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ABSTRACT

We synthesized a new Schiff base ligand by condensation reaction of 4-dimethylaminobenzaldehyde and 1,3-phenylenediamine.
Treatment of this Schiff base ligand with Zinc(II) nitrate and Cadmium(II) nitrate in ethanol medium afforded the corresponding
metal complexes. The synthesized ligand and complexes were characterized by their UV-Vis, FT-IR and 1H-NMR, 13C-NMR
spectral data and elemental analysis. The spectral data suggest an octahedral geometry for these complexes. Antibacterial activities of both synthesized free ligand and complexes were investigated against Escherichia coli, Staphylococcus aureus, and Bacillus
subtilis bacteria. The complexes showed better antibacterial activity in comparison with that of the free ligand against selective
bacteria.
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1. Introduction
A significant increase in the rate of mortality of people exposed
to infectious diseases is very important and a concerning issue.
The main reason of such diseases is bacteria that are extremely
resistant to different antibiotics. The development of resistance
of microorganism to antibiotics may be due to the following
reasons: a) intrinsic or natural whereby there is no site for the
drugs to bind there or the permeability against the drug is low, so
the drug cannot affect the microorganism, b) the microorganism
acquire resistance in order to not to be affected by the drug.1–3
The lack of effective treatments is the main cause of this issue.
Hence, development of new antibacterial agents with novel
and more efficient mechanisms of action is definitely an urgent
medical need.
Metal chelaters are among materials with antimicrobial activity that is based on chelation theory. The biochemical activity of
bioactive species can be improved by chelation. Chelation
reduces the polarity of the metal ion because of overlapping of
the ligand orbital and partial sharing of the positive charge of the
metal ion.4,5 Consequently, the complex may penetrate into the
lipid membranes which may disable the enzymes of microorganisms by blocking their metal binding sites. Moreover, such
complexes frustrate the respiration of the cell and as a result the
growth of the organism is restricted by disturbing the protein
synthesis.6 The effect mechanism of antimicrobial agents is
dependent on two factors: a) the bacteria’s structure; b) the function affected by the agent which these two factors are as follow:
1) Obstruction of ribosome function folate metabolism and
nucleic acid synthesis.
2) Blockage of cell membrane function, and cell wall synthesis.
Schiff base complexes are effective metal chelates that can be
used as antibacterial agents against Staphylococcus aureus, Esche* To whom correspondence should be addressed. E-mail: l.kafiahmadi@urmia.ac.ir

richia coli, and Bacillus subtilis. Condensation of a primary amine
with a ketone or an aldehyde, leads to the synthesis of Schiff
bases. Structurally, when the carbonyl group of an aldehyde or
ketone is replaced with an imine or azomethine group, the
compound is called a Schiff base.7 Schiff base ligands are readily
synthesized and they form complexes with some metal ions that
are used as catalysts in different reactions such as polymerization, oxidation reactions, reduction of ketones, aldol, Diels-Alder
and Henry reactions, epoxidation of alkenes and hydrosilylation
of ketones.8,9 The characteristics, quantity and the position of
donor atoms of a Schiff base ligand play a critical role on controlling the number of the metal ions within homo and heteropoly
nuclear complexes and also stereochemistry of the metallic
centres.10 Schiff base complexes are used in oxygen storage
devices,11 molecular architectures,12 lasers,13 OLED applications,14 transistors15 and fluorescent sensors.16 Furthermore, their
biological applications such as antibacterial,17 antifungal,18
anticancer,19 antioxidant,20 anti-inflammatory,21 antimalarial,22
antiviral activity,23 are reported recently. Biological activity of
Schiff bases are due to the azomethine linkage. Complexes with
metal ions such as Cu(II), Co(II), Fe(II) and Zn(II) with octahedral coordination have exhibited significant physicochemical
and biological properties.24 Zinc metal with Schiff base complexes show good photoluminescent (PL) and electroluminescent properties.25
Luminescence properties of Zn(II) complexes are related to the
organic ligand rather than ligand metal charge transfer since the
shell of central ion is completely filled.16 Molecular structures,
degree of conjugation, and substitutes of ligands have a large
effect on PL characteristics of Zn-Schiff base complexes.25
Herein, we have reported the synthesis of new bidentate
ligands by a simple condensation of 4-dimethylaminobenzaldehyde and 1,3-phenylenediamine to yield N,N’-bis(4-
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dimethylamino benzylidene)benzene-1,3-diamine as new
Schiff base ligand and the corresponding complex with Zn(II),
Cd(II) ions. The ligand and complexes were characterized by
their FT-IR, UV-Vis and 1H-NMR spectral data and elemental
analysis. The antibacterial activities of both Schiff base and its
complexes were measured.
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for 3 h on a waterbath. The purity of the complex was confirmed
by TLC. The obtained solution was left to cool to room temperature, then the precipitate was filtered, washed many times with
ethanol and then left to get dry at room temperature (Scheme 2).
The physical properties of complexes is tabulated in Table 2.
Endeavours to grow appropriate crystals for single crystal
diffraction investigation were not successful.

