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Abstract
The new metal complexes of Cu(II), Ni(II) and Co(II) with the new ligand derived from isatine and 1,2-diaminocyclohexane were synthesized and biologically screened. The synthesized complexes and ligand were characterized by
spectroscopic FT-IR, UV-VIS, 1H-NMR and elemental analyses. The ligand
and complexes were screened for their antibacterial activities against three
different strains, namely E. coli, P. aeruginosa and S. aureus. In particular, the
Co(II) and Cu-complexes exhibited excellent antibacterial activities compared
to the reference compound.
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1. Introduction
Metal complexes of Schiff base ligands possess a variety of applications in the biological, analytical, clinical, and industrial areas [1]. In recent times, transition
metal complexes of Schiff base ligands have gained considerable attention, not
only due to their spectroscopic properties and applications [2] but also due to
their remarkable antifungal, antibacterial and antitumor activities [3]. Schiff
bases have a vital position in metal coordination chemistry even almost a century since their discovery. Due to their simplicity in preparation, diverse properties, medicinal, biochemical and industrial applications, the keen interest in the
study of these compounds arose in the recent years. A number of metal coordination complexes of Schiff bases have been suggested as antibacterial, antifungal,
cytotoxic, anti-inflammatory and cytostatic agents [4] [5] [6] [7]. In order to
widen the scope of investigations on the coordination behavior of various donor
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ligands including Schiff base towards organo metallics, we carried out the investigations and established their bioactivities [8] [9] [10] [11]. This paper describes
the synthesis of Cu(II), Ni(II) and Co(II) transition metal complexes with the
new ligand namely 3,3’-(cyclohexane-1,2-diylbis(azanylylidene))bis(indolin-2one) and its characterization by NMR, FT-IR, UV-VIS and elemental analysis, as
well as the antibacterial studies.

2. Experimental
Isatine, 1,2-diaminocyclohexane, cesium iodide, Metals salts [CoCl2·6H2O,
CuCl2·2H2O and NiCl2·6H2O], ethanol, DMF, DMSO, benzene, Ether, acetone,
Ether ,dichloromethane, chloroform and methanol are from supplied by BDH or
Sigma-Aldrich and utilized without purifications. Infra-red spectra for ligand
and complexes were done by utilizing a Shimadzu FT-IR-8300 Spectrophotometer. 1H-NMR spectra for ligand and complexes were done by utilizing BrukerDPX-300 MHz Spectrophotometer and the internal standard was TMS. Ultraviolet spectra for ligand and complexes were obtained by utilizing of Shimadzu Ultraviolet Visible-160A spectrophotometer. Magnetic susceptibilities
that obtained for the complexes were done at room temperature by utilizing
Magnetic Susceptibility Balance-MSBMKI. CHN-analysis was done for the ligand and complexes utilizing elemental analyzer-5500 Carlo Erba.

2.1. Synthesis
2.1.1. Synthesis of the Ligand 3,3’-(Cyclohexane-1,2-Diylbis
(Azanylylidene))Bis(Indolin-2-One)
Schiff base was prepared by condensation of isatine (0.010 mol) with 1,2-diaminocyclohexane (0.005 mol) in ethanol (20 ml) with 3 drops of glacial acetic
acid and the mixture was stirred at ambient temperature for 6 hours. The
progress of reaction was monitored by TLC. On completion of reaction the
product was separated as crystals which were filtered, dried, and washed with
cold water.
2.1.2. Synthesis of the Complexes
[Co(Ligand)Cl2], [Ni(Ligand)] and [Cu(Ligand)Cl2] complexes were prepared by
the addition of 1mmol of metal chlorides Cu(II), Ni(II), or Co(II), which were
dissolved in about 15 ml of water, into a hot ethanol solution of 1mmol of the
ligand. The mixture was then refluxed for 2 h. The precipitated solids were filtered off from the ice-cooled reaction mixture. The solids were washed with ether and filtered.

2.2. Antibacterial Activities
Antibacterial activity of the ligand and complexes were determined by the agar
well diffusion method [12]. E. coli, P. aeruginosa and S. aureus. Strains of three
bacterial species which included Gram-positive bacteria, namely Staphylococcus
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al agents. The bacteria isolates were subcultured on nutrient agar plates and incubated at 37˚C for 24 h. A loop full of bacteria cells from the nutrient agar
plates was incubated into a nutrient broth (50 ml) at 37˚C for 18 h with vigorous
shaking. Using a sterile glass spreader, 18 h bacterial cultures (100 µl) were used
to spread a bacterial lawn on nutrient agar [13]. The bacterial strains were grown
at 37˚C overnight and maintained on nutrient agar. A stock solution of the
compounds were prepared in DMF at 50˚C to give a final concentrations; after
pouring into plates and allow the agar to set, plates were inoculated with standardized inocula of the test bacteria, and further incubated at 37˚C for 24 h under aseptic conditions.

