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Novel Calixarene-Schiff Bases that Bind Silver(I) Ion 

Bernadette S. Creavena, Mary Deasya, Paul M. Flooda, John McGinleyb, and Brian A. Murray*,a 

a Department of Science and National Centre for Sensor Research, Institute of Technology Tallaght, 

Tallaght, Dublin 24, Ireland;   

b Department of Chemistry, the National University of Ireland - Maynooth, Co. Kildare, Ireland. 

 

 

Abstract 

 

Two novel calix[4]arene-Schiff base receptors have been synthesized.  One of the new compounds 

has two pendant aldimines, while the second has been prepared by two-point attachment of a 

calixarene-dialdehyde onto a calixarene-diamine to form a “calix-tube”.  Preliminary binding studies 

with AgClO4 show large complexation-induced shifts in 1H NMR positions. 

 

Keywords:  calixarenes, Schiff base, silver, complexation 

 



 2 

Introduction 

 

Calixarenes have proved popular building blocks for the development of highly specific synthetic 

receptors particularly for ionic guest species.1 They have found widespread use in sensor technology, 

as sensing agents for various analytes.2 Calix[n]arenes are macrocyclic compounds in which phenolic 

units are linked via methylene bridging groups at their ortho positions. The spectacular development of 

these well defined macromolecular systems in recent years is related to the ease with which the upper 

(aryl) and lower (phenolic) rims have been modified in a stereocontrolled and regiocontrolled manner,1 

coupled with the wide range of cationic3, 4 and neutral5-7 guests they have been found to bind.  

The smallest in the series is where four phenolic units make up the macrocyclic backbone (n = 4). 

This offers a highly rigid platform on which to attach functional groups with potential to act as pre-

organised binding sites for selective complexation, hence its use by many research groups as a key 

structural motif for the design and synthesis of an ever increasing number of synthetic receptors.8 

Higher order calix[4]arenes have been designed and synthesised, where either the lower or upper 

cavity has been bridged by crown,9 azacrown10 and peptide11 moieties to expand the range of guests 

bound. Several double calix[4]arenes (or calix-tubes)12 have been prepared as additional examples of 

more complex molecular architectures in the recent past.   

The attachment of N-ligating groups through imine bond formation has been successful at the 

upper13 and lower14 rim of calixarenes. This has resulted in the formation of calixarene-Schiff base 

receptors which have shown potential for cation recognition, particularly with the transition metals.15 

Herein we report the efficient syntheses of two new calixarene-Schiff base compounds along with 

some preliminary binding results. One of the new compounds is a double calixarene (or calix-tube) 

where the two calixarene units are linked at their lower rims (tail-to-tail)16 using imine spacer groups.  

Both new compounds are distal functionalised calix[4]arenes, i.e. where the 1,3-phenolic H atoms 

have been replaced. In addition a new calixarene-dialdehyde (calix-dial) template was isolated in the 

cone conformation. 
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1,3-Substitution on two of the oxygens on the lower rim of calix[4]arene is readily achieved by 

alkylation, and McKervey has prepared and studied many such derivatives and their binding properties 

to cations17:  they typically retain the cone conformation, easily identified by 1H-NMR spectroscopy.18  

Many more recent examples use such methodology:19  Bagatin has employed 1,3-dibromopropane to 

give a 1,3-bis(bromopropyl) derivative (1, Scheme 1) of the parent tetra-t-butylcalix[4]arene,20 an 

alkylation which leaves two pendant bromines for further elaboration.  Subsequent reaction with two 

moles of 8-hydroxyquinoline was used to develop a Zn2+ receptor. 

Calixarenes with pendant 1,3-distal benzaldehyde groups are known,21 and have recently found use as 

templates in the development of stilbene-bridged calixarene photoswitchable molecular receptors. 22 

Calixarenes bearing aldehyde moieties also provide an ideal platform for the synthesis of Schiff 

base calixarenes, which have attracted recent interest. Liu, for example, has attached two 

azosalicylaldehyde units to calix[4]arene by means of imine chemistry on a diamino-calixarene,23 and 

has then followed their binding to alkali metal cations by UV.  Pendant Schiff bases, of course, also 

open new metal targets for calixarenes:  Vicens has used a diimine-bridged calixarene to extract d- and 

f-block metal cations,24, 25 Liu has complexed pendant vanillin-derived imines with seven lanthanide 

trications, 26 and Mahajan has bound silver using calixarenes joined together by diimine links in the 

development of silver-selective electrodes.27, 28 

We have reacted dibromide (1) with 3-hydroxybenzaldehyde to give (2), a new distal 1,3-

calixarene derivative with pendant aldehydes at the lower rim (a calix-dial).29  Using 3-aminopyridine 

as a representative amine that would also introduce an additional chelatable nitrogen, we attempted to 

react it with dial (2) to give calix-Schiff derivative (3), using standard aldimine-forming conditions 

