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ABSTRACT

A novel series of mixed ligand transition metal complexes of Cu(II), Zn(II), Ni(II) and Co(II) have 
been synthesized from the Schiff base ligand, 3-(naphthalen-1-ylimino)indolin-2-one (achieved by 
the condensation of isatin and naphthylamine) and 1, 10-phenonthroline. The structural features were 
corroborated by means of elemental analyses, molar conductance, IR, UV–Vis, 1H NMR and mass 
spectral studies. The data displays that these complexes have the composition of [MLX] type where X = 
1, 10-phenonthroline. The UV–Vis. and magnetic susceptibility data of the complexes suggest a square–
planar geometry around the central metal ion. The IR spectral data of the ligand exhibits the presence of 
iminic group and its complexes manifest that the imine group of the Schiff base coordinate with the metal 
ion and decreased value of carbonyl group indicates which coordinate to the metal. The proton NMR 
spectrum of the ligand shows the presence of imine group. The mass spectral data also confirms the metal 
complexes as [MLX] type. Molar conductance values of the complexes have been found in the range of 
5 - 14 ohm−1cm2mol−1, suggesting the non-electrolytic nature of the complexes. The antimicrobial study 
reveals that copper and cobalt complexes are better antimicrobial agents than the standard drug streptomycin 
and Nystatin. The copper and cobalt complexes exhibit remarkable antioxidant potential than the other 
complexes. The catalytic oxidation of styrene by H2O2 was carried out in acetonitrile in the presence of 
mixed ligand metal complex as catalyst. The result of the catalytic study reveals that the zinc complex 
effectively catalyses the oxidation of styrene.
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Heterocyclic compounds are widely distributed in nature and essential to many biochemical processes. 
These compounds have more attention for many reasons, chief among them are their biological activities. 
In recent decades, have seen the introduction of a number of pharmaceutical compounds which contain 
five, six, and seven-membered rings such as piperazines, piperidines, imidazoles, benzodiazepines and 
other heterocycles containing nitrogen, sulfur and oxygen. Compounds containing these heterocycles 
have important physiological properties ranging from anti-histamine, analgesic, anti-inflammatory, anti-
hypertensive and anti-cancer. Especially Isatin(indole-2, 3-dione) and its derivatives have been shown to 
exhibit a wide range of biological activities[1]. Isatin based Schiff base copper(II) complex is related to the 
antiviral drug, methisazone. A significant rising interest in the design of metal compounds as drugs and 
diagnostic agents is currently observed in the area of scientific inquiry appropriately termed medicinal 
inorganic chemistry[2,3]. Isatin is an endogenous compound, widely distributed in mammalian tissues and 
body fluids[4,5] and is pharmacological agent having a range of action in the brain. The synthesis of new 
Schiff bases and their transition metal complexes and investigation of their properties have been being 
a popular theme due to their strong coordination capability and diverse biological activities, such as 
antibacterial[6], antifungal[7,8], anti-proliferative activities[9], anti-inflamatory activities[10], antineoplastic[11] 
and anti-angiogenesis activities[12] antiprotozoal[13], antioxidant[14-16] antitumor activities etc.[17]. In this 
regard, isatin based mixed-ligand metal complexes have been found to be particularly useful because of 
their potential application in modern medicine. The catalytic oxidation of alkenes furnishes an auspicious 
synthesis of carbonyl compounds. Hydrogen peroxide is an attractive oxidant[18] because of its low 
cost and it degrades only to O2 and H2O. Aromatic Schiff base metal complexes catalyse reactions on 
oxygenation[19,20], hydrolysis[21], electro-reduction[22] and decomposition[23]. The use of H2O2 to oxidize 
styrene produces different products, depending upon the catalyst and the reaction conditions. The selective 
oxidation of styrene to acetophenone can be carried out by H2O2 in the presence of an appropriate metal- 
bases catalyst to activate the oxidant.
Bearing the above evidences in mind, the synthesis of a heterocyclic Schiff base ligand and its Cu(II), 
Zn(II), Ni(II) and Co(II) complexes have been reported. The complexes of Co(II), Ni(II), Cu(II) and 
Zn(II)They have been characterized by UV-Vis., IR, 1H NMR and ESI-mass studies in order to interrogate 
the coordination mode of ligand The antimicrobial and antioxidant property of the complexes have been 
investigated. Herein the selective catalytic oxidation of styrene using H2O2 as an oxidant was also carried 
out in the presence of synthesized metal complexes as catalyst.

