioxidant activity as
compared with other complexes.
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