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Anion receptor based on 2-imidazolidone molecular scaffold has been synthesized. Anion binding studies
carried out using 1H NMR and UV–vis spectroscopy revealed that this receptor 6 displays selectivity for the
for the oxyanions such as acetate and dihydrogenphosphate ions and the affinity for the anions simply reflects
the basicity of anions.
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Introduction

The development of new artificial receptors for selective
anion recognition is an area of intensive investigation owing
to their importance in biomedicine and environment.1 Many
anions have diverse geometries that require shape-selective
recognition. Therefore, many researchers have used hydro-
gen bonds as a recognition element as they are directional.
The correct orientation of hydrogen bonds can differentiate
between anionic guests with different geometries.

In nature, the hydrogen bonds are most often utilized to
achieve anion binding by proteins.2 For example, antibiotic
ristocetin utilizes three amide N-H groups to form hydrogen
bonds to the carboxylate anions.3 For synthetic receptors,
hydrogen bonding groups are arranged through a space in a
rigid and convergent manner. This has been achieved by
incorporating hydrogen bonding group inside macrocycle4

or utilizing molecular scaffold to arrange hydrogen bonding
groups. Benzene ring,5 pyrrole,6 azulene7 cyclohexane,8

cholic acid,9 tris(aminoethylamine)10 and calixarenes11 have
been utilized as molecular scaffolds to arrange hydrogen
bonding groups. 

To develop new anion receptors based on new molecular
scaffold, we have designed the receptor 6 and 7, which
utilize 2-imidazolidone as a molecular scaffold. 

2-Imidazolidone is a cyclicurea type molecule. The
rigidity of the molecule provides solid molecular scaffold to
arrange suitable binding moieties such as hydrogen bonds.
Furthermore, the two amide NH groups in the molecule can
be easily alkylated in basic condition to introduce binding
groups. 

The synthesis of the receptor 6 and 7 were achieved as
depicted in Scheme 1. The synthesis started from the
hydroxymethylation of 2-imidazolidone with paraform-
aldehyde under basic condition to give the compound 1.
After the compound 1 was acetylated with acetic anhydride
to give the compound 2, the acetate group was substituted to
chloride using thionyl chloride to give the compound 3.

Scheme 1. The synthetic procedure for the anion receptors 6 and 7.
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Then, the compound 3 was transformed to the compound 4
with sodium azide. These four step reactions were perform-
ed without purification and the overall four step yield was
30%. Hydrogenation of the compound 4 gave the diamine 5
in 83% yields. Finally, the reaction between 4-nitrophenyl-
isocyanate and the compound 5 gave the desired product 6 in
27% yields. The product 7 was obtained from the reaction
between the compound 5 and 4-nitrobenzoylchloride in 13%
yields. 

Results and Discussion

The complexation abilities of compounds 6 and 7 were
measured by standard 1H NMR titration experiments in 10%
DMSO in CD3CN using a constant host concentration (1.5-2
mM) and increasing concentrations of anions (0.1-10 equiv).
The chemical shift data were analyzed by EQNMR.12 The
addition of tetrabutylammonium anion salts to the solution
of 6 in 10% DMSO in CD3CN resulted in downfield shifts in
both of urea N-H hydrogens. Therefore, the signals of these
protons were used to determine the association constants for
the compound 6 and anions. Whichever peaks we chose,
binding constants between the receptor 6 and anions showed
similar values. From the experiments, 6 showed the highest
affinities for Y-shaped anions such as acetate and benzoate.
The addition of tetrabutylammonium acetate or benzoate to
the solution of 6 led downfield shifts of two N-H peaks in
the urea. In the case of acetate, the two N-H peaks in the urea
moved from 6.84 ppm to 10.15 ppm and from 9.22 ppm to
12.47 ppm respectively (Figure 1a). Job plot experiments
showed 1:1 binding stoichiometry (Figure 2a) for acetate.
The association constants calculated from 1H NMR titration
gave 2.8 × 103 ± 2.2 × 102 for acetate and 1.4 × 103 ± 43 for
benzoate. The receptor also showed 1:1 binding stoichio-
metry for the spherical halides and tetrahedral hydrogen-
sulfate(Figure 2b). The association constants of spherical
halides and tetrahedral anions along with Y shaped anions
from 1H NMR experiments are listed in Table 1. In the case
of fluoride and dihydrogenphosphate, the N-H peaks were
disappeared as these anions were added to the solution of the
receptor 6. Therefore, the binding properties of 6 with
fluoride and dihydrogenphosphate were further assessed by
UV-vis spectroscopy. Figure 2 shows the dependence of UV-
vis spectra of 6 on the concentration of fluoride in 10%
DMSO in CH3CN. Increasing the concentration of fluoride
produced a bathochromic shift in the λmax from 337 to 354
nm (Figure 1b). Similar spectrum was observed for the
titration of 6 with dihydrogenphosphate. The association
constants calculated using a Benesi-Hildebrand plot13 by use
of change in the λmax gave 5.8 × 102 ± 27 for fluoride and 1.1
× 103 ± 89 for dihydrogenphosphate respectively. From the
experiments, it is clear that the association constants reflect
the basicity of anions. For example, among the halide
investigated, the order of affinity to the receptor 6 was
F− > Cl− > Br−. In addition, among the oxyanions, the
order of affinity to the receptor 6 was CH3CO2

− > H2PO4
− ~

C6H5CO2
− > NO3

− > HSO4
−, which also reflect the basicity

of oxyanions.
We also synthesized the receptor 7 which has two amide

groups attached in 2-imidazolidone and investigated the
associations of receptor 7 with various anions. However,
only acetate, benzoate and dihydrogenphosphate bind
weakly. The other anions investigated bind too weak to
assess association constants. The results are also summariz-
ed in Table 1. The possible binding mode of the receptor

Figure 1. (a) Changes of the N-H protons located in urea groups in
6 with increasing acetate concentrations. (b) Changes of λmax in 6
with increasing fluoride concentrations.

