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Abstract: Co(Il), Ni(Il), Cu(l) and Zn(Il) complexes of 2-((1H-benzo[d]imidazol-1-yl)(phenyl)
methyl)hydrazinecarboxamide (BIBS) and 2-((1H-benzo[d]imidazol-1-yl)(phenyl) methyl) hydrazine-
carbothioamide (BIBTS) were synthesized and characterized by elemental analysis, IR, 'H NMR,
3BC NMR, mass, electronic spectra, magnetic moment, molar conductance and EPR studies. The
complexes were found to have general formulae [M(BIBS),Cl,] and [M(BIBTS),Cl,] [M = Co(ID),
Ni(II), Cu(Ill) and Zn(I)]. The IR results demonstrate that co-ordination sites are the azomethine
nitrogen and carbonyl oxygen atom of the ligand BIBS, carbonyl sulphur of the ligand BIBTS. The
geometry of the complexes is confirmed by measuring number of bands, their energy positions and
intensity by electronic and magnetic moment measurement values. The in vitro biological screening
effects of the synthesized compounds were tested against various microbial species and the results
show that the metal complexes are more biologically active than the free ligand.
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Introduction

Mannich reaction withstands a large diversity of functional groups and hence it has been
witnessing a continuous growth in the field of organic chemistry. The surge of literature on
Mannich reaction provides an outstanding evidence for the diversity and applications of the
reaction'. Mannich bases are physiologically reactive because of the basic function
rendering the molecule soluble in aqueous solvent when it is transformed into ammonium
salt’. Benzimidazole and its derivatives have different activities as they can act as
bacteriostats or bactericides, fungicides, anticarcinogens, efc”®. The biological activity and
pharmacological properties of the benzimidazole derivatives, have led us to investigate the
coordination behavior of benzimidazole derivatives towards transition metal ions. However,
bis(benzimidazole) ligands, which represent a class of aromatic N-donor organic linkers,
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are still less developed”®. Investigations are going on the formation of metal complexes with
benzimidazole ring containing ligands’. Therefore substituted benzimidazoles have attracted
the interest of various research group, especially since it has been reported that the influence of
the substitution at 1,2 and 5-positions is very important for their pharmacological effect'’.
A number of review articles have been published on various complexes of thiosemicarbazones
and its mode of metal-coordination. In current scenario a number of researches have worked
on some transition metal coordination complexes of thiosemicarbazones'™ and reported in
authentic journal. Considering the importance of drugs and their complexes it has been desired
to synthesize and characterize some transition metal chloro complexes of Co(II), Ni(II), Cu(II)
and Zn(II) with a benzimidazole derivatives BIBS and BIBTS.

Experimental

All chemicals used in the synthesis were Laboratory grade. Commercial solvents were distilled
and then used for the preparation of ligand and its complexes. Compounds were routinely
checked for their purity on Silica gel G (Merck) Thin layer chromatography (TLC) plates. Iodine
chamber was used for visualization of TLC spots. Melting points were determined in open glass
capillary tubes and are uncorrected. Microanalyses (C, H and N) were performed in Carlo Erba
1108 analyzer at Sophisticated Analytical Instrument Facility (SAIF), Central Drug Research
Institute (CDRI), Lucknow, India. IR spectra were recorded with Shimadzu FT-IR
spectrophotometer in the 4500-400 cm™ range using KBr pellets. NMR spectra were recorded on
a JEOL-GSX-400 spectrometer in CDCl; with TMS as the internal reference. The chemical
shifts are reported in ppm scale. FAB-MS spectra were recorded with a VGZAB-HS
spectrometer at room temperature in a 3-nitrobenzylalcohol matrix. Molar conductivity was
determined using Systronic Conductivity Bridge with a dip type cell using 10° M solution of
complexes in DMSO. Electronic spectra were determined in ethanol on a Shimadzu UV-Vis
1700 spectrophotometer. Magnetic susceptibility measurements of the complexes were carried
out by Gouy balance using copper sulfate pentahydrate as the calibrant. Electron paramagnetic
resonance spectra of the mixed ligand complexes of copper(Il) were recorded on a Varian E 112
EPR spectrometer in DMSO solution both at room temperature and liquid nitrogen temperature
(77 K) using TCNE (tetracyanoethylene) as the g-marker. Nutrient agar was used for testing the
susceptibility of microorganisms to antimicrobial agents using the disc-diffusion technique. In
this study the Ligand as well as complexes were tested for their effect on certain human
pathogenic bacteria, Gram positive (Staphylococcus aureus and Staphylococcus aureus), Gram
negative (Pseudomonas aeruginosa and Escherichia coli) and Fungicide (Candida Albicans).
The zone of inhibition was measured in mm and the activities were compared with Ciprofloxacin
5 pg/disc for bacteria and Clotrimazole 10 pg/disc for fungi.

