
Tetrahedron Letters 48 (2007) 8022–8025
A new fluorogenic mono-ionizable calix[4]arene dansylcarboxamide
as a selective chemosensor of soft metal ions, Tl+ and Hg2+
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Abstract—A new fluorogenic calix[4]arene containing one pendent N-dansylcarboxamide group has been synthesized. The ligand
demonstrates selective optical recognition of Tl+ and Hg2+ in solvent extraction from aqueous solutions with high content of
Na+. Complexation of Tl+ and Hg2+ produces contrasting changes in the fluorescence spectrum of this sensor. Partial cone is
the dominant calixarene conformation in the complex with Tl+.
� 2007 Elsevier Ltd. All rights reserved.
O
O O O

H3C
H3C CH2C

CH3

SO O

NH

O

t-But-But-But-Bu

X

N(CH3)2

1: X =

2:  X = CF3
The need for monitoring the levels of metal ion pollu-
tants in the ecosystem encourages efforts of scientists
in search for new methods of selective determination
of such species. Fluorescent photometric reagents that
consist of macrocyclic or chelating metal ion receptors
with covalently attached fluorophores responsive to
changes in the electron environment accompanying
complex formation bear a lot of potential in terms of
specificity and sensitivity.1,2 (For the recent examples
of Hg2+-selective fluorogenic chelators, see Refs. 3,4.)
Calixarene-based ligands providing wide spectrum of
metal ion selectivities serve as convenient scaffolds for
the design of such reagents.5 In this context, multipur-
pose chemosensors that under different conditions may
be used for detection of various analytes are of special
interest. Thus, our group recently reported selective
optical determination of micro-levels of Tl+ and Cs+

by a fluorogenic 1,3-alternate calix[4]arene-bis(crown-
6) ionophore containing one pendent proton-ionizable
dansylamide group.6 In continuation of our work on
the design of fluorescent probes for hazardous uni-
charged metal ions, a new calix[4]arene-based receptor
1 has been synthesized. Analogously to its earlier pub-
lished non-fluorogenic prototype, calix[4]arene N-(tri-
fluoromethylsulfonyl)carboxamide 2,7 ligand 1 was
expected to demonstrate extraction selectivity for Li+

over other alkali metal cations (AMC). At the same
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time, 1 was envisioned to possess affinity for soft ions,
for example, Tl+. This mono-ionizable calixarene was
deemed to be the most appropriate for binding of univa-
lent cations. Nevertheless, probing of its capability for
optical recognition of multicharged hazardous ionic spe-
cies, such as Hg2+, was undertaken as well. Herein, we
present synthesis and preliminary complexation studies
of 1 as a novel multipurpose fluorescent chemosensor
of soft metal cations, Tl+ and Hg2+.
Synthesis of the fluorogenic calixarene 1 was performed
as shown in Scheme 1.8 Carboxylic acid 3 prepared by
the earlier published procedure9 was converted into the
corresponding acid chloride and then reacted with dans-
ylamide in the presence of NaH.

Complexing ability of 1 toward metal cations (Mn+) was
evaluated in two-phase extraction system H2O–CHCl3
based on the magnitude of changes observed the ligand
fluorescence spectrum upon the extraction.10 The
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Scheme 1. Synthesis of 1: Reagents and conditions: (a) (COCl)2,
CH2Cl2, rt; (b) dansylamide, NaH, THF, rt.
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fluorescence spectrum of 1 in CHCl3 showed an emis-
sion band at wavelength of 515nm with excitation at
340nm. (The spectrum remained essentially unchanged
upon blank-extraction with deionized water.) Due to
acidic nature of the NH-group in 1, complex formation
of this ionophore is expected to proceed via displace-
ment of the proton by Mn+. As found earlier for other
proton-ionizable calixarene and calix–crown dansyl-
amides in aqueous MeCN solutions,6,11 NH-group disso-
ciation due to increasing pH or upon metal coordination
results in hypsochromic shift of the ligand emission
band (Dkem) with concomitant enhancement of the fluo-
rescence intensity (I). This pattern of changes is rational-
ized in terms of increasing electron density on the
adjacent 5-dimethylaminonaphthalene moiety. In order
to assess the magnitude of Dkem for ionization of 1 un-
der the conditions of solvent extraction, aliquots of a
10.0lM solution of this calixarene in CHCl3 were con-
tacted with aqueous Pr4NOH12 as well as AMC hydrox-
ides (LiOH, NaOH, and KOH) at pH varying from 7.0
to 14.0, after which the fluorescence spectra of the or-
ganic phases were measured and compared with that
for the blank-extraction of deionized H2O. Extraction
with Pr4NOH produced no ligand ionization, since no
noticeable deviation in the position and intensity of
the emission band of 1 was evidenced. On the other
hand, extraction of increasing concentrations of LiOH,
NaOH, and KOH at pH > 9.0 resulted in a gradual hyp-
sochromic shift of the kem (shown in Fig. 1 for NaOH;
the limiting Dkem = 53nm) due to the NH-proton dis-
400 500 600

