
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
https://doi.org/10.14233/ajchem.2018.21146

INTRODUCTION

Schiff bases are the versatile ligands which are synthesized
by the condensation of an amino compound with carbonyl
compounds. These compounds and their metal complexes are
very important as catalysts in various biological systems,
polymers, dyes, medicinal and pharmaceutical fields [1,2].
Schiff bases have been widely explored for industrial appli-
cations. These have been used as corrosion inhibitor [3], in
electrochemical sensors [4], in non-linear optical devices [5]
and as an electroluminescent material [6], etc., Especially,
Schiff bases with nitrogen and oxygen donor atoms play impor-
tant role in biological systems and represent interesting models
for metalloenzymes, which efficiently catalyze the reduction
of dinitrogen and dioxygen [7].

In this study, we have synthesized ligands 2-[(2-hydroxy-
3-methoxybenzylidene)amino]benzoic acid (L1) from o-vanillin
and 2-aminobenzoic acid and 2-[(2-hydroxybenzylidene)-
amino]benzoic acid (L2) from salicylaldehyde and 2-amino
benzoic acid. Copper(II) complexes of these ligands were synthe-
sized and characterized by colorimetry, thin-layer chromato-
graphy, IR, 1H NMR, UV, molar conductance and magnetic
susceptibility measurements. The in vitro antimicrobial activity
of the free Schiff bases and its Cu(II) complexes were also
investigated.

EXPERIMENTAL

The reagents such as o-vanillin, salicylaldehyde, 2-amino-
benzoic acid, copper(II)chloride dihydrate and the solvents
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like DMSO, DMF were purchased from commercial sources
and were used as such. The commercially available ethanol was
dried over anhydrous quicklime for 24 h, filtered and distilled
before use. The molar conductivity of complexes isolated was
measured in 10-3 M solutions of Cu(II) complexes in dimethyl
formamide (DMF) using a elico conductivity bridge and a dip
type conductivity cell.

Melting points of ligands and Cu(II) complexes were
determined by using the finely powdered sample in a fused
glass capillary using Elico melting point apparatus. The IR
spectra of the free Schiff bases and its Cu(II) complexes were
recorded using KBr pellets on Perkin Elmer RXI spectrometer
in the region 4000-400 cm–1. The electronic spectra of ligands
and complexes in UV-visible region of 190 to 1110 nm were
taken using Perkin Elmer Lambda 35 spectrometer provided
with quartz cells. The magnetic susceptibility of complex at
room temperature was measured by Gouy method using PICO
K11 GAUSS Gouy balance. Proton NMR spectra was taken
for ligands and complexes using the instrument, Bruker 400
MHz FT-PMR spectrometer. Electrochemical cyclic volta-
mmetry studies for ligands and complexes were carried out
on Princeton applied Research-Multichannel Versa STAT-II.
The room temperature EPR spectra of powdered samples were
recorded at 9450 MHz. The antimicrobial studies of the Schiff
bases and complexes were carried out by disc diffusion method
in Periyar College of Pharmaceutical Sciences, Tiruchirappalli,
India.

Synthesis of Schiff bases: The Schiff base ligand 2-[(2-
hydroxy-3-methoxybenzylidene)amino]benzoic acid (L1) was



synthesized by the condensation of o-vanillin (0.01 M, 1.52 g)
with 2-amino benzoic acid (0.01 M, 1.367 g) in ethanol. The
mixture was magnetically stirred for about 1 h. The resulting
solution was evaporated to remove the solvent and cooled at
room temperature. The product formed (yield = 75 %) was
collected by filtration, washed several times with ether and
recrystallized from hot ethanol. The melting point of the brick
red coloured compound obtained was found to be 99 °C.

