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a b s t r a c t

A tripodal receptor containing thiourea as binding site and fluorescein as signalling subunit has been
designed, synthesized and used for the colorimetric detection of basic anions in DMSO solutions.

� 2012 Elsevier Ltd. All rights reserved.
The design of abiotic anion receptors able to display sensing
features has attracted increasing attention due to the key roles
played by these negatively charged species in chemical, biological
and environmental processes.1 Host molecules generally comprise
two subunits, that is, the ‘binding site’ (properly the host, respon-
sible of coordination event) and the ‘signalling subunit’ (in charge
of the transduction event) that are usually attached forming a
superstructure.2 In these signalling systems optical outputs are
especially attractive with respect to other possible transductions
of the signal, because detection uses cheap, easy-to-handle and
widely extended instrumentation. Apart from fluorescence sys-
tems, colorimetric recognition has become more and more popular
because it additionally offers the opportunity to develop signalling
systems for the ‘naked eye’ detection of target species.

During the last years, a large number of receptors using groups,
such as amide,3 urea,4 thiourea,5 sulfonamide,6 pyrrole7 and
indole,8 which give hydrogen bonding interactions with anions,
have been reported and have been adequately coupled with differ-
ent signalling reporters. Moreover this approach is usually related
with the design and covalent link of the binding site and the signal-
ling subunit in a pre-determined fashion. Anion binding hosts may
also be designed on the basis of their flexibility or degree of pre-
organization. These concepts have been crystallized in many cases
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via the design of receptors showing multiple coordination sites in
a pre-defined fashion. For instance, some remarkable examples in-
volve the development of anion receptors based on 1,3,5–2,4,6 func-
tionalized benzene scaffoldings with 1,3,5-positions directed to one
face of the ring in order to prepare trifurcate anion receptors con-
taining three arms with coordinating groups in cooperative mode.9

Following our interest in the development of anion chemosen-
sors,10 we report herein the synthesis of an acyclic tripodal recep-
tor based on a 1,3,5-trisubstituted-2,4,6-triethylbenzene scaffold.
The host molecule 3 contains thiourea binding sites and fluorescein
groups as signalling subunits. The chromogenic and fluorogenic
behaviour of receptor 3 was tested against certain selected anions
in organic and organic–water mixed solutions.

The synthesis of tripodal 1,3,5-trimethylamino-2,4,6-triethyl-
benzene (2) has been published elsewere.11 Reaction of 2 with
fluorescein isothiocyanate and catalytic amounts of triethylamine
in refluxing CH2Cl2 afforded receptor 3 (see Scheme 1) in moderate
yields as an orange solid. The 1H NMR spectra of tripodal receptor 3
were characterized by the presence of two signals at 1.15 and
2.95 ppm attributed to the three ethyl moieties and one singlet
at 4.67 ppm ascribable to the six methylene protons that linked
the three thiourea moieties with the benzene ring. The aromatic
signals of the three fluorescein moieties appeared in the 5.12–
8.5 ppm interval, whereas the thiourea protons appeared at 8.1
and 8.25 ppm as broad singlets.12

The UV–visible response of receptor 3 in the presence of
selected anions was tested in DMSO. DMSO solution of receptor
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Figure 2. Colour change observed for chemosensor 3 (2.70 � 10�5 mol dm�3) in
DMSO upon addition of: (a) 4 equiv and (b) 10 equiv of various anions as
tetrabutylammonium salts at room temperature; (c) Fluorescence emission of
DMSO solutions of receptor 3 with 10 equiv of anions when irradiating at 365 nm.
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Figure 3. UV–visible spectral changes of receptor 3 (5.0 � 10�5 mol dm�3) in DMSO
upon addition of AcO� (0.2–10 equiv). The inset shows the nonlinear curve fitting of
the absorbance at 520 nm against the added AcO�.
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Scheme 1. Synthesis of receptor 3. Reagents and conditions: (i) (1) paraformalde-
hyde–ZnBr2–HBr/AcOH–90 �C; (2) potassium phthalimide–dry DMSO–90 �C; (3)
hydrazine hydrate–EtOH/toluene (2:1) –reflux11; (ii) fluorescein isothiocyanate–
CH2Cl2–triethylamine–reflux.
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3 (5.0 � 10�5 mol dm�3) showed very weak absorption bands (cen-
tred at 432, 457, 486 and 528 nm) in the visible zone (see Fig. 1).
From previous studies on fluorescein derivatives,13 the absence of
colour suggested that the colourless cyclic lactone form of fluores-
cein is the predominant isomer in receptor 3 in DMSO solution.

In a further step, the UV–visible response of receptor 3 was
tested against several anions (CN�, F�, Cl�, Br�, I�, NO3

�, H2PO4
�,

HSO4
�, ClO4

�, AcO�, BzO� and Cit3�). The response of 3 in the pres-
ence of 1 equiv of the selected anions can be seen in Figure 1. Addi-
tion of Cl�, Br�, I�, NO3

�, HSO4
�, ClO4

� and Cit3� induced negligible
changes in the UV–visible profiles, whereas H2PO4

� and BzO� pro-
moted a small increase in the absorbance of the visible bands.
However, the most remarkable changes were observed upon addi-
tion of CN�, F� and AcO� for which the absorbances of the four vis-
ible bands were highly enhanced. These changes were reflected in
colour modulations from colourless to bright orange (see Fig. 2a
and b). These bands in the 400–550 nm range can be attributed
to the presence of the open form of the fluorescein dye. A remark-
able enhancement of the fluorescence was also observed
(see Fig. 2c).

