
INTRODUCTION

Condensation reactions between carbonyl
compounds and primary amines have played an
important role in the synthesis of new macrocyclic
ligands 1-7. Usually such reactions are carried out in
the presence of suitable metal ion which may serve
to direct the condensation preferentially to cyclic
products or to stabilise the macrocycles once
formed. The application of macrocyclic compounds
in bioinorganic chemistry, catalysis, extraction of
metal ions from solution and the activation of small
molecules gave impetus to this phenomenon8-11.
Keeping these facts in view the present
communication describes the synthesis,
characterization and biological activities of
Lanthanide macrocyclic complexes.
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ABSTRACT

The condansation reactions of 2,6-diaminopyridine with diacetyl in the presence of Ln(III)
ions produces open chain complexes as a result of Schiff base condensations. These complexes
contain free ketonic groups. The condansation reactions of these complexes with a diamine have
been studied in presence of glacial acetic acid which cause ring closer and formation of macrocyclic
complexes. These complexes have been characterized on the basis of elemental analyses,
conductance, magnetic moment and spectral data. On the basis of aforesaid studies probable
structures of the complexes have been proposed.
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EXPERIMENTAL

All the chemicals and reagents used were
of AR grade or equivalent  purity. The chemicals
2,6- diaminopyridine, diacetyl and
orthophenylenediamine were procured from
Lobochemie, Rare earth nitrates were prepared
from Ln2O3 by standard method. All the solvents
used were of highest purity. Ethanol was double
distilled in the laboratory before use.

Preparation of Macrocyclic Lanthanone
Complexes

The metal salt was dissolved in benzene
ethanol mixture. The mixture was added to ethanolic
solution of the diamine and refluxed for one hour,
when the mixture became turbid, glacial acetic acid
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was added and a clear solution was obtained which
was refluxed for 12h when a precipitate was
obtained, it was filtered, washed with hot mixture of
methanol, ethanol and benzene, the solid
complexes were dried in vacuum desicator.

Physiochemical Studies
The melting points were determined by

open capillary method and are uncorrected. The
Schiff base Lanthanide complexes were analysed
for C, H and N at CDRI Lucknow. The metals were
estimated gravimetrically as oxides in the
Laboratory. Molar conductance  was determined at
10-3M dilution in DMF at 250C using Elico CM 180
conductivity meter with a dip type platinum
electrode (Cell constant 1.0 ± 0.01 cm-1). The IR
spectra of the complexes were recorded in the range
of 4000-400 cm-1 in KBr phase. The electronic
spectra of the complexes were recorded using
Backmann - DU spectrometer. The magnetic
susceptibility measurement were carried out using
Gouy’s Balance. The metal complexes were also
subjected to TGA to find out the coordinated or
uncoordinated water molecules.

Antibacterial Activities
These were carried out using agar diffusion

method. Lab cultures of the bacteria E.coli, B. subtilis,
S. aureus and P. aeruginosa were used for
inoculation. Nutrient agar medium was prepared in
sterelized petridishes. The surface of agar plate was
inoculated with bacterial stain. The sample solution
was prepared in DMSO and was added to well in
the agar medium. The plates were allowed to stain
for 30 minutes and kept in incubator for 24 hours.
The inhibitory zones in mm were taken as measure
of antibacterial activity.

RESULTS AND DISCUSSION

The analytical data sugested 1:1 (M:L)
stoichiometry for the complexes where L is the
acyclic open chain product of a Schiff base
condensation of two molicules of diketones with one
molecule of diamine. Reactions of these open chain
product with diamine have been studied which gave
rise to macrocyclic products.

The results of the elemental analyses are
given in Table 1. The macrocyclic complexes are

soluble in only DMSO and DMF. Molar conductance
at 250C and 10-3M dilution show these complexes
to be 1:3 electrolytes.

Magnetic Moments and Electronic Spectra
The Lanthanum (III) complex is

diamagnetic while Ce, Pr, Nd and Tb complexes
are paramagnetic in nature as expected from their
respective configuration. The values are given in
Table 2.

