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The smultaneous binding of cationic and anionic guest
species by ditopic receptorsisarapidly developing new field
for ion pair recognition of environment and biologica
importance. By taking advantage of calix[4]arene frame-
work, afew neutral bifunctional receptors** were devel oped
and showed the enhanced binding constants of hydrophilic
anions in the presence of cations in organic media. As a
consequence of their upper and lower rim of topologies the
calixarenes are attractive host molecules to modify and so
create unique geometries for the multifunctional receptors.
The combination of two binding sites, urea for anions and
two podand groups for cations, yields receptor that is capable
of binding anions and alkali metal cations smultaneoudly. In
addition to ion binding ability, two quinone moieties are
introduced for the redox switchable receptors.>’” We report
here the synthesis of a new bifunctional receptor calix[4]-
diguinone 4 containing two urea moieties and two podand
groups and the simultaneous binding properties of cation
and anion guests were studied.

Results and Discussion

By taking advantage of a selective 1,3-alkylation, dialkyl-
ated urea derivative 3 was prepared by the reaction of p-t-
butylcalix[4]arene 1 and 2-[(2-(N'-phenylureido)ethoxy)-
ethanol p-toluenesulfonate 2 in the presence of K,CO38 In
order to introduce the long urea podand chain into calixarene

2

Scheme 1. Synthesis of bifunctional receptors.

effectively, 2 was prepared separately from the tosylation of
2-[(2-(N'-phenylureido)ethoxy)]ethanol  which was then
synthesized by the reaction of 2-(2-aminoethoxy)ethanol
with phenylisocyanate (Scheme 1). In order to increase the
cooperative binding properties, cone conformers of receptor
4 are desired and under the condition applied the high yield
cone products were obtained. Bifunctional urea derivative
calix[4]diquinone 4 was prepared from the oxidation of 3
with TTFA (thallium trifluoroacetate) in TFA (trifluoroacetic
acid).

The 'H NMR spectrum of 3 shows a pair of doublets at &
439 and 3.39 for the bridged methylene protons, two
singlets a 6 0.98 and 1.31 for t-butyl protons, asinglet at &
8.01 for OH protons and asinglet and atriplet at 6 7.10 and
6.52 for N-H protons, indicating that 3 exists as a cone
conformation. The cone conformation was confirmed by the
13C NMR spectrum.® The 'H NMR spectrum of bifunctional
calix[4]diquinone urea derivative 4 shows a pair of doublets
at 6 3.21 and 4.01 for the bridged methylene protons, a
singlet a ¢ 1.08 for t-butyl protons, a broad singlet and a
triplet at 6 6.38 and 7.88 for N-H protons.

The anion binding properties were examined by *H NMR
titration experiments in CDCls. Substantia down field shift
of urea NH signa was observed when tetrabutylammonium
acetate, dihydrogen phosphate, hydrogen sulfate, chloride
and bromide salts were added, indicating that anion binding
is taking place at the urea vicinity. Figure 1 showed the 'H
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Figure 1. *H NMR spectra of 4 (&) without cation and anion, (b)
with 1 equivalent of NaClQa, (c) with 5 equivalents of TBACI, (d)
with 1 equivalent of NaClO4 and 5 equivalents TBACI in CDCls.

NMR spectra of 4 in the presence sodium and chloride ions.
When sodium ionswere added, two N-H protons signalsat 6
6.38 and 7.88 was not changed much, but a dight upfield
shift of two aromatic sinlgets at 6 6.80 and 6.71 and a
widening move of a pair of doublets at 6 3.21 and 4.01 for
the bridge methylene protons were observed, indicating that
sodium ions could be bound at the podand oxygen ether
stes® and fixed the conformation of calixarene. Further
addition of sodium ions did not change the spectrum,
indicating that an 1:1 complex with sodium and 4 could be
formed. On the other hand, when chloride ionswere added, a
large downfield shift of N-H protons were observed without
changing aromatic signals as shown in spectrum (c) in
Figure 1. In order to investigate the binding enhancement of
anions in the presence of akali metal cations, anion titrations
were conducted in the presence of sodium ion. Obviously a
further downfield shift of N-H proton signals were observed
when sodium ions were bound as shown in spectrum (d) in
Figure 1. Stability constants (Table 1) were calculated from
the titration results using EQNMR for complexation with
anions. A significant increase in the strength of anion
binding is observed when sodium metd ions are bound
simultaneoudly. Chloride binding strength increase more
than 20 fold and bromide binding seven fold in the presence
of sodium ion. This positive cooperative binding of the
chloride and bromide in the presence of sodium could be
attributed through electrostatic effects of the complexed
sodium ions. The electrochemical property of 4 was
investigated using cyclic voltammetry. The most significant
result was observed with H,PO4~ anion. The addition of
dihydrogen phosphate anion causes a27 mV cathodic shift.

