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A neutral receptor with a rigid hydrazine spacer, N-p-(dimethylamino)benzamido-N'-phenylthiourea, was prepared, and its dual fluorescence
in acetonitrile was found to show response toward the presence of anions such as AcO~, H,PO,~, HSO,~, Br~, CI~, F~, and ClO,~ with high
sensitivity and selectivity toward AcO™.

Recognition and sensing of anions has been a subject of(1> Scheme 1), in which the thiourea hydrogen-bonding
intensive current interest and hydrogen bonding is one of recognition moiet§is linked to the dual fluorescent reporter
the important recognition elements in anion sensihgke p-dimethylaminobenzamidéy arigid hydrazine - NHNH-)

the cation chemosensbgn anion chemosensor consists of spacef We found that the dual fluorescence of this receptor
a recognition moiety and a signal reporter that are either in acetonitrile showed response to the presence of anions
directly linked to allow for a highly efficient communication such as AcO, H,PO,~, HSOQ,~, CIO,~, F, CI~, and Br,
between the recognition moiety and the repdrtar con- with high sensitivity and selectivity toward AcO

nected by a flexible spacer to ensure an optimal approaching The configuration rigidity of the-NHNH— component

of them? Herein reported is a thiourea-based neutral anion results from the repulsion of the nonpaired electrons on
receptor N-p-(dimethylamino)benzamidbi-phenylthiourea

(5) Compound. was synthesized by reaction of phenylisothiocynate with
2.'H NMR (500 MHz, DMSOsg): ¢ 2.98 (6H, s), 6.73 (2H, dJ = 9
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* Nanchang University. d,J=9Hz), 9.57 (1H, s), 9.71 (1H, s), 10.14 (1H, s). ESI-M8/z314.9
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Scheme 1. Molecular Structure ofl and Its 1:1
Hydrogen-Bonding Interaction with Acetate Anion
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neighboring nitrogen atorisind the preferentiaf-confor-
mation of secondary amideThis rigidity makes it difficult
for the thiourea recognition moiety il to approach
intramolecularly the dual fluorescent reporter moiety. Indeed,
AML1 calculations indicated that the most stable conformation
of 1 was the one shown in Scheme 1 with two five-membered
ring intramolecular hydrogen bonds. The latter was also
supported by the substantial downfield NMR signals of the
—NH protons® Here, the intramolecular hydrogen-bond
network would be of particular significance, since it might
open the proton transfer and probably the so-called proton-
transfer coupled electron transfer (PCET) chatrial the
photoexcited state and facilitate the excited-state com-
munication of the receptor with the reporter via hydrogen
bonds, making the fluorescent sensing possible.

The dual fluorescence df was observed in highly polar

solvents. In acetonitrile (ACN), the dual fluorescence, with .

a total quantum yield of 0.020, peaked at 370 and 520 nm
due to the locally excited (LE) state and charge transfer (CT)
state in equilibrium, respectively(Figure l1a). The dual
fluorescence was found to be sensitive to the presence o
anions such as AcQ H,PO,~, HSO,~, Br, CI-, F-, and
CIO4 . Figure 1la shows the fluorescence spectrhiofACN

in the presence of AcQ It was found that, whereas the band
positions remained unchanged, the introduction of AcO
resulted in quenching of the long wavelength CT emission
while enhancing of the LE emission, with a clear isoemissive
point at 425 nm. On the basis of the known thiouréaO~
hydrogen-bonding mod& this might point to the hydrogen-
bonding interaction between thiourea moietyliand AcO',

as indicated in Scheme 1, that resulted in variation in the
dual fluorescence. Absorption spectra monitoring supported
the hydrogen-bonding interaction. Figure 1b presents the
absorption spectra dfin the presence of AcO Introduction

of AcO™ into ACN solution of 1 led to a split of the
absorption spectrum df originally peaked at 311 nm (&

(9) Avalos, M.; Babiano, R.; Barneto, J. L.; Bravo, J. L.; Cintas, P.;
Jiménez, J. L.; Palacios, J. €. Org. Chem2001,66, 7275.

