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A new cavitand ionophore bearing two rigid crown ether groups
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Abstract—A new cavitand (1) bearing two rigid crown ether groups has been synthesized from tetrahydroxycavitand (2). The bind-
ing properties of this cavitand towards alkali metal ions as well as ammonium ion were also examined.

© 2004 Elsevier Ltd. All rights reserved.

In the last two decades, an amazing number of different
synthetic receptors for binding and recognition of vari-
ous guests have been designed and prepared in the field
of supramolecular chemistry.' In this regard, cavitands
are certainly one of the most important classes of host
molecules. Cavitands are synthetic host compounds with
open-ended enforced cavities large enough to accommo-
date organic guest molecules and ions.? Recently, vari-
ous cavitand derivatives have been synthesized as host
compounds for metal ion recognition,® anion recogni-
tion* and organic guests.>

For the most related example, Hamada et al. reported
the syntheses and binding properties of mono- and bis-
aza-15-crown-5 modified cavitands via regioselective
mono and bis-chloromethylation of cavitands.3¢

However, as far as we are aware, there has not been any
attempt to introduce the crown ether ligand directly to
the cavitand moiety. The rigidity of the crown ether ring
in our novel cavitand 1 provides a unique conformation,
which was confirmed by MMFF force field calculations.
Herein, we report the synthesis of bis(crown ether) modi-
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fied cavitand and binding properties of this compound
towards cations (Scheme 1).

Tetrahydroxycavitand 2 has been better known as
an intermediate for the syntheses of carcerands or
hemicarcerands.® Our synthesis began with this
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Scheme 1. Synthesis of compound 1.
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tetrahydroxycavitand 2, which was prepared using pub-
lished procedures.”® However, it is worth mentioning
the recent publication by Kaifer and co-worker in which
the yield of tetrabromocavitand, the precursor of tetra-
hydroxycavitand, was improved from 52% to 94%.%
Treatment of this tetrahydroxycavitand with tri(ethyl-
ene glycol)di-p-tosylate in the presence of K,CO; and
Cs,CO; led bis(crown ether)cavitand 1° in a 25% yield
after the column chromatography using 5% acetone—
CHCI; as an eluent. We could not observe any forma-
tion of hemicarcerand under this reaction condition.

Even though there are examples that crown or azacrown
ethers were introduced, as far as we know, there has not
been any attempt to introduce the crown ether ligand
directly to the cavitand moiety. This novel crown ether
type ligand consists of six oxygens and should represent
a rigid binding pocket. To obtain the most stable con-
formation of this system, a Monte Carlo conformation
search was carried out using MMFF force field.'® For
computational simplification, the four CH,CH,CgHjs
groups were replaced with CH; groups to provide 1-
Me. The lowest energy conformation has C2 symmetry,
and three oxygen atoms in each crown ether type ring
moiety are pre-organized to bind a metal cation. Figure
1 shows the MMFF optimized structure of 1-Me. The
most interesting feature of this structure would be the
conformation of three different kinds of oxygens. Since
the OCH,O linker is bent inward in the calculated struc-
ture, the lone pair electrons of those oxygens are facing
outward. So, those oxygens cannot participate in the
metal binding easily. The other two sets of oxygens
can make a binding pocket for metal ions, however,
the phenolic oxygens (ArOCH,CH,) suffers the steric
congestion from methylene group (OCH,0) and too
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Figure 1. Optimized structure of 1-Me using MMFF force field.'*

much rigidity. So ‘ArOCH,CH,OCH,CH,OCH,-
CH,OAr’ ligand in host 1 should form a quite different
binding site than similar ligand as an open chain.

Coordination Distances

Figure 2. Optimized structure of 1-Me@2Na* complex using MMFF force field. Distances are in angstrom.'
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Table 1. The percent extraction of alkali metal and ammonium
picrates by cavitand 1 with at 25°C*

Na* K* Rb* Cs* NH,*
Host 1 424 15.1 11.1 24.6 25.4

#The values are average values from aqueous phase of three trials
(errors < 15%).

Table 2. Competitive transport of metal ions by bulk liquid membrane
using cavitand 1 (%)

Li Na* K* Mg* Ca**
Host 1 0 17.5 2.12 0.38 0

Figure 2 explains the MMFF optimized structure of
1-Me coordinating two Na" ions. The coordination dis-
tances (2.2-2.5A) are within ideal range for Na* ion. A
couple of solvent molecules may fill the space between
the Na® ions to relieve the electrostastic repulsion of
two positive charges.

In the electrospray ionization (ESI) mass spectrum, a
peak at m/z 1519.1, which corresponds to [1+2Na " +pic-
rate]” was clearly observed (see Supporting
information).

The binding properties of this cavitand towards the
alkali metal ions as well as ammonium ions were exam-
ined using extraction experiments (Table 1).!! The
extraction experiments display that host 1 binds more
tightly with sodium picrate over the other cationic
guests. All the experiments were repeated three times.
The selectivity for Na* is about 2.8 times that for K.
This can be productively compared with the selectivity
(Na™/K*) observed in 12-crown-4 (1.3), 15-crown-5
(0.94) or benzo-15-crown-5 (1.03).12

Competitive transports of metal ions with host 1 were
performed using the U-tube method. (Table 2).!3 The
concentrations of metal ions were determined using
ICP atomic emission spectrometer. The cavitand 1
showed a moderate selectivity for Na* over the other
metal ions examined.

In conclusion, a novel cavitand bearing two rigid crown
ether groups has been prepared. The conformations of
this cavitand and the complex were examined via
MMFF force field calculations. The computational re-
sults indicated the newly created host molecule possesses
two rigid binding sites that can selectively accommodate
Na™ ions. The binding affinities towards alkali metal
ions as well as ammonium ion were studied by extrac-
tion experiments. This host with immobilized and rigid
binding sites displays a large selectivity for Na* over K*.
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