2. Experimental
2.1. Materials and Methods
All materials were used in high purification purchased from
Merck Co. The FT-IR analyses were conducted with Nexus 670,
Thermo Nicolet (USA model) FT-IR spectrophotometer. The
UV-Vis spectra were obtained with a UK model UV-Vis spectrophotometer. UV-Vis electronic absorption spectrum was measured in the 200–800 nm wavelength range. The melting point of
compounds was measured by electrothermal melting point
apparatus model BÜCHI 510. The conductometric measurement was carried out with a SELECTA LAB 901 conductometer.
CHNS analysis was performed with an ‘ElementaryVario EL III’
elemental analyzer. 1H and 13C NMR spectra were recorded on
a Bruker Avance AQC (Bruker Crop., Billerica, MA) 300 MHz
spectrometer and 75.5 MHz, respectively. Chemical shifts were
measured in DMSO-d6 as solvent with reference to TMS as the
internal standard. Mass spectra of all compounds were recorded
using Shimadzu LCMS-2010A.
2.2. Synthesis of N,N’-bis(4-dimethylaminobenzylidene)
benzene-1,3-diamine as New Schiff Base Ligand
108 mg (1 mmol) of 1,3-phenylenediamine in ethanol (20 mL)
was added to a stirring solution of 4-dimethylaminobenzaldehyde (298 mg, 2 mmol) in hot ethanol (20 mL). The resultant
mixture was heated under reflux for 24 h with continuous
stirring and consequently, a yellow precipitate was formed
(Scheme 1). The purity of the ligand was confirmed by TLC
(using Ethylacetate:hexane / 3:2 as eluents, Rf = 0.57). The
obtained precipitate was filtered, rinsed with distilled water,
ethanol and dried at room temperature.
The physical properties of ligand are shown in Table 1 which
are closely matching with the amounts calculated by the
suggested formula. Moreover, the melting points calculated are
sharp which indicate the purity of the synthesized ligand.
2.3. Synthesis of Schiff Base Complexes with Zn(II), Cd(II)
Ions
A mixture of the Schiff base (2 mmol) under investigation in
25 mL ethanol and the same amount of the same solvent of metal
salt (Zn(NO3)2.6H2O and Cd(NO3)2.4H2O, 1 mmol) were refluxed

2.4. Investigation of Antibacterial Activity
The diffusion method is a simple method that is commonly
used in hospital laboratories to determine the antibacterial activity of various components that was used in this paper as well. In
this method, some disks in the agar medium containing 2 % of
glucose are used which the diameter of inhibited zone is visually
read 18 h after incubation at temperature of 37 °C. Consequently,
antibacterial activity is estimated by investigating the size of the
zone of inhibition formed around the paper disks on the seeded
agar plates. Ampicillin was used as a positive control.26
3. Results and Discussion
3.1. Conductance Measurements
Geometrical structures of the complexes were investigated
with molar conductivity. Molar conductance (LM) of 10–3 M
ethanol solution of the complexes were determined. The values
for the Zn(II), Cd(II) were 119.9 and 130.6 W–1 cm2 mol–1, respectively, consistent with 1:2 electrolytes.27,28
3.2. FT-IR Spectra
In the absence of a powerful technique such as X-ray crystallography, IR spectrum is the most suitable technique to obtain
information in order to be able to elucidate the nature of bonding of the ligand to the metal ion. In the FT-IR spectra of ligand, a
band at 1600 cm–1 is due to the C=N stretching vibration.29 There
is no peak related to unreacted primary amines or carbonyl
groups. On complex formation, the IR band due to azomethine
group shifts to the lower wave number (1580 cm-1 for Zn(II)
complex and 1590 cm-1 for Cd(II) complex) which indicates that
the nitrogen atom of azomethine groups are coordinated to the
metal atom.30 The broad bands at approximately 3400 cm–1 for
the complexes, along with a new band at 900 cm–1, indicate the
presence of coordinated water.31 However, the band appearing
at 475 and 483 cm–1 are due to M-N vibration in Zn(II), Cd(II)
complexes, respectively.32
3.3. Electronic Spectra
The electronic spectra of the Schiff base ligand and Zn(II),
Cd(II) complexes in 5 × 10–5 methanol solution at room tempera-