Similarly, ligand 2-[(2-hydroxybenzylidene)amino]benzoic
acid (L2) was synthesized by dissolving salicylaldehyde (0.01
M, 1.23 g) and 2-amino benzoic acid (0.01 M, 1.367 g) in ethanol.
The above same procedure was followed for the synthesis of
ligand L2. The orange coloured compound was obtained (yield
= 70 %). Melting point of this compound was found to be
190 °C. Purity of both Schiff bases have been tested with thin-
layer chromatography.

Synthesis of Schiff base coper(II) complexes: Copper
complexes of ligands L1 and L2 were synthesized by mixing
the warm ethanolic solution of the respective ligands (0.002
M) and the ethanolic solution of copper(II) chloride (0.3410
g). The resul-ting reaction mixture was refluxed for 6 h on a
water bath. Copper(II) complex with ligand L1 was obtained
by leaving the mixture for evaporation of the solvent, the nut
brown coloured solid (yield = 79 %) was then filtered and
washed thoroughly with ether. The melting point of this
complex was noted to be 122 °C. When ligand L2 was refluxed
with the ethanolic solution of copper(II) chloride, olive green
coloured solid (yield = 71 %) was obtained with melting point
181 °C. These complexes were then dried in a desiccator over
calcium chloride. Purity of both complexes have been tested
with thin-layer chromatography.

RESULTS AND DISCUSSION

Both complexes are stable at room temperature and
soluble in DMSO and DMF, whereas insoluble in ether. The
summary of physical properties of the Schiff base ligands and
their complexes are given in Table-1.

Molar conductance: The molar conductance of Cu(II)
complexes were measured and the obtained values (Table-1)
revealed the presence of a non-electrolytic and neutral nature.
It is obvious from these data that complexes are non-ionic in
nature.

Infrared analysis of Schiff base and its complexes: For
ligand L1 (Fig. 1), band at 1602 cm–1 overlap of ν(C=O) and
ν(>C=N) stretching frequency; 1450 cm–1 ν(C-O) phenolic stret-
ching frequency; broad band at 3449 cm–1 hydrogen bonded
ν(O-H). In the IR spectrum of ligand L2 (Fig. 2), the band at 1617
cm–1 overlap of ν(C=O) and ν(>C=N) stretching frequency;
1457 cm–1 ν(C-O) phenolic stretching frequency; broad band
at 3435 cm–1 hydrogen bonded ν(O-H) [8].
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Fig. 1. IR spectrum of ligand L1 2-[(2-hydroxy-3-methoxybenzylidene)-
amino]benzoic acid
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Fig. 2. IR spectrum of ligand L2 2-[(2-hydroxybenzylidene)amino]benzoic
acid

The IR spectrum of Cu(II) complex with ligand L1 consist
the following bands. The azomethine ν(>C=N) band of ligand
L2, shifted to lower frequency and obtained at 1597 cm–1,
suggests the coordination of N atom of azomethine group with
the metal ion. The azomethine ν(>C=O) band of ligand L2,
shifted to lower frequency region and observed at 1487 cm–1,
it indicates the involvement of oxygen atom of carboxyl group
of –COOH in bonding with the metal ion after deprotonation.
The phenolic ν(C-O) stretching frequency shifted to lower fre-
quency, seen at 1442 cm–1 and is indicative of bonding through
phenolic oxygen. The non-ligand bands at 427 and 743 cm–1

have been assigned to ν(Cu-N) and ν(Cu-O) stretching frequen-
cies, respectively. It supports the involvement of N and O atoms
on complexation with Cu(II) metal ion. The coordination of
water molecules is indicated by the presence of broad band in
the region 3300-3000 cm–1.

