
 

 
ISSN: 0973-4945;   CODEN   ECJHAO 

E-Journal of Chemistry 

http://www.e-journals.net                                                                           2010, 7(1), 227-233 

Template Synthesis, Characterization and   

Biological Activity of Cu(II), Ni(II), Co(II), Zn(II) 

Complexes with Isonicotinoylhydrazone- 

-2-aldehydefluorene Ligand   

L. MITU
*
, N. A. MOHAMED FAROOK, S. A. IQBAL

¶
, 

N. RAMAN
#
, MUHAMMAD IMRAN

§
 and S. K. SHARMA

‡
 

*
Department of Physics and Chemistry,  

University of Pitesti, Pitesti-110040, Romania.  

P.G & Research Department of Chemistry, Khadir Mohideen College,  

Adirampattinam-614701, Tamilnadu, India. 
¶
Department of Chemistry,  

Saifia College of Science and Education, Bhopal-462001, India.  
#
Department of Chemistry, College VHNSN, Virudhunagar-626001, India.  

§
Institute of Chemistry, University of Punjab, Lahore-54590, Pakistan. 

‡
Department  of  Chemistry,  Institute  of  Engineering  &  Technology, 

Alwar – 301030, India.   

ktm7ro@yahoo.com 

Received 30 May 2009; Accepted 20 July 2009 

Abstract: This is about synthesizing new complex combinations of Cu(II),  

Ni(II), Co(II), Zn(II) with aroylhydrazone ligand isonicotinoylhydrazone-2-

aldehydefluorene (INHAF) made  by  condensation  of  isonicotinoylhydrazine  

with  2-aldehydefluorene. The complexes have been characterized by 

analytical data, IR, UV-Vis, NMR spectra, magnetic susceptibility values,  

thermal  analysis  and  for  the  Cu(II)  complex  the ESR spectrum  has  been  

registered. For all complexes the biological activity against the  Staphylo-

coccus aureus,  Escherichia  coli,  Klebssiella  pneumoniae  bacteria has  been  

investigated. The experimental data sustain stoichiometry of 1:2 (metal/ligand) 

for the Cu(II), Ni(II), Zn(II) complexes and of 1:1 for the complex with  

Co(II).  The electronic spectra  and  the magnetic moments suggest octahedral 

stereochemistry at the complexes with Cu(II), Ni(II) and the tetrahedral 

geometry for the Co(II) complex.  The INHAF  ligand  is  coordinated  

bidentate  by  the  O=C  amide oxygen and the azomethine nitrogen in the 

complexes of  Cu(II), Ni(II), Co(II)  and  monodentate by the  azomethine  

nitrogen  in the  complex  of  Zn(II). 
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Introduction    

The heterocyclic chemistry emphasize like it shows in the researches made in the last 

years on many bioactive compounds. The physical and electronical  characteristics of 

the molecule, the chemical structure parameters are determinant factors in the 

manifestation of the bioactivity
1-3

. A big number of complex combinations of the 

transitional metals with the aroylhydrazone ligands have a large spectrum of biological 

and pharmaceutical activities in which it remarks antibacterial, antitumoural, fungicidal, 

antioxidative activities
4,5

. The complex combinations of Ni(II) and Mn(II) with 

isonicotinoyl-hydrazone-α-pyridinaldehyde manifest antituberculosis activity
6
. In the 

continuation of our earlier studies on the complexes with the ligands from the 

aroylhydrazone class
7,8

 we report here the synthesis and characterization of the 

complexes of Cu(II), Ni(II), Co(II), Zn(II) with the isonicotinoylhydrazone-2-

aldehydefluorene ligand.  

