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_____________________________________________________________________________ 
ABSTRACT 
A new Schiff base ligand 2-((E)-((Z)-2-(4-Chlorophenylimino)indole-3-ylidene)amino)phenol (L) was 
synthesized from isatin, 2-aminophenol and 4-chloroaniline. Then its Ni(II), Co(II), Mn(II) and Cu(II) 
complexes where synthesized by reacting 2:1 ratio of ligand and metal(II) acetate salts. The Synthesized 
Schiff base ligand and its metal complexes have been characterized by elemental analysis, IR, UV-Vis 
spectra, 1H-NMR and cyclic Voltametry studies. The synthesized Schiff base and their transition metal 
complexes have been screened for their antibacterial activity against E. coli, S. typhi; the complexes show 
enhanced activity than their corresponding ligand. Furthermore, the antioxidant activity of the ligand and 
its M(II) complexes was determined by DPPH radical scavenging method, which indicates that the 
synthesized complexes exhibit more effective antioxidant activity than the ligand alone. 
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______________________________________________________________________________ 

 
INTRODUCTION 

 
Schiff base form stable complexes with most of the transition metals and hence have played an important 
role in the development of coordination chemistry [1]. One of the most important achievements realized in 
the last century in the field of life-sciences was the finding of some bio metals that play important role in 
the regulation and control of essential biological and physiological processes. Most commonly the 
transition metals such as iron, copper, cobalt, nickel, etc act as bio metals [2]. The synthetic versatility of 
isatin has led to an extensive use of this compound in organic synthesis [3]. Many coordination compounds 
of transition metals with isatin derivatives show greater activity than the ligands alone. During the past 
decades, considerable attention has been paid to the chemistry of the metal complexes of Schiff bases 
containing nitrogen and other donors. This may be attributed to their stability, biological activity [4] and 
potential applications in many fields such as oxidation catalysis [5], electrochemistry [6].  Based on the 
above mentioned properties for Schiff bases, we reported herein the synthesis and spectroscopic studies of 
a Schiff base derived from isatin and their metal complexes. 
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MATERIALS AND METHODS 
 

The infrared spectrum of the ligands and its complexes were recorded with KBr-pellets on Bruker-Vector 
FT-IR Spectrometer operating between 400-4000 cm-1. The electronic spectra were recorded on a Perkin 
Elmer Lambda-25 UV/Vis spectrometer. Molar conductance of the complexes was measured in DMSO 
(10-3 M) solutions using a coronation digital conductivity meter. Magnetic susceptibility measurements 
were carried out by employing the Gouy method at room temperature. 1H NMR signals were obtained 
from Bruker Avance III, 400 MHz model spectrometer. CHI instrument model 680 was used for recording 
the cyclic voltametry of the ligand and its complexes, with DMF as solvent and 0.1 M TBAP as supporting 
electrolyte. A three-electrode configuration was used viz., platinum working and counter electrode and 
SCE reference electrode. 
  
Synthesis of Schiff base ligand: The ligand (L) was prepared by the drop wise addition of a solution of 
isatin (1.4713 g) in methanol (20 ml), to a solution of a 2-aminophenol (1.0913 g) in methanol (20 ml). 
After this addition was completed, 4-chloroaniline was added slowly with constant stirring. Then the 
resulting mixture was refluxed for 4 hr. It is then allowed to cool for an hour. A brown coloured solid 
separated was filtered off, washed with ethanol, air dried and the purity of the ligand was checked by TLC. 
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Fig.1 Synthesis of Schiff base ligand 

 

Preparation of Complexes: A methanolic solution of ligand was added with a solution of metal acetate 
salts (M(COOCH3)2 .nH2O; M=Mn, Co, Ni, Cu) in methanol with constant stirring. The mixture was 
refluxed for 5 hr. On cooling the solution, the solid settled was filtered off with cold methanol and dried. 
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Fig.2 Synthesis of Schiff base metal complexes 