Electronic spectra
La(III) has no observable visible spectra

and Ce(III) has no transition in this region. The f-f
transition of the complexes are characteristics of
Lanthanide and are not influenced by the ligands
11-12.  Intensity of the peaks varies according to the
metal ions. The f-f bands are sharp and line like.
This is because of effective shielding of the 4f orbitals
by 5s, 5p octet and consequently minimum ligand
field perturbation of the electronic energy level in
lanthanides13. The observed f-f transition and their
assignment are given in the Table 3.

Infra Red Spectra
The IR spectra of the complexes show one

band in the region of 1600 cm-1 assignable to C=N
stretching mode which indicate the Schiff base
condensation, n (M-N) band appears in the region
of 410 cm-1 in all complexes. The common feature to
all acyclic complexes is the occurrence of strong
band around 1670 cm-1 due to n (C=O).  This
suggested formation of open chain products
containing terminal ketonic groups. This band is
shifted to lower wave number by about 15-18 cm-1

in the complexes relative to the position in free
acetyl. The band at 510 cm-1 is due to M-O stretching
vibration. The bands around 1580, 670 and 400 cm-

1
 are assigned to pyridine ring deformation15. These

bands remain unchanged in the complexes,
excluding the possibility of involvement of pyridine
ring nitrogen in coordination.

The infra red spectra of cyclic product are
quite similar to those of acyclic complexes. The only
difference is that the cyclic complexes show one
band near 1615 cm-1 insted of 1670 cm-1 which is
due to C=N stretch of the newly formed azomethine
linkage. The presence of water molecules in the
complexes is shown by a broad absorption band in
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Table 1 : Elemental Analyses Of Complexes

Molecular formula Mol. Wt. % of M % of C % of H % of N

[La (C19H19N5).2H2O]3+3NO3 678 20.501 33.628 3.392 16.519
[Ce (C19H19N5).3H2O]3+3NO3 697 20.086 32.711 3.586 16.068
[Pr (C19H19N5).3H2O]3+3NO3 698 20.200 32.664 3.581 16.045
[Nd (C19H19N5).3H2O]3+3NO3 701 20.542 32.524 3.566 15.977
[Tb (C19H19N5).3H2O]3+3NO3 716 22.206 31.843 3.491 15.642
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the region of 3510 - 3480 cm-1 due to O-H stretching
and sharp medium peak around 1605-1560 cm-1

due to H-O-H bending vibrations 15.

The Thermogravimetric analyses has
shown that the thermal curves of all the complexes
show an exothermic peak in 182 to 200°C
temperature range with weight loss which
correspond to two/three coordinated water
molecules.

Antibacterial Activity
The ligand was sensitive to all organisms

except S. aurius which was found to be resistant.
All the Lanthanide complexes exhibited prominent
activity. The higher activity of complexes may be
explained on the basis of chelation theory.
According to this theory the coordination of the metal
reduces the polarity of the metal ion by partial

sharing of positive charge with donor atoms of the
ligand. The order of antibacterial activity of various
complexes is La > Ce > Pr >Nd > Tb.

CONCLUSION

Based on various studies performed the
coordination number of La is 6 and forms octahedral
complex, that of Ce, Pr, Nd and Tb show
coordination number of 7. Therefore the complexes
may be represented in the following manner.
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Table 2 : Conductance and Magnetic Moment Data.

Molecular formula Molar conductance λλλλλm Magnetic Moment μμμμμ
(ohm-1 Cm2 mol-1)DMF (B.M.)

[La(L)2(H2O)2] 3NO3 81 Diamagnetic (ο)
[Ce(L)2(H2O)3] 3NO3 79 2.79
[Pr(L)2(H2O)3] 3NO3 82 3.12
[Nd(L)2(H2O)3] 3NO3 83 3.81
[Tb(L)2(H2O)3] 3NO3 89 9.02

Table 3 : Electronic Spectral  Data.

Complexes Wave length(nm) Tentative Assignment

[La (L)2(H2O)2] NO3 - -
[Ce (L)2(H2O)3] NO3 - -
[Pr (L)2(H2O)3] NO3 470 3H4→

3P2

471 3H4→
3P1

472 3H4→
3P0

473  3H4→
1D2

[Nd(L)2(H2O)3] NO3 578.2 4I9/2→
4G5/2

                     
2G7/2

[Tb (L)2(H2O)3] NO3 545 5D4→
7F5

617 5D4→
7F3

675 5D4→
7F2
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