(10) (a) Cukier, R. I.; Nocera, D. GA\nnu. Rev. Phys. Cherhi998,49,
337. (b) Hammes-Schiffer, icc. Chem. Re001,34, 273.
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Figure 1. Fluorescence (a) and absorption (b) spectrhiofACN

in the presence of increasing concentration of Ache concen-
trations of 1 are (a) 8.0x 1076 and (b) 1.6x 107> mol L™,
respectively. AcO exists in itsn-BuN* salt. Arrows show the
increase of AcO concentration from 0 to 1% 105 mol L=%. The
excitation wavelength is 289 nm, the isosbestic wavelength. ACN
was purified to have no fluorescent impurity at the used excitation
wavelength.

3.5x 10*cmt mol™ L), and clear isosbestic points at 322,
289, and 240 nm, respectively, were observed. Introducing
hydrogen-bonding solvents such as methanol, ethanol, or
2-propanol into the last—AcO™ solution led to the recovery

of the absorption spectrum @f No such spectral variations
were observed witp-(dimethylamino)benzoylhydrazin@)(

and p-dimethylaminobenzamide (3) that have the same
chromophore a% but no thiourea moiety. These observations
clearly pointed to the formation of a 1:1 hydrogen-bonding
complex, Scheme 1. Further evidence for this 1:1 hydrogen-
bonding interaction was obtained from NMR and MS data.

In DMSO-ds, the NMR signals of the thioureaNH protons

in 1 were found to show a downfield shift in the presence
of AcO~,>! and in the ESI mass spectra of the AcO~
mixture in ACN we observed species of/zvalue 375.1

f(1:1 complext+ 2HT). Acetate anion binding to the thiourea

moiety in 1 was also supported by the observation of a
smaller binding constant when the thiourea moiet{ imas
replaced by a urea moiety.Similar but smaller variations
were observed with Fand HPQO,~,*® whereas with other
anions the variations were found to be much less; see Figure

(11)*H NMR titrations were carried out in DMS@. In the presence
of AcO™, a downfield shift was found for the thioureaNH *H NMR
signals. The broadening and hence the overlapping of the NMR signals of
the three—NH protons in the presence of AcQe.g., 10.58 ppm in the

resence of 2 equiv of AcQ made it impossible to measure from NMR
data the binding constant éfwith AcO~. ESI—MS spectra were recorded
on a Bruker ESQUIRE-3000spectrometer.

(12) It is known that the binding constant of thiourea to the same
oxoanion such as AcOis higher than that of the urea derivative; see, for
example: Linton, B. R.; Goodman, M. S.; Fan, E.; van Arman, S. A,
Hamilton, A. D.J. Org. Chem2001,66, 7313. The binding constants of
AcO~ and HPO,~ with the urea derivative of were measured as 14
10° and 1.2x 10® mol~! L, respectively, which were much smaller than
those with1 given later in the text.

(13) The absorption and fluorescence spectraiofthe presence of ¥
(Figures 1SA and 1SF) and,PlOs~ (Figures 2SA and 2SF) are provided
in the Supporting Information.
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up to 10 equiv of AcO was added to the 1:1 mixture @f
andN,N'-diphenylthiourea of 9.& 10°¢ mol L%, a model
system forl, ruled out the possibility that the change in the
CT to LE fluorescence intensity ratio dfin the presence
of AcO~ was due to different quenching of the LE and CT
emission by the thiourea-AcGound moiety in thd—AcO~
complex. This observation therefore suggested that the
intramolecular hydrogen-bond network Inis important in
facilitating the sensing. Indeed, we found that the absorption
spectrum ofL in ACN showed a 25 nm red shift with respect
to the sum of the spectra @ and N,N’-diphenylthiourea,
pointing out the contribution of the intramolecular hydrogen
bonding in1. The excitation spectra dfin the absence of
AcO~ obtained by monitoring the LE and CT fluorescence
respectively were found to be almost the same and close to
Figure 2. Plots of the CT to LE fluorescence maximum intensity itS absorption spectrum. In the presence of Ac@e LE-
ratio of 1 versus anion concentration. Concentratiorf @ 8.0 x related excitation spectrum underwent a variation profile
1076 mol L. All anions exist in the form of the-BwN* salt. similar to that of the absorption spectrum (Figure 1b),
The lines through the datrilpoints are fitted curves for 1:1 complex \yhereas the CT related excitation spectrum remained the
by the reported methods. same as that in the absence of AcQhis implied that, in
the presence of AcQ charge transfer from the LE state be
accompanied by a new process that led to a CT species
similar to that in the absence of ACOA change in the
hydrogen bond network of the recept@nion complex
(Scheme 1) might be assumed as being responsible for the
fluorescence response. This actually suggested the occurrence
of an excited-state proton transfer or probably a PCET
proces¥ within this network so that the LE to CT equilib-
rium was shifted, as was also evident from the appearance
of an isoemissive point in the dual fluorescence variations
(Figure 1a). The fact that the CT to LE intensity ratio of the
1:1 receptor—anion complex is in general lower with the
anion of higher basicity (Figure 2) is in line of this
assumption. The detailed mechanism, however, remains to
be further clarified. Detailed work is now underway in this
laboratory.