In vitro antibacterial activity: Antibacterial activity of the ligand and their complexes were tested against 
the bacterial species like Staphylococcus aureus and Escherichia coli by paper disc method [7]. The tested 
organisms were grown on nutrient agar medium in Petri plates. The compounds (50 and 100 µg mL-1) were 
prepared in DMSO and soaked in filter paper disc of 5 mm diameter [8]. The inhibition zone around each 
disc was measured after 24 h for bacteria. 
Antioxidant activity 
DPPH (2,2-diphenyl-1-picryl-hydrazyl) Radical scavenging activity (RSA) evaluation: It is a standard 
assay in antioxidant activity studies and offers a rapid technique for screening the radical scavenging 
activity of specific compounds like complexes, extracts etc.,. DPPH is a stable free radical that can accept 
an electron or hydrogen radical and get converted to a stable, diamagnetic molecule. DPPH shows a strong 
absorption band at 517 nm due to odd electron present in it. When this electron becomes paired off, the 
absorption decreases with respect to the uptake of number of electrons or hydrogen atoms. Such a change 
in the absorbance by this reaction has been extensively adopted to test the capacity of several molecules to 
act as free radical scavengers. Hence, more rapidly the absorbance decrease, the more potent is the 
antioxidant activity of the compound. The free radical scavenging effects of Schiff base and their 
complexes with the DPPH radical were evaluated under the same condition. Various concentrations (200-
1000 μg mL-1) of the test complexes in 1mL DMF were added to 4 mL of 0.004 % (w/v) methanol solution 
of DPPH. After 30 min incubation period at room temperature, the absorbance was measured against blank 
at 517 nm. This absorption depends on the hydrogen atom or electron donation ability of the complexes in 
methanolic solution of DPPH. The percent of inhibition (I %) of free radical production from DPPH was 
calculated by using the following equation. 

% inhibition =  1 -  Asample
                                A control

x100
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RESULTS AND DISCUSSION 

The analytical and physical data of the ligand and metal complexes are depicted in table 1. The complexes 
gave satisfactory analytical data indicating 1:2 metal-to-ligand stoichiometry for all complexes.  

 

Table.1. Elemental analysis data and some physical properties of the Schiff base and metal complexes 

Compounds Molecular 
formula 

Color Yield 
(%) 

M.pt 
(°C) 

Calcd.(Found) % 
C H N M Cl 

L C20H14ON3Cl Dark 
brown 

85 151 69.07 4.06 12.08 - 10.19 

[Ni(L)2] NiC40H26O2N6Cl2 Brown 65 >250 63.86 3.48 11.17 7.80 9.43 

[Co(L)2] CoC40H26O2N6Cl2 Red 65 >250 63.84 3.48 11.17 7.83 9.42 

[Mn(L)2] MnC40H26O2N6Cl2 Pale 
brown 

65 >250 64.18 3.50 11.23 7.34 9.47 

[Cu(L)2] CuC40H26O2N6Cl2 Brown 65 >250 63.45 3.46 11.10 8.39 9.37 

 
Conductivity measurements: The molar conductance of the metal complexes (10-3 M) in DMSO solvent 
were measured at room temperature and the results are listed in table 2. The values (3.44 - 7.95) showed 
that all the complexes are non electrolytic in nature [9]. 
 
Infrared spectroscopy: IR Spectra of the ligand and its complexes were recorded in order to find the 
binding nature of ligand in their corresponding complexes. The IR spectrum of ligand exhibits the 
stretching frequencies of the OH and NH bonds at 3364 cm-1and 3026 cm-1 respectively. The two 
azomethine stretching vibrations were observed around 1650 cm-1. The disappearance of OH frequency in 
complexes clearly shows the binding mode of the phenolic oxygen atom with the metal via deprotonation 
[10]. The decrement of stretching vibrations in complexes corresponds to the two C=N bonds from 1628 
cm-1 - 1609 cm-1 [11]. The appearance of new band ranges from 413-416 and 514-542 cm-1, which are 
assigned to ν(M-N) and ν(M-O), respectively [12]. This evidence supported the stretching frequency of the 
imine nitrogen and phenolic oxygen coordinated to metal ion. These observations suggest tridentate 
binding mode of the ligand through ONN donor atoms.  The infrared spectral data for the ligand and their 
metal complexes are summarized in table 2. 

Table.2. Infrared spectral and Molar Conductance data of Schiff base and its metal complexes 
 

 

 

 

 

 

1H NMR Spectra: The 1H NMR Schiff base was recorded in DMSO-d6 at room temperature. Three 
different type of protons were identified i) characteristic resonance due to azomethine proton in the Schiff 
base appears at 8.38 ppm was observed, ii) the signal at 10.62 ppm exhibits due to phenolic –OH protons 
and iii) the other signals in the region 6.59–7.39 ppm exhibits due to aromatic protons [13].  All these 
observations support the infrared conclusions. 

