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Development of bifunctional receptors of cation and anion
guest is the exiting topic of coordination chemistry due to
the fact that a large number of biological processes involve
molecular recognition of cation and anion species simultaneously. Most of the known synthetic receptors capture a
particular anion without undergoing interaction with the
counter cation. Recently, emerging field of topical interest
in supramolecular chemistry is ion-pair recognition, in
which a host simultaneously binds both cationic and anionic
guests.1,2 Details of these receptors, which combine, for
example, crown ethers3 and calixarenes4 for cation complexation, with Lewis acid centers,5 pyrroles,6 amides7 or
urea groups8,9 for anion recognition, have been reported.
A variety of receptors containing urea subunits have been
designed and tested for anion recognition and a lot of those
urea chemosensors10 have been constructed based on
nitrophenyl group as a signal unit.11 Optical properties of the
chromogenic nitrophenyl fragment may be altered from the
receptor-anion interaction, thus providing colorimetric12 and
spectral sensing of the recognition event. Indeed, it has been
shown that even simple chromophores, containing hydrogen-bonding donor groups, can operate as efficient colorimetric sensors for the naked-eye13 detection of anions.
For the development of efficient bifunctional receptor, a
new nitrophenyl thiourea derivative 1 was synthesized and
its binding properties were investigated by UV-vis spectroscopy, 1H NMR and color changes. Ligand 1 showed a
significant anion binding enhancement in the presence of
sodium and also it could be utilized as a naked eye chemosensor owing to the noticeable color change in the presence
of various anions.

Scheme 1. Synthesis of benzo-15-crown-urea 1 and 2.

Results and Discussion
Ligand 1 was synthesized from the reaction of 4'-aminobenzo-15-crown-5 ether and 4-nitrophenyl isothiocyanate in
74% yield. The 1H NMR spectrum of ligand 1 showed two
singlets at δ 8.50 and 8.45 ppm for two N-H protons, a pair
of doublets at δ 8.15 and 7.79 for four nirophenyl protons, a
multiplets at δ 6.95 ppm for three aromatic protons, and
three broad multiplets at δ 4.07, 3.79 and 3.63 ppm for the
sixteen methylene protons in CD3CN. A same procedure
was applied for the synthesis of ligand 2 with 4-nitrophenyl
isocyanate in high yield.
The UV-vis experiments were carried out in an acetonitrile
solution. A receptor solution (1 × 10−4 M) was treated with
the representative anions such as tetrabutylammonium (TBA)
fluoride, chloride, bromide, iodide, dihydrogen phosphate,
hydrogen sulfate, acetate and benzoate. When compound 1
forms a complex with acetate, the absorption peak at 340 nm
disappears and a new peak appears at 390 nm with a redshifted by a Δλ max of 20 nm. A clear isobestic point was
observed as shown in Figure 1, indicating that neutral ligand
1 formed an anionic species with acetate ion. When acetate
titration was conducted in the presence of 1 equivalent of
Na+, a similar change was observed with the slight increase
of absorption band at 390 nm. When ligand 1 was treated
with iodide ions, only a slight increase of 370 nm absorption
band was observed. But, when iodide titration was conducted in the presence of 1 equivalent of Na+, more drastic
increase of absorption band at 370 nm was noticed as shown
in (d) Figure 1. Stability constants (Table 1) were calculated
from the UV-vis titration results using ENZFITTER14 for
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Figure 1. Family of spectra taken in the course of the titration of a CH3CN solution 1.0 × 10−4 in receptor 1, 1+ Na+ with a standard solution
of acetate: (a) acetate titration only. (from 0 eq to 5 eq) (b) acetate titration in the presence of Na+. (from 0 eq to 5 eq) (c) iodide titration only.
(from 0 eq to 100 eq) (d) iodide titration in the presence of Na+. (from 0 eq to 100 eq)
Table 1. Association constant Ka [M−1] for the receptor 1 and
1+Na+ with various anions in CH3CN
Anions
CH3CO2−
CH3CO2−(+Na+)
−
Br
Br−(+Na+)
I−
I −(+Na+)

Ka /M−1
10590
13181
317
518
146
280

Anions
−

Cl
Cl−(+Na+)
HSO4−
HSO4−(+Na+)

