
A series of new p-tert-butylcalix[4]arene aza-crown ethers
has been prepared.  They showed pronounced selective
ionophoric properties in transport experiments toward Hg2+

ions among the heavy metal ions and Cu2+ ions among the tran-
sition metal ions surveyed.  The calix[4]arene diaza-crown
ethers are found to be relatively well optimized for the transport
of Hg2+ ions.

The design of selective ionophores exploiting calixarene
framework has been one of the most active research areas in
supramolecular chemistry.1 The ionophoric properties of
specifically designed calixarene derivatives toward alkali and
alkaline earth metal cations as well as some organic ionic sub-
strates have been relatively well characterized.2,3 However,
their binding abilities toward transition metal and heavy metal
ions are less well investigated.4 To recognize these target ions,
soft binding sites having large affinity for the guest ions must
be employed.  One possible candidate to this end is the intro-
duction of nitrogen atoms into the ionophoric structure, which
has been well verified by the classical examples of aza-crown
ether systems.  In fact, various attempts to introduce the aza
binding sites into the calixarene framework by bridging with
linkages containing nitrogen ligands have been made.5–8

However, no systematic studies have been performed for the
aza-analogues of the relatively well-studied calix-crown ether
systems, in spite of the interesting structural properties of the
resulting derivatives for the recognition of heavy metal or tran-
sition metal ions.  We report here the synthesis and ionophoric
properties of a series of new calix[4]arene-aza-crown ethers
toward some heavy and transition metal ions.  

p-tert-Butylcalix[4]arene-aza-crown ethers for the binding
of heavy metal ions have prepared following the procedure
depicted in Scheme 1.  Cyclic amides 2 were prepared by the
reaction of dimethyl ester 1 with appropriate amines in
toluene/MeOH mixture following the reported procedure.9

Reduction of the amides 2 with BH3·S(CH3)2 in THF afforded
the desired aza-crown ethers 3 in moderate yields.10 To assess
the optimized structures for the recognition of target metal ions,
the skeleton of the aza-crown ether bridge was varied systemat-
ically by introducing two or three nitrogen atoms by the reac-
tion with ethylenediamine, propylenediamine, or diethylene-
triamine, respectively. 

The ionophoric properties of the calix-aza-crown ethers 3
were investigated by the competitive transport experiments.
Aqueous phase (HOAc/NaOAc buffer at pH 6) containing a mix-
ture of representative heavy metal, transition metal, and alkaline
earth metal acetates (Cd2+, Hg2+, Pb2+, Co2+, Ni2+, Cu2+, Zn2+,
Mg2+, Ca2+, Sr2+, and Ba2+) was transported through chloroform
liquid membrane by using a U-tube apparatus at 25 °C.  After
transport for 2 days, the amount of transported metal ions in the
receiving phase was determined by means of the ICP-AES and
the results are summarized in Table 1.  The preliminary transport
experiments of 3a using distilled water as receiving phase
revealed that the ionophores showed selective transport behavior
toward Hg2+ ions.  However, the transport efficiencies are not so
satisfactory for the calix[4]arene-aza-crown ethers to act as an
efficient carrier for the target metal ions.  To increase the trans-
port efficiency, receiving phase was modified with 0.2 M
EDTA,11 that is believed to assist the metal ion release at the
interface between liquid membrane and receiving phase.

With EDTA solution as receiving phase, the calix[4]arene-
aza-crown ethers 3 showed a pronouncedly enhanced and
selective transport efficiency toward Hg2+ ion over other tested
metal ions.  Generally, the transport efficiency decreased in the
sequence of Hg2+ >> Pb2+ > Cd2+ among the heavy metal ions
and Cu2+ > Zn2+ > Ni2+ ≈ Co2+ among the transition metal ions,
with much higher preference for Hg2+ over Cu2+ ion.  Diaza-
crown ethers 3a and 3b showed much higher selectivity toward
Hg2+ over Pb2+ and Cd2+ compared with 3c.  On the other hand,
the expansion of the diaza-bridging unit by substitution of the
central ethylene group of 3a with propylene group of 3b
enhances somewhat the transport efficiency for the Hg2+ and
Pb2+ ions without significantly affecting the efficiency for the
rest of other metal ions.  That enhances moderately the trans-
port selectivity of 3b toward Hg2+ ions.  Interesting thing to
note for triaza-crown ether 3c is the increases in transport effi-
ciency for the most of the transition metal ions compared with
diaza-crown ethers 3a and 3b.  That results in reduction of
transport selectivity toward Hg2+ over other metal ions, which
might be due to the presence of one extra nitrogen ligating atom
in triaza-crown ether 3c. 
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To have a further insight for the ionophoric properties of the
calix-aza-crown-ethers, 1H NMR titration of the ligands 3 with
Hg(ClO4)2 was performed in CD3OD/CDCl3 (1:1, v/v).  Upon
addition of Hg2+ ions, the resonances of ligands 3 are somewhat
broadened and significantly shifted.  In general, the most signifi-
cant shifts are observed for the methylene protons bearing nitro-
gen atoms, that manifests the fact that the binding sites are prefer-
entially comprised of the aza-crown moiety of the ionophores.12

For 3b, the most prominent changes are observed for the central
part methylene protons of the aza-crown ethers (∆δ = 0.49 and
0.43, respectively for the NCH2CH2CH2N and NCH2CH2O),
while the methylene protons adjacent to the calix[4]arene phenol
ether shifted less significantly (∆δ = 0.20).  The pronounced
affinity of calix[4]arene-aza-crown ethers toward Hg2+ and Cu2+

ions is further confirmed by the FAB-MS measurements.  The
mass spectrum of ionophore 3b under competitive condition
with a mixture of Hg(ClO4)2 and Cu(ClO4)2 in m-nitrobenzyl
alcohol (m-NBA) revealed prominent peaks at m/z = 975.7 and
836.5 corresponding to the complexes of [3b-H+Hg]+ and [3b-
H+Cu]+, respectively.  The relative strength of the complex
semi-quantitatively estimated from the ratio of [3b-H+Hg]+/[3b-
H+Cu]+ is assessed to be larger than 4.6 in preference for Hg2+

ion over Cu2+, that is parallel to the transport behaviors. 
In summary, the calix[4]arene-aza-crown ethers having

two aza-ligating sites showed prominent ionophoric properties
toward Hg2+ ions in competitive transport experiments and the
ionophores 3a and 3b are found to be relatively well optimized
for the transport of Hg2+ ions.  The investigated calix[4]arene-
aza-crown ethers might have potential uses as a carrier for the
effective removal of the toxic Hg2+ ions from the waste streams
to protect the environment.
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