In the IR spectrum of complex of Cu(II) with ligand L2,
the stretching frequency of ν(C=O) and ν(>C=N) of ligand L1

shifts to lower frequency and observed at 1598 and 1440 cm–1,
respectively. It suggests the coordination of N atom of azome-
thine group and O atom of carbonyl group after deprotonation

TABLE-1  
PHYSICAL CHARACTERISTICS AND ANALYTICAL DATA OF SCHIFF BASES AND COPPER(II) COMPLEXES 

Compound m.f. Colour m.p. (°C)  
(Decomposition temperature) 

Molar conductance × 10-3 
(Ohm-1 cm2 mol-1) 

Ligand (L1) C15H13NO4 Brick red 99 – 
Ligand (L2) C14H11NO3 Orange 190 – 
[Cu(L1-2H)(H2O)3]·H2O C15H19NO8Cu Nut brown 122 6.0 
[Cu(L2-2H)(H2O)3]·H2O C14H16NO7Cu Olive green 181 5.0 
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to the metal ion. The phenolic ν(C-O) stretching frequency is
seen at 1394 cm–1. The new bands at 456 and 758 cm–1 which are
not present in the L1 spectrum corresponds to ν(Cu-N) and
ν(Cu-O). A broad band is obtained at 3200-3000 cm–1 indicates
the coordination of water molecules [9].

Electronic spectral and magnetic susceptibility: The
electronic spectra of ligand (L1) shows three bands at 276 nm
(36323 cm–1) corresponds to π→π*, while 315 nm (31746
cm–1) and 356 nm (280901 cm–1) corresponds to n→n* transi-
tion. Likely, the electronic spectra of ligand (L2) shows two
bands at 275 nm (36364 cm–1) may be assigned to π→π* and
another band at 331 nm (30211 cm–1) attributed to n→n* [10].

The electronic spectrum of hexa-coordinate complex of
Cu(II) with ligand L1, gives three absorption bands at 267.40
nm (37453 cm–1), 326.69 nm (30581 cm–1) and 419.20 nm
(23866 cm–1). The bands observed may be assigned to intra ligand
charge transfer, Cu→L charge transfer [11] and 2Eg→2T2g

transitions [12], respectively. The magnetic susceptibility value
lie at 1.48 BM, which is attributed to distorted octahedral
geometry of complex.

The magnetic susceptibility measurement of complex of
Cu(II) with L2 lie at 1.35 BM indicating a distorted octahedral
geometry. The electronic spectrum of this complex displays three
bands at 261.18 nm (38314 cm–1), 294.69 nm (33898 cm–1) and
411.80 nm (24272 cm–1). These bands are assigned intra ligand
charge transfer, Cu→L charge transfer and 2Eg→2T2g transitions
[13], respectively.

1H NMR spectra: The 1H NMR spectrum of ligand (L1)
(Fig. 3), shows a signal at δ 3.95 ppm and a strong signal is
observed at δ 11.13 ppm corresponding to –OCH3 and hydroxyl
group of –COOH group [14], respectively, the peak at δ 9.92
ppm is attributed to phenolic –OH group present in ligand
[15], the signal at δ 8.85 ppm is assigned to (-CH=N-) proton
and the signals for the protons of the phenyl group attached to
ligand is observed are observed the range δ = 7.00-8.25 corres-
ponds to seven protons [16]. Likely, in the 1H NMR spectrum
of ligand (L2) (Fig. 4), a strong signal is observed at δ 11.13
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Fig. 3. 1H NMR spectrum of ligand (L1) 2-[(2-hydroxy-3-methoxybenzy-
lidene)amino]benzoic acid

N

HO

O

OH

H

9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 ppm

7.
88

9
87

2
70

9
68

6
66

1
63

9
54

4
52

5
50

7
41

6

7. 7. 7. 7. 7. 7. 7. 7. 7. 7.
24

1
22

3
20

4
7. 7. 7.

01
8

6.
99

7
97

8
96

7
95

8

6. 6. 6. 6.
75

5
6.

73
4

6.
52

6
6.

50
7

6.
48

9

0.
68

0.
67

2.
58

1.
05

1.
54

1.
08

3.
14

1.
04

1.
00

Fig. 4. 1H NMR spectrum of ligand (L2) 2-[(2-hydroxybenzylidene)amino]-
benzoic acid

ppm corresponding to the hydroxyl proton of –COOH proton
[12], the peak at δ 10.27 ppm is attributed to phenolic –OH
proton [13], the signal at δ 8.86 ppm is assigned to (-CH=N-)
proton and the signals observed in the range δ = 7.02-7.81
ppm corresponds to eight protons of aromatic ring [16].

