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The preparation and properties of some complexes of cobalt(1l), zinc(1l) and
copper(ll) with several newly synthesized benzimidazole derivatives (L) are reported.
The complexes, of the general formula [MCLLy] (M=Co(Il), Zn(Il)) and
[CuClLL(H20]), have a tetrahedral structure. The complexes were characterized by
clemental analysis, molar conductivity, magnetic susceptibility measurements, IR and
absorption electronic spectra. The antibacterial activitiy of the benzimidazoles and their
complexes was evaluated against Erwinia carotovora subsp. carotovora and Erwinia
amylovora. The complexes were found to be more toxic than the ligands.
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Benzimidazole and its derivatives are of considerable importance because of
their biological properties.!-0 Many different benzimidazoles have found commer-
cial applications in the medical and agricultural fields where the derivatives have
such activities as bacteriostats and bactericides, insecticides, fungicides, sedatives,
anticarcinogens and phycopharmacological agents.”-!12 The complexes of transition
metal salts with benzimidazole derivatives have been extensively studied as models
of some important biological molecules. !3-17 The newly synthesized benzimidazole
derivatives investigated in the present work possess good antibacterial and selective
antifungal activities against different strains of bacteria and fung.!8

In this paper we report the synthesis and some physico-chemical charac-
teristics of complexes of three series of benzimidazoles (L) (Table I). The general
formula of the complexes is [MCl,L,] (M=Co(Il), Zn(II)) and [CuCl,L(H,0)]. We
also report the antibacterial activity of these complexes, the results of which are
discussed in this communication.
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TABELA . Structural formula of the ligands

N
Ry SR
Ry N R
N

Series 1 R, R, Ry Ry
I-p-CH; p-CHj H CHj CHj
I-m-OCHj m-OCHj H CHjy CHjy
Series 11
1I-m-F m-F NH, H H
1I-m-Cl1 m-Cl NH, H H
Series 111
HI-m-CH; m-CHjy NH, CHjy CHjy
1l-m-F m-F NH, CH; CH;
MI-m-C1 m-C1 NH, CHjy CHjy
EXPERIMENTAL
Reagents

Ligands were synthesized by Vlaovi¢ et al. according to a procedure described carlier.'® All
chemicals used for the preparation of the complexes were of analytical reagent grade, commercially
available from different sources.

Synthesis of complexes

All the complexes are prepared following the same procedure. A solution of 1.25 mmol
CoCl2-6H20, ZnCl, or CuCl-2H20 in 5 cm’ of EtOH was added to a solution of 2.5 mmol of the
ligandin 5 cm® EtOH. The resulting mixture was boiled under reflux on a water bath for about 2 h and
then cooled. The complexes were separated from the reaction mixture by filtration, washed with EtOH
and dried in vacuo over CaCly.

Measurements methods

Elemental analysis was carried out by standard micromethods. Magnetic susceptibility meas-
urements were made at room temperature using a MSB-MKI magnetic susceptibility balance (Sher-
wood Scientific Ltd., Cambridge, England). Molar conductivies of freshly prepared 10~ mol dm
solutions (DMF) were measured on a Jenway 4010 conductivity meter. The infrared spectra (KBr
pellets) were recorded on an Infrared 457 Perkin-Elmer spectrophotometer. The electronic absorption
spectra (UV-VIS) were taken on a Cary 219 spectrophotometer.

Antibacterial investigations

For these investigations the filter paper disc method was applied. The investigated isolates of
bacteria were seeded in tubes with nutrient broth (NB). The seeded NB(1 cm”) were homogenized in
the tubes with 9 cm® of melted (45 °C) nutrient agar (NA). The homogeneous suspensions were poured
into Petri dishes.
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The discs of filter paper (diameter 5 mm) were ranged on the cool medium. After cooling on
the formed solid medium, 2x10 5 dm® of the investigated compounds were applied using a mi-
cropipette. After incubation for 24 h in a thermostat at 25-27 °C, the inhibition (sterile) zone diameters
(including disc) were measured and expressed in mm. An inhibition zone diameter over § mm indicates
that the tested compound is active against the bacteria under investigation. Every test was done in
triplicate.

