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Abstract: The synthesis of a caiix[4]arene derivative immobilised in 1,3-alternate conformation by 
alkylation at the lower rim and bearing four catechoylamide units at the upper rim was achieved. The 
chelating coordination sites were by construction oriented, in an alternating mode, below and above 
the main plane of the backbone, thus affording an exo-ditopic ligand. 
Copyright © 1996 Elsevier Science Ltd 

Although functionalised polymers (complexing polymers), bearing a variety of binding sites capable of binding 

metal cations are well known since long time, only in recent years much attention has been focused on polymeric species 

(coordination polymers) in which the metal plays a structural role. This approach presents, at least, two interesting 

features. The metal, a structural constituent bridging other modules such as organic moieties, presents a large variety of 

coordination geometry (tetrahedral, octahedral, square planar etc.). Furthermore, due to electronic, redox, photonic and 

magnetic properties of metal centres, the resulting coordination polymers may also exhibit pre-programmed or unexpected 

functional features. The preparation of such materials may be envisaged through an iterative assembly of bridging ligands 

and metals. In this context, the design and synthesis of multisites receptor molecules in which the interaction sites 

are oriented outwardly (exo-receptors) is of special interest. In this vein, we have already reported the synthesis 

of exoreceptors based on calixarenes 1,2, amidines 3 and bipyridines.4 

Molecular  units possessing four chelating groups pointing outwards and occupying the apices of a 

pseudo-tetrahedron may be of  interest for construction of one dimensional coordination polymers using 

lanthanide or actinide metals allowing octacoordination. The design of such a iigand may be based on a 

preorganised backbone offering the possibility of anchoring four chelating coordination sites in an alternating 

mode below and above of its main plane. In this regard, p-tert-butylcalix[4]arene 15 seems to be the candidate 

of choice since it may be functionalised at both upper and lower rims. Indeed, one may impose the 1,3-alternate 

conformation by proper modification at the lower rim through transformation of all four hydroxy groups into 

ether junctions.5, 6 On the other hand, it has been shown that calix[4]arene may also be functionalised at the 

upper rim allowing the anchoring of chelating groups. 5 
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Our approach to the design of the exo-binucleating ligand 1 was 

based on the combination of a calix[4]arene framework and four bidentate 

catecholate moieties. Although calix[4]arene derivatives bearing bidentate 

bipyridine units at the lower and upper rims have been prepared 7, to our 

knowledge no example of the combination cited above has been reported. 

Diaza -8, Triaza- and tetraaza-macrocycles beating two, three and four 

pendant catecholate units have also been previously reported. 9 We report 

here the first synthesis of a new exo-ditopic ligands 1 composed of a 

calix[4]arene moiety and four catechol units. 

The synthetic strategy for the preparation of 1 was based on the 

coupling of the acyl chloride derivatives of the protected catechol 9 with 

the tetraaminocalix[4]arene 5, followed by deprotection of the benzyl 

groups. 

The p-tert-butylcalix[4]arene 2 was prepared according to published 

procedure. 10 

The tetrapropoxy derivative 3 was obtained upon condensation of 2 with propyl iodide in benzene in the 

presence of t-BuOK. I 1 This reaction, already reported 11, gave a mixture of partial cone and 1,3-alternate 

conformers. The desired 1,3-alternate conformer was isolated by crystallisation from CH2CI2/MeOH mixture in 

15 % yield. Although it has been shown that the proportion of the desired 1,3-alternate conformer could be 

enhanced using caesium carbonate 12, nevertheless, because of the high cost of the latter, t-BuOK was preferred. 

The 1,3-alternate conformation of the compound 3 was demonstrated by the observation of a singlet for the 

CH2 groups of the calix backbone. Compound 3 was transformed into its tetranitro derivative 4 by the reported 

ipso nitration using HNO3/AcOH mixture in CH2C12.13 Again, the observation of a singlet for the methylene 

group of the calix moiety of 4 confirmed that upon ipso nitration, the 1,3-alternate conformation was not 

altered. Although the reduction of nitro calixarene derivatives using hydrazine and FeC1314 or hydrazine and 

Raney Nickel 15 has been reported, we found that the general procedure developed by Bellamy et al.16 using 

SnCI2 and EtOH was the most convenient one. Thus, under these conditions, treatment of 4 afforded the 

tetraamino compound 5 in 93 % yield. 17 The latter compound has not been reported previously. 
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Although 2,3-dimethoxy-benzoic acid is commercially available, nevertheless, since in our strategy, the 

calix[4]arene hydroxy groups were blocked by propyl chains, the protection of the catechol was achieved using 

benzyl group (Bn) which can be deprotected by catalytic hydrogenation. Treatment of the commercially available 
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2,3-dihydroxy-benzaldehyde 6 with benzyl bromide in EtOH in the presence of K2CO 3 afforded the protected 

aldehyde 7 in quantitative yield. 18 The oxidation at r. t. of the latter by NaCIO2 in the presence of H2NSO3H in 

a 1/1 acetone/water mixture afforded the acid 818, which was further converted into its aeyl chloride 9 by 

treatment with (COC1)2 in benzene in the presence of a drop of DMF.18 

CHO CHO COOH COCl 

HO BnO" v BnO" ~ BnO" 

6 7 8 9 

The benzyl protected calix[4]arene derivative 1019 was obtained in 64 % yield upon condensation of the 

acyl chloride 9 with the amino calixarene 5 in CH2CI2 in the presence of Et3N. The desired final compound 120 

was generated in 84 % yield by cleavage of the benzyl protecting groups using catalytic hydrogenation (Pd/C). 

In order to avoid oxidation, the compound 1 was stored in the absence of oxygen. The 1,3-altemate 

conformation of the precursor 10 and of the final compound 1 was again established by IH NMR. 

In summary, the synthesis of compound 1 based on a calix[4]arene backbone in the 1,3-alternate 

conformation bearing four catechoylamide units at its upper rim was achieved in acceptable yields. The binding 

ability of the latter towards transition metals and lanthanides will be reported elsewhere. The formation of 

coordination polymers using 1 is under current investigation. 
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