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luminescent metal-complex receptor
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A new luminescent rhenium(I) polypyridyl-based receptor
for a variety of inorganic anions has been designed and
synthesized and this artificial receptor shows high affinities
for halides, cyanide and acetate anions with binding
constants as high as 104–105 M21 and a detection limit as low
as 1028 M in CH2Cl2 solution.

The design and synthesis of efficient artificial receptors for
selective binding of biologically or environmentally important
anionic species is an emerging field with many applications.1,2

A variety of synthetic receptors have been designed and studied
for their binding strength and selectivity toward different
anions. These have included Lewis acids,1 protonated poly-
ammonium macrocycles,1 pyrroles,3 guanidiniums,4 metallo-
receptors1 and amides.1 However, many of these receptors have
very elaborate structures that typically require multiple syn-
thetic steps with relatively low overall yields which make it
impractical to prepare them on a large scale. There are only a
few structurally simple receptors exhibiting both sensitivity and
selectivity. 5

Nature provides many examples of proteins utilizing hydro-
gen bonding for binding substrates. The incorporation of
luminescent chromophores into the receptor which are sensitive
to interactions between the receptor and analytes has gained
considerable attention due to their high sensitivity and detection
limit.6 Although there have been several literature reports
concerning luminescence-based anion detection,6,7 the highly
sensitive luminescence-based halide and cyanide sensory
systems are much rarer.7 Thus, we embarked on designing a
very simple and easily prepared luminescent metal complex
integrated with an amide moiety functioning as a hydrogen
bonding site. We report herein, the synthesis and binding
properties of this highly sensitive and selective luminescent
anion receptor, [{(But

2bpy)Re(CO)3}2(m-L)](PF6)2 1, (But
2bpy

= 4,4A-di-tert-butylbipyridine).
The synthesis of L and complex 1 is shown in Scheme 1. The

bridging ligand 2 was prepared in 56% yield from 2 equivalents
of 4-aminopyridine and 2,6-pyridinedicarbonyl dichloride.
Subsequent reaction of 2 and 2 equivalents of [MeCN)(But

2-
bpy)Re(CO)3](PF6)8 in refluxing THF, followed by recrystalli-
zation from CH2Cl2–pentane, afforded a bright yellow crystal-
line solid 1† in 81% yield.

The N–H protons of complex 1 exhibit a chemical shift d
10.59 in CDCl3. The very downfield chemical shift indicates the
presence of strong intramolecular hydrogen bonding between
the N–H protons and nitrogen in the central pyridine. This
results in ligand 2 having an approximate right angle geome-
try9,10 and the converged structure of complex 1 renders it as an
effective anion receptor through hydrogen bonding. In deoxy-
genated CH2Cl2 solution, complex 1 exhibited intense absorp-
tion bands in the near UV to visible spectral region (lmax = 254,
281 and 380 nm, emax = 63600, 61500 and 7700 M21 cm21,
respectively) and a very strong luminescence at 536 nm with
quantum yield of 0.37 and lifetime of 0.48 ms.

Addition of different halides or inorganic polyatomic anions
(as tetrabutylammonium salts) into a 1 3 1025 M solution of
complex 1 was observed to cause different degrees of

quenching of the luminescence intensities.‡ The N–H protons in
1H NMR spectra all showed significant downfield shifts ( > 1.5
ppm), indicating the strong hydrogen bonding formation
between the amide protons of complex 1 and the anions. Fig. 1

Scheme 1

Fig. 1 Titration curve of the addition of F2 anion (as tetrabutylammonium
salt). The inset shows the change of the emission intensity of complex 1 in
CH2Cl2 solution upon addition of F2 anion. Excitation wavelength is 360
nm.

This journal is © The Royal Society of Chemistry 2000

DOI: 10.1039/b004541l Chem. Commun., 2000, 1687–1688 1687



shows a typical titration curve for the luminescence intensity
upon addition of F2 to a CH2Cl2 solution of 1.§ The curve was
determined to fit well to a 1+1 binding isotherm.11 Concomitant
with the quenching, the luminescence wavelength slightly red-
shifted from 536 to 546 nm. Table 1 summarizes the binding
constants measured for complex 1 toward different anions.
Clearly, this molecule shows strong binding affinity toward
halides, cyanide or acetate anions, only moderate binding
affinity toward dihydrogen phosphate and very weak binding
affinity to nitrate or perchlorate anions.