EXPERIMENTAL

Materials and methods

All chemicals used in the present work, viz., isatin, naphthylamine, 1,10-phenanthroline, copper, zinc, 
nickel and cobalt chlorides were of analytical reagent grade (Merck, Germany). Common solvents like 
ethanol, methanol, chloroform, ether, acetone and DMSO used at various stages of this work were purified 
according to the standard procedures described in Weissenburg series[24] and in quantitative analysis by 
Vogel[25].

Physical Measurements

Elemental analysis (C, H and N) were performed using a Carlo Erba 1108 analyzer at the sophisticated 
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analytical instrument facility (SAIF), Central Drug Research Institute (CDRI), Lucknow, India. The molar 
conductivity of the complexes (0.001M) in DMSO solution was measured using a Systronic Model-304 
digital direct reading conductivity meter. The measurements of magnetic susceptibility were carried out 
by using the Gouy method at room temperature on powder sample of the complexes. Copper sulphate 
was used as calibrant. Infra-red spectra of the Schiff base and its metal complexes were recorded as KBr 
discs in the range of 400–4000 cm-1 on a Shimadzu spectrophotometer at Madurai Kamaraj University, 
Madurai. The electronic absorption spectra of the Schiff base and its metal complexes, Cu(II), Zn(II), 
Ni(II) and Co(II) in ethanol were recorded on a Shimadzu UV-1601 spectrophotometer. The 400 MHz 
1H NMR spectra of the Schiff base and its zinc complex in CDCl3 were recorded at SAIF IIT Mumbai 
using tetramethylsilane as internal standard. Electrospray ionization (ESI) mass spectra of the samples 
were performed at the Sophisticated Analytical Instrument Facility, IIT Mumbai.

Estimation of metal

The metals were estimated gravimetrically as their oxides[26] by fusion with AnalaR ammonium oxalate. 
In a typical experiment, about 0.3g of the dried complex was accurately weighed in a previously weighed 
silica crucible. AnalaR ammonium oxalate, roughly three parts by weight of the complex, was added and 
the mixture was incinerated slowly at first and then strongly using a Bunsen burner for 3h. It was then 
cooled in a desiccator and weighed. The procedure was repeated till the final oxide weight was constant. 
From the weight, the percentage of metal in the complex was calculated.

Synthesis

Synthesis of ligand (L)

A methanolic solution of naphthylamine (0.03 mol, 4.30g) was added to a methanolic solution of isatin 
(0.03 mol, 4.41g) and the reaction mixture was refluxed for ca.10h. The progress of the reaction was 
monitored by using TLC. The resulting yellowish orange precipitate was filtered and washed with 
methanol. Yield = 89%. The schematic representation of the Schiff base formation is given in Fig. 1.
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Fig. 1: Synthesis of the Schiff base

Synthesis of [MLX] complexes

The complexes were prepared by mixing the appropriate molar quantity of the above ligand and the 
metal(II) chlorides using the following procedure. A methanolic solution of Schiff base (0.003 mol, 
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0.817g) was added to the methanolic solution of metal chlorides [Cu(II), Zn(II), Ni(II) and Co(II)] (0.003 
mol) and refluxed for 4 hrs. To the above mixture, the methanolic solution of 1, 10-phenanthroline (0.003 
mol, 0.541g) was added in a 1:1:1 molar ratio and refluxed for ca.1 h. The solid product obtained was 
filtered, washed with methanol and recrystalized from methanol.