The antibacterial activities of the investigated compounds were tested against two strains of
bacteria (Erwinia carotovora subsp. carotovora and Erwinia amylovora). Parallel with the antibacterial
investigations of the Cu(Il), Zn(II) and Co(II) complexes, all ligands were also tested, as well as the
pure solvent. The concentration of each solution was 5x10 2 mol dm *. Commercial DMF was
employed to dissolve the tested samples.

RESULTS AND DISCUSSION

The complexes were synthesized in the reaction of a warm ethanolic solution
of the MCl,-nH,O (M = Co(II), Cu(Il), Zn(II) with benzimidazole derivatives in a
mole ratio 1:2. It should be noticed, that the reaction of CuCl,-2H,O yielded mono
(ligand) complexes, even when the ligand was presented in a double excess.

TABLE II. Some physical characteristics and analytical data of the complexes

. Found (Calcd.)%
Complex Colour  p(Hp) A M C q

[CoCly(Lyp.chy)] blue 441 21 (g:gg) (2471:;;) (2%)
[CoCly(Lyci)sl blue  4.58 112 (gﬁ) é;'ﬁ) é:;;)
[CoCly(Ligy..5)2] blue 469 77 <§I§§> (gg:ig) (147‘;)
[CuCly(Ly ey H0] yellow —2.00 345 dgi‘% (2;(9)2) (Z:Zg)
[CuCly(Lyy,,..p)H,0] brown 1.95 30.2 ( } g gg) (ii 32) éié)
[CuClLyrpcny)H0] grean 183 173 (g:gZ) (2123(7)) : .1342)
[ZnCly(Ly-0cm,)2] white diam. 5.8 (g%) (Z?(l);) (ggé)
[ZnCly(Lip 2] white  diam. 43 (196.60(11) (gflg:;g) (3:22)
2L o] e diam v 863 5091 405

(925)  (54.30)  (4.52)

“In DMF, 1 mmol drii® solution at 25 °C;inS dmor?

The results of the clemental analyses of the complexes, as well as the magnetic
moment and molar conductance data are summarized in Table II. All the complexes
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are insoluble in most common organic solvents. They are highly soluble in DMF,
somewhat less soluble in MeOH and EtOH.

The molar conductances of the cobalt(Il) and zinc(I) complexes in DMF
solutions fall in the range 2.1-11.2' S cm? mol!. These values indicate that the
complexes behave as non-electrolytes in DMF.!? The molar conductance values of
the copper(Il) complexes, compared with the values of non-electrolytes, are higher
(17.3-34.5 S c¢m? mol™"). These values are considerably less than the molar
conductances of 1:1 type electrolytes (Ay; = 65-90 S cm? mol™D,'? which indicates
the partial substitution of coordinated chloride ions with solvent molecules.

Magnetic properties

An indication of the most probable geometric configuration of the synthesized
Co(II) complexes is given by their colour and magnetic moments (Table II). Namely,
blue cobalt(Il) complexes usually have a tetrahedral configuration. The magnetic
moment values (Table II) of the cobalt(Il) complexes are in the expected range
(4.2-4.7 pp) for tetrahedral stereochemistry. 29

The room temperature effective magnetic moments of the copper(Il) com-

plexes are in the range of 1.73-2.20 pg, which corresponds to one unpaired electron
typical for tetrahedral geometry.2!

Electronic spectra

The electronic spectra of the investigated complexes and those of the corre-
sponding ligands were recorded in DMF (Table III). The cobalt(Il) complexes
retained their blue colour in solution, the zinc(Il) complexes are uncoloured, but all
the different coloured copper(Il)complexes are yellow in DMF solution.