Ka /M−1
1286
1368
185
428

complexation with acetate, chloride, bromide, iodide and
hydrogen sulfate in order to investigate binding enhancement in the presence of sodium ions. A significant increase
in the strength of anion binding is observed when sodium
ions are bound simultaneously. Acetate binding strength

increase 1.2 fold, chloride 1.1 fold, bromide 1.6 fold, iodide
2 fold and hydrogen sulfate 2.3 fold in the presence of
sodium ions. This positive cooperative binding of the anions
in the presence of sodium ions could be attributed to electrostatic effects of the complexed sodium ion. Anion binds in
weak positive dipoles of urea group. Iodide and hydrogen
sulfate binding were enhanced more than that of acetate and
chloride, indicating that the relatively weak anions such as
iodide and hydrogen sulfate could be influenced more effectively through electrostatic pulling of sodium ions toward
ligand urea site.
A color change could be observed easily by mixing the
ligand and anion as shown in Figure 2. A receptor solution
was simply treated with various anions such as F−, Cl−, Br−,
I−, H2PO4−, HSO4−, CH3COO− and C6H5COO−. Noticeable
color changes were observed when ligand 1 was treated with

Figure 2. Color changes receptor 1 (2 × 10−3 M) on addition of various anions (as a tetrabutylammonium salt) to a CH3CN solution. (a)
addition of 1 equivalent of anions. (b) addition 1 equivalent of anions in the presence of 1 equivalent sodium tetraphenylborate. (c) addition
of 10 equivalents of anions. (d) addition of 10 equivalents of anions in the presence of 1 equivalent sodium tetraphenylborate.
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Figure 3. 1H NMR spectra of ligand 1 with TBAI. a) ligand 1 only,
b) ligand 1+Na+ in CD3CN.

the anions. A colorless ligand solution became to yellow
with acetate and yellow color become weak with benzoate
and dihydrogen phosphate. But when fluoride was added,
yellow color was deepened. When sodium ions were added
in a ligand solution with anions, a yellow color continued in
the case of acetate solution, but when the yellow color was
disappeared in fluoride and dihydrogen phosphate solution.
Obviously fluoride left urea site and formed an ion pair with
the sodium which coordinated in crown site. When the
excess fluoride ions were added, the color was remained
even in the presence of 1 equivalent of sodium ion. It could
be a nice example of the negative effect of cooperative anion
binding with sodium ions. A similar observation was noticed
with dihydrogen phosphate.
To look into the detail characteristics, 1H NMR titration
was carried out. Two singlets at δ 8.5 ppm for two urea
protons were shifted downfield up to δ 9.2 ppm when two
equivalents of iodide ions added, but when ligand 1 was
complexed with sodium ion, downfield shift was increased
into δ 9.7 ppm when when two equivalents of iodide ions
added. Obviously the positive cooperative binding of iodide
ions with ligand 1 in the presence of sodium was observed.
Summary
Two new nitrophenyl urea derivatives 1 and 2 were
synthesized by the simple reaction of 4'-aminobenzo-15crown-5 ether and 4-nitrophenyl isothiocyanate and 4-nitrophenyl isotcyanate. Ligand 1 bound with sodium cations and
iodide anions simultaneously with positive cooperativity. A
distinct color change was observed when ligand 1 was
treated with anions. Binding properties for ligand 2 was
investigated, but a weak positive cooperative binding was
observed.
Experimental
Benzo-15-crown-5 nitrothiourea (1). To a solution 0.1 g
(0.35 mmol) of 4'-aminobenzo-15-crown-5 ether in 10 mL
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THF was added with 0.06g (0.35 mmol) of 4-nitrophenyl
isothiocyanate and the reaction mixture was stirred for 1
hour under the nitrogen atmosphere. The precipitate was
occurred in reaction mixture. The reaction mixture was
cooled and filtered to give 0.12 g (74%) of 1; 1H NMR
(CD3CN) δ 8.50, 8.45 (two s, 2H, NH), 8.18 and 7.79 (a pair
of d, 4H, O2NArH, J = 8.5 Hz), 6.95 (m, 3H, ArH with
crown unit), 4.07, 3.79 and 3.63 (three m, 16H, -OCH2-).
Benzo-15-crown-5 nitrourea (2). To a solution 0.1 g
(0.35 mmol) of 4'-aminobenzo-15-crown-5 ether in 10 mL
THF was added with 0.057 g (0.35 mmol) of 4-nitrophenyl
isocyanate and the reaction mixture was stirred for 6 hour
under the nitrogen atmosphere. After removing the solvent,
the residue was washed in MeOH and filtered to give 0.11 g
(71%) of 2; 1H NMR (CD3CN) δ 7.83, 7.33 (two s, 2H, NH),
8.15 and 7.65 (a pair of d, 4H, O2NArH, J = 8.5 Hz), 7.15 (d,
1H, ArH with crown unit), 6.88 (m, 2H, ArH with crown
unit), 4.05, 3.79 and 3.63 (three m, 16H, -OCH2-).
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