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Urea Receptors which Have Both a Fat Brown RR 
and a Nitrophenyl Group as a Signaling Group
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A new colorimetric anion sensor 1 has been synthesized based on both Fat brown RR dye and a nitrophenyl group. 
This new receptor 1 could recognize the presence of fluoride ion effectively and selectively by the change of color of 
solution. In addition, receptor 1 shows higher affinity for acetate, dihydrogenphosphate, and hydrogensulfate than 
the other anions such as chloride, bromide, iodide, perchlorate, and nitrate in acetonitrile.
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Scheme 1. The synthetic procedure for the anion receptor 1
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Figure 1. Family of spectra recorded over the course of titration of 30 
µM acetonitrile solution of the receptor 1 with a standard solution 
tetrabutylammonium fluoride (a) and acetate (b).

Introduction

Ureas and thioureas participate in bifurcate H-bond interac-
tions and have been used as binding fragments in the design of 
neutral receptors for anions.1 Especially, urea or thiourea deriva-
tives connected with a series of chromogenic and fluorogenic 
substituents proved to be very efficient for the anion sensors.2 
The interaction with anion typically stabilizes the excited state 
of chromophore and induces red shift of the charge transfer 
absorption band, thus providing an efficient way for qualitative 
and quantitative evaluation of anion activity in solution.3 They 
can be often easily synthesized from commercially available 
reagents even by a single step procedure.4 We have also reported 
on novel colorimetric receptors containing a nitrophenyl group 
as chromogenic signaling subunit and urea as binding sites, 
which were selective for fluoride or acetate ion.5 

As a part of our efforts to develop more efficient anion recep-
tors, we planned to design a new colorimetric anion sensor 1 
utilizing both Fat brown RR dye and nitrophenyl group as chro-
mogenic signaling sites and urea moiety as binding sites. 

The receptor 1 was found to be an efficient detector for fluo-
ride ion by the change of UV-Vis, 1H NMR spectra and the 
naked-eye observation. Receptors 1 was synthesized using the 
one step reaction of Fat Brown RR and 4-nitrophenyl isocyanate 
in a reasonably good yield (Scheme 1).6 

The receptor 1 displayed strong absorption bands at 330 nm 
and 435 nm in acetonitrile. Figure 1a shows the family of spectra 
obtained over the course of the titration of the solution 1 with 
tetrabutylammonium fluoride  in acetonitrile. As tetrabutyl-
ammonium fluoride was added to the 30 µM solution of 1, the 
intensity of absorption spectrum decreased at 330 nm and 
increased at 383 nm and 435 nm. In addition, λmax of 1 at 330 
nm and 435 nm showed red shift, the solution color changes 
from yellow to red as the concentrations of anions were in-
creased and the clear isosbestic point appears at 356 nm This 
result suggests that a typical hydrogen bonding complex forms 
between the receptor and the anion. Assuming 1:1 stoichio-
metry, a Benesi-Hildebrand plot7 by use of change in the 385 
nm absorption intensity gave association constants. From the 
experiments, the receptor 1 showed association constants 5.0 × 

103 for fluoride. The binding phenomenon could be confirmed 
by a 1H NMR titration in CD3CN (Figure 2). As the N-H hy-
drogen peak became invisible upon addition of fluoride ion, the 
aromatic signal (Ha, Scheme 1)located next to urea (8.85 ppm) 
was used for titration. For the receptor 1, this aromatic signal 
moved from 8.85 ppm to 9.10 ppm until 5 equivalents of fluoride 
ion was added. In fact, two effects are expected as a result of 
hydrogen bond formation between the urea subunit and the 
anion. (i) A through-bond propagation increases electron den-
sity in the phenyl ring, which causes a shielding effect and pro-
motes an upfield shift (ii) A through-space effect increases a 
polarization of C-H bonds, which causes deshielding and pro-
motes a downfield shift. In this case, the electrostatic effect 
dominates, and a downfield shift is observed. Analysis of che-
mical shift utilizing EQNMR8 gave association constant 4.7 × 
103, which is similar value obtained from UV-Vis titration. 
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Figure 2. 1H NMR spectra of 2 mM solution of 1 with increased amo-
unts of tetrabutylammonium fluoride in CD3CN.    
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Figure 3. 1H NMR spectra of 2 mM solution of 1 with increased amo-
unts of tetrabutylammonium acetate in CD3CN. Downfield shift of 
urea peaks are designated by dotted line.