Experimental   

All reagents and solvents were used are of the type AR and were used without further 

purification. The metal content and chlorine were obtained by the literature methods
9
 

and carbon, hydrogen and nitrogen were determined with an analyzer CHN-Hewlett 

Packard 185. The IR spectra were recorded between 4000-400 cm
-1

 on a BIORAD-FT-

IR 135 FTS spectrophotometer in a disc of anhydrous KBr. The electronic spectra  in  

reflection (300-1100 nm) were obtained on a VSU-2P Zeiss-Jena spectrophotometer 

using MgO as a standard. The ESR spectrum for the Cu(II) complex were registered at 

room temperature (293K) on a microcrystalline powder with an ART 5 

spectrophotometer. The magnetic moments were determined by the Faraday method at 

the room temperature. 
1
H NMR and 

13
C NMR spectra were recorded on a device Varian 

Gemini 300BB in DMSO-d6. The molar conductivity of the complexes was measured 

with a HACH-sens ion 5-conductivity meter to the solutions in DMF 10
-3

 M.  The 

thermic analysis was realized with an MOM-Q-1500 D  derivatograph in air with a  

heating rate of 5 
o
C/min. The metal complexes together with the free isonicotinoyl-

hydrazone ligand were tested to emphasize their activity against the pathogenic strains 

of bacteria:  Staphylococcus aureus (Gram-positive), Escherichia coli (Gram-negative) ) and 

Klebssiella  pneumoniae (Gram-negative). The paper disc diffusion method
10

 was applied 

using DMF as solvent (concentration was 200 µg/mL).   

Synthesis of ligand (INHAF)   

A solution of 0.001 mol of isonicotinoylhydrazine and 0.001 mol of 2-aldehydefluorene in 

75 mL methanol was refluxed for 5 h on a water bath.  After the solution was  concentrated  

the  precipitate  was  filtered  and  recrystallized  from  ethanol. The corresponding scheme 

of the INHAF ligand synthesis is presented in Figure 1.  
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Figure 1.  The  synthesis  of  the  isonicotinoylhydrazone-2-aldehydefluorene (INHAF) 

ligand.   
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Synthesis  of  complexes   

A methanolic solution of metal chloride MCl2  (0.002 mol/25 mL MeOH)  was added to a 

mixture of  isonicotinoylhydrazine (0.002 mol INH/40 mL MeOH)  and  2-aldehydefluorene 

(0.002 mol AF/60 mL MeOH).  The reaction mixture was refluxed on a water bath for 3h 

after which a part of the solvent was removed by distillation. The precipitated complexes 

were filtered, washed with methyl alcohol and  then  with  ether  and  finally  dried  in  

vacuum  on  anhydrous  CaCl2.   

Results  and  Discussion  

The synthetizing complex combinations are presented in the form of coloured powders, 

stable in time with high melting points. The complexes are not soluble in methyl 

alcohol, ethyl alcohol, chloroform, acetone;  the complex combinations of Co(II), Zn(II) 

are soluble in DMF but the complexes of Cu(II), Ni(II) are partly soluble.  According 

with the analytical data  (Table 1) results a combination  report of  metal/ligand of  1:2  

for complexes with Cu(II), Ni(II), Zn(II) and  of  1:1  in the case of Co(II) complex. The 

molar conductivity corresponding for the Co(II), Zn(II) complexes present low values 

and in this way it can be assigned a structural formula of non-electrolyte for these.  

Table 1.  Analytical  and  physical  data  of  the  complexes. 

Found   (Calcd.), %  

Compound 

 

 

Colour 

 

M.p 
o
C 

M C H N Cl 

Λm
*
 

Ω
-1

 cm
2
 mol

-1
 

INHAF  (HL) 

C20H15N3O 

Light 

Yellow 
254 __ 

76.46 

(76.67) 

4..57 

(4.79) 

13.22 

(13.41) 
__ __ 

[Cu(HL)2Cl2] Green 262 
8.14 

(8.35) 

62.89 

(63.11) 

3.73 

(3.94) 

10.82 

(11.04) 

9.14 

(9.33) 
__ 

[Ni(HL)2Cl2] 
Yellow- 

Green 
297 

7..55 

(7.76) 

63.28 

(63.51) 

3.75 

(3.96) 

