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With the aid of supramolecular chemistry, recognition and
sensing of anionic anaylates has recently emerged as a key research
field.1 In this regard, fluorescence is an important detection method
due to its simplicity and high detection limit.2 Even though
considerable efforts have been devoted to developing fluorescent
chemosensors for various anions in the past decades,2e,3there have
been relatively few reports on adenosine 5′-triphosphate (ATP)-
selective receptors that show the fluorescent changes4 or color
changes.5 ATP is known to be the universal energy currency in all
of the biological systems and has been a significant target for the
design of molecular receptors. Even though guanosine 5′-triphos-
phate (GTP) also plays an important role in biological systems, to
our knowledge, no fluorescent chemosensor that selectively com-
municates with GTP in 100% aqueous solution has been reported
thus far. Recently, Anslyn and co-workers4a have reported the
intelligent combinatorial library-based sensors to differentiate
between the structurally similar compounds ATP and GTP with
the help of principal component analysis (PCA). However, their
quantitative binding studies have not yet been made available.
Herein, we report for the first time a new water-soluble imidazolium
anthracene derivative, which not only differentiates the structurally
similar compounds GTP and ATP but also acts as a potential
fluorescent chemosensor for GTP in 100% aqueous solution (pH
) 7.4, 10 mM HEPES). Our new fluorescent chemosensor senses
GTP by a chelation-enhanced fluorescence quenching (CHEQ)
effect, whereas it displays a chelation-enhanced fluorescence
(CHEF) effect for ATP, ADP, and AMP.

In contrast to the typical hydrogen-bonding type for the anion
binding such as amide, pyrrole, urea, etc., the benzene-based tripodal
imidazolium receptors utilize strong (C-H)+-X- hydrogen bond-
ing for halide anion recognition.6 In this regard, host1 was

synthesized by the reaction of 1,8-bis-(imidazolylmethyl)anthracene6a

with (3-bromopropyl)-trimethylammonium bromide in acetonitrile
followed by recrystallization (acetonitrile/methanol) 1:1, v/v) in
70% yield (see Supporting Information).

As shown in Figure 1, compound1 (6 µM) displayed a CHEF
effect with ATP, even though1 also displayed relatively small

CHEF effects for ADP and AMP. On the other hand, there was a
significant CHEQ effect with slight red-shift for GTP. The guanine
base in GTP acts as a fluorescence quencher, which results in the
CHEQ effect on host1. There were almost no fluorescent changes
even when 300 equiv of pyrophosphate, H2PO4

-, F-, or Cl- were
added. All of the fluorescent experiments were done in 100%
aqueous solution at pH 7.4 (10 or 50 mM HEPES). Figure 2 clearly
shows the CHEQ effects with increasing GTP concentration. From
the fluorescent titrations the association constants for GTP, ATP,
ADP, and AMP are 87000, 15000, 610, and 120 M-1 (errors<
10%), respectively (Table 1).7 In addition, the Job-plot analysis
indicates the formation of 1:1 complexes.

Addition of 1 equiv of GTP (Figure 3, also see Supporting
Information) or ATP (see Supporting Information) to a 2 mM
solution of1 at pD 7.4 in D2O caused significant upfield shifts of
the aromatic protons of the anthracene moiety of1 in addition to
the H-8 of GTP (0.45), H-2 and H-8 of ATP (0.41 and 0.56,
respectively), and the anomeric protons. Similar chemical shifts of
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Figure 1. Fluorescent emission changes of1 (6 µM) upon addition of
tetrabutylammonium salts of HSO4

-, Cl-, F-, H2PO4
-, and pyrophosphate

and sodium salts of AMP, ADP, ATP, and GTP (300 equiv) at pH 7.4
(50mM HEPES) (excitation at 367 nm).

Figure 2. Fluorescent titrations of1 (3 µM) upon addition of sodium salt
of GTP at pH 7.4 (10 mM HEPES) (excitation at 367 nm).

Published on Web 06/30/2004

8892 9 J. AM. CHEM. SOC. 2004 , 126, 8892-8893 10.1021/ja0492440 CCC: $27.50 © 2004 American Chemical Society



hydrogen in positions 2 and 7, 3 and 6, and 4 and 5 of anthracene
and different chemical shifts for hydrogen at positions 9 and 10
suggest additional interactions of the nucleic bases with the middle
ring of anthracene moiety of1 in the T-shape.

We note that host1 shows a selective binding with GTP over
ATP, ADP, AMP, pyrophosphate, H2PO4

-, F-, and Cl-. The
selectivity for GTP (Ka ) 87000 M-1) is about 6 times that for
ATP, and over 100 times those for ADP, AMP, pyrophosphate,
H2PO4

-, F-, and Cl-. Figure 4 shows theoretically optimized
structures of host1 complexed with GTP/ATP.8 The vertical
distance from the H atoms in NH2 (GTP) and from the H atom at
the C-2 position (ATP) of nucleic bases to the plane of the
anthracene ring for1-GTP and1-ATP are∼2.4 Å, indicating
π-H interactions. The selectivity toward GTP over ATP by1 is
likely due to the difference inπ-H interaction strength between
1-GTP and1-ATP complexes. The calculated binding energy
between anthracene and guanine in water solution is 1.0 kcal/mol
larger than that between anthracene and adenine, which may explain
the difference in binding energy between1-GTP and1-ATP.
Given that theπ-H interaction tends to increase with the increased
dipole strength of the counter-molecule solvating the anthracene,
the calculated results are consistent with the fact that the dipole
moments of guanine and adenine perpendicular to the anthracene
ring are 6.37 and 1.45 D, respectively. Furthermore, given that the
dipole moment of the solvent water is∼3 D, it would explain the
fluorescence quenching/enhancing effect by GDP/ATP, since
molecules solvating the anthracene with larger/smaller dipole

moments than the solvent water tend to enhance/reduce the vertical
emission transition more and thereby to reduce/enhance the
fluorescent transition more.

In conclusion, we have shown that a new water-soluble and
fluorescent imidazolium receptor1 effectively and selectively
recognizes the biologically important GTP over other structurally
similar anions in aqueous solution of physiological pH 7.4.
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Table 1. Experimental Free Energy Changes in Aqueous Solution
for the 1-Anion Complexes (kcal/mol)a

GTP ATP ADP AMP

Ka(M-1)a 87000 15000 614 121
-∆Gexpt 6.73 5.69 3.80 2.84

a Association constantsKa (M-1) were measured using the fluorescence
titrations.∆Gexpt is the change in Gibbs free energy in solution measured
in 100% aqueous solution at pH 7.4 fluorescence titrations.

Figure 3. Partial NMR spectra for (a) host1 (2 mM), (b) 1+ GTP (1.1
equiv) and (c) GTP at pD 7.4.

Figure 4. Computed geometries of1-GTP and1-ATP complexes. While
stick represents the results at the medium level of theory (PM3), ball-and-
stick represents those at high level (MP2/6-31G*). The dotted lines represent
the H-bond distances less than 2.0 Å.
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