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A novel benzthiazole-based fluorescent receptor was synthesized, and its anion recognition properties
were compared with those of similarly designed benzimidazole-based receptors. The selectivity of this
receptor for the recognition of dihydrogen phosphate is enhanced by employing hydrogen bonding, in
which cooperative polarization effect to the carbonyl group of amide linkages is lacking.

© 2008 Elsevier Ltd. All rights reserved.

Development of chemosensors for the recognition and detec-
tion of anions is gaining attention as an important research area
in modern supramolecular chemistry.! N-H bonds in ureas are em-
ployed in the design of receptors to ensure the anion binding affin-
ity of the receptors.? To enhance the hydrogen bond donor ability
of these receptors through NH bonds, designs of the receptors
are incorporated with electron-withdrawing groups® and/or pro-
vided the cooperative polarization to the carbonyl group of the ur-
eas. Introducing electron-withdrawing groups often increases the
acidities of the NH bonds to such an extent that the receptors act as
H* donors to basic anions such as fluoride and acetate, resulting in
deprotonation of the receptors. Hence, anions do not remain under
the supramolecular control of the receptors.’

The cooperative polarization effect is observed in some biotic
anion receptors such as a channel-like coiled structure with an ar-
ray of glutamines forming a ring of cooperatively hydrogen-
bonded amide links, which encapsulates a chloride ion.® This type
of cooperative polarization is often observed in several biological
systems.” The mechanisms employed by nature are often consid-
ered for the design of abiotic receptors. In this context, the concept
of cooperative polarization has been incorporated to the design of
some supramolecular receptors for better hydrogen bonding.*8

Our previous work on the recognition behavior of receptor 2
had revealed that the C-H hanging from the aromatic platform into
the cavity of receptor 2 and the N-H of receptor 2 act as strong
binding sites for encapsulating anions (Scheme 1).° These binding
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sites are so proficient that receptor 2 binds with several anions,
and consequently low selectivity is observed for a particular an-
ion.'° The hydrogen donor capacity of the N-H in receptor 2 is
strengthened by the presence of -NO, group. These bonding inter-
actions are further strengthened by cooperative polarization of the
amide group, which is accomplished by coordinating the carbonyl
to hydrogen donor of benzimidazole moiety as shown in Scheme 1.
To improve the selectivity for dihydrogen phosphate upon fluo-
ride and acetate, we designed and synthesized receptor 1. The ratio-
nale behind the design of receptor 1 is based upon the fact that
receptor 1 is devoid of many N-H donors, and the amide
N-H has no chance of cooperative polarization. Therefore, in this de-
sign, the hydrogen bond donor aptitude of the receptor decreases,
whereas the hydrogen bond acceptor capacity of the receptor is
amplified by providing additional hydrogen bond acceptor sites.
Receptor 1 was synthesized and studied for its recognition
behavior toward various anions. The results were compared with
a control monopodal receptor 3. Receptors 1'! and 3'? were syn-
thesized by a reaction of 2-aminobenzthiazol with isophthaloyl
dichloride and benzoyl chloride, respectively. A 10 uM concentra-
tion of receptor 1 upon excitation at 305 nm in CH3CN/H,0
(99:1, v/v) exhibited a fluorescence spectrum with An.x =452 nm.
The selectivity of receptor 1 toward various anions was examined
by following the changes in fluorescence intensity of receptor 1
upon adding tetrabutylammonium salt of a particular anion. The
results did not exhibit much improved selectivity for any anions.
We had previously observed in the 'H NMR titration that DMSO
competes with an anion for N-H binding sites of receptor 2. Gale
and co-workers have also reported a similar observation in the
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Scheme 1.

crystal structure of a similar type of receptor design.'*> Based on
these observations, we envisioned that if the solvent system con-
tains a large amount of DMSO, the N-H donor capacity of the
receptor might decrease. Hence, we studied the anion recognition
properties of receptor 1 in CH3CN/DMSO/water (98:1:1, v/v/v)
HEPES buffer solution, in which a minimum amount of DMSO
was used to dissolve receptor 1. We took a 10 uM solution of
receptor 1, and then 300 pM solutions of a particular anion were
added. The fluorescence spectrum was measured one-by-one after
adding the solution of a particular anion. Figure 1 presents the
comparison of fluorescence spectrum of the pure host with the
spectra of solutions containing the host along with a particular an-
ion. These data are presented in Figure 2. As we expected, the
selectivity of receptor 1 for dihydrogen phosphate was dramati-
cally improved in our tailored solvent combination. Moreover,
hydrogen phosphate and phosphate have poor binding affinity
for the coordination sphere of receptor. These results imply that
the hydrogens of the H-O-P segment of dihydrogen phosphate
bind first with the hydrogen bond acceptor sites of the benzthiaz-
ole moiety since DMSO cannot compete with an anion for these
binding sites, and afterward a O=P segment interacts with hydro-
gen bond donor sites of the receptor. This point is cleared by the
fact that in the present solvent system, receptor 1 has no affinity
with other anions such as fluoride and acetate, indicating that
the hydrogen bond donor sites are too weak to complex with any
anions.

