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A new clip-like receptor, which comprises two thiourea-based binding groups and two

naphthalene units, has been designed and synthesized as a fluorescent chemosensor for distinguishing
o-phthalate from two other isomers of dicarboxylates. Upon the addition of these three ions, the
emission intensity at 420 nm (excitation at 340 nm) decreases drastically through PET. When excited at
380 nm, a new emission band at 460 nm appears and develops gradually upon the addition of the

o-phthalate ion and the fluorescent intensity increases markedly over time, but the presence of
m-phthalate or p-phthalate do not cause this kind of change. It suggests a guest-induced “off—on”
conformational switching signaling transduction. The presence of the o-phthalate anion induces a
special conformation with two naphthalene units positioned close enough to exhibit a new emission.

Introduction

The development of synthetic receptors able to bind polyanions
selectively in a detectable fashion to an observer via changes in
electrochemical response or in fluorescence intensity constitutes
an important yet difficult task facing supramolecular chemists,'?
since these species are not only strongly solvated in protic media
but also characterized by multiple charges and complex shapes.
While several elegant receptor systems for the selective bindng
of dicarboxylate anions based on the use of two guanidium-
like units,® bis-urea and bisthiourea units,*> as well as the clever
use of amidopyridine® hydrogen bonding subunits within well-
defined structural arrays have been reported,” differentiation
of geometric isomers (such as ortho/meta/para dicarboxylates)
is, in general, a difficult task, because of their rather similar
chemical and physical properties e.g. charge density and structural
complexity.”!

In this paper, we address the problem of discriminating o-
phthalate from m-phthalate and p-phthalate isomers by using a
conformational switching fluorescent chemosensor (SN). The clip-
like receptor contains two thiourea-based binding groups and two
naphthalene units serving as the fluorescent read-out (Scheme 1).
It is well known that urea and thiourea derivatives are attractive in
the construction of neutral hydrogen bonding receptors.* The
relative acidic thiourea NH protons with a strong hydrogen-
bond donor capability, can establish multipoint, often cooperative,
hydrogen bonds with complementary acceptor groups in a specific
and predictable manner.’ In the presence of a specific anion as
the conformational template, the hydrogen bonds between the
thiourea groups and the anion induce the clip-like receptor to
display a cis-conformation with two naphthalene lumophores
close enough, from which an excimer fluorescence is formed.”*™
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Scheme 1 Chemical structure of SN.
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It is clear that the three isomers of dicarboxylates might induce
the molecular clips into different conformations, and different
fluorescence is expected.

Results and discussion

Compound SN was obtained by the reaction of isothio-
cyanatomethyl naphthylene with a biphenyl derivative in good
yield. The fluorescence spectrum of SN in a CH;CN solution
(Fig. 1) shows a strong emission band at 420 nm attributing to the
naphthyl-thiourea group (excitation at 340 nm).'*** Upon addition
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Fig. 1 Emission spectra of SN (1 x 10~*M) upon addition of o-phthalate
as its TBA salt in CH;CN. Excitation wavelength is 340 nm.
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of a o-phthalate ion in the form of tetrabutylammonium (TBA)
salt, the emission intensity decreases drastically, and no significant
shift of the wavelength is found when excited at 340 nm. The
observed fluorescent quenching could be attributed to the typical
guest-induced PET process.'* Upon coordination of the anion with
the sensor, the hydrogen bonds between the anion and thiourea
(TU) cause a decrease in the oxidation potential of the thiourea
receptor, which triggers the PET from thiourea to coordinate to
the relatively electron deficient naphthalene fluorophore, leading
to the enhancement of a PET effect, thus causing the fluorescence
to be “switched-off”.

Upon the addition of m- or p-phthalate ions, the intensity of
the emission band at 420 nm decreases similarly. The luminescent
titrations with the three isomeric phthalates suggest the formation
of 1 : 1 stoichiometry host-guest interacted species with the
association constants calculated as logK = 5.14 4+ 0.02, 5.65 £+
0.02 and 5.67 &+ 0.03, for the o-, p-, and m-phthalate anions,
respectively (Fig. S11). When excited at 380 nm, a new emission
band at 460 nm appears and develops gradually upon the addition
of a o-phthalate ion, whereas, no obvious emission is found
with the free SN receptor being excited at the same wavelength
(Fig. 2). And upon the addition of m-phthalate or p-phthalate
to the CH;CN solution of SN, no new emission band appears
(Fig. 3); even the excitation wavelength varies from 340 to 500 nm,
indicating that no new luminescence species are obtained. Such a
selectivity suggests that the observed process is an anion-binding
rather than a deprotonation process, since the three isomers have
similar abilities of deprotonation.
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Fig.2 Emission spectra of SN (1 x 10~* M) upon addition of o-phthalate
as its TBA salt in CH;CN. Excitation wavelength is 380 nm.
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Fig.3 Fluorescence spectra of SN (1 x 10~* M) in the presence of 60 equiv.

mole ratio of phthalate ions as TBA salts in MeCN. Excitation wavelength
is 380 nm.