Titration profiles of receptor 3 upon addition of increasing
quantities of CN�, F�, H2PO4

�, AcO� and BzO� anions were carried
out. Figure 3 shows the visible spectral changes of receptor 3 in
300 400 500 600

0.0

0.2

0.4

0.6

0.8

1.0

others
H2PO4

-

BzO-

F-

AcO-

CN-

Ab
so

rb
an

ce

Wavelength (nm)

Figure 1. Changes in the UV–visible spectra of receptor 3 (5.0 � 10�5 mol dm�3) in
DMSO after addition of 1 equiv of selected anions.
DMSO solution (5.0 � 10�5 mol dm�3) upon addition of increasing
quantities of AcO� anion (from 0.2 to 10 equiv), as well as the non-
linear curve fitting of the absorbance band centred at ca. 520 nm.
As it can be seen a clear and gradual absorbance enhancement of
the visible band was observed.

The titration profiles of receptor 3 upon addition of CN� and F�

anions induced similar absorption enhancements to those ob-
served upon addition of AcO� and allowed us to fit the experimen-
tal data to a two step mechanism (see also Table 1). The changes in
the visible zone upon addition of H2PO4

� and BzO� anions were
less pronounced (see Fig. 4 for BzO� anion and also Table 1 for
the stability constants) reflecting the lower interaction of these an-
ions with 3 when compared with CN�, F� and AcO�. The chromo-
Table 1
Stability constants for the interaction of receptor 3 with some anions in DMSO

Anion Interaction Log ba

OH� 1:2 3.41 ± 0.01
CN� 1:2 4.79 ± 0.01
F� 1:2 3.67 ± 0.01
AcO� 1:2 3.73 ± 0.01
BzO� 1:2 0.43 ± 0.01
H2PO4

� 1:2 NDb

a Calculated using the programme HypSpec 1.1.18 for Eq. 3.
b The spectral changes were too small to calculate binding constant.
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Figure 4. UV–visible spectral changes of 3 (5.0 � 10�5 mol dm�3) in DMSO upon
addition of BzO� (0.2–10 equiv) anion. The inset shows the nonlinear curve fitting
of the absorbance at 520 nm against the added BzO�.
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genic response of receptor 3 is clearly related with the basicity of
the tested anions and it was clear from the results that an increase
in the basicity of the anion (CN� � F� > AcO� > BzO� > H2PO4

� was
directly reflected in a larger enhancement of the intensity of the
visible bands and also in an enhancement of the fluorescence. In
fact the same colour modulation and fluorescence enhancement
were observed upon titration of 3 in DMSO with tetrabutylammo-
nium hydroxide.

The best fitting of the titration data using the program HypSpec
was obtained when two consecutive processes were considered;
that is, the formation of 1:1 hydrogen-bonding complexes between
3 and the corresponding anion Eq. 1 and a deprotonation reaction
upon addition of excess of anion Eq. 2:

3þ A�¡3� A� ð1Þ
3� A� þ A�¡3� þHA�2 ð2Þ
3þ 2A�¡3� þHA�2 ð3Þ

From the titration profiles the stability constants for the inter-
action of 3 with the anions F�, CN�, AcO�, BzO�, H2PO4

� and
OH� were calculated (see Table 1).

Values of stability constants for the overall process in Eq. 3 fol-
lowed the order CN� > Ac� > F� > OH� > BzO�. Moreover it was
found that the logarithms of the stability constants for the coordi-
nation process Eq. 1 were small (that is, �9.32, �3.21, �3.32,�0.27
and �2.34 for OH�, CN�, F�, AcO� and BzO�, respectively). The low
value found for coordination with OH� (and its large value ob-
served for deprotonation that is, 12.73) clearly indicated a favour-
able proton transfer reaction between 3 and OH� anion whereas
the other anions formed 1:1 hydrogen-bonding complexes (most
likely with the thiourea binding sites) at low anion concentrations.
Upon addition of increasing quantities of anions a deprotonation
reaction occurs. The enhancement of the absorption and the fluo-
rescence observed in the presence of basic anions suggested that
the sensing mechanism would most likely involve the opening of
the lactone ring in the fluorescein chromophore.

Additional studies were also carried out with DMSO–water
90:10 v/v solutions (pH 7.0) of receptor 3 (5.0 � 10�5 mol dm�3)
in order to test the possible application for anion sensing in an
aqueous medium. Addition of CN�, F�, H2PO4

�, AcO� and BzO� an-
ions to DMSO–water solutions of 3 resulted in same changes on the
UV–visible spectrum than the observed when using DMSO alone.
The only difference was related with the fact that more equivalents
of the anions were necessary to obtain the same change in the
absorbance. This is a clear consequence of the partial solvation of
the anion in the presence of water that reduced their basicity.
In summary, we have synthesized a new tripodal chemosensor
containing thiourea binding sites and fluorescein as signalling re-
porter for the colorimetric detection of basic anions in DMSO and
mixed water–DMSO solutions. The colorimetric response observed
is due to the opening of the lactone ring of fluorescein induced by
the deprotonation of the hydroxyl moieties.
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