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Molecular switching in macrocyclic polyether systems has
been the subject of intense study during the past 30 years.
Especially, photochemical switching has been well-studied
by Shinkai. Ueno. Takagi, Tabushi. and others.' In addition,
changes in pH.? light' and oxidation-reduction chemistry*
have all been explored as switching mechanisms.

The lariat cthers.’ podands having nitroaromatic sidearms®
and similar species derived from anthraquinones have been
concerned with eleetrochemical switching. Especially the

anthraquinone system is an interesting one for the study of

reducible and swilchable lariat ethers’ because its anion is
stable for months in water so long as oxygen is excluded.?
Although podands (noncyelic polyethylene glycols) gener-
ally exhibit poor cation binding, when combined with the
semiquinone nucleus, very strong cation complexation is
observed for the radical anion.*” The anthraquinone podands
can be used for electrochemically switched cation transport
in bulk organic membranes™ and both monoanion and
dianion species can be formed and detected.'” Both one-
electron and two-clectron reduction can lead to enhanced
cation binding in anthraquinone-derived podands and lariat
ethers.”™ Anthraquinones difter significantly from the nitro-
aromatic systems in their ability to undergo discrete one or
two clectron reduction and also anthraguinone substituted
podands exhibit surprising geometrical elfects during the
clectrochemical switching process.™ Gokel and co-workers'”
have reported two armed podands based on the anthraqui-
none ring systems, which showed the cation binding
enhancement by cyclic voltammetry.  1.8-Anthraquinone
derived crown cther having a total of six oxygen donors
in the macroeycling is an cxceptionally strong cation
binder not only when reduced. but in its neutral lorm as
well.

Anthraquinone plays an important role in the various
photochemical and colorimettic sensor systems. In addition,
coumarins'' are interesting chromophores by their photo-
chemical and photophysical properties., and have been
used 1o convert crown cthers into fluorescent probes for
alkali metal ions. Herein we synthesized a new cation
receptor 4 which combined coumarin and anthraquinone
with cther units, and studied the binding properties ol cation
guesls.
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Scheme 1. Synthesis of receptor 4.

Results and Discussion

The receptor 4 was prepared by the reaction ol 1.8-
dihydroxyanthraquinone  and  6,7-bis| 2-{2-iodocthoxy)-
cthyl|loxy-4-methylcoumnarin 3 in the presence of potassium
carbonate in 42% yicld. Todo derivative 3 was obtained [rom
2, which was synthesized from the reaction of 1 and toluene-
4-sullonic acid 2-(2-chlorocthoxy)ethy] ester. in order to
increase the reactivity by treating with Nal.

The '"H NMR spectrum of 4 shows two doublets and a
triplet at & 7.85, 7.62 and & 7.28 for six anthraquinone
protons and three singlets at &7.09. 6.84 and 6.13 for three
coumarin protons. Also two multiplets at & 4.30-3.90 for
sixteen ether protons and a singlet at & 2.34 for methyl
protons are observed.

The alkali metal binding propertics were investigated (rom
two phase extraction experiment where aqueous solutions of
the picrate salts are shaken with methylene chloride solution
of ligand. The amount of metal ion was determined [rom
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Table 1. Pereentage extraction” (%E) of alkali picrates trom water
into CH]C]]

% Extraction B
lLigand 3
N
Li' Na- K' Rb Cs'  fro
5
4 Q Q 13 16 15 L= =
Li+ Na+ K+ Rb+ Cs+
Metal Picrate

A0 M receptor solution in ClLCL was shaken (135 hrs) with 1 %
10 ' M picrate salt solution in H-0.
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Figure 1. "1 NMR spectra of 4 (a) without cation (b) with 10 ¢q. ot
LiCIO, () with 10 ¢q. of NaClO, (d) with 10 cq. of KCIO, (¢) with
10 eq. of RbC1O, () with [0 eq. of CsClO, in CD:ON/DMSO-d;

(viv 32

picrate absorption in the UV spectrum, Table 1 showed the
percent extraction of metal picrate salts by ligand 4. The
ligand 4 extracted 16% of the rubidium picrate from aqueous
solution into the methylene chloride solution of the host, and
also 13% of the potassium and 15% cesium were extracted.
However, no extraction of lithium and sodium ions were
observed.