3. Results and Discussions
The ligand 3,3’-(cyclohexane-1,2-diylbis (azanylylidene))bis(indolin-2-one) was
prepared by reaction of amounts isatine and 1,2-diaminocyclohexane in ethanol
(Scheme 1). It was shine crystals, soluble in dimethylformamide (DMF), dimethylsulfoxide (DMSO), hot methanol, hot ethanol, acetone and dichloromethane, but it is insoluble in water, hexane and diethylether. The ligand was characterized by means of elemental analysis, infrared spectrum, Uv-Vis and NMR
spectroscopes. Elemental analysis data for the synthesized ligand, Table 1, is in
consistent with the suggested stoichiometry.

3.1. 1H-NMR Spectroscopy
The NMR show doublet-doublet for methylene groups (CH2; 2H) at 1.82 ppm
and multiple at 2.35 - 2.40 for (CH2; 2H), 4.27 ppm, doublet-doublet for protons
CH. While the protons at 7.31 - 7.67 ppm were for aromatic ring while amino
group located at 8.02 ppm.

Scheme 1. Synthetic procedure used for preparation Schiff base derivative.
Table 1. Analytical data of ligand and its complexes.
No.

Chemical Formula

C (%)

H (%)

N (%)

Λ m (Ω−1·cm2·mol−1)

1

(C22H20N4O2)Cl2

70.06, (70.95)

5.11, (5.41)

15.58, (15.04)

···

2

[Co(C22H20N4O2)Cl2]

53.01, (52.61)

4.21, (4.01)

11.29, (11.15)

11.60

3

[Ni(C22H20N4O2)]

60.84, (61.29)

4.50, (4.68)

13.22, (13.00)

2.17

4

[Cu(C22H20N4O2)Cl2]

52.87, (52.13)

4.18, (3.98)

11.31, (11.05)

18.92
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3.2. FT-IR Spectroscopy
The infrared spectrum of the ligand, showed four characteristic bands at 3316
cm−1, 3072 cm−1, 1661 cm−1 and 1544 cm−1, Table 2, which are attributed to
amine band (N-H), aromatic band (C-H aromatic), carbonyl band (C=O) and
azomethane band (C=N) respectively. The presence of these four bands in the
FT-IR spectrum of this ligand indicates the reaction of isatine and 1,2-diaminocyclohexane and formation of azomethane group in the ligand. The primary
(NH2) group of the reactant isatine has two IR bands and upon reaction with
1,2-diaminocyclohexane, these two bands are disappeared and a band at 3316
cm−1, Table 2, is appeared which belongs to υ (N-H) of the secondary amine
(N-H) of the ligand. This is an indication of the reaction of the isatine with
1,2-diaminocyclohexane and formation of the ligand.
Treatment of the ligand with metal chloride of (Co(II), Ni(II) and Cu(II)) in a
solvent gave complexes of the types [M(Ligand)Cl2], where M = Co(II) and
Cu(II), [M(Ligand)], where M = Ni(II). The prepared metal complexes are characterized as follow: Elemental analysis data for the synthesized ligand and its
metal complexes are shown in Table 1. The metal complexes are consistent with
the suggested stoichiometries.
Molar conductivities of all synthesized complexes are measured for (1 × 10−3
M) solution in DMSO at room temperature, Table 1 and indicates that they are
nonelectrolyte and consistent with the proposed formula for them. The infrared
spectra of the prepared ligand and its metal complexes are measured in the range
(200 - 4000) cm−1 using cesium iodide (CsI) disc. The characteristic band frequencies are arranged in Table 2.
The infrared spectral data were discussed according to the functional groups
present in the prepared complexes as follow: IR data given in Table 2 show
broadening of –N=C and carbonyl peaks, which suggest coordination through
these sites. While the peak of −NH remains unaltered, and the peak of noncoordinated carbonyl diminishes due to tautomerism, it can be proposed that
the carbonyl peak diminishes due to hydrogen bond formation with free noncoordinated secondary amine group. Therefore, the proposed structure of the
coordination complexes produced is given as shown in Figure 1.

