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INTRODUCTION

The Schiff base ligands can be synthesized by the conden-
sation of aldehydes and ketones with amines and they can
also be used for the synthesis of metal complexes in the coor-
dination chemistry [1,2]. Enhancement in biological activity
and decrease in cytotoxic effects on the host are achieved by
incorporating metal ions into the Schiff base ligands [3-5].

The reactions of Schiff bases have obtained prime impor-
tance in organic chemistry because these reactions are utilized
as a suitable route for making C-N bonds [6-8]. The signifi-
cance of such bonds can be considered by its use in biological
systems for transamination and elucidation of racemization
mechanisms. Besides these facts, this bond is considered respon-
sible for various biological activities, such as antimicrobial,
anticonvulsant, anti-inflammatory, antitumor, herbicidal,
antituberculosis and anti-HIV activities [9,10].
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The Schiff base ligand molecules containing nitrogen,
oxygen, halogens etc. as donar sites have been used for the
preparation of the metal complexes [11]. These Schiff bases
containing halogen groups and their metal complexes have a
special interest due to their antimicrobial properties. A great
deal of attention in this area has been focused on the complexes
formed by transition metal ions with Schiff bases because of
the presence of both nitrogen and oxygen donor atoms in the
backbones of such type ligands [12-16].

Recently much interest has been paid by inorganic chemists
in the study of metal chelates having only oxygen-nitrogen
containing ligands due to their importance as fungicides,
pesticides, catalyst, enzymatic reaction, magnetism, molecular
architecture and high pressure lubricants [17-22]. It is also
reported that Schiff base ligands, with one or more halo-atoms
in the aromatic ring, shows biological activities like antitumor,
antibacterial and antifungal activities [23]. Steric and electronic
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effects of substituent’s in the coordination zone increases the
activity of the metal and the other groups on ligands that not
attended to coordination may also have an impact on this
activity [24].

Such type of ligands and their metal complexes are used
in many catalytic reactions. The copper, nickel and cobalt metal
complexes are very active and selective hydrogen transfer cata-
lysts. Such metal complexes play an important role in the deve-
lopment of the organometallic branch and have also proved to
be very helpful to understand their structure. In this manuscript
we are reporting the synthesis of the Co(II), Ni(II) and Cu(II)
metal complexes with newly prepared Schiff base ligand. In
this study we choose bis-2-(4-fluorophenyl)prop-2-enaln}-
ethane-1,2-diamine ligand which contains nitrogen-oxygen
atoms, imine group, halogens at aromatic ring are responsible
for antimicrobial activities and some other properties. All the
newly synthesized compounds were well characterized by
different spectroscopic techniques. Their biological behaviour
against different microbial species are also studied.

EXPERIMENTAL

All the chemical e.g. 2-(4-fluorophenyl)prop-2-enaln,
ethane-1,2-diamine, metal salts and solvents (Qualigens
Chemicals Company) were A.R. grade. Open capillary method
were used for detection of melting points. Carlo-Erba 1106
Elemental Analyzer was used for the elemental analysis.
Shimadzu-160 FT/IR spectrophotometer was use to record IR
Spectra of newly synthesized compounds. 1H NMR spectra
(Bruker DPX-400) obtained by using tetramethylsilane
(internal standard).

Synthesis of ligand: In a round bottom flask, 2-(4-fluoro-
phenyl)prop-2-enaln (3.2 mL, 0.02 mmol) in methanol (15
mL) was drop wise added to a 5 % acetic acid (0.32 g, 0.01

mmol) in water (20 mL) and ethane-1,2-diamine (0.60 g, 0.01
mmol) in methanol (15 mL) solution (Scheme-I). The mixture
was refluxed about 2 h at 80 °C to obtain Schiff base ligand
(SBL). Now precipitate was repeatedly washed with ethanol
and diethyl ether.

Synthesis of metal complexes: The Schiff base ligand
(SBL) was mixed with an equal proportion of metal chlorides
salts [(Co(II) Ni(II) and Cu(II)] (1.0 mmol) in ethanol (1:1,
25 mL). The reaction mixture was refluxed for 2 h at 70 °C.
The reaction progression was monitored by TLC with a solvent
system containing ethyl acetate and cyclohexane (1:3)
(Scheme-II).

