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A designed sensor, selenodiazole-fused pyrimidine ring having two acetylamino groups at 2,4-positions
has been synthesized for selective recognition of aliphatic monocarboxylate anions over a wide range of
other anions. The recognition study has been carried out by UV–vis and fluorescence methods. A signif-
icant bathochromic shift of the fluorescence intensity of the receptor in the presence of carboxylate
makes the receptor a discriminating sensor for aliphatic monocarboxylates.

� 2010 Elsevier Ltd. All rights reserved.
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The design and synthesis of artificial colorimetric and fluores-
cence receptors for sensing a particular anion over a wide range
of anions are an interesting field in molecular recognition and
supramolecular chemistry.1–3 In recent years the following tech-
niques such as change in fluorescence, color change, or chemical
shift of protons in NMR of the sensor are utilized for detecting an-
ions.4 Anions such as carboxylates play an important role in chem-
ical and biological processes.5 To date various receptors have been
designed for the detection of carboxylates.6

Selenium-containing heterocyclic compounds have been well
recognized because of their remarkable reactivities, chemical phe-
nomena, and their potential pharmaceutical applications.7,8 Previ-
ously, metal complexes of various 2,1,3-benzoselenodiazole
derivatives (selenodiazole-fused benzene ring) have been docu-
mented.9 However only a few reports have been found for the syn-
thesis and application of selenodiazole-fused heterocyclic rings
such as pyridine or pyrimidine.10 Recently we have reported a new
selenium-based fluorescent sensor for selective sensing of hindered
carboxylate more than acetate by changing its mode of binding
site.11 Here in this Letter, we explore another new selenodiazole-
fused pyrimidine-based chromogenic fluorescent sensor (5,7-diace-
tylamino-1,2,5-selenodiazolo-[3,4-d]-pyrimidine) for the recogni-
tion of both small and hindered carboxylates (acetate and pivalate).

In receptor 1, the selenodiazole-fused pyrimidine ring has two
pyrimidine acetamide protons in same direction which are used
as hydrogen bond donors for recognition of anions (Scheme 1).

The receptor 1 was synthesized by straightforward reactions
summarized in Scheme 2. Initially compound 3 has been prepared
by the condensation of 2,4,5,6-tetraamino-pyrimidine dihydro-
chloride (2) and selenium dioxide in solid phase by eco-friendly
ll rights reserved.
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microwave technique.12 Receptor 1 is isolated on acetylation of
compound 3 by acetic anhydride.

The binding properties of receptor 1 have been studied by UV–vis
and fluorescence methods in acetonitrile.13 The absorption spec-
trum of receptor 1 (1.03 � 10�4 M) shows a maximum (kmax) at
351 nm (Fig. 1). Upon addition of monocarboxylate anions such as
acetate, pivalate, and phenyl acetate, the absorption maxima gradu-
ally decrease with simultaneous formation of another two maxima
at 303 nm and 385 nm, respectively. Two prominent isosbestic
points at 317 and 373 nm indicate the formation of a new complex
between receptor and carboxylate anions.

Here a bathochromic shift by 34 nm is observed for the addition
of carboxylate anions in favor of a strong complex between recep-
tor and carboxylate anions. The UV–vis titration of receptor 1 is
also carried out in the presence of other anions such as F�, Cl�,
Br�, and I�. Except fluoride, the absorption intensity does not
change in the presence of other halide anions. In the case of F�,
the absorption intensity slowly decreases initially and the rate of
decrease of absorption maxima increases on addition of higher
concentration of F� (Fig. 2).

The 1:1 stoichiometry of receptor 1 with the anions in the com-
plexes has been determined by Job’s plot (Fig. 3).14
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Scheme 1. (a) Receptor 1; (b) possible binding mode with carboxylate anions.
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Scheme 2. Reagents and conditions: (i) MW, 400 W, 20 min; (ii) acetic anhydride, 80–90 �C, 10 h.
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Figure 1. Change of absorption spectra of receptor 1 upon addition of tetrabutyl-
ammonium acetate in acetonitrile.
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Figure 2. Change of absorption spectra of receptor 1 upon addition of different
tetrabutylammonium carboxylate and fluoride salts (4 equiv) in acetonitrile.
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Figure 3. Job plots of receptor 1 with different carboxylates determined by UV–Vis
method in acetonitrile.
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Figure 4. Color change of receptor 1 (A) upon addition of 1 equiv of different
tetrabutylammonium salts of (B) acetate, (C) pivalate, (D) phenyl acetate, and (E)
fluoride in acetonitrile.

400 500 600 700
0

25

50

75

100

F
lu

or
es

ce
nc

e 
In

te
ns

it
y

Wavelength (nm)

Figure 5. Change of fluorescence intensity of receptor 1 upon gradual addition of
tetrabutylammonium acetate in acetonitrile.
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The evidence of bathochromic shift is also confirmed by observ-
ing color change with the naked eye. The colorless solution of
receptor (1.0 � 10�4 M) turns pale yellow after the addition of
1 equiv carboxylates (tetrabutylammonium salt of acetate, piva-
late, and phenylacetate) (Fig. 4). In the case of tetrabutylammo-
nium fluoride, the color of the receptor 1 remains unchanged by
the addition of 1 equiv of this salt but a pale yellow color is ob-
served by the addition of high concentration (4 equiv) of F� ion
in acetonitrile solution of receptor 1. Color change is not observed
on addition of benzoate and other anions.