3.3. Conductance
Conductance of the complexes are given in Table 1, conductance data show that
the metal complexes are non electrolyte indicating the chloride are located inside
Table 2. IR spectra for ABH and its complexes (cm−1) of selected region.
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Chemical Formula

N-H

C=O

M-N

M-O

M-Cl

(C22H20N4O2)Cl2

3316

1661

···

···

···

[Co(C22H20N4O2)Cl2]

3325

1701

573

488

360

[Ni(C22H20N4O2)]

3319

1700

500

484

···

[Cu(C22H20N4O2)Cl2]

3321

1692

509

488

315
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Figure 1. Proposed structure of metal(II) complexes.

the coordination sphere and are directly involved in coordination with the metal
center except Ni(II).

3.4. Magnetic Susceptibility
The magnetic susceptibility of synthesized complexes is shown in Table 1. The
magnetic susceptibility of Co(II) complex is 4.3 B.M [14], which denotes to an
octahedral geometry. The magnetic susceptibility of Ni(II) complex, 3, is 0.06
B.M, which indicates a square-planar geometry [15]. The magnetic susceptibility
of Cu(II) complex, is 3.67 B.M, which suggests an octahedral geometry arrangement around Cu(II) [16].
3.4.1. Co-Complex
The electronic spectrum of Co-complex shows two bands in Uv-Vis. region at
299 nm and 249 nm are assigned to charge transfer transitions, while the band at
496 nm is assigned to transition 4T1g(F) → 4T1g(P) of Co(II) in an octahedral
arrangement (Figure 2).
3.4.2. Ni-Complex
The electronic spectrum of the Ni-complex, show bands at 439 nm and 573 nm
which assigned to 3T1(F) → 3T1(P) and 3T1(F) → 3T2(F) transition probably indicating square-planar geometry (Figure 3).
3.4.3. Cu-Complex
The electronic spectrum of the Cu-complex shows bands at 544 and 610 nm
which indicating an octahedral arrangement (Figure 4).

3.5. Antibacterial Activities
The treatment of infectious diseases still remains an important and challenging
problem because of a combination of factors including emerging infectious diseases and the increasing number of multi-drug resistant microbial pathogens. In
spite of a large number of antibiotics and chemotherapeutics available for medical use, at the same time the emergence of old and new antibiotic resistance
created in the last decades revealed a substantial medical need for new classes of
antimicrobial agents. There is a real perceived need for the discovery of new
compounds endowed with antimicrobial activity, possibly acting through
17
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Figure 4. The geometrical structure for Cu-Complex.

mechanism of action, which is distinct from those of well-known classes of antimicrobial agents to which many clinically relevant pathogens are now resistant
[17] [18] [19]. The field of bioinorganic chemistry, which deals with the study of
role of metal complexes in biological systems, has opened a new horizon for
scientific research in coordination compounds. A large number of compounds
are important from the biological point of view [20] [21]. The results of in vitro
antibacterial activity of the ligand and its Co(II), Ni(II) and Cu(II) complexes are
presented in Figure 5. Amoxicillin was used as positive standards and DMSO
was used as negative control for these antibacterial activities. In general, metal
(II) complexes have been shown to be more effective than the free ligands and
the same was observed in this study, i.e., that the complexes are more active than
the parent ligand. The Cu(II) and Co-complexes were found to show bactericidal
activity against selected types of bacteria. A fairly moderate effectiveness is exhibited by Ni(II) complex towards E. coli. The ligand show less activity towards E.

coli and P. aeruginosa respectively, but had no activity against the organisms E.
coli within the range of concentrations considered. The variation in the activity
18
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Figure 5. The Antibacterial activities of the ligand and metal complexes in mm.

of different complexes against different organisms depends either on the impermeability of cells of the microbes or differences in the ribosomes of microbial
cells [22]. The higher antibacterial activity of M-complexes than the free Schiff
base ligands can be explained by chelation of the ligand with metal ions [23] as
metal chelates display both polar and nonpolar properties; this makes them
suitable for permeation into cells and tissues. The polarity of the metal ion will
be reduced to a greater extent due to the overlap of the ligand orbital upon chelation, and partial sharing of the positive charge of the metal ion with donor
groups. Chelation increases the delocalization of π-electrons over the entire chelate ring and enhances the penetration of the complexes into lipid membranes
[23] [24]. It also increases the hydrophilic and lipophilic nature of the central
metalions, probably leading to lipo-solubility and permeability through the lipid
layer of cell membranes. Further, lipophilicity, which controls the rate of entry
of molecules into the cell, is modified by coordination, so the metal complex can
become more active than the free ligand [25].