Ligand (SBL): Yield: 90 %; m.p. 240 °C, m.w. 356,
colour: yellow; analytical data for C20H18F2N2O2 found (calc.):
C, 67.05 (68.99); H, 5.06 (5.46); F 10.43, (10.91); N, 7.42
(7.97). IR (KBr, cm–1): 1660 ν(C-NH), 1690 ν(C=O). ESI-
MS, m/z Data found (calc.): 241 (240), 1H NMR (DMSO-d6)
δ ppm: 7.1 (m, 8H, HC-Ar), 3.8 (s, 2H, NH-).

Cobalt(II) complex: Yield: 68 %; m.p.: 395 °C; m.w.
389; colour: pinkish; analytical data for [Co(C18H16F2N2O2)Cl2]
found (calc.): C, 55.54 (55.15); H, 4.14 (3.95); N, 7.20 (7.19);
IR (KBr, cm-1): 3412 ν(NH), 1610 ν(N=CH), 3015 ν(C-H),
2220 ν(C-N), 570 ν(M-N), 410 ν(M-Cl).

Nickel(II) complex: Yield: 88 %; m.p.: 385 °C; m.w. 388;
colour: dark greenish; analytical data for [Ni(C18H16F2N2O2)]Cl2

found (calc.): C, 55.57 (55.15), H, 4.16 (4.11), N, 7.20 (7.41).
IR (KBr, cm-1): 3402 ν(NH), 1609 ν(N=CH), 3015 ν(C-H),
2210 ν(C-N), 579 ν(M-N), 411 ν(M-Cl).

Copper(II) complex: Yield: 65 %; m.p.: 360 °C; m.w.
393; colour: dark bluish; analytical data for [Cu(C18H16F2N2O2)]Cl2

found (calc.): C, 54.89 (54.15), H, 4.09 (4.01), N, 7.11 (7.07).
IR (KBr, cm–1): 3402 ν(NH), 1615 ν(N=CH), 3015 ν(C-H),
2210 ν(C-N), 530 ν(M-N), 430 ν(M-Cl).
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RESULTS AND DISCUSSION

The IR spectra of newly synthesized compound were
recorded in (ν) 4000-400 cm-1 region. At 1660 cm-1 a band
which indicate the presence of carbonyl stretching of 2-(4-
fluorophenyl)prop-2-enaln. At 1610 cm-1 showed peak indi-
cated the presence of azomethine group of SBL [26-28]. In
the spectra of metal complexes showed moderate change in
this azomethine frequency. In metal complexes IR spectra
showed band at 480-445 and 579-530 cm-1 indicated to (M-N)
and (M-O) respectively [29].

The 1H NMR of SBL showed a singlet signal at δ 11.34
ppm which indicated the phenolic -OH group. In the spectra
of metal complexes this peak was absent which was confirming
the formation of M-O bonding. Spectra of Schiff base ligand
showed sharp singlet peak at δ 8.15 indicated the presence of
azomithine group [30]. Due to interaction of N-atom of
azomithine and metal ions in all complexes showed sharp
singlet peaks at δ 8.10-8.14 ppm.

UV/Vis spectrophotometer at concentration (10-5 M in
ethanol) was used to determine the λmax of all the newly synthe-
size compounds and recorded as Table-1. The electronic spectra
of the cobalt(II) complex showed three bands at 8810, 17775
and 30270 cm-1, which may be assigned to 4T1g → 4T2g (F), 4T1g

→ 4T1g(P) and 4T1g → 3A2g (F) transitions and suggested octa-
hedral geometry [31,32] around the cobalt ion.