Table 1. The association constants of the receptors 1 with tetrabuty-
lammonium anions in acetonitrile  

Anion Ka from UV-Vis titration *Ka from 1H NMR titration

F– 5.0 × 103 ± 2.5 × 102 4.7 × 103

CH3CO2
– 3.3 × 103 ± 1.7 × 102 4.1 × 103

HSO4
– 2.7 × 103 ± 1.4 × 102 -

H2PO4
– 2.6 × 103 ± 1.3 × 102 -

NO3
– 2.0 × 103 ± 1.0 × 102 -

Cl– 1.3 × 103 ± 6.5 × 10 -
Br– 1.0 × 103 ± 5.0 × 10 -

*Errors in Ka are estimated in less than 10%

  Host    F–    AcO– H2PO4
– HSO4

–  Cl–    Br–    I–     ClO4
–  NO3

–

Figure 4. The color changes of the receptor 1 when 50 µM solution of 
the receptor was treated with 10 equivalents of various anions in 
acetonitrile.

With acetate, Both UV-Vis titration spectrum and 1H NMR 
spectrum showed evidence of a discrete hydrogen-bonded com

plex. In case of UV-Vis titration, as tetrabutylammonium acetate 
was added to the 30 µM solution of 1, the intensity of absorption 
spectrum decreased at 330 nm and increased at 383 nm and 435 
nm. In addition, the clear isosbestic point appears at 345 nm 
(Figure 1b). In case of 1H NMR titration, as tetrabutylammo-
nium acetate was added, two urea peaks moved to downfield 
(from 9.43 and 8.54 ppm to 13.30 and 10.81 ppm) with broad-
ening of signals, which suggests that the typical hydrogen bon-
ding complex between the receptor and the anion. (Figure 3) 
The association constants obtained from UV-Vis spectrum and 
1H NMR titration were 3.3 × 103 and 4.1 × 103 respectively.

We also investigated association constants of other anions. 
Among the anions investigated tetrahedrally shaped anions 
such as dihydrogenphosphate, and hydrogensulfate have higher 
affinity than spherically shaped anions such as halides. The 
binding constants of these anions from UV-Vis titration were 
summarized in Table 1. 

Figure 4 shows the color change of the solutions of the re-
ceptor 1 upon additions of various anions in acetonitrile. It can 
be seen that the color changed from yellow to orange in the 
presence of fluoride anion with naked eye. Other anions did 
not induce any color changes even with excess amounts. Pro-
bably, as we can see from the NMR titration with fluoride ion, 
deprotonation of the receptor 1 by the fluoride induces the 
change of the color. 

In summary, we developed a new chromogenic anion receptor 
1 with utilizing Fat Brown RR and nitrophenyl group as signa-
ling group. The receptor 1 binds anions via hydrogen bonds 
with a selectivity of F– > CH3CO2

– > HSO4
– ~ H2PO4

– > NO3
– > 

Cl– ~ Br– and proved to be an efficient naked-eye detector for 
the fluoride ion.



Chromogenic Anion Receptor Bull. Korean Chem. Soc. 2009, Vol. 30, No. 12      3033

References

  1. Gale, P. A. Amide and Urea Based receptors in Encyclopedia of 
Supramolecular Chemistry; marcel Dekker: New York, 2004; p. 
31.