Biological Studies

Antibacterial Studies

Antibacterial activity of Schiff base and its complexes were evaluated using disc diffusion concept of 
the Kirby-Bauer sensitivity test. Human pathogens such as Bacillus subtilis, Staphylococcus aureus, 
Escherichia coli and Proteus mirabilis are used in the current study. Nutrient agar was used as a basal 
medium for the culture of the test bacteria. The agar plates were then inoculated with broth cultures diluted 
to 0.5 McFarland turbidity (~1.5 × 108 cells·mL−1). The stock solutions were prepared by dissolving the 
compounds in appropriate solvents (DMSO). Discs (5 mm diameter and 1 mm thickness) containing known 
amounts of an antimicrobial agent were placed on the surface of an agar plate that has been inoculated 
with a standardized suspension of microorganisms to be tested. Paper discs with only dimethylsulfoxide 
(DMSO) were used as negative controls. Then the plates were incubated at 37 ºC for 24 h. During this 
period, the test solution diffused and affected the growth of the inoculated bacteria. The susceptibility of 
bacterial species was determined by the diameter of zone of inhibition (in millimeter)[27]. Streptomycin 
was used as standard.

Antifungal Studies

The in vitro antifungal screening of the Schiff base and its complexes were evaluated by the disc diffusion 
method[28] against the fungi such as Aspergillus niger, Aspergillus flavus, Rhizoctonia bataicola and 
Candida albicans. Potato dextrose agar was used as medium for evaluation of antifungal activity. For 
preparing the agar media, 200 g of potato extract, 20 g of agar and 20 g of dextrose were dissolved in 1000 
mL of distilled water in a clean conical flask. The solution was boiled to dissolve the medium completely 
and sterilized by autoclaving at 15 psi pressure (120 ºC) for 30 min. After sterilization, 20 mL of media 
was poured into the sterilized petri plates. These petri plates were kept at room temperature for some time. 
After few minutes the medium got solidified in the plates. Then, it was inoculated with microorganisms 
using sterile swabs. The 5 mm diameter and 1 mm thickness of the disc was filled with the test solution 
(100µg/ml) using a micropipette and the plates were incubated at 37 ºC for 72 h. During this period, the 
test solution diffused and affected the growth of the inoculated fungi. After 72 h of incubation at 37 ºC, 
the diameter of the zone of inhibition was measured[27]. Nystatin was used as standard.

Antioxidant Studies (DPPH assay)

The evaluation of antioxidant activity of newly synthesized compounds was done by DPPH radical 
scavenging activity assay[29]. Different concentrations (100, 50, 25, 12.5µg/ml) of Schiff base metal 
complexes were weighed respectively and dissolved in DMSO. Then 5ml of 0.1mM methanolic solution 
of DPPH (1, 1, diphenyl - 2 - picrylhydrazyl) was added to each of the test tube containing the sample and 
the tubes were shaken vigorously. They were then allowed to stand at room temperature for 30 minutes. 
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The control was prepared without any compound and methanol was used for base line corrections in 
absorbance (OD) of samples measured at 517 nm. For each concentration, the decrease in the absorbance 
was recorded and percentage quenching of DPPH was calculated. The radical scavenging activities were 
expressed as % scavenging activity and were calculated by the following formula:

% Radical scavenging activity = 
Control OD – Sample OD

100
Control OD

×

Catalytic activities

The catalytic oxidation of styrene was carried out under vigorous stirring in a round-bottomed flask fitted 
with a Leibig condenser. A mixture of styrene (0.05 mol, 5.73ml), acetonitrile(4.5 ml), hydrogen peroxide 
(0.05 mol, 1.17ml) and the metal complex (0.5mmol) as catalyst were introduced into the round-bottomed 
flask and heated at 60 °C with constant stirring. The progress of the reaction of followed by using TLC by 
withdrawing an aliquots of the reaction mixture. The reaction mixture was cooled to room temperature 
after completion of the reaction. The product was then extracted with diethyl ether and washed with 
water. The ether layer was dried over anhydrous MgSO4. Under this controlled condition, the selective 
oxidation product acetophenone was afforded and purified by column chromatography.

