
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Supramolecular Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713649759

A Novel Selective Anion Receptor for Iodide Ion: Synthesis,
Characterization and Anion Binding
Ming Yua; Hai Linb; Huakuan Lina

a Department of Chemistry, Nankai University, Tianjin, People's Republic of China b Key Laboratory of
Functional Polymer Materials of Ministry of Education, NanKai University, Tianjin, People's Republic
of China

To cite this Article Yu, Ming , Lin, Hai and Lin, Huakuan(2008) 'A Novel Selective Anion Receptor for Iodide Ion:
Synthesis, Characterization and Anion Binding', Supramolecular Chemistry, 20: 4, 357 — 361
To link to this Article: DOI: 10.1080/10610270701258667
URL: http://dx.doi.org/10.1080/10610270701258667

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610270701258667
http://www.informaworld.com/terms-and-conditions-of-access.pdf


A Novel Selective Anion Receptor for Iodide Ion: Synthesis,
Characterization and Anion Binding

MING YUa, HAI LINb and HUAKUAN LINa,*

aDepartment of Chemistry, Nankai University, Tianjin 300071, People’s Republic of China; bKey Laboratory of Functional Polymer Materials of
Ministry of Education, NanKai University, Tianjin 300071, People’s Republic of China

(Received 24 January 2007; Accepted 3 February 2007)

A carbazole-based neutral anion receptor 3 has been
designed and synthesized. Anion binding studies carried
out using 1H 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
(CZH)þ ZX2 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
(NZH)ZX2 or (OZH)ZX2 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 F2, Cl2,
Br2 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 p

acceptor. Previously, we reported on phenanthro-
line-bridged diamide that exhibited a good recog-
nition to F2 [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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All compounds were characterized by 1H 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 (10 g) in water
(100 ml) was warmed at 408C for an hour, while
60% nitric acid (9 ml) was added. Thereafter the
temperature was raised at the rate of 108C per
hour and maintained at 80–908C for three hours.
The dried product was digested with benzene
(80 ml) for 2 hours, and the suspension quickly
cooled to room temperature. The product was
crystallized from glacial acetic acid; (m.p. 216–
2178C) calcd for C12H8N2O2: C 67.92%, H 3.77%, N
13.20%; Found C 67.70%, H 3.60%, N 13.10%. 1H
NMR d(ppm) DMSO-d6: 9.0 (1H, S,ZNH), 8.5 (1H,
S), 8.3 (1H, d), 8.2 (1H, d), 7.5 (3H, m), 7.3 (1H,
m); EI-MS(Mþ): 212.

3-Amino-carbazole(2)

The suspension of 3-nitro-carbazole (2 g) and Pd/C
(10%) in EtOH (150 ml) was purged with H2 for 16

hours. The mixture was filtered through a bed of
Celite and the pad was washed three times with
3 £ 20 ml of ethanol. The filtrate was evaporated
in vacuum. This gave the product as the white
powder. Calcd. for C12H10N2: C 79.12%, H 5.49%,
N 15.38%; Found, C 79.00%, H 5.40%, N 15.30%.
1H NMR: d(ppm) DMSO-d6, 10.72 (1H, S, ZNH),
7.90 (1H, d), 7.40 (1H, d), 7.40–7.30 (2H, m), 7.23
(1H, d), 7.08 (1H, t), 6.80 (1H, m), 4.77 (2H, S,
ZNH2); EI-MS(Mþ): 182.

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

A mixture of 1,10-phenanthroline-2,9-dicarboxalde-
hyde (0.236 g) and 3-amino-carbazole (0.424 g) 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 DMF. calcd for C38H24N6·C3H7-

NO·H2O: C 75.10%, H 5.04%, N 14.96%; Found, C
74.73%, H 4.60%, N 14.91%. 1H NMR: d(ppm)
DMSO-d6, 11.40 (2H, S, ZNH), 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 þ 1): 565.

General Methods

Unless otherwise specified, all of the experiments
were carried out at 298 ^ 1 K. The 1H NMR
spectra were recorded on a Varian UNITY-plus
400 MHz spectrometer using tetramethylsilane
(TMS) as an internal standard. UV-visible spectra
were recorded on a Shimadzu UV-2450 PC
spectrophotometer.

SCHEME 1 The synthesis of anion receptor 3.
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RESULTS AND DISCUSSION

UV-visible Experiments

The changes in the UV-visible spectra of the
receptor 3 observed upon the addition of I2 in
DMF solution indicates that the absorbance
changes stem from anion complexation (Fig. 1).
The peak at 294 nm of 3 decreased while a new
peak at 264 nm 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 £ 1025 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

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].

1H NMR Experiments

In order to investigate the nature of anion coordi-
nation, 1H NMR experiments were carried out in
DMSO-d6. A partial 1H NMR spectrum is shown in
Fig. 4. As expected, we observed the 1H NMR
spectrum changes on addition of 1 equiv of the
tetrabutylammonium salts of I2 in DMSO-d6. The
intensity of proton signals of NH in carbazole rings
decreased as the addition of iodide. From which we
presume that the two NZH 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 ¼ 68 A.U.). All calculations were performed
using the Gaussian 98 series of programs [18].

FIGURE 1 Absorption spectra of 3 in DMF in the presence
of increasing concentration of I2. The concentrations of 3 is
1 £ 1025 mol L21, I2 exists in its n-Bu4Nþ salt.

TABLE I Anion binding constants (M21) for receptors 3 in DMF
determined by UV-visible absorbance titration measurements at
298 K†

Species F2 Cl2 Br2 I2 CH3COO2

3 ‡ ‡ ‡ 5 £ 104 ‡

† 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 constantFIGURE 2 Job plot for 3 and I2.

FIGURE 3 Absorbance of 3 with I2 at 264 nm. [3] ¼ 1 £
1025 mol · L21. I2 exists in its n-Bu4Nþ salt (solid line in figure is
fitting curve).

A NOVEL SELECTIVE ANION RECEPTOR FOR IODIDE ION 359

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
6
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Molecular modeling showed that the anion receptor
3 has a rigid cavity. The two NZHZX2 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
NZH in carbazole rings are 8.2 Å, 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 Å [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

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 4 Partial 1H NMR spectra (500 MHz, DMSO-d6, 298 K) (a) host 3; (b) host 3 þ 1 equiv of I2.

FIGURE 5 The energy minimized structure of the receptor 3.
FIGURE 6 The energy minimized structure of the complex 1:1
the receptor 3 and iodide.
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