Scheme 1
Synthesis route of new Schiff base ligand.
Table 1 Physical data of the prepared ligand.
Molecular formula

C24H26N4

Molecular weight
/g mol–1

Yield/%

370

65

Colour

Yellow

M.p./°C

147

Elemental analysis found (Calcd.)
C /%

H/%

N/%

77.41 (77.83)

7.07 (7.02)

15.01 (15.13)
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spectra of complex with a shift to lower wavelength, indicating
that the ligand is coordinated to metal centre.33 Zn(II), Cd(II)
complexes were diamagnetic as expected for d10 ions, so that
no (d–d) transition can be expected in the visible region.34
3.4. 1H NMR Spectral Studies
The data of 1H-NMR spectra of ligand and Zn(II), Cd(II) complexes are shown in Table 4 were measured in DMSO-d6 using
TMS as an internal reference. The DMSO-d6 shows two impurities signals, one due to non-deuterated d-LC = 2.49 signals and
water present in the solvent d-LC = 3.31 ppm.35,36
A singlet at d-LC = 8.46 ppm is assigned to the presence of
azomethine proton.37 The peak at d-LC = 3.03 ppm attributed to
NMe2 group in Schiff base ligand.38 Also, the 1H-NMR spectrum
of ligand displayed signals located at d-LC = 6.75–7.76 ppm
attributed to chemical shifts of aromatic protons.30
(Also 13C-NMR spectrum of ligand shown in supplementary
information). In the Zn(II), Cd(II) complexes, the azomethine
proton signal of ligand is shifted slightly to low field during the
chelation process confirming the bonding of this group with
metal ions through azomethine nitrogen. Also, the new peaks
observed at d-LC = 2.03 and d-LC = 2.08 ppm (for Zn(II) complex) and d-LC = 2.04 and d-LC = 2.08 ppm (for Cd(II) complex)
may be specified to coordinated water molecules.4,39
3.5. Mass Spectra of the Compounds
The ESI–mass spectra were measured to confirm the composition and the purity of the complexes and ligands under
investigation (Table 5). The obtained mass spectra showed
molecular ion peaks which were matching with the expected
values.

Scheme 2
Suggested structure of Zn(II), Cd(II) Schiff base complexes.

ture and resulting data are shown in Table 3. The UV-Visible
spectrum of ligand showed three bands at 214, 238 and 364 nm,
of which the former two bands are because of the p–p* transitions within the aromatic ring and the third band is due to the
n–p* transitions of azomethine group and also observed in the

3.6. Antibacterial Activity of Ligand and Complex in
Agar Medium
Ampicillin26 was used as a standard to study the antibacterial
activity of prepared complex. The results are shown in Table 6.

Table 2 Physical data of the prepared complexes.
Molecular formula

Molecular weight
/g mol–1

Yield/%

966.44
1012.41

90
85

[Zn(C24H26N4)2(H2O)2].(NO3)2
[Cd(C24H26N4)2(H2O)2].(NO3)2

Colour

Dark brown
Brown

M.p./°C

R f*

280 (Dec.)
300 (Dec.)

0.67
0.79

Elemental analysis found (Calcd.)
C/%

H/%

N/%

59.31 (59.66)
56.47 (56.89)

5.43 (5.80)
5.33 (5.53)

14.39 (14.50)
13.65 (13.82)

* Ethylacetate : hexane / 3:2 as eluents.

