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Abstract

1 2Two novel macrocycles, L and L , containing a N O -donor set, have been synthesised, and their complexation potential towards3 4

Ln(III) ions have been investigated. The cyclocondensation reaction between 2,6-bis(2-formylphenoxymethyl)pyridine and 1,2-bis(2-
1 2aminophenoxy)butane in the absence of metal ions, yields the macrocycle L as the main product. The diamine macrocycle L is formed

by reaction of the diamine and dicarbonyl precursors followed by an in situ reduction with NaBH . The interaction of lanthanide(III) ions4

with both ligands has been investigated.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction Carlo Erba 1108 and a Leco CNHS-932 microanalysers.
IR spectra were recorded as KBr discs using a Bio-Rad

Macrocyclic ligands form stable complexes with lanth- FTS 135 and a FTS 175 C spectrophotometers. NMR
anides, offering a wide range of possibilities to explore the spectra were recorded using a Bruker DPX-250 and a
special properties of these complexes in areas ranging from AM-500 spectrometers. Positive ion FAB mass spectra
medicine to hydrometallurgy [1,2]. We are particularly were recorded on a Kratos MS50TC spectrometer using a
interested in N O -donor atom macrocycles as they are 3-nitrobenzyl alcohol matrix. Melting points were carriedx y

¨expected to form more stable complexes with f-metal ions out using a BUCHI melting point apparatus. Conductivity
23 23than the polyaza or polyoxa macrocycles [3,4]. Herein, we measurements were carried out in ca. 10 mol dm

present the synthesis and characterisation of two novel N,N-dimethylformamide solutions at 208C using a WTW
25-membered N O macrocycles derived from 2,6-bis(2- LF-3 conductometer. The electronic absorption spectra of3 4

24 26formylphenoxymethyl)pyridine and 1,2-bis(2-amino- the complexes (10 –10 M methanol solutions) were
1phenoxy)butane. The Schiff-base ligand L has been measured in the range 220–900 nm using a Hitachi U-

synthesised by direct reaction and also following a tem- 3000 and a Perkin–Elmer Lambda 6 spectrophotometers.
plate method, and its coordination ability towards lanth- Emission spectra were recorded on a SPEX F111 Fluoro-
anide(III) ions has been investigated. Moreover the reduc- log spectrofluorimeter.

1 2tion of L to the corresponding saturated ligand L has 2,6-Bis(2-formylphenoxymethyl)pyridine [5,6] and 1,2-
allowed to investigate the influence of such change on the bis(2-aminophenoxy) butane were prepared according to
complexation capacity of the macrocycle as it is converted literature methods [7,8]. Lanthanide(III) perchlorates were
into a more stable and flexible ligand. commercial products (from Johnson–Matthey) used with-

out further purification. Solvents were of reagent grade
purified by the usual methods.

2. Experimental details
CAUTION: Perchlorates are potentially explosive.

Elemental analyses were carried out by the University of
Santiago de Compostela Microanalytical Service on a

12.1. Synthesis of L in absence of metal ions. General
procedure
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3in absolute ethanol (50 cm ) was added dropwise to a
refluxing solution of 2,6-bis(2-formylphenoxy-

3methyl)pyridine (1 mmol) in the same solvent (50 cm ).
The solution was gently refluxed with magnetic stirring for
ca. 2.5 h. The colour changed to yellow and a yellow
powder precipitated. The product was filtered off, washed
with absolute ethanol and dried in vacuo.

1L : Yield 75%. Anal. Calc. for C H N O .H O: C,37 33 3 4 2

73.8; N, 6.9; H 5.8%. Found: C 73.4; N, 6.2; H 6.3%.
1 1Melting point: 1728C. FAB: [L 1H] 584. IR: n(CN)imi

21 211621 cm ; n(C5C) , n(C5N) 1595, 1492 cm .ar py

1 2Fig. 1. Macrocycles L and L .
12.2. Synthesis of L in the presence of metal ions.

General procedure
formylphenoxymethyl)pyridine, followed by in situ reduc-
tion with sodium tetrahydroborate.