(ethanolic reflux).  This was, however, unsuccessful.  Going back a step to the dibromide (1) and 

reacting it with a pre-formed Schiff base (4) – prepared from the amine and 3-hydroxybenzaldehyde30 

– gave the desired calixarene with two pendant Schiff bases (3) in 66% yield (Scheme 1).31 

Returning to dial (2), we could see the potential for it to react with a diamine, to give a bridged 

structure.  Indeed, if the bridge itself was a calixarene, the product would be a calix-tube, a large-ring 

structure containing two calixarenes joined by two links.  Examples of such receptors include 
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McKervey’s diallyl-tube as a Grubb’s catalyst,32 Beer’s ethano-linked K+-selective calixarenes,33 and 

Kim’s crown-calix-tube with glycolic links.34 

Double-condensation of calix-diamine (5) – prepared by Wolf’s method35 – with calix-dial (2) 

gave calix-tube (6) in 89% yield (Scheme 2), under simple conditions (MeOH/Et3N reflux 

overnight).36 

The contrast in the reactivities of the aldehyde (2) with amines — viz. unreactive with 3-

aminopyridine (EtOH reflux) but giving clean imine product (6) with calix-diamine (5) (MeOH reflux) 

— is noteworthy.  It presumably is due to the lower nucleophilicity of 3-aminopyridine (aromatic 

amine with electron-withdrawing group) compared to the primary alkylamine groups of (5). 

Thus we have prepared two novel Schiff base calix[4]arenes via convenient syntheses which 

should be easily generalized.  The first (compound 3), with two 1,3-pendant imine functions, was 

obtained from tetra-t-buylcalix[4]arene in two steps.  The second, a calix[4]-calix[4]-tube with 1,1’- 

and 3,3’-imine links (compound 6), also required two steps from the same reactant to produce its 

immediate precursors, and one further step to join them. 

 

Preliminary complexation studies were carried out on the two new calixarene compounds, calix-

Schiff (3) and calix-tube (6).  The complexes were prepared by recrystallization over a few days from 

acetonitrile solutions that were equimolar in AgClO4 and receptor.    Although crystals suitable for X-

ray crystallography were not isolated, the solids obtained showed evidence of complexation in CDCl3 

solution (see binding studies, next paragraph).  That the solids, too, are complexes (rather than 

precipitated reactants) is suggested by their complete and immediate dissolution in chloroform, as free 

AgClO4 is not soluble in this solvent at the concentrations employed. 

Initial binding studies were carried out in CDCl3 by NMR, with silver(I) complexes having been 

chosen as the cation is known to bind imines but wouldn’t interfere with NMR, and the structure of the 

ligands provides many opportunities for complexation-induced chemical shift changes. 

1H NMR (Figure 1) indicated that many peaks were significantly shifted by silver(I) 

complexation, particularly the imine (HC=N:  8.27 to 8.37 ppm) and OH signals (7.76 to 7.94 ppm), 
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with downfield movements also seen for both of the calixarene aromatic signals, the t-butyls, the 

calixarene methylene doublets (+0.07 and +0.10 ppm), and the aromatic signals derived from both the 

amine and the aldehyde, the latter also becoming noticeably broadened. There were some upfield shifts 

too:  the methylene nearest the Schiff base (CH2OPhCH=N) moves -0.19 ppm.  These changes indicate 

not merely that Ag+ has been bound, but that it has brought about a profound structural change 

affecting the whole molecule. 

Calix-tube (6) shows similar – indeed larger – 1H-NMR complexation-induced shifts with silver 

(Figure 2). The most notable shifts were those of the imine function (+0.40 ppm), and the OH’s of both 

calixarene units (+0.18 and +0.59 for the ‘aldehyde’ and ‘amine’ ends, respectively).  For this 

molecule, the separation of the more downfield t-butyl signals at 1.24 and 1.25 ppm increases by 0.06 

ppm:  these signals have been assigned to the t-butyl groups where the O-substitution took place. 