Generally, such a new emission band could be assigned either
to the emission of an excited naphthyl dimer, or to a dimer of an
excited naphthyl with a second naphthyl in its ground state that
are attributed to the anion-induced mutual interactions between
naphthalene moieties,''” or to the emission of the biphenyl moiety
in the anion-induced restricted conformation.” The excitation
spectrum of the emission recorded at 460 nm is quite different
from that recorded at 420 nm (Fig. 4), and the excitation at 340 nm
does not induce any obvious emission at 460 nm, suggesting
that the new broad excitation band at 380 nm is the origin of
the emission band at 460 nm." Such a result demonstrates that
the new emission band at 460 nm should not be assigned to
the dimer of an excited naphthyl with a second naphthyl in its
ground state. Further investigation exhibits that the fluorescent
intensity at 460 nm is observed to increase markedly over time
(Fig. 5). Such a time-dependent behavior demonstrates that the
new emission should not be originated from the emission of the
biphenyl moiety in the anion-induced restricted conformation.?!
Thus, the new emission can be assigned to the emission of an
excited naphthyl dimer, in which the UV-vis irradiation may favor
the stableness of the excited naphthyl dimer. It also seems that
a photoreaction is taking place, and that the new band is due to
some photoproduct. Since the o-dicarboxylate anion itself exhibits
significant absorption, UV-vis titration (Fig. S27) could not give
enough useful information.
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Fig. 4 Excitation spectra with the emission recorded at 420 nm (solid)
and 460 nm (dash), respectively.
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Fig. 5 The plot of emission intensity against time in the presence of a 5
molar ratio of o-phthalate, irradiated at 380 nm at 20 seconds intervals.

Although no appropriate explanation would account satisfac-
torily for such fluorescent responding behavior, which has never
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been observed before, the receptor SN has high selectivity to the
o-phthalate ion over the other two isomers of dicarboxylates.
It is suggested that when receptor SN binds with m-phthalate
or p-phthalate, the two branches cannot compact together and
the two naphthalene units cannot overlap efficiently, and, as a
consequence, no excimer fluorescence is observed (“off” state),
despite that the twist conformation of the phenyl rings makes the
geometrical conformation of SN suitable for binding to different
phthalates. The tweezer-like o-phthalate anion induces the two
branches of SN to point in the same direction by H-bonding,
with the two naphthalene units being close enough to exhibit a
new emission. Compared with similar receptors that have been
reported,® the presence of torsional groups rather than foldaway
ones make the receptor SN only fit one isomer and high selectivity
is achieved (Fig. 6).
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Fig. 6 Structure proposal of the complex formed between SN and the
o-phthalate anion with the twist conformation induced by the anion.

To further investigate the anion binding properties of the
receptor SN, 'H NMR spectra changes by the addition of the o-
phthalate as a TBA salt to acetonitrile-d; solution were measured.
As shown in Fig. 7, in the presence of o-phthalate, the signals of
the Hy, and Hy; protons are broad and downfield from 8.02 to
8.76 ppm, which may be attributed to the net deshielding that
is induced by hydrogen-bonding between the thiourea subunit
and the anion.” The signals of H, and H, shift downfield from
7.66 to 7.72 ppm, and from 7.26 to 7.35 ppm, respectively. These
deshielding effects may be created from the partial positive charge
of these protons that come from the nearness of the carboxyl
group of the guest and the protons, and the probable participation
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Fig. 7 '"H NMR spectra of SN (a) in acetonitrile-d; (5 x 10~° M) and
(b) upon the addition of a 2.0 equivalent molar ratio of the o-phthalate
anion.

of these protons in the formation of additional hydrogen bonds.
The presence of the o-phthalate anion also makes the signal of
H, shift upfield from 7.90 to 7.85 ppm and all other protons in
the naphthalene rings exhibit small but significant upfield shift,
due to the presence of anions enhancing the electron density on
these naphthalene rings.?®* From a mechanistic point of view, in the
free outspread conformation of SN, H, has the potential to form
intramolecular H-bonds with the C=0 group of the other arm,
whereas the presence of o-phthalate could induce the two branches
to form a cis conformation, and the H-bonding is destroyed with
the signal of H, exhibiting upfield shift. At the same time, the
formation of hydrogen bonds between the anions and the thiourea
groups causes significant downfield shifts of these imine protons
as well as the protons of the naphthalene rings that are close to
the thiourea group, with the two naphthalene lumophores close
enough to exhibit naphthyl dimer fluorescence.