To a refluxing solution of 2,6-bis(2-formylphenoxy- 2L : Yield 38%. Anal. Calc. for C H N O .H O: C,3 37 33 3 4 2methyl)pyridine (1 mmol) in absolute ethanol (50 cm )
73.3; N, 6.9; H 6.5%. Found: C 73.5; N, 6.7; H 6.7%.

was added a solution of Ln(ClO ) .xH O (Ln5La, Ce, Pr, 14 3 2 Melting point: 1528C. FAB: [L1H] 588. IR: n(NH)3Sm, Gd) (1 mmol) in the same solvent (10 cm ), and then 21 21 13434 cm ; n(C5C) , n(C5N) 1599, 1510 cm . H3 ar pyan ethanolic solution (50 cm ) of 1,2-bis(2-aminophen- 13and C NMR data (in CDCl ) are presented in Fig. 2,3oxy)butane (1 mmol) was added dropwise. The colour of
Table 2.

the solution changed to yellow, and refluxing was con-
tinued for a further 3 h. The reaction produced firstly an

2.4. Synthesis of lanthanide(III) perchlorate complexes
unidentified precipitate which was removed by filtration. 2of L – General procedure3The filtrate was then concentrated to ca. 10 cm and an
equal volume of diethyl ether was slowly infused into the 2To a refluxing solution of L (0.1 mmol) in absolute
solution producing powdery precipitates. The yellow prod- 3ethanol (15 cm ) was added dropwise a solution of the
ucts were filtered off, washed with absolute ethanol or

hydrated lanthanide perchlorates of La(III), Ce(III),3methanol (ca. 5 cm ) and dried in vacuo. Microanalytical
Pr(III), Nd(III), Eu(III) or Er(III) (0.1 mmol) dissolved in

data are given in Table 1. The complexes are air-stable 3the same solvent (10 cm ). The resulting colourless
yellow solids, soluble in acetonitrile, chloroform, di-

solution was refluxed ca. 5 h. and then allowed to cool.
methylformamide and dimethylsulfoxide, moderately solu- 3The volume of the solution was reduced to ca. 10 cm and
ble in ethanol and methanol and insoluble in diethyl ether

the same volume of diethyl ether was added to aid
and hexane.

precipitation. The complexes were filtered off, washed
with a little cold ethanol and dried under vacuum. Mi-

22.3. Synthesis of L . General procedure croanalytical data are given in Table 1. The complexes
were isolated as white solids, air-stable, soluble in acetoni-

This ligand was prepared following a method previously trile, chloroform, dimethylformamide, dimethylsulfoxide,
reported for similar macrocycles [9,10], by direct reaction ethanol and methanol, and insoluble in hexane and diethyl
between 1,2-bis(2-aminophenoxy)butane and 2,6-bis(2- ether.

Table 1
1 2Analytical, yield, molar conductance (in DMF) and infrared data (in KBr) for the complexes LnL (ClO ) .xH O and LnL (ClO ) .xH O4 3 2 4 3 2

a 21Complex Analysis (%) Yield L IR (cm )M
21 21 2(%) (V mol cm )

C N H n(C5N) n(C5N) n(ClO )imi py 4

n(C5C)ar

1CeL (ClO ) .4H O 40.6 (40.6) 3.5 (3.8) 4.0 (3.7) 43 149 1631 1602; 1495 1144; 1115; 1086; 1042; 6274 3 2
1PrL (ClO ) .2EtOH 44.1 (44.0) 3.9 (3.7) 4.2 (4.0) 32 157 1640 1601; 1496 1144; 1115; 1087; 6254 3

1SmL (ClO ) .H O 42.8 (43.0) 3.9 (4.0) 3.1 (3.2) 49 161 1639 1602; 1494 1144; 1114; 1086; 1042; 6274 3 2
2CeL (ClO ) .8H O 37.6 (37.9) 3.4 (3.5) 4.4 (4.5) 25 149 – 1600; 1495 1144; 1118; 1090; 636; 6254 3 2

2PrL (ClO ) .12H O 35.9 (35.7) 3.3 (3.3) 4.7 (4.9) 38 154 – 1601; 1496 1147; 1121; 1090; 636; 6264 3 2

a Calculated values in parentheses.
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2reduced macrocyclic ligand L in a good yield. Both
ligands were characterised by elemental analysis, FAB
mass spectrometry, IR and NMR spectroscopy.

The FAB mass spectra of both macrocycles play an
important role in confirming the monomeric [111] nature
of the ligands. They show the highest molecular weight

1 1peaks at m /z 584 and 588, corresponding to [L 1H] and
2 1 1[L 1H] respectively. The IR spectrum of L clearly

21shows the imine band at 1621 cm but also exhibit the
21carbonyl band at ca. 1687 cm , indicating formation of

acyclic as well as cyclic products. The spectrum of the
2reduced ligand L features a secondary amine N–H