Results and Discussion

The yellow coloured Mannich bases BIBS and BIBTS were found to be soluble in common
organic solvents such as ethanol, chloroform, DMF, THF, CCl, and DMSO, but insoluble in
water. The structure of the ligand BIBS and BIBTS were elucidated on the basis of their
analytical and spectral data. The observed sharp melting point of BIBS is 98 °C and BIBTS
is 170 °C which indicates the purity of the ligands. The elemental analysis data (Table 1)
agree well with the suggested formulae and indicates that, all the metal complexes have 1:2
(metal: ligand) stoichiometry for all complexes. The presence of chloride is evident from

Volhald’s method. The molar conductance of the complexes of BIBS and BIBTS were
determined at a concentration 1x10” M in DMF for cobalt and nickel complexes and in
DMSO for copper and zinc complexes show small values in the range 1.0-6.78 Q'cm’mol™
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respectively, indicating that the complexes are non-electrolytes. Antimicrobial activity of
both ligands BIBS and BIBTS with their respective metal complexes are presented in Table 2.

Table 1. Analytical data of BIBS, BIBTS and its metal complexes

Q- Found (Calculated)
23
= 55 ¢
Compound Color m =& 9«
5 =% 5 cC H N M cl
S G
BIBS Yellow } ) 64.04  5.37 24.90 i ]

(63.85) (5.30) (24.25)

5204 432  20.18 848 10.10

(52.03) (4.37) (20.23) (8.51) (10.24)

. 5200 431  20.12 841 10.05

[NiBIBS),Cl,] ~ Grey  3.55 2.6 (52.05) (4.37) (20.23) (8.48) (10.24)
Dark 51.61 432 20.17 9.9 10.10

(CoBIBS)CL] e 194 61 (51760) (434) (20.09) (9.12) (10.17)

. . 5150 429 2001 930 10.01
[Zn(BIBS),ClL] ~ White  Dia 1O 5155y 433) (20.04) (9.35) (10.15)
64.04 537 2490
BIBTS Yellow - - (63.85) (530) (2425) -
5204 432 2018 848 10.10
(52.03) (437) (2023) (8.51) (10.24)
. 5200 431 2012 841 10.05
[Ni(BIBTS),Cl,] ~ Grey ~ 2.97 2.4 (52.05) (4.37) (20.23) (8.48) (10.24)
Dark 5161 432 2017 9.09 10.10
[CoBIBTSLCL] e 194 68 51760) (434) (20.09) (9.12) (10.17)
5150 429 2001 930 10.01

(51.55) (4.33) (20.04) (9.35) (10.15)
C=Carbon, H= Hydrogen, N=Nitrogen and M= Metal

Table 2. Antimicrobial data
Zone of Inhibition, mm

[Co(BIBS),Cl,]  Blue  4.60 2.3

[Co(BIBTS),Cl,] Blue 5.08 2.3

[Zn(BIBTS),Cl,] White Dia 1.3

Compound Gram Positive Gram Negative Fungi
Staphylococcus Staphylococcus Pseudomonas Escherichia  Candida
aureus facalis aeurginosa coli albicans
BIBS 09 14 17 NI 8
[Co(BIBS),Cl,] 16 13 18 23 16
[Ni(BIBS),Cl,] 10 NI 13 NI 6
[Cu(BIBS),Cl,] 18 16 17 17 NI
[Zn(BIBS),Cl,] 20 17 16 20 NI
BIBTS 21 16 20 19 17
[Co(BIBTS),Cl,] 19 NI 18 20 16
[Ni(BIBTS),Cl,] NI 09 15 10 9
[Cu(BIBTS),Cl,] 20 11 NI 19 15
[Zn(BIBTS),Cl,] 20 13 NI 20 17
Standard 10 14 18 12 17
DMSO NI NI NI NI NI

NI: No Inhibition
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General procedure for the synthesis of BIBS and BIBTS Mannich base ligands

Mannich Bases were prepared by a solution of benzimidazole (0.005 mol) in 10 mL ethanol,
0.005 mol of secondary amine semicarbazide for BIBS/ thiosemicarbazide for BIBTS and
0.005 mol of benzaldehyde and then the reaction mixture was refluxed for 8 h. On cooling,
the yellowish product formed was filtered, dried and recrystallised from acetone (Scheme 1).

S
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Scheme 1. Structure of synthesied ligands BIBS and BIBTS

2-((1H-benzo[d]imidazol-1-yl)(phenyl)methyl)hydrazinecarboxamide (BIBS)

Yield 79%; Mol. Formula: C;sH;sNsO; IR (KBr v, in cm'l) (Figure 1): 3460 (N-H Str),
3062 (aromatic C-H Stretch). 1690 (C=0 Stretch), 1648 (N-H Bend), 1246 (C-N Str); 'H
NMR (CDCl; & ppm): 9.0 (s, H N-H proton either side of carbonyl group), 7.2 (s, H NH
proton nearer to methane proton), 7.3-7.6 (m, Ar-CH), 1.2 (s, H CH of methine); BC NMR

(CDCl; & ppm): 157.13 (Carbonyl carbon), 110.0-143.8 (Aromatic carbons of
Benzimidazole) and 88.0 (CH). Mass: m/z = 281.