10.89 

(11.11) 

9.17 

(9.39) 
__ 

[Co(HL)Cl2] 
Light 

Green 
288 

13.07 

(13.30) 

53.96 

(54.18) 

3.17 

(3.38) 

9.25 

(9.48) 

15.79 

(16.02) 
13.71 

[Zn(HL)2Cl2] Yellow 291 
8.35 

(8.57) 

62.74 

(62.96) 

3.72 

(3.93) 

10.78 

(11.01) 

9.09 

(9.31) 
11.52 

* 10-3 M  solution  in  DMF 

Infrared  spectra    

The IR spectra analysis gave information about the mode of coordination of the INHAF 

ligand to the metallic ions. The characteristic bands are presented in Table 2.   

Table 2.  Characteristic IR bands (cm
-1

) of the ligand INHAF and its complexes. 

 

Compound 

 

ν NH 

ν C=O 

Amide I 

 

ν C=N 

δ NH 

Amide II 

γ NH 

Amide III 

β ring 

pyridine in plane 

 

ν M–N 

INHAF  (HL) 3026 1664 1604 1549 1362 595 ___ 

[Cu(HL)2Cl2] 3049 1647 1587 1520 1371 600 488 

[Ni(HL)2Cl2] 3048 1646 1589 1515 1365 588 473 

[Co(HL)Cl2] 3054 1644 1590 1544 1360 589 478 

[Zn(HL)2Cl2] 3049 1668 1586 1538 1358 590 452 
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 The  INHAF  ligand  spectrum  shows  the absorption  bands  at  3189 cm
-1

  and 3026 cm
-1

  

which  coresponding  with  asymmetrical –ν NH,  symmetrical –ν NH  valence  vibrations  

from  the  imide  group respectively.  The  absorption  of  the ν C = O amide I vibration
11

 is 

situated at 1664 cm
-1  

and the band from 1604 cm
-1

  is assigned to the νC = N vibration 

coresponding the azomethine group
12

. The amide II (δ NH) and amide III (γ NH) vibrations 

give bands in spectrum situated at 1549 cm
-1

 and 1362 cm
-1 

respectively.  The weak band 

from 595 cm
-1

 shows the “β” deformation in plane from the pyridinic ring. In the complexes 

spectra the ν NH – imide frequency is localized in the 3054-3048 cm
-1

 range and this fact 

proves that the imide group maintains the structure during the coordination. The amide I band 

shifts toward lower frequencies in the Cu(II), Ni(II), Co(II) complexes but it appears at a 

higher value in the Zn(II) complex;  these results suggest that the amide O = C oxygen atom is 

coordinated at the Cu(II), Ni(II), Co(II) ions but it doesn
’
t coordinate at the Zn(II) ion. The 

frequency of the ν C = N azomethine group presents negative variations which demonstrate the 

coordination of the azomethine nitrogen in all the complexes
13-16

. The absorption of the “β” 

deformation in plane coresponding the pyridinic ring could be found at close frequencies by 

the one from the free ligand and in consequence the nitrogen from the pyridinic ring is not 

involved in coordination. On the domain of the low frequencies (488-452 cm
-1

) in the complex 

combinations spectra are remarked weak absorption bands which doesn’t appear in the ligand 

spectrum;  these bands could be assigned for ν M–N valence vibrations and sustain the 

coordination of the INHAF ligand at the metallic ions  by  the  azomethine  nitrogen.   

NMR spectra  

The NMR spectra sustain the formation of the isonicotinoylhydrazone-2-aldehydefluorene 

ligand; the INHAF aroylhydrazone presents in 
1
H NMR spectrum a signal at the δ 8.53 ppm 

which is assigned to H-10 proton from the azomethine group and in the 
13

C NMR spectrum 

could be identificated at δ 149.32 ppm the absorption specific to the C-10 azomethine 

carbon atom. The signals  situated  at δ 12.09,  δ 8.80, δ 7.85 ppm  in  the 
1
H NMR  

spectrum shows  the  H-8(amide), H-2,6 (pyridine), H-3,5 (pyridine) protons and the  signals  

from the δ 161.59, δ 150.34,  δ 140.55,  δ 121.57 ppm  in  the  
13

C NMR spectrum  are 

assigned to the C-7 (amide), C-2,6 (pyridine), C-4 (pyridine), C-3,5 (pyridine) carbon atoms.  