In conclusion, bifunctional receptor 4 can bind akali
metal cations and halide anions simultaneoudly with positive
cooperativity. This compound has a potentia for practica
gpplication, and is currently being investigated.
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Table 1. Stability constants (Ka) of 4 in CDCl3 and cathodic shifts
in the presence of anionsin DMF

Metal Anion K/dm® mol™ AE (mV)
H,PO4 2 2340 27
HSO4~ 1100 14
CH3CO;~ 890 0
Cl- 110 0
Br- 308 0
Nat+ H2PO4~ b
HSO4~ _—
CH3CO, b
Cl- 2200
Br- 2200

Tetrabutylammonium salts. Errors estimated to be <10%. "Due to the
precipitate, stability constants can not be obtained.

Experimental Section

5,11,17,23- Tetra-tert-butyl-25,27-bis(cyanopr opyloxy)-
26,28-dihydroxycalix[4]arene (1). was prepared by the
known procedure.** mp >300 °C.

2-[2-(N'-Phenylureido)ethoxy]ethanol p-toluenesulfo-
nate (2). To a solution of 2.0 g (8.9 mmoal) of 2-[2-(N'-
phenylureido)ethoxy]ethanol in 100 mL CH,Cl,, 5.1 g (26.7
mmol) of p-toluenesulfonyl chloride was added. After the
reaction flask was immersed into an ice-water bath, 3.7 mL
of triethylamine was added dowly and stirred for 12 h at
room temperature. Evaporation and extraction with ether
provided crude products which was purified by column
chromatography (eluent, CHCl; : acetone = 10 : 1) to yield
1.85 g (55%) of 2. '"H NMR (CDCl3) 6 7.80 (d, 2H, J = 6.5
Hz, ArH), 7.38-7.25 (m, 7H, ArH and NH), 7.05 (t, 1H, J =
7.2 Hz, ArH), 6.90 (brt, 1H, NH), 4.24-3.43 (m, 8H, -CH_-),
2.45 (s, 3H, -CHs).

5,11,17,23-Tetra-tert-butyl-25,27-big 2-{2-(N'-phenyl-
ureido)ethoxy}ethyl]oxy-26,28-dihydroxycalix[4]arene
(3). To a solution of 0.50 g (0.77 mmol) of 1 and 1.1 g
K2COsz in 100 mL acetonitrile, 0.64 g (1.7 mmol) of 2 was
added. The reaction mixture was refluxed for two days under
nitrogen condition. After removing the solvents, the crude
products were purified by column chromatography (eluent,
CHCIs : n-hexane : ethyl acetate =2 : 1: 1) to yield 0.8 g
(90%) of 3. 'H NMR (CDCl3) §8.01 (s, 2H, OH), 7.22-7.18
and 6.96 (m, 10H, ArH), 7.14 and 6.83 (two s, 4H, ArH),
7.10 (s, 2H, NH), 6.52 (br t, 2H, NH), 4.39 and 3.39 (a pair
of d, 8H, J = 13.2 Hz, ArCH,Ar), 4.16-3.59 (m, 16H, -CH>-),
1.31 and 0.98 (two s, 36H, C(CHz)3); *C NMR (CDCl3) &
156.1 (-NHCONH-), 149.7, 149.14, 147.5, 143.1, 139.6,
132.5, 128.8, 1284, 125.84, 125.79, 122.0 and 118.8 (Ar),
75.8 (-OCH2-), 70.1 and 70.0 (-CH,OCH-), 40.5 (-CH2N-),
34.0, 31.64, 31.59, 31.0 and 29.3 (-C(CHz3)3 and ArCH:Ar).
MS (MALDI TOF) m/z 1084.5 (M+Na).