,,,,,,,,,,,,,,

. e
4000 3600 3200 2800 2400 2000 1800 16‘00 1400 12‘00 ! ‘

Figure 1. IR Spectrum of BIBS

2-((1H-benzo[d]imidazol- 1-yl)(phenyl)methyl)hydrazinecarbothioamide (BIBTS)

Yield 78%; Mol. Formula: C;sH;sNsS; IR (KBr v, in cm'l): 3460 (N-H Str), 3052 (aromatic C-
H Stretch), 1648 (N-H Bend), 1258 (C-N Str), 1049 (C=S Stretch); '"H NMR (CDCl; & ppm)
(Figure 2): 9.0 (s, H N-H proton either side of carbonyl group), 7.2 (s, H NH proton nearer to
methane proton), 7.3-7.6 (m, Ar-CH), 1.2 (s, H CH of methine); 5C NMR (CDCl; & ppm):
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157.13 (Carbonyl carbon), 110.0-143.8 (Aromatic carbons of benzimidazole) and 88.0 (CH).
Mass: m/z =297.
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Figure 2. '"H NMR Spectrum of BIBTS

Synthesis of metal complexes of BIBS and BIBTS

Co(II), Ni(Il), Cu(Il) and Zn(II) chloro complexes were prepared by using BIBS or BIBTS
as ligand. An ethanolic solution of Mannich base [BIBS or BIBTS (0.005 mol)] was
refluxed for ca. 2h with a methanolic solution of metal salts. The resulting reaction mixture
was then filtered, washed with ethanol and dried under vacuum (Scheme 2).

HoN
c )\NH cl Sé\\NH
N o N v l
-7 HN
N / M o~ N\/// M -

M = Co(ll), Ni(ll), Cu(ll) & Zn(ll)
Scheme 2. Structure of synthesed metal complexes of BIBS and BIBTS

IR spectral data

The IR spectrum of the ligands BIBS and BIBTS have several prominent bands appearing at
3460, 1690 and 1049 cm™ due to v(N-H), v(C=0) and v(C=S) stretching modes, respectively.
Comparison of the IR spectra of the Mannich base (BIBS and BIBTS) and its metal complexes
indicates that the Mannich base is coordinated to the metal atom by two sites, thus suggesting
that the ligand acts as bidentate ligand. The band appears at 325 cm™ in all the complexes
assigned to M-CI stretching vibration. The v(C=0) amide vibration at 1690 cm™ in the free
ligand BIBS is shifted and observed around 1675 cm’ for Co(Il), 1670 cm™ for Ni(II),
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1680 cm™ for Cu(Il) and 1660 cm™ for Zn(Il) chloro complexes, respectively indicating
coordination of the nitrogen of the amide group to the metal atoms'”. The v(C=S) stretching
1049 cm™ in the free ligand BIBTS is shifted to higher frequency and observed around 1052
for Co(Il), 1083 for Ni(II), 1059 for Cu(Il) and 1055 for Zn(II) chloro complexes, respectively
indicating coordination of sulfur atom of the C=S moiety to the metal atoms’.

Electronic absorption spectra and magnetic moment measurements

The electronic absorption spectra are often very helpful in the evaluation of results furnished
by other methods of structural investigation. It is also used for assigning of metal ions in the
complexes based on the position and number of d-d transition peaks. The electronic spectra
of Co(II) complexes of BIBS and BIBTS shows bands at 16520 cm’ and 20200 cm’
respectively due to 4T1g(F)%4A2g(F) transition which correspond to intra-ligand charge
transfer transitions. The observed results said that the complexes having octahedral
geometry and it further confirmed by the magnetic moment value of 4.60 B.M. for BIBS and
5.08 B.M. for BIBTS complexes respectively. Electronic spectra of Ni(II) complexes of
BIBS exhibit two electronic spectral bands at 17500 and 25365 cm™ which can be assigned
to 2Ang(F)—>3T2g(F) (vy) and 3A2g(F)—>3T1g(F) (v,) transitions in an octahedral field. The
V,o/v, value is 1.62 which is in the usual range reported for an octahedral Ni(II) complexes
and further supported by the magnetic moment value of 3.55 B.M. The Ni(Il) complex of
BIBTS exhibits a 14536 cm™ due to 3A2g(F)%3T2g(F) transition (v,), another at 15269 cm’
due to 3Azg(F)ﬁ3T2g(F) transition (v,) and also at 23806 cm’ due to 3Azg(F)ﬁ3T1g(P)
transitions (v3) respectively. The magnetic moment value of 2.97 B.M. suggest octahedral
geometry. The value of magnetic moment 1.94 B.M. for BIBS and BIBTS indicates the
presence of an unpaired electron on Cu(Il) ion. The electronic absorption band of medium
intensity for the Cu(Il) BIBS complex at 12531 cm™” and Cu(Il) BIBTS complex at 14960
cm’ which is attributed to the transition of *E,—"Ts, characteristic to a distorted octahedral
geometry. The Zn(II) complex does not exhibit any characteristic d-d transition and its
spectrum subjected only by a charge transfer band due to distribution of electrons between
metal and ligands and also found to be diamagnetic in nature.

