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Lanthanide Complexes of Some Macrocyclic Schiff Bases Derived from 
Pyridine-2,6dicarboxaldehyde and cx,w-Primary Diamines 

KHALIL K. ABID and DAVID E. FENTON* 

Department of Chemistry, The University, Sheffield S3 7HF, U.K. 

Received January 9, 1984 

The synthesis of macrocyclic lanthanide com- 
plexes via the reaction of pyridine-2,6dicarbox- 
aldehyde with I ,2diaminoethane, I ,2-diaminoprop- 
ane and 1,3diaminopropane in the presence of 
lanthanide nitrates as templating agents is discus- 
sed together with the use of the lanthanum den’va- 
tives in transmetallation reactions with copper(U). 

Introduction 

The use of alkaline earth metal cations as templat- 
ing agents in the synthesis of tetraimine macrocycles 
derived from 1 ,l ’-(2,6-pyridinediyl)bis-ethanone 
(2,6_diacetylpyridine, pda), or pyridine-2,6-dicarbox- 
aldehyde (2,6-diformylpyridine, pdf), and CX,O- 
primary diamines is now well-established [ 11. In 
such syntheses it has been shown that the ionic 
potential and the ionic radius of the ternplating 
cation are important, particularly in dictating 
the size of the macrocycle formed. A consideration 
of both of these factors suggests that lanthanide 
cations should act as efficient templates and further- 
more, through the lanthanide contraction, should 
act as monitors for any subtle changes in macro- 
cycle formation. 

There have been, however, few reports of the use 
of lanthanides as ternplating agents in the synthesis 
of macrocyclic tetraimine ligands. Hart et al. [2] 
and Radecka-Paryzek [3] have shown that pda and 
1,2diaminoethane (en) readily give the lgmember- 
ed hexaazamacrocycle (1) as its metal complex when 
La(NOa)a, La(C104)a or Ce(NOa)a are used as tem- 
plates, and (2) is formed as its metal complex when 
pda and 1,2diaminobenzene are reacted in the 
presence of La(NOa)a [4]. The heavier lanthanide 
cations (Tb, Dy, Ho, Er, Tm, Yb, Lu) were found 
to be effective as ternplating agents in the synthesis 
of the smaller 14-membered hexaazamacrocycle, (3), 
from pda and hydrazine; the lighter lanthanide cations 
here only gave complexes of the acyclic ligand 
(4) [S] . Addition of water to the metal complexes 
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of (3) also led to ring-opening. The macrocyclic 
complexes obtained were all of 1 :l stoichiometry, 
and had the general formula (m/c)M(anion)a*nHZO. 

1 

3 

We report here the synthesis and properties of 
lanthanide (La+++-Lu+‘+, except Pm+++) complexes 

5. Rr CH,CHZ a 
6, 13. CH,CH(CH,) 

7, R = CH,CH,CHz 
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TABLE I. Microanalytical Data. 

K. K. Abid and D. E. Fenton 

Complex Required 

%C %H %N 

Found 

%C 

ColoLlr 

%H %N 

La@ KNO3 13 33.59 2.79 19.60 33.63 2.83 19.82 

Ce(SW03 )3 33.56 2.16 19.57 33.70 2.88 20.05 
PrW(N03)3 33.48 2.76 19.50 33.44 2.85 18.84 

NdWNO&-Hz0 32.45 3.03 18.92 32.66 3.12 19.17 

SmW(NO3)3-H20 32.23 2.93 18.90 33.01 2.96 19.37 

Eu(5 NN03 )3 - H2 0 32.04 2.96 

* 2H2 0 30.90 3.14 17.99 30.81 3.04 17.59 

Dy(5)W03)3*H20 31.48 2.92 18.35 31.40 3.15 17.99 

Ho(S)(N03 )3 - 2H2 0 30.63 3.12 17.89 30.68 3.10 18.26 

Er(S)(N03 )3 - 2Hz 0 30.55 3.11 17.82 30.84 3.19 17.75 

Tm(S)(N03)3*2HzO 30.46 3.10 17.15 30.5 1 3.27 17.05 
Y b(S)(N03 )3 - 2H2 0 30.29 3.08 17.65 30.38 2.84 17.07 

