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A carbazole-based neutral anion receptor 3 has been
designed and synthesized. Anion binding studies carried
out using "H NMR and UV-visible reveal that this
compound showed good selectivity for the iodide ion
over other anions. The high selectivity for iodide ion
among the anions is attributed mainly to the comple-
mentarity of the geometries between the receptor 3 and
iodide ion.
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INTRODUCTION

Anion recognition chemistry has attracted most
interest in the last 20 years as anions play a
fundamental role in a wide range of chemical and
biological process, such as iodide expression in
graves’ disease [1,2]. Consequently numerous
artificial receptors for anions have been explored
[3-6]. Anionic species have a wide range of
geometries, and therefore a higher degree of design
may be required to make receptors complementary
to their anionic guest [7]. A certain binding site
may combine several of those binding groups in a
proper spatial distribution for the selective coordi-
nation of target anion. Anion receptors formed
complexes with the anionic guests using the
noncovalent interaction, including electrostatic
interaction, hydrogen bonding and hydrophobicity.
Anion receptors are equipped with ammonium or
guanidinium groups as binding sites which form
stable host-guest complexes to iodide ion using

electrostatic force [8]. The receptor contains
multiple coordination sites provided by forming
(C—H)" —X~ hydrogen bonds in imidazolium
rings and the iodide ion and exhibits preferential
coordination for spherical ones [9]. While most of
the hydrogen bond anion receptors utilize
(N—H)—X" or (O—H)—X"  hydrogen bonds
[10,11]. Herein reported is a carbazole-based
neutral anion receptor (2,9-bis-(2-carbazolyl-N-imi-
nomethylenyl)-1,10-phenanthroline) (Scheme 1). We
found that the UV/vis of this receptor in DMF
showed little response to the presence of F, Cl,
Br~ and acetate anions, but a high sensitivity and
selectivity toward iodide ion. 1,10-phenanthroline,
one of the earliest and most extensively studied
bidentate ligands is widely employed as a metal-
binding component in coordination chemistry,
supramolecular chemistry and bioinorganic chem-
istry [12,13]. Its larger aromatic electron-deficient
systems makes phenanthrolines an excellent
acceptor. Previously, we reported on phenanthro-
line-bridged diamide that exhibited a good recog-
nition to F~ [14]. To extend possible utility of
phenanthroline, in this article, we report the
synthesis and anion coordination investigation of
anion receptor 3, bearing two carbazole rings on
2,9-positions of phenanthroline. Anion receptor 3
was synthesized in 80% yield from the reaction
of 2,9-dicarboxyalde-1,10-phenanthroline and 3-
amino-carbazole. 2,9-Dicarboxyaldehydro-1,10-phe-
nanthroline was synthesized according to literature
[15]. 3-nitro-carbazole was prepared by the litera-
ture method [16], and by using Pd/C in ethanol
solution we get the 3-amino-carbazole in 75% yield.
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SCHEME 1 The synthesis of anion receptor 3.

All compounds were characterized by 'H NMR
and elemental analyses.

EXPERIMENTAL

Reagents

All anions, in the form of tetrabutylammonium salts,
were purchased from Sigma-Aldrich Chemical Co.,
stored in a desiccator under vacuum containing self-
indicating silica, and used without any further
purification. Solvents were purified prior to use and
stored under nitrogen. Dimethyl formamide was
distilled from calcium hydride. Unless stated
otherwise, commercial grade chemicals were used
without further purification.

Synthesis
3-Nitro-carbazole(1)

A stirred suspension of carbazole (10g) in water
(100ml) was warmed at 40°C for an hour, while
60% nitric acid (9ml) was added. Thereafter the
temperature was raised at the rate of 10°C per
hour and maintained at 80-90°C for three hours.
The dried product was digested with benzene
(80ml) for 2 hours, and the suspension quickly
cooled to room temperature. The product was
crystallized from glacial acetic acid; (m.p. 216-
217°C) calcd for C1,HgN,O,: C 67.92%, H 3.77%, N
13.20%; Found C 67.70%, H 3.60%, N 13.10%. 'H
NMR &(ppm) DMSO-d,: 9.0 (1H, S,—NH), 8.5 (1H,
S), 83 (1H, d), 82 (1H, d), 7.5 (3H, m), 7.3 (1H,
m); E-MS(M™): 212.

