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Crown ethers are interesting host compounds in connection with
their selective complexation properties toward metal cations,
especially the alkali and alkaline earth metal catibAsvariety
of modifications of crown ether structure have been achieved to
search for new functior’s® We previously examined the potential

of crown ethers as models for natural ionophores and succeeded 4

in developing a novel double uphill transport system in which

two different cations are transported in opposite directions against

their concentration gradients through a bulk liqguid membrane by
using a pH-responsive crown ether as the ion caffieffor
example, the exchange between*Nand K" or between C&

and K" was realized by a bis(crown ether) derivative containing
monoaza-18-crown-6 and 15-crown-5 ritgs an 18-crown-6
derivative having two carboxylic acid groups addition to being

an interesting model for a cation transport system of a®aeils
double uphill transport is regarded as a promising separation
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Table 1. Transport Data in the Presence of Sodium lon and
Potassium lon

initial conditiong results (transport veé).

phase 1 phase 2 phase 1 phase 2
entry saltadded pH saltadded pH Na® K* Na® K7
1 NaCl,KClI 13 2.3 31 14
PicNa, Pick 2.3 2.3 09 21
NaCl, KCI 13 PicNa, Pick 2.3 08 19
NaCl,KCl 10 PicNa, PicK 2.3 24 07

2 The initial concentrations of metal salts in the aqueous phases were
arranged to be 5 1073 M. In the case of active transport experiments
(entries 3 and 4), tetramethylammonium chloride (0.2 and 0.3 M for
entries 3 and 4, respectively) was added to phagex1.0~7 mol/h.
¢[Me,NTOH™] = 0.1 M (pH 13); [Tris]= 0.05 M (pH 10); [HCI]=
5 x 1072 M (pH 2.3).

on the pivot carbon atoi?. Transport experiments were carried
out in a U-type cell at 28C .52 Dichloromethane was used as the
liquid membrane. The concentrations of metal cations were

method for metal catioribecause the desired cation is concen- determined by atomic absorption analysis. The detailed transport
trated in one phase whereas the undesired cation is simultaneouslyonditions and the results are summarized in Table 1.

removed from the phase.

Since the target of this study is the exchange of ldad K"
through a bulk liquid membrane by pH control, the ionophore
should switch the cation selectivity at two interfaces. Bartsch
reported that 16-crown-5 carboxylic acid derivatives are excellent
ionophores for Na.8 On the other hand, we recently found that
introduction of an appropriate electron-donating sidearm to the
central carbon atom of the trimethylene chain of the 16-crown-5
ring provides K" selectivity to the 16-crown-5 derivativelhese
observations prompted us to design a novel type of ionophore
for a double uphill transport system. We herein report the unique
transport ability of a lipophilic 16-crown-5 derivativé)(contain-
ing both a carboxylic acid group and an electron-donating sidearm
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In the competitive passive transport system for"Nad K",
the ionophore selectively transported™Nfaom the basic phase
to the acidic phase (entry 1). In this case, the metal cation is
transferred into the liqguid membrane as the counterion of the
carboxylate anion with the aid of coordination of the crown ring.
Thus, this Na selectivity is reasonably explained by considering
that the Nd complex is more lipophilic than the 'Kcomplex,
which is ascribed to the recognition ability of the 16-crown-5
ring 811 On the other hand, Kselectivity was realized when the
receiving phase was controlled to be acidic (entry 2). This result
indicates that the cooperation of the oligooxyethylene sidearm
of the ionophore and the 16-crown-5 ring effectively works for
giving the K selectivity? It should be noted that this ionophore
properly uses the two different sidearms for recognizing the kind
of cation in response to the pH changes.

A unique double uphill transport was also successfully attained
by pH control of aqueous phases (entries 3 and 4). The sodium
and potassium cations were concentrated in the acidic and the
basic phases, respectively. Although the mechanism is compli-
cated, the phenomenon observed in entries 3 and 4 may be
explained as follows (Figure 1). At the basic interface, the
ionophore can capture both Nand K as the countercation of
the carboxylate aniofiHowever, the ionophore transfers Na
rather than K into the organic phase as the lipophilic salt by the
aid of 16-crown-5 ring, resulting in selective transportation of
Na' to the acidic phase. At the acidic interface, the"Nalt of
the ionophore is protonated to give a free acid. When the

(10) Ligand 1 is characterized on the basis of itsli NMR, mass
spectrometry, and IR spectromettd NMR (400 MHz, CDC}) ¢ 0.88 (t,J
= 6.8 Hz, 3H), 1.26-1.40 (m, 10H), 1.551.61 (m, 2H), 3.45-3.82 (m, 36H),
4.13 (s, 2H). FABMSmz 583 (M™ + 1). IR (neat) 1720 cnt (vc—c). The
elemental analysis was done as the methyl estell.ofnal. Calcd for
CyoHs6012: C, 58.37; H, 9.46. Found: C, 58.20; H, 9.31.

(11) Ouchi, M.; Hakushi, T.; Inoue, Y. I&ation Binding by Macrocycles
Inoue, Y., Gokel, G. W., Eds.; Marcel Dekker Inc: New York, 1990.
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Figure 1. Mechanism of double uphill transport of Nand K" in
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Communications to the Editor

basic phase through the dichloromethane membftarkhe
decrease in the picric acid concentration in the acidic phase is
considered to be a drawback because it causes a decrease in the
transport velocity of K from the acidic to the basic phase. To
solve this problem, tetramethylammonium salt is added into this
transport system. A tetramethylammonium ion can transport a
picrate ion as the salt from the basic to the acidic phase according
to its concentration gradiefitThen, N& and K* are concentrated
in the acidic phase and the basic phase, respectively.

It is interesting that the direction of the transport of Nand
K* by using this type of ionophore through the membrane is just
in converse relation to the direction realized by the bis(crown
ether)-type ionophore consisting of monoaza-18-crown-6 and 15-
crown-54 Compared to the latter system, the present case is a
simple and unique switching system of the cation selectivity,
considering that the ionophore contains only one crown ring.

Modification of the ionophore structure is now under way in
our laboratory to improve the double uphill transport system.
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counteranion (picrate ion) to transfer the cation from the aqueous
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also known to move spontaneously from the acidic phase to the JA0004229