Compounds υ(C=N) 
cm-1 

υ(O-H) 
cm-1 

υ(C-N) 
cm-1 

υ(M-N) 
cm-1 

υ(M-O) 
cm-1

 

Λm (ohm-1 

cm2mol-1) 
L 1650 3364 1325 - - - 

[Ni(L)2] 1609 - 1393 414 514 7.95 
[Co(L)2] 1610 - 1399 413 516 3.44 
[Mn(L)2] 1686 - 1322 414 523 3.94 
[Cu(L)2] 1628 - 1271 416 542 5.17 
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Magnetic susceptibility and electronic spectral studies: The electronic absorption spectral data of the 
complexes in DMSO at room temperature are presented in table 3. The electronic spectra of ligand  shows 
two bands at 291 nm (34,364 cm-1)  and 353 nm (28,328 cm-1)  ranges are most probably due to π →π* and 
n →π* transition of the aromatic and imine groups [14]. The diffused reflectance spectrum of the nickel(II) 
complex exhibits a band at 697 nm (14,347 cm-1) which may be assigned to the 3A2g→3T2g, transition  and 
the room temperature magnetic moment value of 3.70 B.M. indicating that the Ni(II) complex is octahedral 
[15-16]. The electronic spectra of the Co(II) complex consists of a broad band at 734 nm (13,623 cm1) 
which may be assigned to the 4T1g(F) → 4T1g(P) respectively. The measurement of Co(II) complex display 
magnetic moment value of 4.54 B.M. which is in the octahedral range 4.40 to 4.54 B.M [17]. The room 
temperature magnetic moment of Mn(II) complex is 5.64 B.M. and is close to the spin only value for an 
octahedral Mn(II) ion corresponding to five unpaired electrons. The electronic spectra of Mn(II) complex 
exhibit two very low intense bands, at 676 nm (14,792 cm-1) which may rise due to 6A1g →4A1g(G) 
transition and the another band at 735 nm (13,605 cm-1) may be assigned to 6A1g →4A1g, 4Eg,(G) transition 
for Mn(II) ion in octahedral environment [18]. The reflectance spectrum of the Cu(II) complex gives two 
bands at 589, 781 nm (16,977 and 12,804 cm-1). These bands observed are assigned to the transitions 
2B1g→2Eg and 2B1g→2A1g, respectively. The magnetic moment 1.79 B.M. fits well in the region 1.73–2.20 
B.M. reported for the octahedral Cu(II) complexes [19]. The band at 412-436 nm (24271-22935 cm-1) and 
355-362 nm (28169-27624 cm-1) which attributed to ligand to metal charge transfer and n →π* transition 
of metal complexes. 

Table.3. Electronic spectral data (cm-1) of the Schiff base and its metal complexes 

Compounds π-π * n- π * LMCT d-d Geometry μeff B.M 
L 34364 28338 - - - - 

[Ni(L)2] 28169 - 23331 14347 Octahedral 3.70 
[Co(L)2] 33670 28089 24271 13623 Octahedral 4.54 
[Mn(L)2] 

 
41841, 
33444 

28168 23809 14792, 
13605 

Octahedral 5.64 

[Cu(L)2] 34722 27624 
 

22935 16977, 
12804 

Octahedral 2.70 

Electrochemical properties : Electrochemical behaviour of metal(II) complexes were studied by cyclic 
voltametry technique in DMSO containing 10-1 M tetra(n-butyl)ammonium perchlorate in the potential 
range 0 to -2 V and the electrochemical data are summarized in table 4. All the complexes show a single 
quasi-reversible one electron transfer reduction process in the negative potential region. The copper 
complex is redox active and show a cyclic voltamogram response in the negative potential range of -0.64 
to -1.32 V [20-21] assigned to the Cu(II)/Cu(I) couple [22]. It has been shown that the formal redox 
potential of Cu(II)/Cu(I) couple is dependent on factors such as coordination number, hard/soft nature of 
the ligands and bulkiness of the ligands [23]. The cobalt complex exhibit one electron quasi reversible 
transfer process with a peaks at Epa = -0.67 V, Epc = -1.4 V and ΔEp = 730 V. This gives evidence for 
quasi reversible Co(II)/Co(I) couple .The cyclic voltamogram of nickel complexes shows well defined 
redox process corresponding to the formation of the quasi-reversible Ni(II)/Ni(I) couple. The anodic peak 
at Epa = -0.68 V and the associated cathodic peak at Epc = -1.31V and ΔEp = -313.27 V corresponds to 
Ni(II)/Ni(I) couple [24-25]. The one electron cyclic response for manganese complexes was observed at 
Epc = -1.33 V, Epa = -0.66, and ΔEp = 629 V. corresponds to Mn(II)/Mn(I). 