Figure 2. The Job plots of 6 with (a) tetrabutylammonium acetate,
(b) tetrabutylammonium hydrogensulfate.
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6 and acetate or dihydrogenphosphate is illustrated in
Figure 3. 

In conclusion, we have synthesized an anion receptor
based on a 2-imidazolidone molecular scaffold. Receptor 6
is selective for the oxyanions such as acetate and dihydro-
genphosphate ions and the affinity for the anions simply
reflects the basicity of anions. 

Experimental Section

Compound 1 To a solution of 2-imidazolidone (300 mg,
3.48 mmol) in DMF (5 mL) was added paraformaldehyde

(523 mg, 5 eq.) and 1 M NaOH (0.8 mL). The mixture was
stirred for 24 hours. Evaporation of the solvent gave the
product 2 in quantitative yield. 1H NMR (CDCl3) δ 4.70 (s,
4H), 3.54 (s, 4H). 

Compound 2 To a solution of compound 1 (890 mg, 6.1
mmol) in pyridine (5 mL) was added acetic anhydride (3
mL) and stirred for 6 hours. Evaporation of the solvent gave
the product 3 in quantitative yield. 1H NMR(CDCl3) δ 5.29
(s, 4H), 3.52 (s, 4H), 2.04 (s, 6H).

Compound 3 To a solution of compound 2 (910 mg, 3.95)
in dichloromethane (3 mL) was added thionyl chloride (1
mL) and stirred for an hour under nitrogen. Evaporation of
the solvent gave the product 4 in quantitative yield. 1H NMR
(CDCl3) δ 5.28 (s, 4H), 3.56 (s, 4H).

Compound 4 To a solution of compound 3 (650 mg, 3.6
mmol) in DMF (5 mL) was added sodium azide (566 mg,
2.5 eq.) and stirred for 12 hours. After the solvent was
evaporated in vacuo, chromatography of the reaction
mixture on the silica gel (dichloromethane) gave the product
4 (210 mg). The four step yield from the 2-imidazolidine
was 30%. 1H NMR (CDCl3) δ 4.69 (s, 4H), 3.54 (s, 4H) 13C
NMR (DMSO-d6) δ 158.93, 60.26, 41.23. LRMS (ESI)
calculated for C5H8N8O+ : 196.1 found for 196.1.

Compound 5 To a solution of compound 4 (40 mg) was
added Pd/C (10 mg) and stirred for 2 hours under hydrogen.
Then the reaction mixture was filtered. Evaporation of the
filtered solution gave the product 5 (25 mg) in 83% yield. 1H
NMR (CDCl3) δ 4.07 (s, 4H), 3.48 (s, 4H). LRMS (ESI)
calculated for C5H12N4O+ : 144.1 found for 144.1.

Compound 6 To a solution 5 (50 mg, 0.34 mmol) in dried
DMF (3 mL) was added 4-nitrophenylisocyanate (113 mg, 2
eq.) and stirred under nitrogen. After the solvent was evapo-
rated in vacuo, chromatography of the reaction mixture on
the silica gel (3% methanol in dichloromethane) gave the
product 6 (45 mg) in 27% yield. 1H NMR (DMSO-d6) δ 9.36
(s, 2H), 8.14 (d, 4H, J = 10), 7.62 (d, 4H, J = 10), 7.07 (s,
2H), 4.55 (d, 4H), 3.34 (s, 4H), 13C NMR (DMSO-d6) δ
159.82, 154.74, 146.69, 140.79, 125.11, 117.18, 48.70,
41.45 LRMS (ESI) calculated for C19H20N8NaO7

+: 495.1
found for 495.1.

Compound 7 To a solution of compound 5 (140 mg, 0.97
mmol) in dried DMF (5 mL) was added 4-nitrobenzoyl-
chloride (360 mg, 2 eq.) and stirred for 12 hours under
nitrogen. After the solvent was evaporated in vacuo,
chromatography of the reaction mixture on the silica gel (1%
methanol in dichloromethane) gave the product 7 (65 mg) in
13% yield 1H NMR (DMSO-d6) δ 9.36 (t, 2H, J = 5), 8.30
(d, 4H, J = 10), 8.11 (d, 4H, J = 10), 4.75 (d, 4H, J = 5), 3.39
(s, 4H), 13C NMR (DMSO-d6) δ 165.99, 159.29, 149.65,
139.84, 129.43, 123.96, 49.12, 42.05 LRMS (ESI) calculat-
ed for C19H18N6O7

+: 442.1 found for 442.1.
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Figure 3. Changes in UV-vis spectra of 6 titrated with fluoride (as
tetrabutylammonium salt).

Table 1. Association constants (M−1) of 6 and 7 with tetrabutyl-
ammonium anions in 10% DMSO-d6 in CD3CN. *Association
constants were calculated from UV-vis titration

Anion 6 7

F− 5.8 × 102 ± 27* −
Cl− 3.4 × 102 ± 13 −
Br− 9.5 × 10 ± 8 −
NO3

− 3.2 × 102 ± 16 −
HSO4

− 1.5 × 102 ± 14 −
C6H5CO2

− 1.4 × 103 ± 43 1.3 × 102 ± 8
CH3CO2

− 2.8 × 103 ± 2.2 × 102 2.1 × 102 ± 6
H2PO4

− 1.1 × 103 ± 89* 6.8 × 102 ± 29

Figure 4. The proposed binding mode of carboxylates and
dihydrogen phosphates with the receptor 6.
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