In the 
1
H NMR spectrum of  the Zn(II) complex the signals of the H-8 (amide), H-2,6  

(pyridine) protons as well as the absorptions corresponding the C-7 (amide), C-2,6 (pyridine)  

carbon atoms from the 
13

C NMR  spectrum presents very small shifts, aspect that proves that 

the amide oxygen and the pyridinic nitrogen atoms are not involved in coordination.  The 

signal of the H-10 azomethine proton is situated through a lower field with δ = 0.37 ppm and 

the signal of the C-10 carbon atom shows  a  shift  with  δ = 2.6 ppm  and  in  this  way it is 

confirmed the fact that the azomethine nitrogen atom is coordinated to the Zn(II) ion.  

Electronic  spectra,  ESR  and  magnetic  determinations    

The electronic spectrum of the INHAF ligand presents a maximum of absorption at 27548 cm
-1

 

assigned to the n → π
*
  transition from the C = O and C = N chromophore groups. This 

transition could be found again in the complex combinations spectra but shifts towards 

lower frequencies, result which indicates the coordination of the ligand at the metallic  

ions
17

. The Cu(II) complex  presents a broad  band at 15037 cm
-1

. This band is specific at  

Cu(II) ion in octahedral stereochemistry and could be assigned to the 
2
Eg → 

2
T2g  

transition
18

. The experimental value of the magnetic moment is of 1.92 BM and suggests a 

monomeric octahedral geometry. The ESR spectrum of the [Cu(INHAF)2Cl2] complex was 

recorded on a  microcrystalline   powder at  room temperature; this complex  reveals an intense   
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signal, relatively broad and isotropic in which the “g” parameter presents only one value  

(gisotropic = 2.1125). The symmetry of the ESR signal coupling with the “g” parameter represents 

characteristics for weak axial deformed octahedral geometry.  For the Ni(II) complex we can 

identify two spectral bands at 15625 cm
-1 

 and  10526 cm
-1

;  these absorptions are assigned to the 
3
A2g → 

3
T1g (F) (ν2) , 

3
A2g → 

3
T2g (F) (ν1)  transitions respectively and characterise the Ni(II) ion 

in octahedral stereochemistry
19

.  The magnetic moment is of  3.09 BM and sustain this geometry;   

the ν2 / ν1 ratio has the value 1.48 and it is situated in the range of the Ni(II) octahedral 

complexes. The Dq, B
,
, β parameters were calculated and these correspond to the Dq = 1052 cm

-1
,  

B = 555 cm
-1

,  β = 0.53  values.  The electronic spectrum of the Co(II) complex contains two 

absorption bands, one to 11695 cm
-1

  assigned  to  the  
4
A2(F) → 

4
T1(F) (ν2)  transition  and  

other  positionated  at 16393 cm
-1

  due to the  
4
A2(F) → 

4
T1(P) (ν3)  transition.  These bands 

are characteristic to the Co(II) ion in tetrahedral symmetry field
20

  and the magnetic moment 

of  4.27 BM sustain this configuration. The Zn(II) complex presents an intense band situated  

at  23255 cm
-1

 which can be assigned to the charge transfer transition  L → M
21

.  The 

electronic spectroscopy doesn
,
t permit the establish of a clear stereochemistry for the Zn(II) 

ion  but taking into consideration the monodentate behaviour of the  INHAF (HL) ligand  as 

well as the tendency of the Zn(II) ion for the tetrahedral geometry in the tetracoordination  

complexes, we propose  this  type  of  stereochemistry.   

