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ABSTRACT 
The six new mixed ligand Schiff base of copper(II) complexes are synthesized from the Schiff base (HL) 
derived from pyrrole-2-carboxaldehyde and a pair of 2-(methylthio)aniline as primary ligands and 2,2’-
bipyridine(bipy) and 1,10-phenanthroline(phen) as secondary ligands. 1H-NMR, IR, electronic spectra, and 
conductivity measurements describe the ligand and copper(II) complexes. In nature, the molar conductance 
experiments of these complexes indicated non-electrolyte. A distorted octahedral geometry around the central 
metal ion is suggested by spectroscopic data from the complexes. Electrochemical experiments have been 
conducted using cyclic voltammetry. The intense signals may be assigned to the CuII/I redox couple. 
Key words: Schiff Base, 2,2’-Bipyridine, 1,10-phenanthroline, Copper (II) Complexes and Spectral Study. 
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INTRODUCTION 
In 1864, German chemist Hugo Schiff introduced a new class of organic compounds. This group of 
compounds, imines are often cited to as Schiff bases in his honour. The preparations of these 
compounds are simple and smart.1 Schiff bases are prepared by condensing carbonyl compound with 
primary amine. Schiff bases can potentially stabilize several metal ions in different oxidation states.2 
For their interesting and essential properties, many Schiff bases and their complexes are studied, such 
as: their ability to bind oxygen, catalytic action in the hydrogenation of olefins, and the transfer of 
radicals, photochromic properties and complexing ability to some toxic metals.3 
In biological, clinical, analytical and pharmacological fields, the Schiff base of 2-(methylthio)aniline 
and its complexes have a wide range of applications.4,5 For many biological processes, the Schiff base 
compounds playing a significant role. A characteristic and wide range of biological activities is the 
azomethine group in Schiff bases(-N=CH-). The growth of many tumours can be inhibited by Schiff 
bases.6-8  
In recent decades, mixed ligand complexes of heterocyclic bases have not only been studied because 
of their fascinating chemistry of coordination, but also because of their prominent biological practices 
towards bacteria, viruses and cancer cells.9,10 Copper can be a biologically important component and 
several enzymes have been identified that rely on copper for their function. Copper(II) can be a metal 
ion that is substitutionally volatile. In order to hold the copper(II) ion chelated in solution, 
multidentate ligands are assumed to be stronger than bidentate ligands.11,12 
Several studies have been carried out against microbes that are contagious microbes on the inhibitory 
function of copper(II) complexes, depending significantly on metal chelation by an organic ligand. 
The nature of chelation greatly increases biological function, which has been well clarified by the 
chelation principle of Tweedy.13 In this article we report the synthesis and structures of the six novel 
copper(II) complexes, namely [Cu(HL)2Cl2], [Cu(HL)(bipy)Cl2], [Cu(HL)(phen)Cl2], [Cu(HL)2Br2], 
[Cu(HL)(bipy)Br2], and [Cu(HL)(phen)Br2]  were described. Those complexes are completely soluble 
in DMF. The ligand and complexes were characterized by several Spectroscopic methods. 
 

EXPERIMENTAL 
Reagents such as pyrrole-2-carboxaldehyde, 2-(methylthio)aniline were of Sigma Aldrich products. 
Aryl compounds of 2,2’-Bipyridine, 1,10-Phenanthroline was obtained from Sigma Aldrich. 
Anhydrous Copper(II) chloride and bromide was obtained to Alfa Aesar. The solvents were purified 
by the reported procedures. It is used to prepare ligand and complexes. 
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In DMF, the molar conductivity (l0−3M) at room temperature was measured using Elico Ltd (India) 
conductivity meter. On a Bruker FT-NMR Spectrophotometer (400 MHz) at 25◦C in DMSO with 
tetra-methyl silane (TMS) as internal standard, 1H-Spectra of NMR were studied (only for ligand). 
With the Shimadzu FT-IR spectrophotometer model, by use of KBr pellets, IR spectra are registered. 
UV-visible absorption spectra were recorded at room temperature with the JASCOV-550 UV-Visible 
spectrophotometer. Using the CH1600C electro chemical analyser, cyclic voltammetry measurements 
were made using three electrode systems containing platinum wire as an auxiliary electrode, glass 
carbon as a working electrode and Ag/AgCl as a reference electrode. 
 
Synthesis of Ligand 
Preparation of 2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline: (HL) 
Hot ethanolic solution of 2-(methylthio)aniline (10 mmol) and ethanolic solution of pyrrole-2-
carboxaldehyde(10mmol) were mixed in the presence of few drops con.HCl with continuous stirring. 
For 3 hours, the mixture has been refluxed. By filtration, the yellow solid substance was obtained. 
Washed in small quantities of ethanol and dried in desiccators. Yield: 80%. 
 