RESULTS AND DISCUSSION

Analytical Studies

The mixed ligand metal complexes of the type [MLX] where, M= Cu(II), Zn(II), Ni(II) and Co(II), L= 
bidentate Schiff base, X=1,10-phenanthroline have been synthesized and characterized by spectral and 
analytical data. The elemental analyses for the metal complexes agree well with the calculated values 
showing that the complexes have 1:1 metal/ligand ratio. The low molar conductance value of the complexes 
in DMSO for 10-3 M solutions at room temperature is consistent with non-electrolytes with no counter 
ions (chloride) in the complexes. The absence of chloride is evident from silver nitrate test[25].

Infrared Spectral studies

The coordinating atoms were determined from IR spectra of the ligand and complexes. The IR spectrum 
of the free ligand (L) shows a broad band around 3199 cm-1 which can be assigned to NH stretching 
vibration of isatin moiety. The position of this band remains at nearly the same frequency in spectra of 
the metal complexes suggesting the uncoordination of this group. The band at 1753 cm-1 in the spectrum 
of the free ligand, assigned to υC=O of isatin moiety[30], shifts towards lower values around 1735-1710 cm-1 
indicating the coordination of the carbonyl oxygen atom of the isatin residue. The spectrum of the free 
Schiff base ligand shows the –C=N band in the region 1659 cm-1, which is shifted to lower frequencies 
in the spectra of all the complexes (1615-1606cm-1) indicating the involvement of –C=N nitrogen in 
coordination to the metal ion[31]. The appearance of two new bands at the region 571-503 cm-1 and 424-417 
cm-1 in the spectra of the complexes, due to υM-N and υM-O stretching vibrations respectively also confirms 
the formation of metal complexes.
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Electronic absorption Spectra and magnetic measurement

The electronic absorption spectra of the ligand and its Cu (II), Zn (II), Ni (II) and Co (II) complexes were 
recorded at 300 K in ethanol. The ligand shows a band at 33670 cm-1 assigned for intra-ligand charge 
transfer transition. The electronic absorption spectrum of copper(II) complex in ethanol shows a band at 
21184 cm-1 which can be assigned to 2B1g →2A1g transition, reveals that the copper(II) complex exists 
in square-planar geometry[32]. The Cu(II) complex has magnetic moment value 1.69 BM reveals square 
planar geometry around the metal ion[12]. Nickel (II) complex exhibits an absorption band at 17606 
cm-1 assigned to a 1A1g →

1B1g transition and another band at 15699 cm-1which can be attributed to a 1A1g 
→1A2g transition which are coherent with square planar Ni(II) complex[33]. The diamagnetic nature of the 
Ni(II) complex further supports its square planar nature. Cobalt(II) complex shows an absorption bands 
at 22779 cm-1 and 19194 cm-1 assigned to 2B1g →4A2g(P) and to 2B2g →4Eg(P) transitions, respectively, 
which suggests square planar geometry of the complex[32,34]. The magnetic moment value of 2.27 B.M 
also confirms the possibility of square planar geometry. Zn (II) complex does not exhibit d-d transition 
due to its diamagnetic nature. The electronic absorption spectrum of the ligand and its Copper complex 
are given in Fig. 2 and 3.