"H NMR spectrum of Zn(I) chloro complexes of BIBS and BIBTS

The '"HNMR spectra of the ligand BIBS and BIBTS and its Zn(I) complex were recorded
by employing TMS as internal reference at ambient temperature. The ligand BIBS and
BIBTS shows signals at 8 9.0 (s, H N-H proton either side of carbonyl group) is shifted to
slightly downfield at & 9.2 which reveals the bonding of the amide carbonyl oxygen to
Zn(Il) complex and signals at & 7.2 (s, H NH proton nearer to methane proton) is shifted
slightly and appeared at & 7.4 in the complex. This is an indication of the coordination of
amide nitrogen to the metal ion.

EPR spectral studies

EPR spectrum of copper complex provides information which is important in studying the
metal ion environment'’. The magnetic moment measurement values of Cu(Il) complexes of
BIBS and BIBTS complexes found to be 1.94 B.M. which corresponds to the presence of
one unpaired electron in the complex. This has been further supported by EPR spectra.
Daniel Kivelson and Robert Neiman'® have reported that for covalent environment, g, value
is less than 2.3 and for ionic environment it may be equal to or greater than 2.3. Since g
values of these has been further supported'® by the value of spin-orbit coupling constant (X)
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that can be calculated by using the expression Gave = %[2 g, +8 L].

The measure of symmetry of the Cu(II) complexes of BIBS and BIBTS is in terms of g
values, that is, g>2.04 for BIBS complex and g>2.19 for BIBTS indicates that the ground
state Cu(Il) ion is predominantly the g 6  orbital. The g values of these complexes are

X -y

found to be less than 2.3 indicating the covalent nature of the complexes. This has been
further supported by the spin-orbit coupling constant (A) value of -465 cm™. The o values
of these complexes are found to be 0.72 and 0.69 suggesting that there is appreciable
covalency in the complexes. The elongated octahedral geometry of the complexes have been
established from the relation g>g,>2.04.

Antimicrobial screening

The zone of inhibition values of BIBS and BIBTS and its complexes were presented in Table
2. It is clear from the table that the observed MIC values indicate that most of the complexes
have higher antimicrobial activity than free ligand (BIBS and BIBTS). The chelation theory
explains that a decrease in the polarizablity of the metal can change the lipophilicity or
hydrophobicity of complexes. These properties are now seen as important parameters related
to membrane permeation in biological systems. Many of the processes of drug disposition
depend on the ability or inability to cross membranes and hence there is a high correlation with
measures of lipophilicity. Moreover, many of the proteins involved in drug disposition have
hydrophobic binding sites, further adding to the importance of lipophilicity.

By consideration of the structures of compounds that exhibit antimicrobial activity, it
can be concluded that the metal moiety may play a role in determining the antibacterial
activity. It is also concluded that the cell wall is essential to the survival of bacteria and
some antibiotics are able to kill bacteria by inhibiting a step in the synthesis of
peptidoglycan. Gram-positive bacteria possess a thick wall containing many layers of
peptidoglycan and teichoic acids, but in contrast, Gram-negative bacteria have a relatively
thin cell wall consisting of a few layers of peptidoglycan surrounded by a second lipid
membrane containing lipopolysaccharides and lipoproteins. These differences in cell wall
structure can produce difference in antibacterial susceptibility and some antibiotics can kill
only Gram-positive bacteria and is ineffective against Gram-negative pathogens.”® The zone
of inhibition values was determined at the end of incubation period of 24 h at 35°C. During
this period, the test solution diffused and the growth of the inoculated microorganisms was
affected. It has been observed from the result (Table 2) that the metal complexes have a
higher activity than that of the free ligand and the standard due to higher lipophilic nature of
the complexes. The antimicrobial activity of BIBS and BIBTS ligand as well as its metal
complexes was screened in Figure 3.

Staphylococcus Pseudomonas

Escherichia coli . Candida albicans
aeurginosa

aureus

Figure 3. Antimicrobial screening of BIBS, BIBTS and its metal complexes
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