TABLE III. Electronic spectral data of the complexes

Complex Absorption maxima [kK]* (smax)[dmzmolflcmfl]
[COCIZ(LI_[;_CH3)2] 35.7sh (1110) 34.5 (1210) 16.4sh (280)  15.9 (320) 15.3s54 (310)
[CoCly(Lit,c1)2] 35.7sh (840) 33.9 (1040) 16.2sh (360) 15.9 (380) 15.4sh (360)
[CoCly(Lyjjopm-p)a] 35.7sh (920) 33.3 (1140) 17.1sh (260) 16.1 (470) 15.4sh (470)

[CuClz(Ll_p_CH3)H20] 35.7sh (385) 34.0 (475) 28.1 (240) 23.8sh (100)

[CuCly(Lyj;.-p)H2O] 35.7sh (525) 33.6 (630) 28.2 (275) 23.5sh (130)

[CuClz(LH_m_CH3)H20] 35.8sh (480) 33.8 (690) 28.6 (310) 26.7 sh (200)
[ZnClz(LI-,zz-ocH3)2] 35.7sh (375) 34.5 (430)
[ZnClL(Ly1-cD2] 35.7 sh (500) 34.0 (590)
[ZnCL(Lyy, o)l 35.7 sh (455) 33.6 (560)

"sh= shoulder, kk = 1000 crh
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The spectra of the ligands show two intense bands in the UV region around
40 and 35 kK (splitted); the former may be assigned to the imidazole moiety and
the latter to the benzene ring of the ligand.?? The splitting of the second band may
be due to a lowering of the symmetry of the benzene ring.

The complexes exhibit very intense bands in the UV region and weak broad
bands in the visible region (except the Zn(II) complexes). The positions and features
of the bands in the UV region are nearly the same as those of the ligand bands.

The electronic absorption spectra of the cobalt(Il) complexes show a broad
band in the 15.2-17.1 kK region. The visible spectrum is dominated by the highest
energy 4A2 —»4T1(P) transition,20-23 typical for tetrahedral cobalt(II) complexes.
The high molar exctinction coefficients of the cobalt(Il) complexes and their blue
colour suggest the tetrahedral configuration is retained in solution.?

The electronic absorption spectra of the copper(Il) complexes show a broad
absorption band about 28 kK and a shoulder around 23-26 kK. The broad band at
28 kK overlaps with the intense band of the ligand at about 35 kK.24

The electronic spectra of the zinc(I) complexes exibit very intense bands in
the UV region around 35 kK, the same as those of the ligand bands.

Infrared spectra

The infrared spectra of the ligands exhibit a band at 34503330 cm™! and ca.
1650 cm !, assigned to v (NH,) and & (NH,) of the benzimidazole ring, respec-
tively?? (series IT and IIT). The band appearing at about 1550 cm !, for all the ligands,
may be assigned to v (C=N) vibrations.2*2> The substituted phenyl group shows
ring vibrations at 1485 and 740 cm™!. The infrared spectra of the complexes
investigated are similar to those of the corresonding ligands.

An upward shift (5-15 cm1) of V(C=N) band in the IR spectra of the
complexes as compared to its value in the free ligand, suggests coordination through
the pyridine nitrogen of the benzimidazoles.2# The bands due to v (NH,) and 0
(NH,) in the complexes are shifted to lower frequency in all the complexes. These
shifts may be indicative of the presence of hydrogen bonding.20-27 In the case of
[CuCl,L(H,0)], hydrogen bonds may be formed between the NH, group of the
ligands and the coordinated water molecule.

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, clectronic
and IR spectra) suggest that the Co(Il) and Zn(II) complexes are tetrahedral, which
is realized by participation of the pyridine nitrogen of two organic ligand molecules
and two chloride anions, typical for these classes of organic ligands.28-29 In the case
of the Cu(Il) complexes, two types of geometries of tetracoordinated copper(Il) are
possible: the tetrahedral and square-planar.30 From the presented results, it was not
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possible to determine the exact geometry. We concluded that the real structure is
between the tetrahedral and square-planar geometries. This configuraiton is realized
by the participation of the pyridine nitrogen of one organic ligand molecule, two
chloride anions and one molecule of water.

Antibacterial activities

Some recent papers | 8:31:32 dealing with the antibacterial, antiviral, antihistaminic
and fungicidal activity of benzimidazoles encouraged us to investigate the biological
activity of the complexes synthesized in the present work. The antibacterial activity of
these complexes was tested against phytopathogenic strains of bacteria in order to obtain
new potent formulations for plant protection. All the complexes were screened for their
antibacterial activities against Erwinia carotovora subsp. carotovora and Erwinia
amylovora. The relevant data are presented in Table IV.