5,17-Di-tert-butyl-26,28-big[2-{2-(N'-phenylureido)-
ethoxy}ethylloxy-26,28[4-25,27-diquinone (4). To a
solution of 0.5 g (0.46 mmol) of 3 in 10 mL trifluoroacetic
acid, 0.75 g (1.37 mmol) of TI(CFsCOy); was added under
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nitrogen condition. After 24 h stirring the solvents were
removed. The crude products were purified by column
chromatography (eluent, CHCl3 : acetone = 1 : 1) to yield
0.16 g (35%) of 4. '"H NMR (CDCl3) & 7.89 (s, 2H, NH),
7.44 (d, 4H,J=7.7Hz, ArH), 7.27 (t, 4H, J = 6.9 Hz, ArH),
6.99 (t, 2H, J = 7.3 Hz, ArH), 6.80 and 6.71 (two s, 8H,
ArH), 6.38 (br t, 2H, NH), 4.01 and 3.21 (apair of d, 8H, J =
13.0 Hz, ArCHAr), 3.81-3.48 (m, 16H, -CH-), 1.08 (s, 9H,
C(CHs)3); °C NMR (CDCl3) 6 189.2 and 185.7 (-CO), 156.1
(-NHCONH-), 1532, 1480, 146.7, 139.9, 132.8, 1298,
129.3, 128.9, 126.5, 125.5, 122.2, 118.9 and 118.1 (Ar) 73.7
(-OCH2-), 71.0 and 70.6 (-CH,OCH3-), 40.5 (-CH2N-), 34.1,
31.3 and 29.3 (-C(CH3)s and (ArCH.Ar). MS (MALDI
TOF) m/z 999.5 (M + Na).

Acknowledgment. Thiswork was supported by Grant No.
R01-2000-00047-0 from the Basic Research Program of the
Korea Science & Engineering Foundation.

References

1. Scheerder, J; van Duynhoven, J. P M.; Engberson, J. F J;
Reinhoudt, D. N. Angew. Chem. Int. Ed. Eng. 1996, 35, 1090.
2. Beer, P.D.; Cooper, J. B. Chem. Commun. 1998, 129.

10.
11

Notes

. Kang, S. O.; Nam, K. C. Bull. Korean Chem. Soc. 2000, 21,

461.

. Kang, S. O.; Nam, K. C. Bull. Korean Chem. Soc. 2002, 23,

640

. (3 Reddy, P A.; Kashap, R. P; Qatson, W. H.: Gutsche, C. D.

Isragl J. Chem. 1992, 32, 89. (b) Reddy, P. A.; Gutsche, C. D. J.
Org. Chem. 1993, 58, 3245. (c) Gomez-Kaifer, M.; Reddy, P A.;
Gutsche, C. D.; Echegoyen, L. J. Am. Chem. Soc. 1994, 115,
3580.

. (d) Beer, P. D.; Chen, Z.; Drew, M. G. B.; Gale, P A. J. Chem.

Soc., Chem. Comm. 1994, 2207. (b) Chen, Z.; Gale, P A.; Beer, P
D. J. Chem. Soc. Faraday Trans. 1994, 90, 2207. (a) Beer, P D,;
Chen, Z.; Gale, P. A. Tetrahedron 1994, 50, 931.

. (@ Nam, K. C; Kang, S. O.; Jeong, H. S;; Jeon, S. Tetrahedron

Lett. 1999, 40, 7343. (b) Cho, E. J;; Hwang, S. S;; Oh, J. M.; Lee,
H. K.; Jeon, S.; Nam, K. C. Bull. Korean Chem. Soc. 2001, 22,
782. (c) Kang, S. O.; Oh, J. M.; Yang, Y. S;; Chun, J. C.; Jeon, S;;
Nam, K. C. Bull. Korean Chem. Soc. 2002, 23, 145. (d) Jeong, H.
S.; Chai, E. M.; Kang, S. O.; Nam, K. C.; Jeon, S. J. Electroan.
Chem. 2000, 485, 154.

. Callins, E. M.; McKervey, M. A.; Madigan, E.; Moran, M. B.;

Owens, M.; Ferguson, G.; Harris, S. J. J. Chem. Soc. Perkin Trans.
11991, 3137.

. Jaime, C.; Mendoza, J. D.; Parados, P; Nieto, P. M.; Sanchez, C. J.

Org. Chem. 1991, 56, 3372.

Hynes, M. J. J. Chem. Soc. Dalton Trans. 1993, 311.

Gutsche, C. D.; Igbal, M.; Stewart, D. J. Org. Chem. 1986, 51,
742.