4. Conclusion
The synthesized complexes of 3,3’-(cyclohexane-1,2-diylbis(azanylylidene))bis(indolin-2-one) ligand show octahedral geometries for Co(II) and Cu(II), but
square planer for Ni(II). Magnetic moment studies and conductance studies
prove the assigned geometries. Ligand and the synthesized complexes were
tested as antibacterial agents. In general, the antimicrobial activity of metal
complexes is depended more on the metal center itself than on the geometry
around the metal ion.

Acknowledgements
The author thanks the Iraqi Government, Ministry of Higher Education, Basrah
University and Polymer Research Centre for the financial support provided for
this work.
19

A. A. Abdulkarem

References
[1]

Kumar, S., Dhar, D.N. and Saxena, P.N. (2009) Applications of Metal Complexes of
Schiff Bases—A Review. Journal of Scientific and Industrial Research, 68, 181-187.

[2]

Spange, S., Vilsmeier, E., Adolph, S. and Fährmann, A. (1999) Unusual Solvatochromism of the 4,4’-bis(dimethylamino)benzophenone (Michler’s ketone)-Tetracyanoethylene Electron Donor-Acceptor Complex. Journal of Physical Organic Chemistry, 12, 547–556.
https://doi.org/10.1002/(SICI)1099-1395(199907)12:7<547::AID-POC162>3.0.CO;2
-1

[3]

Tumer, M., Koksal, H., Serin, S. and Digrak, M. (1999) Antimicrobial Activity Studies of Mononuclear and Binuclear Mixed-Ligand Copper (II) Complexes Derived
from Schiff Base Ligands and 1,10-Phenanthroline. Transition Metal Chemistry, 24,
13-17. https://doi.org/10.1023/A:1006996722406

[4]

Rehman, W., Badshah, A., Khan, S. and Tuyet, L.T.A. (2009) Synthesis, Characterization, Antimicrobial and Antitumor Screening of Some Diorganotin(IV) Complexes of 2-[(9H-Purin-6-ylimino)]-phenol. European Journal of Medicinal Chemistry, 44, 3981-3985. https://doi.org/10.1016/j.ejmech.2009.04.027

[5]

Rehman, W., Baloch, M.K. and Badshah, A. (2008) Synthesis, Spectral Characterization and Bio-Analysis of Some Organotin(IV) Complexes. European Journal of Medicinal Chemistry, 43, 2380-2385. https://doi.org/10.1016/j.ejmech.2008.01.019

[6]

Rosu, T., Gulea, A., Nicolae, A. and Georgescu, R. (2007) Complexes of 3d(n) Metal
Ions with Thiosemicarbazones: Synthesis and Antimicrobial Activity. Molecules, 12,
782-796. https://doi.org/10.3390/12040782

[7]

Che, C. and Huang, J.S. (2003) Metal Complexes of Chiral Binaphthyl Schiff-Base
Ligands and Their Application in Stereoselective Organic Transformations. Coordination Chemistry Reviews, 242, 97-113.
https://doi.org/10.1016/S0010-8545(03)00065-1

[8]

Rehman, W., Saman, F. and Ahmad, I. (2008) Synthesis, Characterization, and Biological Study of Some Biologically Potent Schiff Base Transition Metal Complexes.
Russian Journal of Coordination Chemistry, 34, 678-682.
https://doi.org/10.1134/S107032840809008X

[9]

Rehman, W., Muhammad, B., Ali, F. and Atif, S. (2008) Syntheses, Spectral Studies
and Bioanalyses of Some Triorganotin(IV) Complexes of Cephlaxine. Chinese Journal of Structural Chemistry, 27, 846-852.