Table 3 Electronic spectra in ethanol solvent for the prepared ligand and
its Zn(II), Cd(II) complexes.
Compound
Ligand
Zn(II) complex
Cd(II) complex

Absorption

Assignment

214, 238, 364
212, 230, 312
212, 246, 349, 442

p–p*, p–p*, n–p*
p–p*, p–p*, n–p*
p–p*, p–p*, n–p*, LMCT

Table 4 1H-NMR spectra of ligand, Zn(II) and Cd(II) complexes.
Chemical shifts d-LC/ppm
Compound
Ligand
Zn(II) complex
Cd(II) complex

CH=N

C-H aromatic

NMe2

Coordinated H2O

8.46
8.61
8.73

6.76–7.76
6.81–7.83
6.89–7.96

3.00–3.03
3.03–3.06
3.06–3.08

–
2.03, 2.08
2.04, 2.08
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Table 5 Mass spectral data of Schiff base ligands and their metal complexes.
Peak assigned

Obtained mass

Cal. mass

370
967
1012

370
966
1012

[M]+
[M+1]+
[M]+

Compound
Ligand
Zn(II) complex
Cd(II) complex

Table 6 Antibacterial activity of ligand and Zn(II) complex.
Compound (5 mg L–1)

Ligand
Zn(II) complex (Zone of inhibition diameter)
Cd(II) complex (Zone of inhibition diameter)
Ampicillin

Escherichia coli
Mean ± RSD*

Staphylococcus aureus
Mean ± RSD*

Bacillus subtilis
Mean ± RSD*

11.7 ± 0.028 mm
18.5 ± 0.017 mm
16.8 ± 0.014 mm
21.2 ± 0.031 mm

13.1 ± 0.018 mm
17.7 ± 0.024 mm
19.6 ± 0.020 mm
22.4 ± 0.029 mm

16.4 ± 0.021 mm
21.1 ± 0.019 mm
23.6 ± 0.018 mm
30.6 ± 0.027 mm

*RSD (relative standard deviation).

The Schiff base and the complexes exhibited different antibacterial effects on the growth of the bacterial species. The activities of
the metal complexes are found to be more as compared to the
ligand that it may be related to the effect of the metal ion in the
normal cellular process. Furthermore, the data show that Escherichia coli and Staphylococcus aureus were inhibited in a greater
degree by the Zn(II) and Cd(II) complexes, respectively. Therefore, the complexes may be used as potential drugs with antibacterial activity after carrying out further researches on them.
4. Conclusions
In this paper, new Schiff base ligand obtained by condensation
reaction of 4-dimethylaminobenzaldehyde and 1,3-phenylenediamine give new N,N’-bis(4-dimethylamino benzylidene)benzene-1,3-diamine which is characterized by the spectral analysis.
The reaction of the ligand with hydrated nitrate salts of Zn(II)
and Cd(II) give the respective metal complexes in almost quantitative yields. From the analytical and spectral data, the ligand
is found to coordinate to the metal ions through nitrogen atoms
and acts as a bidentate ligand. According to the elemental analysis and analytical data, an octahedral geometry has been
proposed for the complexes. Also, the ligand and complexes
were tested in order to investigate their antibacterial effect on
some hazardous bacterial such as Escherichia coli, Staphylococcus
aureus, and Bacillus subtilis. The complexes exhibited sufficient
biological activity which confirms that these compounds possess
antibacterial effects.
Supplementary Material
Supplementary information is provided in the online supplement.
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Figure 1. FT-IR spectra of ligand (a), Zn(II) complex (b) and Cd(II) complex (c).
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Figure 2. UV-Vis spectra of ligand (a), Zn(II) complex (b), and Cd(II) complex (c).
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Figure 3. 1H NMR spectra of ligand (a), and Zn(II) complex (b), and Cd(II) complex (c).
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Figure 4. Mass spectra of ligand (a), and Zn(II) complex (b), and Cd(II) complex (c)
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Figure 5.

13

C NMR spectrum of ligand.
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Figure 1. FT-IR spectra of ligand (a), Zn(II) complex (b) and Cd(II) complex (c).
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Figure 2. UV-Vis spectra of ligand (a), Zn(II) complex (b), Cd(II) complex (c).
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Figure 3. 1H NMR spectra of ligand (a), Zn(II) complex (b), and Cd(II) complex (c).
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Figure 4. Mass spectra of ligand (a), Zn(II) complex (b), and Cd(II) complex (c).
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Figure 5. 13C NMR spectrum of ligand.
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