TABLE-1 
ELECTRONIC SPECTRAL DATA (nm)  

OF THE METAL COMPLEXES 

Complexes λmax (nm) Assignments 

[Co(SBL)Cl2] 211,283, 333, 399, 457, 643 n–π*, π–π*, d–d 
[Cu(SBL)Cl2] 236, 275, 335, 366, 425, 580 n–π*, π–π*, d–d 
[Ni(SBL)Cl2] 270, 330, 350, 375, 610 n–π*, π–π*, d–d 

 
The electronic spectra of the copper(II) complex displays

a broad band at 14918 cm-1 due to 2B1g → 2Eg and two bands at
16550 and 27350 cm-1 assigned to d-d transitions and a charge
transfer band respectively, of square planner environment. The
nickel(II) complex exhibited three bands 10565, 17155 and
29985 cm-1 assignable to the transitions 3A2g (F) → 3T2g (F)
(ν1), 3A2g (F) → 3T1g (F) (ν2) and 3A2g (F) → 3T1g (P) (ν3), respec-

tively which are characteristic of nickel(II) in octahedral
geometry [33].

The magnetic moment of cobalt, nickel and copper complex
were 5.08, 2.90 B.M. while for copper complex the magnetic
moment value is 1.75 B.M. The value suggested the octahedral
geometry for Co and Ni complexes while for Cu square planar
geometry [34-36]. The Ni(II) and Co(II) complexes are non-
electrolytic and Cu(II) complex is electrolyte in nature by their
molar conductivity (Λm) as measured in DMSO.

Biological activity: Antimicrobial activities were studied
by an agar well diffusion method using Nutrient Agar and
Sabouraud Dextrose Agar media for bacterial and fungal
pathogens, respectively [37-40]. Antimicrobial diffusion assays
were performed using cell suspensions containing 1.5 × 106

CFU/mL employing the McFarland turbidity standard No. 0.5.
To determine the MIC, first we prepared Stock solutions and
dissolve the newly synthesized compounds in DMF (100 mg/
mL) at 1mg/mL concentrations. Five different concentrations
(10-50 mg/mL) were prepared by two-fold dilution method
[41-43] and loaded into agar wells. Before incorporating the
stock solution of test and reference compounds in to the agar
wells, the agar plates were seeded with respective bacterial
and fungal strains in a suitable concentration. The loaded petri
plates were incubated at 37 °C for 18-24 h and after incubation
their MIC values were determined as Table-2.

The result showed that all the synthesized metal complexes
showed good antimicrobial activities as listed in Table-2. Cobalt
and nickel complex showed significant antimicrobial activities
against S. aureus MTCC 3160 and S. aureus MTCC 25923 in
comparison to both the standards, gentamycin and ampho-
tericin-B with the highest mean zones of inhibition.

The antimicrobial activities of the synthesized molecules
against S. aureus MTCC 3160 and S. aureus MTCC 25923 as
antibacterial and C. albicans MTCC 227 and S. cereviscae
MTCC 361 as antifungal in comparison to that of gentamycin
and amphotericin-B.

Conclusion

In this article, copper(II), cobalt(II) and nickel(II) comp-
lexes with newly Schiff base ligand have been synthesized and
characterized by different techniques like physico-chemically
and spectroscopically. The analytical data are in a good

TABLE-2 
ANTIMICROBIAL ACTIVITY OF LIGAND AND THEIR METAL COMPLEXES 

Diameter of zone of inhibition (mm) 

S. aureus MTCC 3160 S. aureus MTCC 25923 C. albicans MTCC 227 S. cereviscae MTCC 361 Compounds Time  
(h) 

100 µg 50 µg 100 µg 50 µg 100 µg 50 µg 100 µg 50 µg 
24 10 11 11 12 13 12 9 8 

SBL 
48 12 15 13 13 11 10 8 9 
24 20 22 23 26 29 27 29 28 

Co(II) complex 
48 21 24 24 19 21 20 22 29 
24 29 28 20 28 25 27 21 28 

Ni(II) complex 
48 – – – – 21 29 22 25 
24 – – – – 23 20 20 20 

Cu(II) complex 
48 24 20 23 22 24 13 14 21 
24 32 34 32 34 – – – – 

Gentamycin 
48 32 34 32 34 – – – – 
24 – – – – 17 21 17 21 

Amphotericin-B 
48 – – – – 17 21 17 21 
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agreement with geometrical structures of all the complexes.
All the metal complexes exhibit significant biological activities
and resultant cobalt and nickel complex were showed signi-
ficant antimicrobial activities against S. aureus MTCC 3160
and S. aureus MTCC 25923 species.
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