Fluorescence study has been carried out for sensing the selec-
tivity of receptor 1 toward different anions. Receptor 1 shows a
broad peak at 412 nm when it is excited at 351 nm (excitation slit
width 14 nm, emission slit width 10 nm). The emission spectrum
of receptor 1 has shifted toward higher wavelength (at 459 nm)
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Figure 6. Enhancement of fluorescence intensity of receptor 1 upon addition of
different tetrabutylammonium carboxylate and fluoride salts (4 equiv) in acetoni-
trile on excitation at 351 nm.

Table 1
Binding constant values of receptor 1 with different carboxylates (tetrabutylammo-
nium salts)

Guests Ka (M�1) in UV–Vis
method

Ka (M�1) in fluorescence
method

Acetate 3.77 � 103 3.87 � 103

Pivalate 1.10 � 103 2.56 � 103

Phenyl acetate 2.65 � 103 3.85 � 103

Adamantane-1-
carboxylate

1.15 � 103 3.04 � 103

All errors are ±10%.

Table 2
Binding constant values of receptor 1 with sodium and potassium acetates

Guests Ka (M�1) in UV–Vis
method

Ka (M�1) in
fluorescence method

Sodium acetate 3.48 � 103 3.29 � 103

Potassium acetate 3.51 � 103 3.08 � 103

All errors are ±10%.
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with significant enhancement of emission maxima upon gradual
addition of monocarboxylates (Fig. 5).

A significant red shift, about 47 nm of the receptor 1 is observed
on addition of carboxylate anions. The fluorescence intensity of
receptor 1 is not affected in the presence of aromatic carboxylate
such as benzoate and other halide ions apart from F�. In the case
of benzoate we observed very small decrease of the absorption
maxima with negligible blue or red shift and small quenching of
the emission maxima without red shift in comparison with the
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Figure 7. (a) Change of absorption spectra of receptor 1 upon addition of potassium ac
sodium acetate on excitation at 351 nm in acetonitrile/water (95:5 v/v).
other carboxylates. This is probably due to the presence of benzene
ring which decreases the hydrogen bond accepting tendency of
carboxylate anion. Therefore receptor 1 is less selective toward
aromatic carboxylate. The fluorescence spectra of receptor 1 with
fluoride ion behave like carboxylate ions but the enhancement of
emission intensity is comparatively much lower than carboxylates.
Initially on addition of F�, a minor and irregular change of fluores-
cence intensity occurs but the intensity increases and shifted
slightly toward higher wavelength on addition of high concentra-
tion of F� (after 4 equiv) (Fig. 6). Interestingly after the addition
of 4 equiv of carboxylates, the enhancement of fluorescence inten-
sity becomes close and further enhancement does not occur on
addition of higher equivalents of carboxylates.

Earlier we reported a selenium-based receptor which was
highly selective for sensing hindered carboxylates such as pivalate
and adamantane-1-carboxylate and less selective toward acetate.11

But in this case the enhancement of fluorescence intensity of ace-
tate is however close to pivalate and the binding constant for ace-
tate is slightly higher than other aliphatic carboxylate anions
(Table 1).

Now the UV–vis and fluorescence studies of the receptor 1 have
been carried out with acetate anion by changing the counter cation
part such as sodium (Na+) or potassium (K+) ions instead of tetra-
butylammonium (Bu4N+) ion to observe the change of spectra
and binding affinity. The solutions of sodium acetate and potas-
sium acetate were prepared in acetonitrile and water (95:5 v/v).
Here decrease of the absorption maxima with blue and red shifts
and the enhancement of fluorescence intensity with red shift of
receptor 1 are also observed upon addition of sodium acetate or
potassium acetate solutions (Fig. 7).

The nature of both UV–vis and fluorescence spectra of receptor
1 with sodium acetate and potassium acetate is similar to the spec-
tra of receptor 1 with tetrabutylammonium acetate. The binding
constants are close to each other (Table 2). Therefore the receptor
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etate and (b) enhancement of fluorescence intensity of receptor 1 upon addition of
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1 selectively binds the acetate anion and the complex formation is
not affected by these counter cations (Na+, K+, or Bu4N+).

The UV–vis and fluorescence studies of intermediate compound
3 have also been tested in 5% DMSO in acetonitrile solution with
tetrabutylammonium acetate. In the case of UV–vis study, the
absorption maximum (358 nm) gradually decreases with red shift
and in the fluorescence method, initially very minor and irregular
change occurs after which the emission maximum (434 nm) grad-
ually quenches. Here the enhancement of fluorescence intensity
with remarkable red shift is not observed like receptor 1. As a re-
sult receptor 1 is a better selective probe for detecting aliphatic
monocarboxylate rather than its intermediate compound 3.

In conclusion, a selenodiazole-fused pyrimidine-based receptor
has been synthesized for the recognition of anions. From the
above-described fluorescence and UV–vis studies, it is observed
that this receptor selectively recognizes both small and hindered
aliphatic monocarboxylates specially acetate among all the other
anions. Hence receptor 1 can be used as a colorimetric fluorescence
sensor for aliphatic monocarboxylates.
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