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A novel family of  Tetra aza macrocyclic Cu(II) complexes 
[CuLx2] where L = N4 donor macrocyclic ligand and X = Cl

-
 

NO3
-
 and (CH3COO

-
) have been synthesized and 

characterized by elemental analysis, magnetic moment, IR, 
EPR, electronic spectra. The molar conductance 
measurements of crown ether complexes of ligand LF and 
LG show that complexes are in 1:2 electrolytes in nature 
and may be formulated as [Cu(L)]X2 where L=LF & LG. 
The biological against different plant pathogenic fungi has 
been evaluated. The EPR studies suggest the tetragonal 
geometry for all the chloride, nitrate and acetate 
complexes with all the seven ligand. 
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INTRODUCTION 

Copper is the third most abundant metallic element in the human body, following iron 

and zinc. Though trace amount of copper is essential for life, larger amounts become toxic. 
Copper containing enzymes[1]and proteins are widely distributed in both fauna and flora 
kingdoms. The accumulation of copper in the liver, kidneys and brain leads to Wilson's 
disease that is hereditary shortage of ceruloplasmin. It can be treated by giving EDTA that 
form a complex with copper and then is excreted [2]. a great deal of study of copper 
complexes has been driven by the hope of modeling biological molecules that contain copper 
[3-5]. Plastocycnin occurs in the chloroplasts of green plants and contains one copper atom. It 
is used in photosynthesis as an electron carrier [6-7]. They have attracted much attention 
because in addition to have antimicrobial and antiviral properties, they have also used in the 
treatment of a number of tumors, including Hodgkin's disease [8-9]. 

EXPERIMENTAL 

SYNTHESIS OF LIGANDS 
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Ligand LA  

Hot ethanolic solution (50 mL) of diethyloxalate (7.30 g, 0.05 mol) and a hot ethanolic 
solution (50 mL) of 1,3-diaminopropane (3.70 g, 0.05 mol) were mixed slowly with constant 
stirring. This mixture was refluxed at 80°C (+-5°C) for 6h in the presence of few drops of 
concentrated hydrochloric acid. On cooling, white coloured precipitate was formed. It was 
filtered, washed with cold EtOH, and dried under vacuum over P4O10Yield 78%, m.p. 240°C.  

Ligand LB 

Hot ethanolic solution (50 mL) of diethyloxalate (7.30 g, 0.05 mol) and a hot ethanolic 
solution (50 mL) of 2,6-diaminopyridine (5.46 g, 0.05 mol) were mixed slowly with constant 
stirring. This mixture was refluxed at 75oC (+_30C) for 9h in the presence of few drops of 
concentrate diydrochloric acid. On cooling, dull white coloured precipitate was formed. It was 
filtered, washed with cold EtOH, and dried under vacuum over P4O10- Yield 75%, m.p. 
269°C.  

Ligand LC 

Hot ethanolic solution (50 mL) of ethylcinnamate (8.80 g, 0.05 mol) and a hot ethanolic 
solution (50 mL) of 1,3-diaminopropane (3.70 g, 0.05 mol) were mixed slowly with constant 
stirring. This mixture was refluxed at 72oC for 6h in the presence of few drops of concentrated 
hydrochloric acid. On cooling, cream coloured precipitate was formed. It was filtered,washed 
with cold EtOH, and dried under vacuum over P4O10. Yield 80%, m.p.271°C.  

Ligand LD 

Hot ethanolic solution (50 mL) of ethylcinnamate (8.80 g, 0.05 mol) and a hot ethanolic 
solution (50 mL) of thiourea (3.80 g, 0.05 mol) were mixed slowly with constant stirring. This 
mixture was refluxed at 780C for 7h in the presence of few drops of concentrated hydrochloric 
acid. On cooling, white coloured precipitate was formed. It was filtered washed with cold 
EtOH, and dried under vacuum over P4O10Yield 77%, m.p. 2810C.  

Ligand LE 

Hot ethanolic solution (30 mL) of thiodiglycolic acid (7.50 g, 0.05 mol) and a hot 
ethanolic solution (30 mL) of thiourea (3.80 g, 0.05 mol) were mixed slowly with constant 
stirring. This mixture was refluxed at 68oC for 6h in the presence of few drops of concentrated 
hydrochloric acid. On cooling, pale white coloured precipitate was formed. It was filtered, 
washed with cold EtOH, and dried under vacuum over P4O10Yield 69%, m.p. 2670C.  

Ligand LF and LG (Crown ether) 

Ligand LF and LG purchased from Sigma Eldrich and used as such without any further 
purification.  

