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a b s t r a c t

Pyridinium 1a underwent an efficient intramolecular cyclization initiated by fluoride ions to form highly
fluorescent 1,3,4-triphenylpyrido[1,2-a]benzimidazole, providing a novel chemodosimeter for fluoride
ions detection.
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Pyrido[1,2-a]benzimidazole and its derivatives have attracted
great attention due to a wide range of significant biological activi-
ties they are involved in, such as potential anticancer,1 antineo-
plastic2, and anxiolytic3 activities. Some of them also display
interesting photophysical and fluorescent properties.4 Up to now,
several synthetic routes to pyrido[1,2-a]benzimidazoles have been
presented, including the reaction of substituted benzimidazoles
with 1,3-dicarbonyl compounds,5 2-aminopyridine with either
o-chloronitrobenzene, p-benzo-quinone, or 2-chlorocyclohexa-
none,6 a-pyrane thione derivatives with o-phenylenediamines4b

as well as the photocyclization of (o-haloaryl)hetarylamines.7

However, the abovementioned synthetic routes often require
lengthy steps and give relatively lower yields. Accordingly, the
development of a facile method for pyrido[1,2-a]benzimidazoles
is still highly desirable.

Selective sensing of biologically and environmentally important
anions is a field of increasing interest.8 Among various anions, fluo-
ride ion is of particular interest due to its important roles in the den-
tal caries, the clinical treatment of osteoporosis and water quality.9

In this sense, the development of simple chemosensors capable of
selective sensing of fluoride ion is quite necessary. Till now,
ionophore-chromophore system for detecting fluoride ion has been
well developed.10 As a contrast, chemodosimeter approach for fluo-
ride ion sensing has drawn a lot of attention recently, as it usually
shows high selectivity and a large spectroscopic shift. This approach
ll rights reserved.

.

generally involves the specific chemical reactions induced by fluo-
ride ion, such as the cleavage reaction of Si–O bond,11 the Lewis
acid-based reaction between fluoride ion and boron atom12 and
the intramolecular hydrogen transfer reaction.13 Although some
chemodosimeters for fluoride ion have been reported recently, it
should be pointed out that no example can be beyond the above-
mentioned reactions and the sensing mechanisms are very limited.
In this view, development of new reaction and sensing mechanism
for fluoride ion is of extreme significance.

Following our continuous interest in anions recognition and
sensing,14 in this Letter, we report an unprecedented intramolecu-
lar cyclization of 2,4,5-triphenylpyridinium 1a decorated with an
amino substituent on the ortho-position of a N-phenyl group, to
highly fluorescent pyrido[1,2-a]benzimidazole 2, which is initiated
by fluoride ion under mild conditions. As a result, 2,4,5-trip-
henylpyridinium 1a could be served as an efficient chemodosime-
ter for sensing fluoride ion.

Initially, we prepared a series of novel N-substituted 2,4,5-trip-
henylpyridinium 1, decorated with amino substituent on the dif-
ferent positions of N-phenyl group, with the purpose to
investigate the anion sensing behaviors of them by using the coop-
erative function of hydrogen-bonding and electrostatic interac-
tions (Scheme 1).

The anion sensing properties of compounds 1 were recorded by
measuring the fluorescent changes induced by interaction of them
with various anions in CH3CN. It was found that only compound 1a
displayed high selectivity toward F� among other investigated an-
ions, including Cl�, Br�, I�, NO3

�, H2PO4
�, and AcO�, with tetra-

n-butylammonium as counter cation (Fig. 1). As a comparison,
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Scheme 1. The structures of investigated pyridiniums
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Figure 1. Fluorescence spectra of 1a (10 lM in CH3CN) with different anions
(ca. 10 equiv). Excitation provided at 366 nm.
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Scheme 2. The transformation from pyridinium 1a to 1,3,4-triphenyl-pyrido[1,2-
a]benzimidazole in the presence of F�.
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the other two compounds 1b and 1c showed no selectivity toward
any anion mentioned above ( Figs. S1 and S2).

As shown in Figure 1, in the absence of anions, 1a in CH3CN
solution exhibited weak fluorescence, which might be ascribed to
the quenching effect of a photo-induced electron transfer process
from the aminophenyl moiety to the charged pyridinium ring.
When 10 equiv of F� was added, the fluorescence intensity of the
solution observed nearly 62-fold increase, giving rise to a ‘off–on’
fluorescent response to F�.