As a control experiment, the same solvent system was used to
study the recognition properties of receptor 3. In this typical exper-
iment, we selected a 20 uM concentration of receptor 3. This con-
centration of receptor 3 will provide approximately the same
number of binding sites as one can expect from the 10 pM concen-
tration of receptor 1. Receptor 3 did not bind with any anions.
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Figure 1. Changes in fluorescent intensity of receptor 1 (10 pM) upon addition of a
particular tetrabutylammonium salt (300 pM) in CH3CN/DMSO/H,0 (98:1:1, v/v/v)
buffer solution (10 mM HEPES, pH = 6.7 + 0.1) (/ex = 305 nm).
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Figure 2. Changes in fluorescent ratio of receptor 1 (10 uM) at 452 nm upon
addition of a particular tetrabutylammonium salt in CH3CN/DMSO/H,0 (98:1:1,
v/v/v) buffer solution (10 mM HEPES, pH = 6.7 £ 0.1) (/ex = 305 nm).

Thus, the control experiment revealed the importance of reason-
able binding sites of receptor 1. In other words, the availability of
complementary binding sites in the design of receptor 1 ensured
the authentic binding of dihydrogen phosphate.

To investigate the binding abilities of receptor 1 for dihydrogen
phosphate, titration studies were performed (Fig. 3). The associa-
tion constant was determined from decreases in fluorescence
intensity of receptor 1 as the concentration of tetrabutylammo-
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Figure 3. Changes in fluorescent spectra of receptor 1 (10 uM) upon successive
addition of tetrabutylammonium dihydrogen phosphate (0-500 uM) in CH5CN/
DMSO/H,0 (98:1:1, v/v/v) buffer solution (10mM HEPES, pH=6.7+0.1)
(Zex =305 nm).
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nium dihydrogen phosphate increased. The association constant
was calculated on the basis of Benesi-Hildebrand plot, and it
turned out to be (7.9 £ 1.3) x 10> M~! for dihydrogen phosphate.!*

To determine the stoichiometric ratios of receptor 1 and dihy-
drogen phosphate, the continuous variation methods were used.!®
Figure 4 shows the Job plot of the fluorescence intensity of receptor
1. The results illustrate that the receptor-guest complex concen-
tration approaches a maximum when the molar fraction of recep-
tor is about 0.5, which means that dihydrogen phosphate forms a
1:1 complex with receptor 1.

The coordination sphere offered by receptor 1 for encapsulating
dihydrogen phosphate was predicted with the MacroModel studies
(Fig. 5).1 These studies show that the pseudocavity of receptor 1
can provide the optimum binding sites for dihydrogen phosphate
through N-H--O=P and N--H-OP hydrogen bond interactions.
Though these studies are the modeling of interactions that prevail
in the absence of competition from the solvents, they have pro-
vided a preliminary idea for the host-guest interactions.

The exact binding properties of receptor 1 toward dihydrogen
phosphate were examined on the basis of '"H NMR titration exper-
iments. The successive addition of tetrabutylammonium salt of
dihydrogen phosphate to a solution of receptor 1 resulted in
marked shifts in '"H NMR signals as shown in Figure 6. Interest-
ingly, the C-H proton signal of aromatic platform that resonates
at 6 8.91 ppm experienced a downfield shift by A5 =0.11 ppm after
adding 1.0 equiv of dihydrogen phosphate. The broad NH signal of
amide linkages also shifted downfield. During the course of titra-
tion, this signal broadened. Thus, we could not follow the shifts
of this proton after adding 0.4 equiv of dihydrogen phosphate.
Although this signal broadness limited us to point out the fate of
NH proton at 1:1 mixture of the host and the guest, these concur-
rent shifts in the C-H and N-H proton signals led us to conclude
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Figure 4. The Job plot showing 1:1 stoichiometry of the complex formed between
receptor 1 and dihydrogen phosphate.

Figure 5. Receptor 1 exhibits the pseudocavity complementary to the steric
requirements of dihydrogen phosphate.

Figure 6. "HNMR spectra of receptor 1 (1mM in DMSO-ds) upon successive
addition of tetrabutylammonium salt of dihydrogen phosphate.

that these two types of proton donor sites make a convergent array
of hydrogen bonding for binding O=P of dihydrogen phosphate by
means of a model of (N-H),---O(=P)---H-C. In addition, the aro-
matic signals of benzthiazole moiety shifted drastically, demon-
strating the function of hydrogen bond acceptor sites of
benzthiazole moiety. In short, the NMR titration experiments con-
firmed the binding mode proposed by the molecular modeling
studies.

In conclusion, we developed a method to manage the selectivity
of a receptor for a particular anion both by engineering the opti-
mum binding sites in the receptor design and by modulating the
solvent combination.
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