Table 4. Electrochemical data (Negative potential) of Schiff base metal complexes 

Complexes Epc (V) Epa (V) E1/2 (V) ∆Ep (mV) 

[Ni(L)2] -1.31 -0.68 -0.97 629 
[Co(L)2] -1.40 -0.67 -1.03 730 
[Mn(L)2] -1.33 -0.66 -1.99 670 
[Cu(L)2] -1.32 -0.64 -0.98 680 
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APPLICATIONS 
 

Antibacterial study: The in vitro biological screening effects of the investigated compounds were tested 
against some bacterial species by the paper disc method. The antibacterial activities are given in table 5. 
The results shows that both the Schiff base ligand have moderate activity in the antibacterial species of S. 
aureus, E. coli. The antibacterial activity of all the complexes exhibited promising results than the ligand 
against all the test bacterial strains. The biological activity of the complexes follow the order: Cu(II) > 
Mn(II) > Ni(II) >Co(II). It is known that chelation tends act as more powerful and potent bactericidal 
agent [26]. This enhancement in the activity may be rationalized on the basis that ligands mainly possess 
C=N bond. It has been suggested that the ligands with nitrogen and oxygen donor atoms inhibit enzyme 
activity, since the enzymes which require these groups for their activity appear to be especially more 
susceptible to deactivation by metal ions on coordination. Moreover, coordination reduces the polarity of 
the metal ion essentially because of the partial sharing of its positive charge with the donor groups within 
the chelate ring system formed during coordination [27, 28]. It also shows that the activity increases with 
increase in concentration of the synthesized compounds. 
 

Table.5. Antibacterial activity of the Schiff base and its metal complexes 

 
Compounds 

Zone of inhibition (mm) 
Staphylococcus aureus Escherichia coli 

Concentrations (μg mL-1) 

50 100 50 100 

L 2 5 2 4 
[Ni(L)2] 5 11 4 9 
[Co(L)2] 4 9 3 7 
[Mn(L)2] 6 13 5 11 
[Cu(L)2] 8 17 10 12 

  
Fig 3. Antibacterial activity of the Schiff base and its metal complexes against Staphylococcus aureus 

(B=50 μg mL-1, C=100 μg mL-1) 
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Fig 4. Antibacterial activity of the Schiff base and its metal complexes against Escherichia coli (B=50 μg 

mL-1, C=100 μg mL-1) 
Antioxidant studies - DPPH radical: The scavenging of DPPH radicals is a convenient method used to 
evaluate the antioxidant properties of the Schiff and its metal complexes. The DPPH radicals are stable but 
in the presence of synthesized compounds capable of donating hydrogen atoms and the radical property is 
destroyed resulting in a colour change from purple to yellow. In this experiment, ascorbic acid is used as a 
standard for comparison. It was observed that the Schiff base and their complexes can indeed reduce the 
concentration of the initial DPPH radical in solution and this is taken as evidence of their antioxidant 
capabilities [29]. The inhibitory effect and IC50 values on DPPH radical are shown in fig.5and 6.  

 
 

Fig 5: DPPH Scavenging Activity of Schiff base and its Metal Complexes (B= Ascorbic acid; C=Ligand 
D= [Cu(L)2]; E= [Co(L)2]; F=[Ni(L)2]; G = [Mn(L)2] 
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Fig 6:  DPPH Scavenging Capacities (IC50) of Schiff base and its Metal Complexes 

  

CONCLUSIONS 
 

The synthesized new Schiff base and its metal complexes have been confirmed by the analytical data, IR, 
Electronic, 1H NMR, magnetic moment, molar conductance and electrochemical studies. These spectral 
studies confirm octahedral arrangement around the metal ion. The antibacterial activity results shows that 
all complexes have been found to be more effective than its ligand as the process of chelation dominantly 
affects the overall biological behaviour of the compounds.  
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