In summary, we reported a novel thiourea-based dual
fluorescent neutral receptor for anions in which the recogni-
tion site was linked to the fluorophore reporter via a rigid

. . ) . R spacer that affords an intramolecular hydrogen bond network.
dual fluorescence intensity ratio @fupon anion binding is

i ied b h in the CT emission b dIt was found that the response in the dual fluorescence by a
not accompanied by any change in the EMISSIon Bantg, hstantial decrease in the CT to LE intensity ratio was not

p05|tt|o|n(.j \iV'tE S'm”gr duz::] flfﬁ]resc;:_?nt mol_eculehs_]:t e(;q?ertlr-] due to the change in the reduction potential of the electron
mental data have shown that the emission shifted to eacceptor upon anion binding. The response mechanism would

red or blue when the eléaﬁstron donor/acceptor strength WaShe of use in designing novel receptors for anions that base
gnhanced or wee}kenéfﬂl.-v It h‘?r.‘ce follows t_hat no change mainly on hydrogen-bonding interactions.

in the electron-withdrawing ability occurs with the acceptor
in 1 upon anion binding. The fluorescence response observed Acknowledgment. This work has been financially sup-
here might not be accounted for within the classic PET ported by the National Natural Science Foundation of China
(photoinduced electron transfer) mechanism eithétsince through Grant Nos. 29975018 and 20175023 and by the
that would lead to the same quenching of both the LE and Ministry of Education (MOE) of China under the TRAPOYT
CT emission with their intensity ratio remained unchanged. and EYTP programs.

The fact that no fluorescence quenching was found when

[Anion)/[1]

Both the variations of the absorbance at 311 nm (Figure
1b) and the CT to LE maximum intensity ratio (Figure 2)
were used to evaluate the binding constantswith anions,
following the reported methods by assuming a 1:1 binding
stoichiometry?®14Nice fittings (Figure 2) supported the 1:1
binding stoichiometry. The fitted binding constants are (1.6
+ 0.3) x 10° mol? L (abs), (4.84 0.1) x 10° mol™* L
(flu) (AcO"); (4.94+0.4) x 10 mol™* L, (2.14+0.4) x 10°
mol™*L (F7); (1.3+£0.2) x 10* mol™ L, (4.7+ 0.1) x 10*
mol™* L (H.PO,7); and (2.3+ 0.3) x 1 mol™t L, (8.7 +
0.4) x 10* mol~* L (HSOy4"), respectively, and are too small
for Br~, CI~, and CIQ™ to be accurately determined, which
vary in general in the order of the anion basicity. It is obvious
that the present neutral receptor shows a high selectivity in
acetonitrile for AcO over other anions, and in particular,
its binding constant to AcOis close to that (>10mol*

L) of a positively charged thiourea-based repeétor.
It is interesting to note that the substantial change in the

Supporting Information Available: Absorption and
(14) Madrid, J. M.; Mendicuti, FAppl. Spectrosc1997,51, 1621. fluorescence spectra dfin acetonitrile in the presence of

19%5% ég)slléi%ezg)YH; Kuhn\llt\a/, V%/h Zacl;(arislssel_, ﬁAWPhyS- CChJenj]-_A F~ (Figures 1SA and 1SF) and,PiO,~ (Figures 2SA and
. uang, W.; Zhang, X.; Ma, L.-H.; Wang, C.-J.; Jiang, . L . >
Y.-B. Chem. Phys. Let002,352, 401, 2SF). This material is available free of charge via the Internet
(16) (a) Létard, J.-F.; Delmond, S.; Lapouyade, R.; Braun, D.; Rettig, at http://pubs.acs.org.
W.; Kreissler, M.Rec. Trav. Chim. Pays-Bak95,114, 517. (b) Collins,
G. E.; Choi, L.-S.; Callahan, J. H. Am. Chem. S0d.998,120, 1474. 0OL026357K
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