Fig. 2: UV Visible spectra of Ligand Fig. 3: UV Visible spectra of [CuLX]

Proton Magnetic Resonance Spectra

The 1H-NMR spectra of ligand and its zinc (II) complex was recorded in CDCl3. The ligand shows the 
signal at 10.72 ppm is assigned to NH proton of isatin moiety and the multiplet signal around 6.42 - 7.06 
ppm is due to aromatic protons[35]. In addition to these, multiplet peak observed at 7.27-7.91 ppm is ascribed 
to naphthalene ring protons. In the 1H NMR spectrum of Zn (II) complexes, the protons of L are shifted 
to down field due to the coordination to the metal ions. The resonance peaks observed in the spectrum 
of the [ZnL(X)] complex at 7.34 -7.40, 8.07-8.45 ppm are assigned to the 1,10-phenanthroline protons.

Mass spectra

The ESI - mass spectra of ligand and its Zn (II) complex show molecular ion peaks confirming the 
proposed formula. The mass spectrum of ligand (C18H12N2O) shows a molecular ion peak m/z at 272 
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which is equivalent to its molecular weight and also exhibits two additional peaks m/z at 273 and 274, 
which are corresponding to (M+1) and (M+2) peaks respectively. The elemental and analytical data of 
the zinc complex suggest its empirical formula as [ZnC30H20N4O] and this is supported by the ESI mass 
spectrum. The highest peak at 518 m/z value was observed, corresponding to the mass of the entire 
mononuclear complex and also exhibits one additional peak m/z at 519, which is corresponding to (M+1) 
peak. Apart from this, the spectrum shows few other peaks at m/z 127, 145 and 180 which are due to 
various fragments [C10H7]

+, [C8H5N2O]+ and [C12H18N2]
 + respectively. By comparing all the analytical and 

spectral data of the complexes, it is evident that these are monomeric in nature. The proposed structure 
of the complexes is given in Fig. 4.

 

Fig. 4: Structure of synthesized complexes

Antibacterial Studies

The ligand, metal (II) complexes and standard drug Streptomycin were screened separately for their 
antibacterial activity against B. subtilis, S. aureus (gram positive) and E. coli, P. mirabilis gram negative). 
Three different concentrations (25µg/ml, 50 µg/ml, 75µg/ml) of the compounds have been tested for 
antibacterial assay. The zone of inhibition of the ligand and its complexes against the growth of bacteria 
was shown in Fig. 5. The activity of the ligand and its metal complexes has been compared with the 
activity of the standard antibiotic Streptomycin. It has been noticed that metal complexes have potent 
antibacterial activity than the free ligand. The activity has been increased with increasing the concentration 
of the complexes[36]. The antibacterial results suggest that the copper (II) and cobalt (II) complexes 
possess substantial antibacterial activity than the standard drug Streptomycin. The zinc (II) and nickel (II) 
complexes exhibit better activity against all the bacteria examined. The increase in antimicrobial activity 
of metal complexes may be explained on the basis of chelation theory. On chelation, the polarity of the 
metal ion will be reduced to a greater extent due to the overlap of the ligand orbital and partial sharing 
of the positive charge of the metal ion with donor groups[37]. Farther, the mode of action of compounds 
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may involve in the formation of a hydrogen bond through the azomethine group with the active centre 
of cell constituents, resulting in interference with the normal cell process[38].

Fig. 5: Antibacterial activity of ligand L and its metal (II) complexes

Antifungal Studies

The antifungal data pointed out that the ligand and its Cu(II), Zn(II), Ni(II) and Co(II) complexes exhibit 
an perceptible activity against A. niger, A. flavus, R. bataicola and C. albicans at 100µg/ml concentration. 
The zone of inhibition of the ligand and its complexes against the growth of fungai was shown in Table 
1. The comparative analysis shows a higher antifungal activity for the metal complexes than the free 
ligands[39]. However, Copper (II) complex displays enhanced activity against all the fungal strains than 
the standard drug Nystatin. Cobalt (II) complex exhibits pronounced activity against R. bataicola and C. 
albicans than the standard drug but in case of A. niger and A. flavus it mimics Nystatin. This increased 
activity of the metal complexes may be due to the reduction in the polarity of the metal ion by partial 
sharing of the positive charge with the donor atoms of the ligand so that the electron is delocalized within 
the metal complex. This may increase the lipophilic and hydrophobic character of the metal complex, 
enabling it to penetrate the lipid layer of the organism and killing them more effectively[40].