                
                     Fig. 1 : Ligand LA                                                 Fig. 2 : Ligand LB 
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                                Fig. 3 : Ligand LC                                                     Fig. 4 : Ligand LD 

 
Fig. 5 : Ligand LE 

         
                              Fig. 6 : Ligand LF                                                     Fig. 7 : Ligand LG 

SYNTHESIS OF COMPLEXES 

A hot ethanolic solution (20 mL) of the ligand L (0.002 mol; L = LA: 0.512g; LB:0.652g; 
LC: 0.816g; LD: 0.824g and LE: 0.760g) and hot ethanolic solution (20 mL)of corresponding 
Cu(II) salt (0.001 mol) (CuCl2.2H2O), Cu(NO3)2.3H20, CuSO4 5H2O and 
Cu(CH3COO)2.2H2O) were mixed together with constant stirring. The mixture was refluxed 
for 4-9h at 65-80°C. On cooling, coloured complex was precipitated out. It was filtered, 
washed with cold EtOH and dried under vacuum over P4O10, recrystallized and purity was 
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checked by TLC method, yield 55-71%. Hot aqueous solution (10mL) of ligand (0.002 mol; 
LF:0.052g; LG:0.052g) and corresponding Cu(II) salt (0.001 mol) were mixed with constant 
stirring. The mixture was refluxed for 10h at 40oC. On cooling, coloured complex was 
precipitated out, which was filtered, washed with cold EtOH and dried under vaccum over 
P4O10. 

RESULTS AND DISCUSSION 

On the basis of elemental analysis the complexes were found to possess the general 

compositions CuLX2 (where L = LA, LB, LC, LD and LE, X = Cl–, NO3
– and CH3COO–). The 

room temperature molar conductance measurement indicates that all the complexes are non-
electrolyte in nature. Thus these complexes may be formulated as [Cu(L)X2] (where L = LA, 
LB, LC, LD and LE, X = Cl–, NO3

– and CH3COO–) [Table 1].Where as molar conductance 
measurements of crown ether complexes of ligand LF and LG shows that complexes are 1:2 
electrolyte in nature and may be formulated as [Cu (L)]X2 (where L=LF, LG). 

Table 1: Molar conductance and elemental analysis of the complexes 

 

Magnetic Moment 

Magnetic moments of all the complexes at room temperature lie in the range 1.93 to 
2.04B.M, [Table2], corresponding to one unpaired electron. There should be some correlation 
between the magnitude of orbital contribution and the coordination geometry but in practice it 
is not observed, presumably because of distortion and other variables like covalent character. 
Some of these complexes may be considered to have tetragonal geometries with planar 
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coordination of the ligand around Cu2+ ion and the anions occupying the axial positions and 
six coordinate octahedral geometry. 

Table 2 : Electronic spectra of the complexes 

 
Infra red Spectra 

A comparative study of the spectra of the ligand and their complexes show that all the 
ligand behave as octahedral [10-14] coordinating through nitrogen atom of the –NH groups. 

IR Spectral Bands Due to Anions 

IR spectra of nitrate complexes 

The IR spectra of nitrate complexes of the ligands LA, LB, LC, LD, and LE show 
absorption bands in the region of 1423-1438 (v5) va (NO2), 1307-1347(v1), vs (NO2) and 811-
830 cm–1 (v2) v(NO). This indicates that both the nitrate groups are coordinated to the 
centrally located copper(II) metal ion in an unidentate fashion [15-19]. In case of the nitrate 
complex of ligand LG shows bands at 1382 cm–1 indicates that nitrate complex is 
uncoordinated where as appearance of band at 510cm–1 strengthens the fact that metal and 
oxygen lie in the same environment. 

IR spectra of chloride complexes 

Infra red spectra of of Cu (II) chloride complexes of crown ether, with ligand LF display 
bands at 3448 cm–1, 3000 cm–1, 986 cm–1 of v(N-H),v(C-H) aliphatic and alkyl ether 
respectively and in complex of ligand LG bands appear at 3319cm-1,988 cm-1 of v(C-H) 
aliphatic and alkyl ether respectively. Shifting of bands gives strong support to the formation 
of complexes. 
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However, an IR spectrum of ligand LF shows a band at 411cm–1 supports that metal is 
coordinated with nitrogen. There is not any band is found at 307 321cm–1 indicatesthat 
chloride is uncoordinated. Where as in ligand LG appearance of band at 257 cm–1 gives sturdy 
fact that metal is coordinated metal in the same environment. 

Table-3: Magnetic moment of the complexes 

 

IR spectra of acetate complexes 

According to Nakamoto [20] the IR spectral bands corresponding to va (COO–) and 
vs(COO–) are present at 1560 cm–1 and 1416 cm–1 for free acetate ion. The separation between 
them is 144 cm–1. In the unidentate complex, v(C=O) is higher than va(COO–) and v(C–O) is 
lower than vs(COO–). Thus separation between the two v(C–O) is much larger (~150-250cm–1) 
in unidentate complexes than in the free ion i.e. 144 cm–1. But in bidentate complexes the 
separation between the two v(C–O) is smaller (< 50 cm–1) than that of the free ion. The IR 
spectra of acetate complexes under study, of ligands LA, LB, LC, LD and LE show bands in 
the region 1560-1590 cm–1, v(C=O), 1385-1405 cm–1, v(C–O). The difference between these 
two bands A = 158-241cm-1, which suggests that the acetate group is, coordinated to the 
copper ion, in unidentate manner. [21-23]. 