3-Amino-carbazole(2)

The suspension of 3-nitro-carbazole (2g) and Pd/C
(10%) in EtOH (150ml) was purged with H, for 16

hours. The mixture was filtered through a bed of
Celite and the pad was washed three times with
3 X 20ml of ethanol. The filtrate was evaporated
in vacuum. This gave the product as the white
powder. Caled. for CioH 0Nz C 79.12%, H 5.49%,
N 15.38%; Found, C 79.00%, H 5.40%, N 15.30%.
'"H NMR: 3(ppm) DMSO-ds, 10.72 (1H, S, —NH),
790 (1H, d), 7.40 (1H, d), 7.40-7.30 (2H, m), 7.23
(1H, d), 7.08 (1H, t), 6.80 (1H, m), 477 (2H, S,
—NH,); EI-MS(M™): 182.

2,9-Bis-(2-Carbazolyl-N-iminomethylenyl)-1,10-
phenanthroline (3)

A mixture of 1,10-phenanthroline-2,9-dicarboxalde-
hyde (0.236g) and 3-amino-carbazole (0.424g) in
methanol (150 ml) were stirred and refluxed for 6
hours. After cooling, the suspension was filtered
giving the product as a light yellow solid, which was
crystallized from DME. caled for CssH»aNeCsHy
NO-H,O: C 75.10%, H 5.04%, N 14.96%; Found, C
74.73%, H 4.60%, N 14.91%. 'H NMR: d(ppm)
DMSO-dg, 11.40 (2H, S, —NH), 9.20 (2H, S), 8.70-8.66
(4H, m), 8.50 (2H, S), 8.30 (2H, d), 8.20 (2H, S), 7.70
(2H, d), 7.64 (2H, d), 7.57 (2H, d), 7.48 (2H, t), 7.26
(2H, t); FAB-MS(M + 1): 565.

General Methods

Unless otherwise specified, all of the experiments
were carried out at 298 = 1K. The "H NMR
spectra were recorded on a Varian UNITY-plus
400MHz spectrometer using tetramethylsilane
(TMS) as an internal standard. UV-visible spectra
were recorded on a Shimadzu UV-2450 PC
spectrophotometer.
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FIGURE 1 Absorption spectra of 3 in DMF in the presence
of increasing concentration of I". The concentrations of 3 is
1 x 10 °mol L™}, I exists in its n-Bu,N™ salt.

RESULTS AND DISCUSSION

UV-visible Experiments

The changes in the UV-visible spectra of the
receptor 3 observed upon the addition of I™ in
DMF solution indicates that the absorbance
changes stem from anion complexation (Fig. 1).
The peak at 294nm of 3 decreased while a new
peak at 264nm appeared, which is the charge
transfer (CT) band. The complexation of ability of
receptor 3 to anions was measured by standard
UV/Vis titration experiments in dimethyl forma-
mide solutions using a constant host concentration
(1 x 107°M) and increasing concentration of guest
anions (1-15 equiv). For all of the anions studied,
only the iodide ion is capable of quenching the
UV /vis intensity. The UV /vis intensity at 264 nm of
3 in DMF was gradually increased as the iodide ion
concentration was increased. The stoichiometry
between host and guest was determined by
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FIGURE 2 Job plot for 3 and I".
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FIGURE 3 Absorbance of 3 with I™ at 264nm. [3]=1 X
10 °mol-L™1 I exists in its n-BuyN™ salt (solid line in figure is
fitting curve).

UV-visible Job plot, giving the receptor/iodide
stoichiometry of 1:1 (Figs. 2 and 3). The resulting
bind curves were analyzed by nonlinear regression
methods, and the association constants listed in
Table I [17].

"H NMR Experiments

In order to investigate the nature of anion coordi-
nation, 'H NMR experiments were carried out in
DMSO-ds. A partial "H NMR spectrum is shown in
Fig. 4. As expected, we observed the 'H NMR
spectrum changes on addition of 1 equiv of the
tetrabutylammonium salts of I in DMSO-ds. The
intensity of proton signals of NH in carbazole rings
decreased as the addition of iodide. From which we
presume that the two N—H in carbazole rings
participated in the formation of the hydrogen bonds
(see Fig. 4).

Computational Methods

The molecular complexes of 3 with iodide ion were
examined by density functional calculations. Geo-
metry optimizations were performed at the B3LYP,
level using the split-valence polarized 6-31G* basis
set (E = 68 A.U.). All calculations were performed
using the Gaussian 98 series of programs [18].

TABLEI Anion binding constants (M) for receptors 3 in DMF
deterrpined by UV-visible absorbance titration measurements at
298K

Species F Cl™ Br— I CH;COO™
3 ¥ i i 5 x 10* '

*The anions were added as their tetrabutylammonium salts. All errors
are + 10%. ¥ Changes in the UV-visible spectra were not enough to calculate
the binding constant
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FIGURE 4 Partial '"H NMR spectra (500 MHz, DMSO-d,, 298 K) (a) host 3; (b) host 3 + 1 equiv of I".

