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Synthesis and characterisation of some hexadentate Schiff-base ligands 
containing the piperazine moiety
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Ten hexadentate (N4O2, N4S2 and N6) Schiff-base ligands have been prepared by condensation of various aldehydes 
and two different linear tetraamines containing the piperazine moiety. The products have been characterised by 
melting point, elemental analysis and various spectroscopic methods such as: FT-IR, 1H, 13C NMR, and EI mass 
spectrometry. The complex [Co{N, N'-bis[(pyridin-2-ylmethylene)ethyl]piperazine}][ClO4]2 has been prepared.
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because Schiff-base ligands are potentially capable of forming 
stable complexes with metal ions.1,2 A large number of Schiff-
bases and their complexes had been studied for their interesting 
and important properties e.g. their ability to reversibly bind 

transfer of an amino group, photochromic properties, and 
complexing ability towards some toxic metals.3-7

Schiff-base ligands, as a variety of compounds with the 
imine group, have gained importance because of physiological 
and pharmacological activities associated with them. 
They constitute an interesting class of chelating agents 
capable of coordination metal ions, which serves as models 
for biological system.8-10

The synthesis of Schiff-base is a classical reaction. It is 

a mixture of aldehyde (or ketone) and amine.11 Ghosh et al.12

synthesised N, N'-bis[(pyridin-2-ylmethylene)ethyl]piperazin
Ibers and co-workers13 prepared a Schiff-

base ligand from condensation of thiophene-2-carbaldehyde 

We recently reported14 the synthesis and crystal structure of 
Mn(II) complexes with novel macrocyclic Schiff-base ligands 

containing the piperazine moiety. In this work, we report 
synthesis of 10 potentially hexadentate Schiff-base ligands 
containing the piperazine moiety. In these reactions, we used 
two different linear tetraaza-amines having the piperazine 
moiety with various aldehydes. The corresponding Schiff-base 
ligands were produced (Scheme 1). We also report a cobalt(II) 
complex with L4 (Scheme 2), characterised by IR, elemental 
analysis and FAB mass spectroscopic methods.

Experimental

Physical measurements
Melting points were measured on a SMPI apparatus. Elemental 
analysis for C, H and N was performed using a Perkin-Elmer series 
2400 and Carlo-Erba EA analysers and IR spectra were recorded 

-1). 1H and 13C spectra
were recorded on a 90 MHz Jeol and 400 MHz Bruker spectrometers 
in CDCl3 °C. Mass spectra were obtained using a QP-1100EX 

system using 3-nitrobenzyl alcohol as the matrix. Conductivity 
measurements were carried out in 10-3 mol dm-3 dimethylformamide 
solutions at 20°C using a CARISON GLP32 conductivimeter.
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Scheme 1 Synthesis of some hexadentate Schiff-base ligands.
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Scheme 2 Synthesis of cobalt(II) complex of L4.
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Chemicals and starting materials

hydroxy-1-naphthaldehyde, pyridine-2-carabaldehyde and thiophene-
2-carbaldehyde were obtained from Merck and N,N'-bis(3-
aminopropyl)piperazine were obtained from Aldrich and all of them 

(SATBU) and N,N'-bis(2-aminoethyl)piperazine were also prepared 
as previously described, respectively.

Preparation of ligands
A solution of N,N'-bis(2-aminoethyl)piperazine or N,N'-bis(3-

2-hydroxy-1-naphthaldehyde, pyridine-2-carabaldehyde or thiophene-
2-carbaldehyde (1 mmol) in the same solvent (20 mL). After being 

to ca
into the solution producing powdery precipitates. The products were 

N, N'-Bis{2-[(2-ethylimino)methyl]phenol}piperazine (L1): Calcd 
for C22H28N4O2
7.34; N, 14.91%. 1H NMR (CDCl3
7.33 (8H, m), 8.36 (2H, s), 13.27 (2H, br); 13C NMR (CDCl3

N, N'-Bis{2-[(2-ethylimino)methyl]-5-bromophenol}piperazine (L2): 
Calcd for C22H26Br2N4O2: C, 49.09; H, 4.87; N, 10.41. Found: C, 

1H NMR (CDCl3
(4H, t), 6.82 (2H, d), 7.27 (4H, m), 8.21 (2H, s), 13.32 (2H, br); 13C
NMR (CDCl3
134.90, 160.39, 164.40.