21stretching at 3434 cm and no imine band at ca. 1621
21cm . Both spectra exhibit bands at ca. 1600 and 1480
21cm as expected for the aromatic and pyridine rings

vibrations [11].
1 1The H NMR spectrum of L (in CDCl ) is complicated3

and shows more signals than expected; however, it clearly
shows a peak at 9.1 ppm corresponding to the imine
protons. When recording 24 h and 48 h later the complexi-
ty of the spectrum increases, may be due to the hydration

1and hydrolysis of imine bonds [12]. The H NMR spec-
2trum (in CDCl ) of L shows the absence of the signal3

attributable to the imine protons and the appearance of a
1 13 2Fig. 2. H and C NMR assigments for L . new singlet signal at 5.22 ppm corresponding to the NH

amine protons; the latter was confirmed by deuterium
exchange when D O was added. The spectrum was23. Results and discussion
recorded after 24 h. and 48 h. and no change was observed,

1 2 demonstrating the greater stability of the ligand compared3.1. Macrocycles L and L 1 13 2with L . The C spectrum of L features 19 signals, as
expected for the symmetry of the macrocycle. The assign-We have found that in the reaction between 2,6-bis(2-
ment of the signals has been made using NMR techniquesformylphenoxymethyl)pyridine and 1,2-bis(2-amino-

1 (COSY, DEPT-135, HMQC).phenoxy)butane the [111] Schiff-base macrocycle L is
formed as the majority product. The in situ reduction with

1sodium tetrahydroborate of L provides the corresponding 1 23.2. Metal complexes of L and L

Perchlorate complexes of both ligands have been ob-
1Table 2 tained in a good yield. In the case of L , a template method

1 13 2 aH and C NMR data (500 MHz) in CDCl for L3 has been successfully employed in the synthesis of ana-
Assignment Shift Integration Assignment Shift lytically pure compounds formulated as

1 1(d ppm) (d ppm) LnL (ClO ) .xH O (Ln5Ce, Sm) or PrL (ClO ) .2EtOH.4 3 2 4 3
2H 7.52 (t) 1H C 137.4 The reaction between equimolar amounts of L and thea 1

H 7.36 (d) 2H C 119.8b 2 hydrated lanthanide perchlorates gives analytically pure
2H 7.32 (d) 2H C ; C 157.5; 157.0ar 3 5 products LnL (ClO ) .xH O (Ln5Ce or Pr). Attempts to4 3 27.24 (m) 2H C 146.517 obtain the corresponding [1:1, Ln:L] complexes with Ln56.96 (m) 4H C ; C 138.4; 127.910 12 1La or Gd (in the case of L ) and Ln5La, Nd, Eu or Er (for6.88 (t) 2H C ; C 131.0; 128.87 9

26.80 (d) 2H C ; C 121.2; 121.1 the ligand L ) were unsuccessful. The yield, analytical,6 8

6.68 (d) 2H C ; C 116.3; 112.413 14 conductivity and IR data for the complexes are presented
6.60 (t) 2H C ; C 110.7; 110.515 16 in Table 1.

H 5.25 (s) 4H C 70.2c 4 The molar conductivities of the complexes in dimethyl-H 5.22 (s) 2H – –e

formamide are in the range reported for 2:1 electrolytes inH 4.50 (s) 4H C 45.4d 11

H 3.70 (s) 4H C 67.8 this solvent [13], suggesting that one perchlorate counter-f 18

H 1.30 (m) 4H C 25.8g 19 ion must be co-ordinated, at least in dmf, and also most
a d5doublet; m5multiplet; t5triplet; s5singlet. likely in the solid state. The FAB mass spectra feature in
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all cases peaks at m /z 584 and 588 as the most intense also show the presence of impurities due to the formation
ones, confirming the stability of the macrocycles in the of acyclic products and/or unreacted dicarbonilic pre-

2metal complexes. All spectra show peaks at higher molec- cursor. The integrity of the macrocycle L in solution has
ular weights, that in some cases have also been assigned. been confirmed by NMR studies. Mononuclear lanthanide

The IR spectra of all complexes were recorded in KBr. complexes have been prepared from both macrocycles in a
The absence of carbonyl and amine bands in the di-iminic good yield. The replacement of the N–H groups of the
complexes, together with the appearance of an imine band reduced ligand may provide a wide range of new function-

21at 1631–1640 cm , indicates that cyclocondensation has alized derivatives showing more encapsulating properties.
occurred; this band is shifted to higher wavenumbers
respect to that of the free ligand, suggesting coordination

2via the imine nitrogen atoms. As in the case of L , the IR Acknowledgements
spectra of its complexes also show the absence of bands
assignable to the iminic groups. The absorption bands We thank A Xunta de Galicia (PGIDT99PXI20902B)
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