Two dimensional NMR studies have been also carried out to
give more information about the anion binding properties of the
receptor SN. As shown in Fig. 8, in the presence of the o-phthalate
anion, NOESY experiments show that the H, and H, of SN
correlate with the protons of the anion, indicating the formation
of a complex between SN and the o-phthalate anion. In addition,
no obvious signal shows the nearness between the protons of the
naphthalene rings and the anion. With all this information, a
structure proposal as shown in Fig. 6 can be acceptable.
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Fig. 8 'H NOESY NMR spectra of SN in acetonitrile-d; (5 x 107 M)
upon the addition of a 2.0 equivalent molar ratio of the o-phthalate
anion.

Conclusions

In summary, a new clip-like receptor, which comprises two
thiourea-based binding groups and two naphthalene units, has
been described as a fluorescent chemosensor to distinguish o-
phthalate from two other isomers of dicarboxylates through
fluorescent response in an “off-on” manner. The presence of
torsional groups rather than foldaway ones makes the receptor
SN exhibit high selectivity by fitting the conformation of one
isomer well. Such fluorescent responding behavior has never been
observed before, and no appropriate explanation would account
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satisfactorily for it. We are now going on with our investigation
of the system and expect that more results will be obtained in the
future.

Experimental section
Materials and measurements

Biphenyl-2,2'-dicarbohydrazide was prepared according to a pro-
cedure reported in the literature.** Elemental analyses (C, H, and
N) were carried out on a Perkin-Elmer 240 analyzer. UV-vis
spectra were obtained on a Shimadzu 3100 spectrophotometer in
CH;CN at room temperature. Fluorescence spectra were recorded
on an AMINCO Bowman Series 2 Luminescence spectrometer.
Both excitation and emission slit widths were 3 nm. Stock solutions
(0.10 M) of the tetrabutylammonium salts were prepared in
MeCN. Fluorescence titration experiments were performed with
0.10 mM solution of SN in MeCN and varying concentrations
of the tetrabutylammonium salts in MeCN. '"H NMR spectra
were measured on a Bruker DRX-500 NMR spectrometer. 'H
COSY NMR spectra and “C NMR spectra were measured on
a Varian INOVA spectrometer. Mass spectra were recorded on a
HP1100LC/MSD spectrometer. IR spectra were recorded in KBr
or neat on a Nicolet-20DXB spectrophotometer.

Preparation of SN

A solution of biphenyl-2,2'-dicarbohydrazide (0.270 g, 1 mmol)
and 1-naphthylisocyanate (0.407 g, 2.2 mmol) in 25 mL EtOH was
refluxed with stirring for 1 hour and then evaporated to SmL. After
cooling to room temperature, an ivory-white precipitate formed
(0.46 g, 72%), which was collected by filtration, and washed with
EtOH and ether. "H NMR (500 MHz, CD;CN), d(ppm): 9.41
(br, 2Hy,), 8.02 (br, 4H, 2Hy,, 2Hys), 7.94 (d, 2H,, J = 8.1),
7.89 (d, 2H,, J = 8.3), 7.66 (br, 2H,), 7.53 (m, 8H, 2H,, 2H.,
2H;, 2Hy), 7.26 (br, 2H,), 7.24 (m, 2H, 2H,), 7.17 (br, 4H, 2H;,
2H,). ®C NMR (100 MHz, CD;CN), d(ppm): 184.31, 169.85,
139.32, 134.40, 133.24, 130.90, 130.80, 130.18, 128.39, 128.34,
128.26, 128.15, 126.90, 126.75, 126.58, 123.36. Anal. calcd for
C;HxN(S,0,: C, 67.5; H, 4.4; N, 13.1%. Found: C, 67.4; H, 4.5;
N, 13.2%. IR (KBr):, 3222 (v u), 1671 (ve=o), 1596, 1508, 1397
(ven), 1340, 1229 (van), 1091 (vess), 774 (vew) ecm™'. MS m/z:
641.1 (M — H']), 663.2 (M — Na']).
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