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Anthracene-based ureidopyridyl fluororeceptor for dicarboxylates
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Abstract—Anthracene-labelled ureidopyridyl sensor 1 was designed and synthesized. The emission of the sensor increased in pres-
ence of dicarboxylates. The binding properties were studied using 1H NMR, fluorescence and UV–vis spectroscopic methods. The
sensor 1 shows modest selectivity for 1,4-phenylenediacetate.
� 2007 Elsevier Ltd. All rights reserved.
The recognition and sensing of anionic substrates by
charged or neutral synthetic molecular receptors has
continued to attract significant attention because of
the important role of anionic species in chemistry,
biology and environmental sciences.1 Sensors based on
anion-induced changes in fluorescence are particularly
attractive due to the simplicity and high detection limit
of fluorescence. Dicarboxylates are among the most
attractive targets for anion recognition and sensing
because of their considerable roles in biological sys-
tems.2 In this regard, various reports on sensing of
dicarboxylates involving different binding motifs such
as polyprotonated azacrown,3 guanidinium,4 poly-
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Figure 1. The structure and the AM1 optimized structures of the syn rotam
ammonium,5 imidazolium,6 and urea/thiourea2b,7

appended to suitable chromophores or fluorophores as
signalling probes, are known. However, the use of a
ureidopyridyl motif in the construction of a fluorescent
receptor for dicarboxylates is unknown to the best of
our knowledge. Recently, Steed and co-workers
reported ureidopyridyl-based tripodal receptors for
selective recognition of chloride ions.8 In pursuit of
developing sensors for dicarboxylates during the course
of our work on molecular recognition,9 we herein report
our results on the synthesis and dicarboxylate anion
binding behavior of new anthracene-labelled ureido-
pyridyl receptor 1.
gnition; PET sensor; Anthracene.

ers (a) and (b), and the anti form (c) of 1.
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Figure 2. 1H NMR spectra of 1 (c = 3.52 · 10�3 M) with 1,4-
phenylenediacetate in DMSO-d6, (a) 1 only; (b) [G]/[H] = 1.
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Scheme 1. Synthesis of receptor 1.

6130 K. Ghosh et al. / Tetrahedron Letters 48 (2007) 6129–6132
Receptor 1 was synthesized according to Scheme 1.10

Initially, the ureidopyridyl motif 2 was prepared by
reacting 3-aminopyridine with triphosgene in the pres-
ence of triethylamine in dry CH2Cl2 followed by slow
addition of 1-propylamine. Subsequent coupling of 2
with 9,10-bis(chloromethyl)anthracene followed by
anion exchange using NH4PF6 afforded the receptor 1
as a light yellow solid.

Molecular modelling shows that the open cavity of
receptor 1 possesses an appreciable amount of flexibility
due to the presence of the methylene group which acts
as a spacer between the anthracene and pyridine
moieties.11 The different conformers obtained from the
dispositions of the ureidopyridyl groups around anthra-
cene as well as from rotation of the urea motifs, have
close energy values. The syn rotamer (Fig. 1a) has the
highest energy of all. The anti form (Fig. 1c) is only
1.31 kcal/mol lower in energy than the syn rotamer
(Fig. 1a), and is thus relatively stable. The syn rotamer
(Fig. 1b) is 8.18 kcal/mol lower in energy than the syn
rotamer in Figure 1a. The cavity of the syn form
(Fig. 1a; dNHa–NHa = 7.59 Å, dNHb–NHb = 8.62 Å) can
accommodate dicarboxylates of required chain length
involving both the ureidopyridyl groups as binding sites
in a cooperative fashion. The alternative syn (Fig. 1b)
and anti forms (Fig. 1c) of 1 may induce the formation
of dynamic supramolecular association involving the
ureidopyridyl group as the hydrogen-bonding trigger
in a non co-operative way.

In order to assess the solution phase binding behavior,
1H NMR spectra of 1 in the presence of aliphatic dicarb-
oxylates of different chain lengths were recorded in
DMSO-d6. Addition of dicarboxylates (malonate, succi-
nate, glutarate, adipate, pimelate, 1,4-phenylenediace-
tate as their tetrabutylammonium salts) to a solution
of receptor 1 (1:1) in DMSO-d6 resulted in large down-
field shifts (DdNHa = 1.47–3.50 ppm and DdNHb = 1.60–
2.60 ppm) of the urea protons owing to the formation of
a receptor 1–dicarboxylate complex.