In 1H NMR spectrum of complexes of Cu(II), absence of
the peaks in the region δ 10.0 ppm and δ 11.0 ppm, indicates
the removal of protons from phenolic –OH group and carbo-
xylic –COOH group and the involvement in bonding. The peak
at δ 8.8 ppm in ligands is shifted to downfield, it outlines the
participation of this group in complexation. From the data, it
can be evident that bonding of Cu(II) with ligands L1 and L2

is through the phenolic oxygen, carboxylate oxygen and
azomethine group [14].

Cyclic voltammetry: In the cyclic voltammogram of complex
1, the peak to peak separation (∆Ep) is 250 mV and the ratio of
anodic to cathodic current (ipa/ipc) is less than unity which
confirmes the quasi reversible redox process. This complex also
shows one irreversible peak in the oxidative response with
Epa 0.10 V. For complex 2, the peak to peak separation (∆Ep)
is 100 mV and the ratio of anodic to cathodic current (ipa/ipc)
is 2.4 and the cathodic peak current is not equal to the anodic
peak current. This indicates the irreversible nature of the
electron transfer process [17].

EPR spectra: Both parallel and perpendicular features
of copper are resolved in the EPR spectra and were calculated
as 2.22 and 2.04, respectively. The g value of both Cu(II) comp-
lexes are found near to be 2.10, confirming the presence of
unpaired electrons in the dx2-y2 orbital of Cu(II). The g value
suggest an octahedral arrangement around Cu(II) complexes.
The g value of these complexes were less than 2.3 and it indi-
cates the covalent nature of the M-L bond [10].

Based on the above spectral analysis, the structure of the
Schiff base copper(II) complexes are as follows:
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Structure of complex 2 Cu(II) complex of L2

Antimicrobial activity: Antibacterial and antifungal
activity of the Schiff bases and their complexes have been
tested by disc diffusion technique. The Gram-positive bacteria
Staphylococcus aureus, Gram-negative bacteria Klebsiella
aerogenes and fungi Aspergillus niger are used to find out the
antimicrobial activity. The results were compared with standard
drug ciprofloxacin and nystatin for the bacteria and fungi,
respectively. The new complexes showed remarkable biolo-
gical activities against bacteria and fungi as indicated in Table-2.

TABLE-2 
ANTIMICROBIAL ACTIVITY OF SCHIFF  

BASES AND ITS Cu(II) COMPLEXES 

Antimicrobial activity 
Microorganisms 

L1 L2 A B 
Staphylococccus aureus ++ ++ +++ +++ 
Klebsiella aerogenes ++ ++ +++ +++ 
Aspergillus niger ++ ++ ++ +++ 
A = [Cu(L1-2H)(H2O)3]·H2O; B = [Cu(L2-2H)(H2O)3]·H2O 

 
Hence it is evident that overall potency of uncoordinated

compound is enhanced on coordination with metal ion. Thus
both the copper(II) complexes were observed to be more active
against Staphylococccus aureus and Klebsiella aerogenes.
Complex of Cu(II) with the Schiff base ligand L2 is found to
be slightly more active than that of complex with ligand L1

against Aspergillus niger.

Conclusion

The free Schiff base ligands L1, L2 and Cu(II) complexes of
both ligands have been structurally characterized. Based on
the above results, both the Schiff bases are tridentative in nature

and complexes are said to have a distorted octahedral structure.
Ligands and its copper(II) complexes have been screened against
both Gram-positive and Gram-negative bacteria and fungal
pathogens. The ability of complexes to show more antibacterial
and antifungal activity than ligands suggests that it can be
potentially used to control the bacterial and fungal species.
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