Thermal  analysis   

The  results  from  the  thermal  analysis  for  the  Cu(II), Ni(II), Co(II), Zn(II) complexes 

are presented in Table 3.  At high temperatures (t > 240 
o
C)  the complexes were 

decomposed and the INHAF ligand was eliminated in two steps by oxidative degradations;  

in the final step (≈ 700 
o
C) results, the metallic oxides as stable residue: CuO, NiO, Co3O4, ZnO.   

 Data from the thermal analysis sustain the molecular formulas assigned for these 

complexes.  The Cu(II), Ni(II) complexes presents octahedral geometry, for Co(II), Zn(II) 

complexes, we admit tetrahedral stereochemistry and the structural formulas assigned to 

these are presented in Figure 2.          

Table 3.  Thermal  analysis  for  the  complex  combinations. 

Total  mass  losses 
Complex 

Theoretical, %  Experimental, % 
Temp.

o
C Loss,  % 

[Cu(HL)2Cl2] 89.53 89.13 240-370 

370-665 

665-700 

27.24 

61.89 

10.26 exp./res. 

10.45 calc./res. 

[Ni(HL)2Cl2] 89.54 89.18 270-375 

375-540 

540-700 

10.87 

78.31 

  9.67 exp./res. 

  9.88 calc./res. 

[Co(HL)Cl2] 81.83 81.42 265-435 

435-680 

680-700 

35.14 

46.28 

17.93 exp./res. 

18.12 calc./res. 

[Zn(HL)2Cl2]  89.25 89 280-460 

460-670 

670-700 

29.52 

59.48 

10.45 exp./res. 

10.67 calc./res.  
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Figure 2.  The  structural  formula  of  the  complexes. 

(a) [M(INHAF)2Cl2]  M = Cu(II), Ni(II)  (b) [Co(INHAF)Cl2]  (c) [Zn(INHAF)2Cl2] 

Antimicrobial  activity  

The antimicrobial activity of the synthetized complexes and INHAF ligand, it was  evaluated  

on Gram-positive germ and two Gram-negative germs: Staphylococcus aureus, Escherichia 

coli, Klebssiella pneumoniae. Table 4 shows the obtained results expressed by the diameter of 

the inhibition zone of the growth bacteria  by  the  tested  compounds.  

Table 4.  Antimicrobial  activity  of  INHAF  and  its  metal  complexes. 

Inhibition  zone  of  bacterial  growth, mm 
Compound 

Staphylococcus  aureus Escherichia  coli Klebssiella  pneumoniae 

INHAF (HL) 5 6 5 

[Cu(HL)2Cl2] 8 6 5 

[Ni(HL)2Cl2] 6 6 5 

[Co(HL)Cl2] 29 27 22 

[Zn(HL)2Cl2] 14 16 11 

 The Cu(II), Ni(II) complexes  present  a  slight  intense  effect  only  for  Staphylococcus  

aureus  while  the  Co(II), Zn(II)  complexes  are  more  active  comparatively  with  INHAF  

ligand  for  the  three  germs
22. The Co(II) complex manifest maximum activity to all germs. 

The Cu(II), Ni(II) complexes in which the INHAF ligand function bidentate presents a lower 

activity in raport with the Zn(II) complex in which the INHAF ligand it behaves 

monodentate. The increased activity of the chelates can be explained based on the overtone 

concept and the Tweedy chelation theory
23

. According to the overtone concept of cell 

permeability, the lipid membrane surrounding the cell favours the passage of only lipid-

soluble materials, which means that liposolubility is an important factor controlling 

antimicrobial activity. On chelation, the polarity of metal ion is reduced to a greater extent 

due to overlap of the ligand orbital and partial sharing of its positive charge with the donor 

groups. In addition, it is also due to delocalization of the π-electrons over whole chelate ring, 

enhancing the penetration of the complexes into the lipid membranes and the blocking of 

the metal binding sites of the enzymes of the microorganisms.  
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