TABLE IV. Antibacterial activity of the benzimidazole derivatives and their complexes

Inhibition zone diameter (mm)

Compound
Erwinia carotovora subsp. carotovora Erwinia amylovora
Ligands

1-p-CH; 0 0
I-m-OCHj 0 0
1I-m-Cl1 16 22
1I-m-F 15 23
111-m-CHj 13 17
11-m-Cl1 10 9
1-m-F 8 11

Complexes
[CoCly(Ly-cny)l 0 0
[CoCly(Lyrp-c)2l 20 25
[CoCly(Ligppm-pal 12 15
[CuCly(Ly,p.cr,)H0] 0 0
[CuCly(Lyp,,-p)HO] 22 30
[CuCly(Lyjypn-cny)H20] 17 17
[ZnCly(Ly - 0cm,)2] 0 0
[ZnCly(Lyy_p-cp)2] 18 23
[ZnCly(Lyyr. .ol 12 16

From the data, it is evident that ligands belonging to the series II and III and
their complexes are active against both of the bacteria under investigations. In the
case of the ligands, the most active compounds are from series II. Benzimidazoles
from the series III come next in order of activity. It was found that compounds of
series I are not effective against the investigated bacteria.
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From the results, it can be concluded that the basic antibacterial activity of the
benzimidazoles is due to the presence of an amino group at position 2 of the
benzimidazole ring. At the same time, methyl groups at the 5 or 6 position decreases
the general antibacterial activity of the relevant benzimidazoles.

On comparing the biological activity of the ligands and their complexes, it
was found that the complexes are more effective against both of the bacteria.26-33
The higher activity of the complexes, as compared to the free ligands, can be
understood in terms of the chelation theory.3* This theory explains that a decrease
in the polarizability of the metal could enhance the lipophilicity of the complexes.

Of the complexes, the most active compounds are those containing copper(1D).
This may be attributed to the high biological activity of free copper(Il) ions.

From the present investigations, it can be concluded that the newly synthesized
benzimidazoles and their complexes could find application as various pharmaceu-
ticals and for plant protection.

U3BOJI

KOBAIT(IT), HUHK(IT) 1 BAKAP(IT) KOMITNIEKCHN CA HOBOCMHTETUCAHUM
JEPUBATHUMA BEH3MMHJIASOITA

C. 0. [IOJIYHABALI-KY3MAHOBUWR?®, B M. IEOBALI®, H. Y. IEPUIIUR-JAIBUR®, J. POTAH" u
J. BATAXK*

ATexrnonowru gpaxyaitieiti, Byaeeap Ilapa Jlasapa 1, 21000 Hosu Cad, 6HHcmumym 3a xemujy, IIM®. Tpz Jlocuitieja
O6padosuha 3, 21000 Hosu Cad, *Texnonowko-meitiarypuuxu axyaitieiti, Kapnezujesa 4, 11001 Beozpad u *Ilomwo-
iipuepednu ¢paxyaiteit, Tpz [locuitieja Obpadosuha 1, 21000 Hosu Cao

Omncana je cuHTe3a TeTpaefapcKux Komimiekca kodanra(ll), muaka(ll) u 6akpa(ll) ca
HOBOCHHTETHCAHHUM JiIcpuBaTHMa OeH3uMupa30a omntre hopmyte [MCl oL 2] (M=Co(ll), Zn(ll))
u [CuChbL(H20)]. KoMmiekcu cy OKapakTepUucaHu €JIEMEHTAPHOM aHAIN30M, MATHETHUM U
KOHJIYKTOMETPHU]CKAM MEpEEhIMa, IR 1 €IIeKTPOHCKUM ancoprimonnmM ciektpuma. Vicnurana
je aHTHOaKTEepHjcKa aKTHBHOCT jiepuBara OCH3MMU/A30j1a U HUXOBUX KOMIUIEKCA Ha Oak-
tepuje Erwinia carotovora subsp. carotovora n Ervinia amylovora. HabeHo je ma xoMmmiekcn
noka3yjy Behy OHOJIOMIKY aKTHBHOCT Off CAMUX JINTaHAA.

(ITpumsbeno 21. okroGpa 1998, peuaupano 18. janyapa 1999)
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