  2. (a) Jose, D. A.; Kumar, D. K.; Ganguly, B.Das, A. Org. Lett. 2004, 
6, 3445 (b) Hayashita, T.; Onodera, T.; Kato, R.; Nishizawa, S.; 
Teramae, N. Chem. Commun. 2000, 755; (c) Tozawa, T.; Misawa, 
Y.; Tokita, S.; Kubo, Y.  Tetrahedron Lett. 2000, 41, 5219; (d) Kato, 
R.; Nishizawa, S.; Hayashita, T.; Teramae, N. Tetrahedron Lett. 
2001, 42, 5053; (e) Gunnlaugsson, T.; Davis, A. P.; Glynn, M. 
Chem. Commun. 2001, 2556; (f) Sasaki, S.; Citterio, D.; Ozawa, S.; 
Suzuki, K. J. Chem. Soc. Perkin Trans. 2 2001, 2309; (g) Lee, D. 
H.; Lee, H. Y.; Lee, K. H.; Hong, J.-I. Chem. Commun. 2001, 1188; 
(h) Hennrich, G.; Sonnenschein, H.; Resch-Genger, U. Tetrahedron 
Lett. 2001, 42, 2805; (i) Mei, M. H.; Wu, S. K. Acta Chim. Sin. 
2001, 59, 1112; (j) Jiménez, D.; Martínez-Máñez, R.; Sancenón, F.; 
Soto, J. Tetrahedron Lett. 2002, 43, 2823; (k) Lee, D. H.; Lee, H. Y.; 
Hong, J.-I. Tetrahedron Lett. 2002, 43, 7273; (l) Kondo, S.; Naga-
mine, M.; Yano, Y. Tetrahedron Lett. 2003, 44, 8801; (m) Gunn-
laugsson, T.; Kruger, P. E.; Lee, T. C.; Parkesh, R.; Pfeffer, F. M.; 
Hussey, G. M. Tetrahedron Lett. 2003, 44, 6575; (n) Sansone, F.; 
Chierici, E.; Casnati, A.; Ungaro, R. Org. Biomol. Chem. 2003, 1, 
1802; (o) Gunnlaugsson, T.; Davis, A. P.; Hussey, G. M.; Tierney, 
J.; Glynn, M. Org. Biomol. Chem. 2004, 2, 1856; (p) Lee, J. Y.; Cho, 
E. J.; Mukamel, S.; Nam, K. C. J. Org. Chem. 2004, 69, 943; (q) 

Cho, E. J.; Moon, J. W.; Ko, S. W.; Lee, J. Y.; Kim, S. K.; Yoon, J.; 
Nam, K. C. J. Am. Chem. Soc. 2003, 125, 12376; (r) Kim, S. K.; 
Singh, N. J.; Kim, S. J.; Swamy, K. M. K.; Kim, S. H.; Lee, K.-H.; 
Kim, K. S.; Yoon, J. Tetrahedron 2005, 61, 4545. 

  3. (a) Martínez-Máñez, R.; Sancenón, F. Chem. Rev. 2003, 103, 4419; 
(b) Suksai, C.; Tuntulani, T. Chem. Soc. Rev. 2003, 32, 192.

  4. (a) Kang, S. O.; Linares, J. M.; Powell, D.; VanderVelde, D.; Bow-
man-James, K. J. Am. Chem. Soc. 2003, 125, 10152; (b) Kondo, 
S.-I.; Hiraoka, Y.; Kurumatani, N.; Yano, Y. Chem. Commun. 
2005, 1720; (c) Xie, H.; Yi, S.; Wu, S. J. Chem. Soc., Perkin Trans. 
2 1999, 2751.

  5. Kim, H.; Kang, J. Bull. Korean Chem. Soc. 2007, 28(9), 1531. 
  6. To a solution of 100 mg (0.38 mmol) of Fat Brown RR in 5 mL of 

dichloromethane was added 62.4 mg (0.38 mmol) of 4-nitrophenyl 
isocyanate and the mixture was stirred for 6 hours at room tem-
perature. After the solvent was evaporated from the reaction mix-
ture, the remained solid was washed by dichloromethane. Chro-
matography on the silicagel (Hexane : Ethyl acetate = 3 : 1) gave 
52 mg of red solid product in 32.1% yield  1H NMR (DMSO-d6) 
10.5 (s, 1H), 9.5 (s, 1H), 8.9 (d, J = 8.0, 1H), 8.2 (d, J = 9.0, 2H), 8.0 
(m, 3H), 7.9 (d, J = 9.0, 1H), 7.8 (d, J = 9.0, 2H), 7.7 (s, 1H), 7.6 
(m, 3H), 6.4 (s, 2H), 6.4 (d, J = 9.0, 1H) LRMS (ES) calculated 
for C23H18N6O3, 426.14; found for 426.15.

  7. Benesi, H.; Hildebrand, H. J. Am. Chem. Soc. 1949, 71, 2703.
  8. Hynes, M. J. J. Chem. Soc., Dalton Trans. 1993, 311.