Electronic Spectra 

The electronic spectra of six-coordinate Cu(II) complexes have either D4h or C4v 
symmetry. The ground state in an octahedral field is the 2Eg. According Hathaway[24], very 
few regular octahedral Cu(II) complexes exist. In an octahedral field if the Eg and T2g 
separation varies from 13000 to 18000 cm-1 results distortions. Because of Jahn-Teller effect 
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operating on the 2Eg ground term of an octahedron, distortions will occur. It is useful to 
define a tetragonality factor T (where T = in-plane Cu-L distance/ mean out-of-plane Cu-L 
distance). In general T may be less than one or greater than one. Thus due to distortions a 
several absorption bands may be expected in these regions. The Eg and T2g levels of the 2D 
free ion term will split into B1g, A1g, B2g and Eg levels respectively. Thus three spin-allowed 
transitions are expected in the visible and near IR region in Cu(II) complexes. The energy 
level sequence will depend on the amount of tetragonal distortion due to ligand- field and the 
Jahn-Teller effect [25-26]. The electronic spectra of tetragonal complexes show bands in range 

of 13,400-13,800 and 18,500-18,900 cm-1which can be assigned to 2B1g→ 2A1g and 2B1g→ 

Eg transitions respectively. 2B1g→ 2B2g is usually not observed as a separate band in the 
tetragonal field [27]. The splitting of the Eg state is a measure of the planar and axial field. 

Table-4: EPR spectra of the complexes 

 

Electronic spectra of chloride, nitrate and acetate Cu(ll) complexes 

The electronic spectra of the chloride and acetate complexes with all the five ligands LA, 
LB, LC, LD and LE and with LA, LB and LC ligands complexes show three bands in range of 
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10183-11792 cm–1, 13889-18622 cm–1 and 22988-28736 cm–1 corresponds to tetragonal 

geometry, which can be assigned to 2B1g→2A1g, 2B1g→ 2B2g and 2B1g→2Eg transitions, 

respectively. In all cases the transition 2B1g→2B2g is usually not observed as a separate band 
in the tetragonal field [28]. The bands above 25,000cm-1 in some cases, may be due to charge 
transfer bands [Table2] which could arise from the transfer of an electron from an orbital 
largely belonging to a central atom. The splitting of the 2Eg state is a measure of the planar 
and axial field. Since the planar field as well as axial field is constant in all the present 
complexes, the difference in the position of the bands may be due to axial field only (lower 

symmetry). In the copper(II) complexes 2B2g → 2A1g transition is shifted to higher energies 
in the order: Cl– < NO3

– < CH3COO– [29]. 

TabIe-5: Bonding coefficient parameters of the complexes 

 

Antifungal screening 

The antifungal [30-35]activity of Cu(II) complexes was checked, by the agar plate 
technique [36] for the Aspergillus-niger and Aspergillus-glaucus fungi. The compounds were 
directly mixed to the medium in different concentrations. The fungus was placed in 
themedium with the help of an inoculum needle. The pattri-dishes were wrapped in polythene 
sheets, containing some drops of EtOH and kept in incubator at 35 ± 2°C for 66-75 h. The 
growth of fungus was measured by the recording the diameter of fungal colony. The following 
relation was used to calculate the fungal growth inhibition.Fungal growth inhibition % = (A-
B) x 100/A Where: A = diameter of fungal colony in control plate. B = diameter of fungal 
colony in test plate. The Cu(II) complexes show fungal growth inhibition in the order: 
LA<LB<LC<LE<LD, The results of antifungal activity are shown in Table-6 100% growth of 
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fungus which is represented as *, 50% growth by- **, less than 50% growth by-*** and noble 
inhibition by-****. 

                Table-6: Antifungal activity of the Cu(II) complexes 

 

CONCLUSION 

On the basis of elemental analysis, molar conductance measurements, magnetic 

susceptibility, IR, electronic and EPR spectral studies and the subsequent discussion given 
above the following structures [Figs. 9-14] has been assigned for the copper(II) complexes.    
X = Cl–, NO3 and CH3COO 

           
Fig. 9. Complexes with ligand LA                     Fig. 10. Complexes with ligand LB 
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                    Fig. 11. Complexes with ligand LC                         Fig. 12. Complexes with ligand LD 

                                
Fig. 12. Complexes with ligand LE                                  Fig. 13. Complexes with ligand LF 
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