Synthesis of Complexes 
[Dichlorobis(2-methylsulfanyl)-N–(1H-pyrrol-2ylmethylidene)anilinecopper(II)]: [Cu(HL)2Cl2]  
CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(1H-pyrrol-2-ylmethylidone)aniline (20 mmol) are mixed 
in a 1:2 molar ratio of hot ethanolic (10 mL) solution and refluxed for three hours in the water bath. 
The mixture has been cooled to room temperature. To remove any of the unreacted starting materials, 
the solid precipitate of the complex was washed thoroughly several times with ethanol, and dried in 
desiccators. Yield: 80%. 
 
[(2,2’–Bipyridine)dichloro(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline) 
copper(II)]: [Cu(HL)(bipy)Cl2]  
CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(1H-pyrol-2-ylmethylidone)aniline (10 mmol) are mixed 
in hot ethanolic solution (10 mL) and 2,2'-bipyridine ((10 mmol) was added immediately to a molar 
ratio of 1:1:1 and refluxed for three hours in the water bath. The mixture has been cooled to room 
temperature. To remove some of the unreacted starting materials, the solid precipitate of the complex 
was filtered and washed several times with ethanol, and dried in desiccators. Yield-85% . 
 
[Dichloro(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline)(1,10–phenanthroline) 
copper(II)]: [Cu(HL)(phen)Cl2]  
CuCl2 (10 mmol) and 2-(methylsulfanyl)-N-(1H-pyrol-2-ylmethylidone)aniline (10 mmol) are mixed 
in a hot ethanolic solution (10 mL) and 1,10-phenanthroline (10 mmol) was immediately added to the 
1:1:1 molar ratio and refluxed in a water bath for three hours. The mixture has been cooled to room 
temperature. To eliminate some of the unreacted starting materials, the solid precipitate of the 
complex was filtered and washed many times with ethanol and dried in desiccators. Yield-87% . 
 
[Dibromobis(2-methyl-sulfanyl)-N–(1H-pyrrol-2-ylmethylidene)anilinecopper(II)]: 
[Cu(HL)2Br2]  
CuBr2 (10 mmol) and 2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline (20 mmol) are 
mixed in hot ethanolic solution (10 mL) at a molar ratio of 1:2 and refluxed in the water bath for three 
hours. The mixture has been cooled to room temperature. To remove any of the unreacted starting 
materials, the solid precipitate of the complex was filtered and washed several times with ethanol to 
remove any unreacted starting materials and dried in desiccators. Yield : 80%. 
 
[(2,2’–Bipyridine)dibromo(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline) 
copper(II)]: [Cu(HL)(bipy)Br2] 
 CuBr2 (10 mmol) and 2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline (10 mmol) are 
mixed in hot ethanolic solution (10 mL) and immediately added 2,2'-Bipyridine (10 mmol) to the 
molar ratio 1:1:1 and refluxed in the water bath for three hours. The mixture has been cooled to room 
temperature. To remove any of the unreacted starting materials, the solid precipitate of the complex 
was filtered and washed several times with ethanol to remove any unreacted starting materials and 
dried in desiccators. Yield-85%. 
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[Dibromo(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline)(1,10–phenanthroline) 
copper(II)]: [Cu(HL)(Phen)Br2]  
CuBr2 (10 mmol) and 2-(methylsulfanyl)–N–(1H-pyrol-2-ylmethylidene)aniline (10 mmol) are mixed 
in hot ethanolic solution (10 mL) and immediately added 1,10–phenanthroline (10 mmol) to the molar 
ratio 1:1:1 and refluxed in the water bath for three hours. The mixture has been cooled to room 
temperature. To remove any of the unreacted starting materials, the solid precipitate of the complex 
was filtered and washed several times with ethanol to remove any unreacted starting materials and 
dried in desiccators. Yield-87%.  

RESULTS AND DISCUSSION 
Physical Characterization 
The complexes [Cu(HL)2Cl2]  and [Cu(HL)2Br2] are Blackish green colour, [Cu(HL)(bipy)Cl2] and 
[Cu(HL)(bipy)Br2] are pale green colour,  [Cu(HL)(phen)Cl2] and [Cu(HL)(phen)Br2] are green 
colour and air stable.13 All complexes were soluble in DMF. But in water and in common organic 
solvents, such as chloroform and acetonitrile, they are insoluble.14,15 
 

Electrical Conductivity  
The electrolytic nature of the copper(II) complexes has been carried out at room temperature in a 
DMF (10-3M) solution.16The conductivity (lm) value ranges from 26, 6, 8, 18, 12, and 10 W-1cm2mol-1. 
The analysis showed that all complexes seem to be non-electrolyte nature.17 Inside this coordination 
sphere, the anions were coordinated. 
 