The overall order determined for binding affinity is: CN– >
F– > I– > Cl– ≈ Br– ≈ OAc– > > H2PO4

– > NO3
– > ClO4

–.
This finding is significant as it is not common for charged
receptors to exhibit such outstanding selectivity for anion
species.12 In fact, the combination of interactions involving
electrostatic force, hydrogen bonding strength and steric effects
all apparently influence the binding affinities toward anions in
complex 1. Importantly, the sensitivity of complex 1 is so high
that the emission intensity can be effectively quenched by as
much as 10% even in the presence of only 1028 M cyanide or
fluoride anions.

The origin of the emission quenching upon addition of anions
is not certain at this stage. The red shift of the emission band,
however, indicates that the emission quenching is associated
with a change in the energy of the excited state and, thus, the
enhancement of nonradiative decay.

In summary, complex 1 represents a simple and easy to
prepare luminescent anion sensory system. The strong binding
affinity and high selectivity of complex 1 for certain anions also
may make it a promising candidate for many other different
applications besides sensors, such as homogeneous catalysis13

and membrane transport.14 Currently, we are working on anion
binding studies in H-bonding competitive solvents such as
MeCN as well as modifying the dipyridyl ligands so that the
receptors will be soluble in aqueous solvents. These results are
expected to be intriguing given the fact that most biologically
and environmentally important anions are only soluble in
aqueous environments.
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Notes and references
† IR (nC·O, CH2Cl2): 2032, 1928. dH (300 MHz, CDCl3): 10.59 (s, 2 H,
NH), 8.91 (d, 4 H, JHH 5.9 Hz, H6,6A-But

2bpy), 8.34 (d, 2 H, JHH 7.7 Hz, Hm-
py), 8.28 (s, 4 H, H3,3A-But

2bpy), 8.04 (t, 1 H, JHH 7.6 Hz, Hp-py), 7.93 (d,
4 H, JHH 6.4 Hz, Ha-py), 7.81 (d, 4 H, JHH 6.6 Hz, Hb-py), 7.67 (d, 4 H, JHH

7.1 Hz, H5,5A-But
2bpy), 1.46 (s, 36 H, CH3). dC(360 MHz, CDCl3): 196.3,

192.0, 166.3, 162.7, 155.8, 152.6, 152.1, 148.0, 147.7, 139.7, 126.6, 126.4,
122.0, 117.1, 36.3, 30.3. ES-MS: m/z 1540.2 (calc. m/z 1541.6 for [M 2
PF6
2]+) and 698.6 (calc. 698.3 for [M 2 2PF6

2]2+). Anal. Calc for
C59H61N9O8Re2P2F12: C, 42.02; H, 3.65; N, 7.47. Found: C, 41.80; H, 3.62;
N, 7.26%.
‡ The binding studies were conducted in air-equilibrated CH2Cl2 solution.
We found the emission intensities were ca. 10% lower than those in
deoxygenated CH2Cl2 solutions. However, the resultant I/I0 and fitted
binding constants toward different anions did not change upon deaeration.
§ Luminescence titrations were carried out by adding CH2Cl2 solutions of
anions to complex 1 in CH2Cl2. Emission spectra were collected on a SLM
48000S spectrophotometer. Fitting was carried out using eqn. (1), as
described by Connors (see ref. 11).

I/I0 = (1 + (kf/ks)Kb[L])/(1 + Kb[L]) (1)
Here, I and I0 represent the emission intensity and kf and ks are the
proportionality constants for the bound complex and free complex 1,
respectively, and Kb is the binding constant.
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Table 1 Binding constants Kb determined by luminescence titration in
CH2Cl2 at 298 K

Anion Kb/M21

CN2 8.80 3 105

F2 3.82 3 105

Cl2 3.99 3 104

Br2 3.90 3 104

I2 1.49 3 105

OAc2 3.41 3 104

H2PO4
2 1.47 3 102

NO3
2 63.4

ClO4
2 8.4
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