[10] Rehman, W., Badshah, A., Khan, S. and Ahmad, I. (2009) Synthesis, Structural Investigations and Biological Screening of Diorganotin(IV) Complexes Derived from
5,5-Diethyl Sodium Barbital. Chinese Journal of Structural Chemistry, 28, 419-426.
[11] Rehman, W., Rehman, S., Muhammad, B., Shah, S.T., Tauseef, I., et al. (2009) Synthesis, Characterization and Anti-Inflammatory Activity of Some Organotin(IV)
Complexes. Polish Journal of Chemistry, 83, 2043-2049.
[12] Oyedemi, S.O., Bradley, G. and Afolayan, A.J. (2011) Anticabterial and Antioxidant
Activities of Hydroalcoholic Stem Bark Extract of Schotia latifolia Jacq. Asian Pacific Journal of Tropical Medicine, 4, 952-958.
https://doi.org/10.1016/S1995-7645(11)60225-3
[13] NCCLS/CLSI—National Committee for Clinical Laboratory Standards (2004) Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically. Approved Standard 6th Edition: M07-A6, Clinical and Laboratory Standards
Institute, Wayne, PA.
[14] Vrbova, M., Baran, P., Boca, R., Fuess, H., Svoboda, I., Linert, W., Schubert, U. and
20

A. A. Abdulkarem
Wiede, P. (2000) Preparation and Structure of 2-(2-Benzimidazol-2-yl)pyridine NOxide and its Complexes. Polyhedron, 19, 2195-2201.
https://doi.org/10.1016/S0277-5387(00)00553-2
[15] Lucia de Lima, R., Teixeira, L.R., Carneiro, T.M.G. and Beraldo, H. (1999) Nickel(II), Copper(I) and Copper(II) Complexes of Bidentate Heterocyclic Thiosemicarbazones. Journal of the Brazilian Chemical Society, 10, 184-188.
https://doi.org/10.1590/S0103-50531999000300005
[16] Banerji, S., Byrne, R.E. and Livingstone, S.E. (1982) Metal Complexes of 2-Mercaptobenzothiazole. Transition Metal Chemistry, 7, 5-10.
[17] Chohan, Z.H., Shad, H.A., Youssoufi, M.H. and Hadda, T.B. (2010) Some New Biologically Active Metal-Based Sulfonamide. European Journal of Medicinal Chemistry, 45, 2893-2901. https://doi.org/10.1016/j.ejmech.2010.03.014
[18] Dai, H.-X., Stepan, A.F., Plummer, M.S., Zhang, Y.-H. and Yu, J.-Q. (2011) Divergent C–H Functionalizations Directed by Sulfonamide Pharmacophores: Late-Stage
Diversification as a Tool for Drug Discovery. Journal of the American Chemical Society, 133, 7222-7228. https://doi.org/10.1021/ja201708f
[19] Efthimiadou, E.K., Karaliota, A. and Psomas, G. (2010) Metal Complexes of the
Third Generation Quinolone Antimicrobial Drug Sparfloxacin: Structure and Biological Evaluation. Journal of Inorganic Biochemistry, 104, 455-466.
https://doi.org/10.1016/j.jinorgbio.2009.12.019
[20] Higazy, A., Hashem, M., ElShafei, A., Shaker, N. and Hady, M.A. (2010) Development of Antimicrobial Jute Packaging Using Chitosan and Chitosan-Metal Complex. Carbohydrate Polymers, 79, 867-874.
https://doi.org/10.1016/j.carbpol.2009.10.011
[21] Kantouch, A. and El-Sayed, A. (2008) A Polyvinyl Pyridine Metal Complex as Permanent Antimicrobial Finishing for Viscose Fabric. International Journal of Biological Macromolecules, 43, 451-455. https://doi.org/10.1016/j.ijbiomac.2008.08.011
[22] Mounika, K., Anupama, B., Pragathi, J. and Gyanakumari, C. (2010) Synthesis Characterization and Biological Activity of a Schiff Base Derived from 3-Ethoxy Salicylaldehyde and 2-Amino Benzoic acid and its Transition Metal Complexes. Journal
of Scientometric Research, 2, 513-524.
[23] Joseyphus, R.S. and Nair, M.S. (2008) Antibacterial and Antifungal Studies on Some
Schiff Base Complexes of Zinc (II). Mycobiology, 36, 93-98.
https://doi.org/10.4489/MYCO.2008.36.2.093
[24] Thangadurai, T.D. and Natarajan, K. (2001) Mixed Ligand Complexes of Ruthenium (II) Containing α,β-Unsaturated-β-Ketoamines and Their Antibacterial Activity. Transition Metal Chemistry, 26, 500-504.
https://doi.org/10.1023/A:1011099517420
[25] Farrell, N. (2007) Recent Developments in the Chemistry of 1,3, 2-diazaborolines(2, 3-dihydro-1H-1, 3, 2-diazaboroles). Coordination Chemistry Reviews, 252, 1-31.

21

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:
Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service
User-friendly online submission system
Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact jbpc@scirp.org