N, N'-Bis{2-[(2-ethylimino)methyl]-4,6-di-tert-butylphenol}piperazine 
(L3): Calcd for C38H60N4O2
H, 9.80; N, 9.76%. 1H NMR (CDCl3) 1.30 (18H, s), 1.44 (18H, s), 2.61 
(12H, m), 3.74 (4H, t), 7.06 (2H, s), 7.38 (2H, s), 8.36 (2H, s), 13.72(2H, 

s); 13C NMR (CDCl3

N, N'-Bis[(pyridin-2-ylmethylene)ethyl)]piperazine (L4): Calcd
for C20H26N6 2

1H NMR (CDCl3
3.78 (4H, t), 7.27 (2H, t), 7.67 (2H, t), 7.90, (2H, d), 8.34 (2H, s), 

13C NMR (CDCl3

N, N'-Bis[2-(thiophen-2-ylmethyleneamino)ethyl]piperazine (L5):
Calcd for C18H24N4S2

1H NMR (CDCl3
(4H, t), 6.86 (2H, d), 7.38 (4H, m), 8.28 (2H, s); 13C NMR (CDCl3)

N, N'-Bis{2-[(3-propylimino)methy)]phenol}piperazine (L6): Calcd 
for C24H32N4O2
N, 13.89%. 1H NMR (CDCl3

13C NMR (CDCl3) 27.81, 

N, N'-Bis{2-[(3-propylimino)methyl]-5-bromophenol}piperazine (L7): 
Calcd for C24H30Br2N4O2

1H NMR (CDCl3

(2H, d) 8.20 (2H, s), 13.49 (2H, br); 13C NMR (CDCl3

N, N'-Bis{2-[(3-propylimino)methyl]-4,6-di-tert-butylphenol}piperazine 
(L8): Calcd for C40H64N4O2. H2O:

1H NMR (CDCl3) 1.33 (18H, s), 1.47 (18H, 

8.37(2H, b), 13.89(2H, s); 13C NMR (CDCl3

N, N'-Bis{2-[(3-propylimino)methyl]naphthalen-1-ol}piperazine (L9): 
Calcd for C32H36N4O2 3CH2

1H NMR (CDCl3) 1.81 (2H, m), 

Table 1 Synthesis of L1–L10

Structure Ligand R M.p/ °C Yield/% MS m/z/% M+ IR ( C=N)

L1 150 80 380(35) 1634

L2 188 85 538(50) 1634

L3 167 87 604(30) 1633

L4 102 80 350(43) 1647

L5 97 86 360(22) 1633

L6 97 82 408(65) 1634

L7 107 85 566(20) 1635

L8 125 84 632(35) 1631

L9 169 75 508(20) 1645

L10 a– 81 378(22) 1650

aThe product was an oil.
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(2H, b); 13C NMR (CDCl3

N, N'-Bis[(pyridin-2-ylmethylene)propyl]piperazine (L10): Calcd 
for C22H32N6
N, 22.09%. 1H NMR (CDCl3

d); 13C NMR (CDCl3

Preparation of complex
Co(ClO4)2. 6H2
and added to a solution of L4

cooled. As a precipitate did not develop immediately the solution was 

dried in a vacuum. (Scheme 2).
[CoL4](ClO4)2.0.5H2O (62%). (Calcd for C20H26Cl2CoN6O6 2O: 

C, 38.91; H, 4.41; N, 13.61. Found: C, 38.60; H, 4.72; N, 13.39%). 
max/cm-1

4); FAB-MS m/z 4]+ (ClO4)
(92.8), 409 [CoL4]+ (100). M/ -1 cm2 mol-1 (in DMF): 126.4 (2 : 1).

Result and discussion

Here, we report synthesis of some hexadentate Schiff-base ligands, 
L1 10, derived from the condensation of N,N-bis(3-aminopropyl) 
piperazine or N,N'-bis(2-aminoethyl)piperazine and a number of 
different aldehydes such as salicaldehyde derivatives, thiophene-
2-carbaldehyde, 2-hydroxy-1-napthaldehyde and pyridine-2-
carbaldehyde. Their spectral data are completely consistent with the 
proposed formulations. The yields, melting points, IR and EI mass 
data are given in Table 1.
The structure of the products has been assigned by spectroscopic 

compounds by the absence of bands characteristic of carbonyl and 
primary amine groups of the starting materials and exhibit a Schiff-
base -1. The stretching 

2800 and 2900 cm . In the 1H NMR spectra, protons of the imine 

In the 13

The Co(II) complex of L4 is also reported and characterised by a 
variety of methods, such as: IR, elemental analysis and FAB Mass 
spectrometry. Positive-ion FAB mass spectrometry provided further 
evidence for formation of the Co(II) complex. The spectrum shows 

that the most intense peaks are observed at m/z
corresponding to [CoL4]+(ClO4) and [CoL4]+, respectively. The molar 
conductance value of the complex measured in dimethylformamide 
lies in the range reported for 2 : 1 electrolytes in this solvent.17

Conclusion

In this work, we have prepared in high yield 10 potentially 
hexadentate Schiff-base ligands containing the piperazine 
moiety. All of the ligands and related cobalt(II) complex of L4

were characterised by various spectroscopic methods.
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