These more dramatic changes probably reflect the greater reorganization that has to accompany 

complexation of the silver cation in the more constrained calix-tube architecture:  the cavity, made up 

of two calixarenes and two Schiff bases, may have to expand to allow the cation to enter, so forcing an 

inward movement of the t-butyls. 

Comparing and contrasting the silver(I) interaction with the two receptors, it is notable that 

although calix-Schiff (3) does have 2 free hydroxyls on the calixarene, this are not optimally placed for 

binding if silver is coordinated by imine.  The complexation-induced shift (CIS) is only +0.18 ppm, 

which may be due to structural rearrangement, rather than direct binding.  But calix-tube (6) may bind 

the cation by both imine nitrogen and hydroxyl, using the ‘amine’ hydroxyl (lower calix of 6).  This 

hydroxyl moves more dramatically (CIS = +0.59), while the ‘upper’ OH only moves +0.18, as it does 

in complexation of (3).  This is also consistent with the other more dramatic changes seen for (6). 

We intend to extend the binding studies to other metal cations, and in the case of calix-tube (6), 

the binding of a second (different) metal ion may be possible.  More generally, there is considerable 

scope both to extend the range of imine structures accessible, and to further derivatize them. 
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222-224 0C. C112H138N2O10, found C, 80.13; H, 8.11; N, 1.57; requires C, 80.44; H, 8.32, N, 1.68.   

max/cm-1 3406 (OH), 1603 (C=N). H/ppm 0.96 (s, 18H, tBu), 1.04 (s, 18H, tBu), 1.24 (s, 18H, 

tBu), 1.25 (s, 18H, tBu), 2.39 (quin, 4H, CH2CH2CH2, J = 5.9 Hz), 3.26 (d, 4H, ArCHaHbArAld, J = 

13.0 Hz), 3.29 (d, 4H, ArCHaHbArAmine, J = 12.8 Hz), 4.10 (m, 8H, ArCHaHbArAmine + 

CH2CH2CH2), 4.28 (m, 16H, ArCHaHbArAld + CH2CH2CH2 + NCH2CH2O), 6.81 (s, 4H, Calix. 

ArHAld), 6.89 (s, 4H, Calix. ArHAmine), 6.93 (m, 2H, 2-ArH), 6.95 (s, 4H, Calix. ArHAld), 6.96 (s, 

4H, Calix. ArHAmine), 7.21 (t, 2H, 5-ArH), 7.31 (s, 4H, OHAmine + 6-ArH), 7.44 (m, 2H, 4-ArH), 

7.97 (s, 2H, OHAld), 8.37 (s, 2H, CHN). C/ppm 30.12 (CH2CH2CH2), 31.04 (C(CH3)3), 31.10 

(C(CH3)3), 31.69 (C(CH3)3), 31.71 (C(CH3)3), 31.97 (4ArCH2Ar), 33.79 (2C(CH3)3), 33.92 

(C(CH3)3), 34.04 (C(CH3)3), 60.47 (NCH2CH2O), 64.53 (OCH2CH2CH2O), 73.04 

(OCH2CH2CH2O), 75.48 (NCH2CH2O), 113.47 (6-ArH), 117.80 (5-ArH), 120.94 (4-ArH), 124.93 

(Calix. ArHAmine), 125.10 (Calix. ArHAld), 125.46 (Calix. ArHAld), 125.61 (Calix. ArHAmine), 127.62 

(ArCH2ArAld), 127.77 (ArCH2ArAmine), 129.47 (2-ArH), 132.63 (ArCH2ArAld), 132.95 

(ArCH2ArAmine), 137.73 (ArC=N), 141.11 (ArtBuAld), 141.39 (ArtBuAmine), 146.77 (ArtBuAld), 

147.05 (ArtBuAmine), 149.68 (Calix ArORAmine), 150.01 (Calix ArORAld), 150.71 (ArOHAmine), 

150.73 (ArOHAld), 159.07 (ArOCH2), 163.86 (C=N). 
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Figure 1:  1H NMR Stack showing uncomplexed (top) and Complexed (bottom) (3),  

   aromatic region (both in CDCl3 solution). 
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Figure 2:  1H NMR Stack showing uncomplexed (top) and Complexed (bottom) (6);  aromatic 

 region (both in CDCl3 solution). 
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