Table 1: Antifungal activity of ligand and its metal (II) complexes

Compound
Zone of inhibition in mm

A. niger A. flavus R. bataicola C. albicans
L 6 5 5 8

[CuLX] 16 15 14 18

[ZnLX] 7 8 6 10
[NiLX] 9 6 7 9
[CoLX] 14 12 14 17
Nystatin 14 12 13 16



123

Isatin Derived Mixed Ligand Metal Complexes as Antimicrobial, Antioxidant Agents...   

Print ISSN : 2321-0745 Online ISSN : 2322-0465

Antioxidant Studies

The synthesized mixed ligand complexes were screened for their antioxidant activity. DPPH assay was 
performed to measure the capacity of the complexes to scavenge the DPPH free radicals. The colour 
change from purple to yellow produced by free radical scavenging, results a change in absorbance. Figure 
6 shows the correlative effect of metal complexes on DPPH radical. Among all the complexes, copper 
and cobalt complexes revealed remarkable antioxidant activity. The zinc complex produced the better 
activity than the nickel complex. The order of scavenging activity of these complexes is as Cu > Co > 
Zn > Ni. The increased antioxidant activity of the complexes can be ascribed to the electron withdrawing 
effect of the metal ions which assist the progress of the release of hydrogen to reduce the DPPH radical.

Fig. 6: Antioxidant activity metal (II) complexes

Catalytic activities

The selective oxidation of styrene with H2O2 in the presence of mixed ligand metal complexes was 
executed in acetonitrile medium. By a lot of trial errors, the selective oxidation of styrene to acetophenone 
in maximum yield was attained. Under the same experimental conditions, without [MLX] results only in 
less than 7% acetophenone formation. Among the synthesized mixed ligand metal complexes, zinc(II) 
complex afforded promising catalytic performance than the other complexes. The results are given in 
table 2.

Table 2: Catalytic Oxidation of styrene by [MLX]

Compound
Product (% yield)

Acetophenone
[CuLX] 67
[ZnLX] 85
[NiLX] 54
[CoLX] 60

{Reaction conditions: styrene (0.05 mol, 5.73ml); acetonitrile (4.5 ml); hydrogen peroxide (0.05 mol, 1.17ml); [MLX] 
(0.5mmol); temperature (60 °C); time (22 h)}
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CONCLUSION

The mixed ligand complexes of Co(II), Ni(II), Cu(II) and Zn(II) with 3-(naphthalen-1-yl-imino)indolin-
2-one and 1,10-phenanthroline were synthesized. The structure of the complexes was confirmed by 
the elemental analyses, molar conductance, IR, UV-Vis.,1H NMR and ESI mass spectral analysis. The 
analytical data and mass spectra of the ligand and the complexes confirm the stoichiometry of metal 
complexes as being of the [MLX] type. The electronic spectra and magnetic moment values of the 
complexes confirm the square-planar geometry. The low molar conductance value of the complexes in 
DMSO for 10-3 M solutions at room temperature is consistent with non-electrolytes with no counter ions 
(chloride) in the complexes. The copper(II) and cobalt(II) complexes showed more potent antimicrobial 
activity against the microorganisms examined. All the complexes exhibited high radical scavenging 
activity. The order of scavenging activity of the complexes is as Cu > Co > Zn > Ni. The complexes 
have been tested for the catalytic activity in the selective oxidation reaction of styrene to acetophenone 
in the presence of hydrogen peroxide as oxidant. It is inferred that the zinc complex effectively catalyses 
the oxidation of styrene.
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