Table-1: The Molar Conductivity of the Copper(II) Complex 
Complexes Molar Conductance W-1Cm2 mol-1 

[Cu(HL)2Cl2] 26 
[Cu(HL)(bipy)Cl2] 6 
[Cu(HL)(phen)Cl2] 8 

[Cu(HL)2Br2] 18 
[Cu(HL)(bipy)Br2] 12 
[Cu(HL)(phen)Br2] 10 

                                    HL = 2–(methylsulfanyl)–N-(1H–pyrrol-2-ylmethylidene)aniline 
 

Spectral Characterization 
1H NMR 
The structure of the ligand confirmed by 1H NMR spectrum.18 The 1H ligand NMR spectrum reveals a 
well-resolved signal as shown in the Fig.-1.   The Schiff base ligand of 1H NMR spectrum reveals a 
singlet due to proton of pyrrole at 11.90 ppm (s, 1H, NH). The azomethine proton occur at 8.60 ppm 
(s, 1H, HC=N) and seven aromatic protons have appeared at 7.50-8.40 ppm (m, 7H, ArH). The 
signals at 2.60 ppm (s, 3H, S-CH3) which were assigned to protons of methyl group.19,20  
     

 
Fig.-1: 1H NMR Ligand Field Spectra 

Infrared Spectra 
In order to determine the ligand's bonding interaction with the metal ion, the IR spectra of the 
prepared complexes were reported.21 The IR spectral descriptions of the copper(II) complexes are 
described in Table-2. 

Table-2: Fundamental IR Frequencies of Copper(II) Complexes (in Cm-1) 
Complexes ν(HC=N) 

Cm-1 
ν(C-S) 
Cm

-1
 

ν(C=N) 
Cm

-1
 

(bipy) 

ν(C=N) 
Cm

-1
 

(phen) 

ν (M-N) 
Cm

-1
 

ν (M-S) 
Cm

-1
 

ν (M-X) 
(X=Cl,Br) 

Cm
-1

 
Free ligand 1615 1483 1443 1421 – – – 
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[Cu(HL)
2
Cl

2
] 1575 1460 – – 416 675 374 

[Cu(HL)(bipy)Cl
2
] 1602 1469 1440 – 420 655 372 

[Cu(HL)(phen)Cl
2
] 1602 1459 – 1401 450 620 370 

[Cu(HL)
2
Br

2
] 1580 1460 – – 458 607 376 

[Cu(HL)(bipy)Br
2
] 1602 1469 1433 – 445 632 373 

[Cu(HL)(phen)Br
2
] 1604 1470 – 1421 428 642 371 

HL =2-(methylsulfanyl)-N-(1H-pyrrol-2-ylmethylidene) aniline 
 
The 1615Cm-1 band assigned to the azomethine nitrogen atom stretching frequency present in the free 
ligand.22 This may be shifted to the lower frequency region, suggesting the presence of azomethine 
nitrogen in coordination with metal ions in the spectrum of metal complexes (1604-1575 Cm-1). At 
1443Cm-1(free bipyridine) and 1421 Cm-1 (free phenanthroline), the peak comparable to the vC=N 
stretching frequency was transferred to the lower frequency range (1440-1433 Cm-1), suggesting the 
coordination of the heterocyclic nitrogen atom with the metal ion.23,24 The observation of new bands 
of low frequency regions (458-416Cm-1), (675-607Cm-1) and (376-371Cm-1) attributes of v(M-N), 
v(M-S) and v(M-X) stretching vibrations in the range of these complexes showed strongest evidence 
of bonding.25 In the spectrum of a free ligand, these peaks were not detected. 
 
Electronic Spectra 
The electronic spectral studies of all these copper(II) complexes were reported at a concentration of 
10-3M in the DMF solution and the spectral results of the complexes are shown in Table-3. 
 

Table-3: Electronic Spectra of Copper (II) Complexes 
Complexes Solvent UV – Vis 

 λmax (nm) 
[Cu(HL)2Cl2] DMF 1. 370 

2. 690 
[Cu(HL)(bipy)Cl2] DMF 1. 380 

2. 700 
[Cu(HL)(phen)Cl2] DMF 1. 390 

2. 720 
[Cu(HL)2Br2] DMF 1.395 

2. 695 
[Cu(HL)(bipy)Br2] DMF 1. 440 

2. 730 
[Cu(HL)(phen)Br2] DMF 1.400 

2. 710 
                                       HL =2-(methylsulfanyl)-N-(1H-pyrrol-2-ylmethylidene) aniline 
 