Molecular modeling showed that the anion receptor
3 has a rigid cavity. The two N—H—X" in carbazole
rings form a cavity and the shape of the cavity
seemed to be suitable size for spherical ions. From
modeling, the distance between the two hydrogen of
N—H in carbazole rings are 8.2 A, which enable
receptor 3 to bind larger anions well, such as iodide.
Average distance from receptor amide nitrogen to
bound iodide ion are 3.67-3.71 A [19], the cavity is
more complementary to the size of the iodide ion
than the size of other anions. It is important to note
that the carbazole NH protons bear a strong charge
(0.405). Thus, the receptor 3 is characterized by
strong hydrogen-bond donor groups. There are two

FIGURE 5 The energy minimized structure of the receptor 3.

carbazole NH protons facing each other that could
function as anion binding moieties (Figs. 4 and 5 ).

CONCLUSION

In summary, we have designed and synthesized a
neutral receptor with a rigid spacer, which displays
selectivity for the iodide ion over other anions. This
anion receptor is characterized by strong hydrogen-
bond donor groups, that two carbazole NH protons
bear a strong charge (0.405) like the “claw” (i.e.,
structures with two carbazole NH protons facing
each other).

FIGURE 6 The energy minimized structure of the complex 1:1
the receptor 3 and iodide.



14:56 29 January 2011

Downl oaded At:

A NOVEL SELECTIVE ANION RECEPTOR FOR IODIDE ION 361

Acknowledgements

This work was supported by the National Natural
Science Foundation of China (20371028, 20671052)
and by the Natural Science Foundation of Tianjin
(023605811).

References

[1] Christianson, D. W.; Lipscomb, W. N. Acc. Chem. Res. 1989,
22, 62.

[2] Schuppert, E; Hiller, W.; Weinland, G.; Hoang-Vu, G. Exp.
Clin. Endocrinol. Diabetes 1996, 104, 68.

[3] Lavigene, J. J.; Anslyn, E. V. Angew. Chem. Int. Ed. 1999, 38,
3666.

[4] Gale, P. A.; Twyman, L. J.; Handlin, C. L; Sessler, J. L. Chem.
Commun. 1999, 1851.

[5] Black, C.B.; Andrioletti, B.; Try, A. C.; Ruiperez, C.; Sessler, J. L.
J. Am. Chem. Soc. 1999, 121, 10438.

[6] Anzenbacher, Jr, P; Jursikova, K.; Sessler, J. L. |. Am. Chem.
Soc. 2000, 122, 9350.

[7] Beer, P. D,; Gale, P. A. Angew. Chem. Int. Ed. 2001, 40, 486.

[8] Metzger, A.; Anslyn, E. V. Angew. Chem. Int. Ed. 1998, 37, 649.

[9] Kim, H.; Kang, ]. M. Tetrahedron Lett. 2005, 46, 5443.

[10] Anthony, P. D.;Justin, J. P.; Robert, P. W. J. Am. Chem. Soc. 1997,
119, 1793.

[11] Tamal, G.; Bhaskar, G. M. J. Phys. Chem. A 2004, 108, 11249.

[12] Sallas, F.; Marsura, A.; Petot, V. Helv. Chim. Acta 1998, 81, 632.

[13] Guo, Y. H.; Lin, H.; Lin, H. K. J. Coord. Chem. 2004, 57, 61.

[14] Qiao, Y. H.; Lin, H.; Lin, H. K. Can. J. Chem. 2006, 84, 1.

[15] Christopher, J. C.; Leslie, W. J. Heterocyclic Chem. 1981, 18, 599.

[16] Morgan, G. T.; Mitchell, J. G. J. Chem. Soc. 1931, 3283.

[17] Connors, K. A. Binding Constants; John Wiley & Sons:
New York, 1987.

[18] Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, ]. R.; Zakrzewski, V. G.; Montgom-
ery, Jr, ]. A, Stratmann, R. E.; Burant, J. C.; Dapprich, S.;
Millam, J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C,;
Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.;
Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y, Cui, Q,;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari,
K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.;
Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts,
R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
C.Y,; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill,
P. M. W,; Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.;
Gonzalez, C.; Head-Gordon, M.; Replogle, E. S.; Pople, J. A.
Gaussian 98; Gaussian, Inc. Pittsburgh, PA, 1998.

[19] Mahoney, J. M.; Nawaratna, G. U.; Beatty, A. M.; Duggan, P. ].;
Smith, B. D. Inorg. Chem. 2004, 43, 5902.