During complexation, Ho of the pyridine ring showed an
upfield shift (Dd = 0.08–0.31 ppm), presumably due to
either a desolvation effect as DMSO is displaced from
the open cavity by an anion or a complexation induced
conformational change in the receptor. The downfield
chemical shifts of Hp (Dd = 0.07–0.20 ppm) upon com-
plexation were also appreciable. This may be either
due to the participation of Hp in the formation of C–
H� � �O hydrogen bonds that stabilize the urea–carboxyl-
ate complex via the dynamic mode C (Fig. 3) or closer
approach of the urea carbonyl oxygen to Hp upon com-
plexation via mode A/B (Fig. 3). All the possible forms
A, B and C may exist in solution in equilibrium. Repre-
sentative spectra of 1 in the aromatic region in the pres-
ence of 1,4-phenylenediacetate are shown in Figure 2. It
is notable that in the presence of 1,4-phenylenediacetate,
the anthracene ring protons moved upfield (Dd = 0.05)
due to p-stacking interactions.

To ascertain the sensitivity and selectivity we studied the
fluorescence and UV–vis behavior of receptor 1
in DMSO both in the presence and absence of dicarb-
oxylates. The receptor 1 falls into the category of the
‘receptor-spacer-fluorophore-spacer receptor’ model as
proposed by de Silva,12 and the compound, therefore,
could act as a simple PET sensor. The receptor 1
(c = 7.51 · 10�5 M) when excited at 380 nm in DMSO
showed structured emission bands at 413, 434 and
460 nm for anthracene along with an additional broad
band at 570 nm possibly due to an anthracene–pyridi-
nium complex (exciplex). On gradual increase in the
concentration of the dicarboxylate anions, malonate,
succinate, glutarate, adipate, pimelate and 1,4-phenyl-
enediacetate (all as tetrabutylammonium salts), the
monomer emission of 1 increased to different extents
(Fig. 4). This is attributed to the inhibition of PET from
the urea binding sites to the anthracene unit owing to
the formation of a strong urea–carboxylate hydrogen
bonded complex as shown in Figure 3. As displayed in
Figure 4, receptor 1 exhibits significant changes in fluo-
rescence emission in the presence of 1,4-phenylenediace-
tate and long chain pimelate, which form 1:1 complexes,
respectively. The stoichiometries of the complexes were
confirmed from the break in the titration curve
(Fig. 4). One interesting feature of the plot for glutarate
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Figure 3. Possible structures of the hydrogen bonded complexes of 1 with dicarboxylates in solution.
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Figure 4. Fluorescence titration curves ([Guest]/[Host] versus change
in fluorescence) for 1 (measured at 434 nm) with various anions.

Table 1. Binding constants based on fluorescence analyses

Guest anion LogK

Malonate 4.28
Succinate 4.93
Glutarate 5.73
Adipate 6.87
Pimelate 7.32
1,4-Phenylenediacetate 8.93
Benzoate 5.19
Acetate 5.52
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Figure 5. Fluorescence emission spectra of 1 (7.51 · 10�5 M) in
DMSO with 1,4-phenylenediacetate and the change in the UV–vis
spectra of 1 (7.51 · 10�5 M) (inset) upon addition of 1,4-phenylene-
diacetate.
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is noteworthy. The emission increases until the 1:1 bind-
ing stoichiometry is reached. Then again, an increase in
emission in the presence of an excess concentration of
glutarate was observed. It is believed that when a large
excess of glutarate is added, the 1:1 host–guest complex
(mode A) is disrupted and glutarate begins to bind indi-
vidually with the ureidopyridyl unit as shown in C
(Fig. 3). Malonate and succinate are too short to bridge
the binding sites and thus bind in a non co-operative
fashion. This was evident from the almost linear re-
sponse of fluorescence change with guest concentration
(Fig. 4). This response was not observed for adipate,
pimelate and 1,4-phenylenediacetate which indicates
that they form 1:1 complexes either in modes A or B
rather than C. In contrast, the monocarboxylates (e.g.,
benzoate and acetate in the present case), bind in 2:1
(guest–receptor) stoichiometries. On the basis of the
change in fluorescence intensity, the association con-
stants (Ka) were determined and are shown in Table 1.13

The values demonstrate that the flexible open cavity of 1
is selective for 1,4-phenylenediacetate among the guests
studied. A UV–vis study of 1 in the presence of the same
guests cited in Table 1 was carried out in DMSO and the
changes in absorbance were minor indicating the insu-
lating role of the methylene groups. The change in the
UV–vis spectrum of 1 upon addition of 1,4-phenylenedi-
acetate in Figure 5 (inset) shows the presence of an iso-
sbestic point. This indicated the formation of a 1:1
complex via combination of hydrogen bond formation,
p-stacking and electrostatic interactions. The small
change in absorbance was not considered when evaluat-
ing the binding constant values.
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This Letter demonstrates that ureidopyridyl groups can
be easily assembled on an anthracene unit to create a flu-
ororeceptor 1 that exhibits fluorescence enhancement in
the presence of carboxylates. In the present case the
cavity of receptor 1 is selective for 1,4-phenylenediace-
tate where the complex is stabilized by hydrogen bond-
ing, p-stacking and charge–charge interactions.
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