Lu(5)(N03)3 *4H2 0 28.73 3.36 16.78 28.21 2.85 16.81 
La(6)(N03 )3 * 2H2 0 33.91 3.39 17.80 33.74 3.25 16.83 
Ce(6)(N03 )3 * 3Hz 0 33.04 3.83 17.34 32.75 3.25 17.04 
Pr(6)(N03 13 * 2H2 0 33.85 3.60 11.76 34.12 3.10 17.23 
Nd(6)(N03 13 * 2H20 33.75 3.65 17.69 34.04 3.35 17.23 
Sm(6)(N03 )3 * 2H2 0 33.37 3.60 11.5 1 33.02 3.11 17.01 

Eu(6KN03 13 - H2 0 34.15 3.41 17.91 34.56 3.34 17.65 
Gd(6)(NO&-2H20 33.10 3.58 17.37 33.25 3.67 17.60 
Tb(6)(N03)3 * 3H20 32.21 3.74 16.90 32.47 3.51 16.73 

Dy(6KN03 13 * 2H20 33.67 3.37 17.65 34.17 3.64 16.99 
Ho(6)(N03 )3 * 2H2 0 32.73 3.54 17.18 32.41 3.37 17.66 

Er(6)(N03 )3 * 2H2 0 32.65 3.53 17.14 32.39 3.48 17.25 

Tm(6)(N03 )3 * 3H2 0 31.76 3.65 16.57 31.69 3.22 16.08 

Yb(6)(N03 13 * 2H20 32.38 3.50 17.00 32.53 3.45 16.69 

Lu(6)(NO3 )3 * 2H2 0 31.53 3.67 16.55 31.70 3.48 16.32 

LaUKNO3 )3 * Hz 0 34.83 3.48 18.25 34.16 3.38 17.61 

Ce(7)(N03 13 * 2H2 0 33.05 3.85 17.35 33.41 3.37 16.88 

Pr(7)(N03 )3.2Hz 0 33.85 3.66 17.15 34.41 3.53 16.88 

NdUXNO3)3*H20 34.58 3.45 18.15 34.43 3.39 17.63 

Sm(7KN03)3 -2HzO 33.37 3.61 17.41 33.71 3.41 16.81 
Eu(7)(N03 j3 * 2H2 0 33.33 3.61 17.40 33.36 3.34 16.89 
Gd(7)(N03)3*2H20 33.03 3.57 17.30 33.39 3.38 16.94 
Tb(7)(N03 13 * ‘tH2 0 31.42 3.91 16.52 30.86 3.82 16.44 

Dy(WN03 )3 * 2H20 32.83 3.55 11.22 33.31 3.52 16.85 

HoUKN03 )3 * H2 0 33.60 3.35 17.61 34.07 3.50 16.89 

ErUXN03)3 -H 20 33.47 3.34 17.51 33.49 3.56 16.81 
Tm(7)(N03 13 - 3H20 31.80 3.68 16.67 32.00 3.42 16.62 
Y b(7)(N03 )3 * 3H2 0 31.62 3.67 16.60 31.82 3.43 15.96 

Lu(7KNO3 )3 * Hz 0 33.03 3.32 17.32 33.34 3.62 16.86 
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of the macrocycles (5, 6, 7 and 8) derived from the 
reactions of pdf with 1,2-diaminoethane (en), 1,2- 
diaminopropane (pn) and 1,3-diaminopropane (pd) 
in the presence of lanthanide ternplating agents. 

Experimental 

Microanalysis was carried out by the University 
of Sheffield Microanalysis Service. Infra-red spectra 
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