With the aim to exploit the interactions between F� and 1a, we
tried to obtain the single crystal of the complex between them. To
Figure 2. 1H NMR spectra (from d 9.0 to 6.0)
our surprise, the obtained single crystal shows a structure referring
to 1,3,4-triphenyl-pyrido[1,2-a]benzimidazole 2,15 which indi-
cated an novel intramolecular cyclization of 1a occurred in the
presence of fluoride ion. It was observed that pure compound 2
emitted strong fluorescence in CH3CN solution (Scheme 2). Accord-
ingly, we deduced that the highly selective sensing of fluoride ion
might come from this new reaction under mild conditions.

In order to confirm the reaction between F� and 1a, 1H NMR
investigation was performed. Figure 2A and C represent the 1H
NMR spectra of pure compound 1a and 2, respectively. Upon addi-
tion of 5 equiv F� into the solution of 1a, a new set of peaks clearly
assigned to compound 2 was observed (Fig. 2B), indicating the
fluoride-induced intramolecular cyclization from pyridinium 1a
to pyrido[1,2-a]benzimidazole 2 occurred.

UV–vis experiments provided more evidence to support the
above transformation. Without anions, the absorption spectrum
of 1a in solution is characterized by three peaks at k = 237, 263,
and 306 nm, respectively (Fig. 3). Upon addition of F� into the solu-
tion, the absorption bands assigned to 1a decreased gradually, and
two new absorption peaks at k = 256 and 370 nm belonged to com-
pound 2 appeared simultaneously (Fig. 3 and the inset). In contrast,
other investigated anions did not lead to any obvious change of the
absorption spectrum of 1a indicating the selectivity of this novel
transformation toward F� (Fig. S3).

We also measured the fluorescence titration to investigate the
transformation of pyridinium 1a in the presence of F�. When ex-
cited at 366 nm, neat 1a in CH3CN solution exhibited rather weak
fluorescence at 469 nm. Upon addition of F� gradually, a new fluo-
rescence band appeared accordingly at 481 nm with the enhance-
ment of fluorescence intensity, which is in accordance with the
characterized emission of compound 2 (Fig. 4 and the inset). This
result further confirmed the transformation of pyridinium 1a to
pyrido[1,2-a]benzimidazole 2 induced by F�, and the enhancement
of fluorescence emission was ascribed to the extended conjugation
of: (A) 1a; (B) 1a with 5 equiv. F�; (C) 2.
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Figure 3. UV–vis titration of 1a (10 lM in CH3CN) with tetra-n-butylammonium fluoride (TBAF). Arrows show changes due to increasing concentration of F�. The inset shows
the UV–vis spectra of 1a, 1a with 10 equiv F�, and 2 (10 lM in CH3CN).
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in compound 2. Furthermore, by fluorescence titration, the detec-
tion limit of 1a toward F� was obtained as 2.72 � 10�6 mol L�1,
which is sufficiently low for the detection of submillimolar concen-
tration range of the fluoride ion found in many chemical systems
(Fig. S4).

With the above evidences in hand, we did the reaction of 1a
with TBAF in large scale to clarify whether this intramolecular
cyclization be a feasible method for pyrido[1,2-a]benzimidazole.
As a result, target compound 2 was furnished in 46% yield, which
is high enough compared with the other methods mentioned
above. A plausible mechanism for this cyclization was proposed
(Scheme 3). The basicity of amino group was enhanced in the pres-
ence of the fluoride ion owing to the formation of hydrogen-bond-
ing between them. In this sense, the nitrogen of amino group could
attack the positive a-position of the pyridinium ring to form the
tricyclic system 3. Then, the counter ion ClO4

� removes the hydro-
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Figure 4. Fluorescence change (kex = 366 nm) when 1a (10 lM in CH3CN) is titrated
with increasing concentration of F�. The inset shows the fluorescence emission
spectra of 1a, 1a with 10 equiv F�, and 2 (10 lM in CH3CN, kex = 366 nm).

H

Scheme 3. Mechanism for the transformation from 1a to 2 in the presence of F�.
gen to afford 4.16 In the end, dehydrogenation occurred to afford
pyrido[1,2-a]benzimidazole 2. All of the steps are very fast and
irreversible, and it is difficult to grasp the detailed information
about the intermediates. It has to say that the mechanism is un-
clear and further exploration is needed.

In conclusion, an unprecedented intramolecular cyclization
from pyridinium 1a to pyrido[1,2-a]benzimidazole 2 initiated by
F� under mild conditions was found. The significant enhancement
in fluorescence after cyclization made pyridinium 1a an excellent
chemodosimeter for fluoride ion. Further work will focus on the
general adaptability of this reaction and its potential applications
in anions detection.
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