The copper(II) complexes of electronic spectrum showed a low intensity band in the 690-730 nm 
region assigned to a 2B1g→2A2g transition. The band's broadness is due to the distortion of Jahn-
Teller. Such data suggest that octahedral geometry is distorted26 for these copper(II) complexes. Due 
to a LMCT (ligand to metal charge transfer) transition, a moderately strong band noted in the range of 
370-440 nm is observed for these copper(II) complexes.27 

 
Electro Chemical Study 
A significant parameter is the redox potential, since it characterizes the redox centre’s ability to pass 
electrons and to serve as a redox catalyst. The redox activity of the metal center is often determined 
by the existence of the attached ligands to the metal in metal complexes.28  
In the potential set -1.5V to +1.5V the cyclic voltammogram of copper(II) complexes at  scan rate of 
100mV/s, phosphate buffer-containing DMF solutions, using glassy carbon working electrode, and 
their electrochemical data are presented in Table-4. 

Table-4: Epc, Epa and ΔEp Values of Copper(II) Complexes 
Complexes Cathodic Potential Value 

Epc (V) 
Anodic Potential Value 

Epa (V) 
�Ep of  

Cu (II)/Cu(I) Couple (V) 
[Cu(HL)2Cl2] 0.599 0.462 0.137 
[Cu(HL)(bipy)Cl2] -0.297 -0.204 0.093 



 
 Vol. 14 | No. 1 |288-294| January - March | 2021 

MIXED LIGAND COPPER (II) COMPLEXES                                                                                                                     P. Thamizhini et al. 292 

N

N
H

S

CH3

H

Cu

N

H
N

S

CH3

H

Cl

Cl

Cu

N

H
N

S

CH3

H

Cl

Cl

N

N

N

N

Cu

N

H
N

S

CH3

H

Cl

Cl

N

N
H

S

CH3

H

Cu

N

H
N

S

CH3

H

Br

Br

[Cu(HL)(phen)Cl2] -0.287 -0.179 0.108 
[Cu(HL)2Br2] -0.204 -0.125 0.079 
[Cu(HL)(bipy)Br2] -0.225 -0.137 0.088 
[Cu(HL)(phen)Br2] 0.226 0.162 0.064 

HL =2-(methyl sulfanyl)-N-(1H-pyrrol-2-ylmethylidene)aniline 
 

The copper(II) complexes display a potential anodic peak, Epa= -0.125 to +0.462 V, and a potential 
Epc= -0.204 to +0.599 V cathodic peak, the difference between peaks, ∆Ep=0.064 to 0.137 V. The 
∆Ep values for copper(II) complexes was found to be greater than Nernstian values ( ∆Ep≈0.059 V). 
This indicated that copper(II) complexes have demonstrated a quasi-reversible mechanism of electron 
transfer involving Cu(II)/Cu(I) couples.29-31 
 
Proposed Structure of the Complexes 
The possible structure of the copper(II) complexes is expected to give, based on the conductance 
measurements and the spectral data obtained, as in Figs.-2 to 7. 
 

 
 

 
 
 
 
 

 
Fig.-2: [Dichlorobis(2-methyl-sulfanyl)- N–(1H-pyrrol-2ylmethlidene)aniline copper(II)] 

 

 
 
 

 
 

Fig.-3: [(2,2’–Bipyridine)dichloro(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)  
aniline)copper(II)] 

 
 

 
 

 
 
 

 
 

Fig.-4: [Dichloro(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline)(1,10 – phenanthroline)copper(II)] 
 

 
 

 
 
 
 
 
 

 
Fig.-5: [Dibromobis(2-methyl-sulfanyl)- N–(1H-pyrrol-2ylmethlidene)aniline copper(II)] 
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Fig.-6:  [(2,2’–Bipyridine)dibromo (2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene) aniline)copper(II)] 
 

 
 

 
 
 
 

 
 

 
Fig.-7: [Dibromo(2-(methylsulfanyl)–N–(1H-pyrrol-2-ylmethylidene)aniline)(1,10 phenanthroline)copper(II)] 

 
CONCLUSION 

In this research, Researchers prepared the Schiff base ligand and copper(II) complexes with Schiff 
base ligand,  2,2- Bipyridine and 1,10-Phenanthroline. Via physiochemical and spectroscopic 
methods, the bonding mode and general structure of the complexes were determined. The IR spectra 
are coordinated with metal ions through azomethine nitrogen, thiolate sulphur, heterocyclic nitrogen 
atom, chloride, and bromide ions to illustrate the Schiff base and Schiff base of mixed ligand of 
copper(II) complexes. Accordingly, for these copper(II) complexes, the distorted octahedral geometry 
was suggested in associated with electronic spectra. A metal cantered electro activity within the 
potential range is indicated by the electrochemical data of the complexes. Work now is in progress of 
biological applications of DNA binding, DNA cleavage, and anti-microbial activity of these 
copper(II) complexes will be done in this area.  
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