The cation binding properties of 4 were examined by 'H
NMR experiments in CD;CN/DMSQ-ds (viv = 3:2), The
addition of 10 equivalent of KCIO3s, RbClO,; and CsClOs
caused a small downfield shift of all peaks. However, the
other alkali ions such as LiCIO4 and NaClO,; were not
changed as shown in Figure 1.

A clear selectivity between relatively large cations such as
potassium, rubidium and cesium ions was not observed.
Even though a binding site of receptor 4 can be an
equivalent of 22-crown-7 which could prefer the binding of
the larger cation such as cesium, a rigid anthraquinone
moiety might prevent the adjustment for the large cation.
But as expected from the extraction study. no changes of
chemical shifts were observed in the presence of lithium
and sodium cations, indicating that sodium and lithium
cations are too small for the effective binding with 4.
Therefore, a clear binding selectivity between relatively
large cations such as potassium, rubidium and cesium
ions and small cations such as sodium and lithium were
observed. Optical properties of 4 in the presence of alkali
cations were investigated, but any noticeable changes were
not observed.

Notes
Experimental

6,7-Bis|2-(2-chloroethoxy)ethyl|loxy-+methylcoumarin
(2). To a stirred solution of 0.5 ¢ (2.6 mmol) of 6,7-
dihydroxy-4-methylcoumarin 1 and 2.16 g {15.6 mmol) of
K>COs in 100 ml. of CH;CN, 1.45 g (5.2 mmol) of toluene-
4-sulfonic acid 2-(2-chloro-ethoxy)-ethyl ester prepared by
the reaction of 2-(2-chloroethoxy)ethanol with p-toluene-
sulfonyl chloride was added and the reaction mixture was
refluxed for 8 h. The solvent was removed and residue was
taken up in CHCI; (100 ml.) and washed with 0.1 N HCI
(100 ml.) and water. The organic phase was separated and
dried with MgSQ; and the crude products was purified by
column chromatography (eluent, CHCli:#-Hexane:Ethyl
acetate = 2:1:1) to yield 0.7 g (67%) of white powder 2. 'H
NMR (CDCls) §7.09 (s, 1H, ArH). 6.84 (s, IH, ArH), 6.16
(d, 1H, ArH. J = .1 Hz), 4.25-3.67 {m. 16H, -CH,CH>-),
2.39(d, 3H, CHs, J=1.1 Hz).

6,7-Bis|2-(2-iodoethoxy)ethyl|loxy-4-methylcoumarin
(3). To a stirred solution of 0.30 g (0.74 mmol) of 6,7-Bis[2-
(2-iodoethoxy)ethyl]loxy-4-methylcoumarin and 1.10 ¢
(7.34 mmol) of Nal in 30 mL of CH:CN was added and the
reaction mixture was stirred for 2 days. The solvent was
removed and residue was taken up in CHCIl; (100 ml.) and
washed with water. T'he organic phase was separated and
dried with MgSQy and evaporated to yield 0.20 g (69%) of
powder 3. 'H NMR (CDCl:) ¢ 7.08 (s, 1H, ArH), 6.86 (s,
IH, ArH), 6.16 (s, 1H. ArH), 4.24-4.21 (m. 4H. -CH,CH3-),
3.96-3.84 (m, 8H. -CH2CHs-), 3.33-3.27 (in, 4H, -CH2CH>-),
2.39 (s, 3H. CH3).

1,8-(Ethoxyethyloxy-4-methylcoumarin)-anthrquinone
(4). To a solution of 1.8-dihydroxyanthraquinone (0.20 g.
0.83 mmol) and K>COs (1.20 g, 8.70 mmol) in 60 ml. of
THE/DMFE  (2:1).  6,7-bis[2-(2-iodoethoxy)ethyl]loxy-4-
methylcoumarin 3 (0.50 g, 0.85 mmol) was added and the
reaction mixture was stirred and refluxed for 3 days. The
solvent was removed and residue was taken up in MeOH (50
mL). The residue was filtered and treated with 0.1 N HCI
and extracted with CHCls. The organic phase was separated
and dried with MgSO4 and evaporated to yield 0.20 g (42%)
of vellow powder 4. "H NMR (CDCl3) 57.85 (d. 2H. ArH, J
=17.5 Hz), 7.62 (t. 2H, ArH, J = 8.1 Hz). 7.28 (d. 2H. ArH).
7.09 (s, 1H. ArH). 6.84 (s. 1H, ArH), 6.13 (s. LH, ArH).
4.29-4.17 (m, 16H, -CH>CH>-), 2.34 (s, 3H. -CH3).
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