300

200

100

0
650550450

I (
a.

 u
.)

Wavelength (nm)

400

pH  7.0

14.0

1.0 M NaCl

(NaOH)

Figure 1. Evolution of the fluorescence emission spectrum of 1 in
CHCl3 upon extraction of aqueous NaOH solutions with increasing
pH. For comparison purposes, the spectrum of 1 after the extraction of
aqueous 1.0M NaCl is shown as well. C1 = 10.0lM; kex = 340nm.
placement by the M+. Based on these data, kem of
462nm was considered as the emission maximum for
the completely ionized ligand, 1�. Increasing pH clearly
facilitated complexation of AMC by proton-ionizable 1.
This becomes apparent from comparison of the pre-
sented (Fig. 1) emission spectra of 1 in CHCl3 upon
extraction of aqueous 1.0M NaCl and same concentra-
tion NaOH (pH � 14.0). However, against expectations,
1 did not exhibit the Li/Na-selectivity, which was char-
acteristic for the prototype 2. In general, the optical
sensing of AMC by 1 was non-discriminative: the ligand
demonstrated comparable spectral response to interac-
tion with LiOH, NaOH, and KOH under the analogous
experimental conditions. Obviously, variation of the
substituent in the N-(X-sulfonyl)carboxamide group
from CF3 (in 2) to 5-dimethylaminonaphthyl (in 1)
was crucial to the complexation propensities of these
calixarenes toward AMC.

The study of Tl+13 extraction into CHCl3 by 1 was car-
ried out from aqueous phase with pH maintained at 7.7
using sodium tetraborate (borax) buffer. Upon extrac-
tion of the buffered aqueous solutions in the absence
of thallium, the emission maximum in the fluorescence
spectrum of 1 was observed at 505nm (Fig. 2). This
value of kem indicated that the organic phase contained
a non-ionized ligand 1 as well as its sodium complex,
Na+1�. With the formal concentration of Tl+ (CTl) in
the aqueous phase increasing from 0 to 1.00 mM, the
emission band of 10.0lM 1 in CHCl3 showed further
hypsochromic shift accompanied by enhancement of
the fluorescence intensity, as may be seen in Figure 2a.
Therefore, complexation of Tl+ by 1 took place regard-
less of a large excess of Na+ present in the buffered aque-
ous solution, which demonstrated an obvious preference
of the dansyl-containing calixarene for binding of the
soft over hard metal cation. In part, this phenomenon
may be attributed to cation-p interactions14,15 involving
the calixarene aromatic cavity. With the ratio of thal-
lium in the aqueous phase and ligand in the organic
phase, CTl/C1 about 1000, the emission maximum of
the complex in CHCl3 was observed at 462nm, which
corresponds to the kem of the anion 1�. Uptake of Tl+

by the calixarene was monitored in a dual-wavelength
mode by changes in the ratio of the fluorescence intensi-
ties at kem of 462 and 505 nm (I462/I505). The graph of
I462/I505 versus CTl is shown in Figure 2b. The initial seg-
ment of this curve is linear (see the inset in Fig. 2b) and
may be used as a calibration plot for determination of
microconcentrations of Tl+. Analysis of the fluorescence
data performed as described elsewhere16 confirmed that
Tl+ is extracted by 1 in 1:1 metal-to-ligand stoichiome-
try with the apparent extraction constant log Kapp

ex ¼
5:59.

Calix[4]arene moiety of 1 possesses conformational
mobility due to the capability of three arene units bear-
ing small-sized CH3O-substituents for oxygen-through-
the-annulus rotation. In the 1H NMR spectrum of 1 in
CDCl3, all signals are extremely broad (as illustrated
in Fig. 3) reflecting a fast interconversion between sev-
eral possible ligand conformations.17 It is known that
during complex formation with a metal ion, a flexible
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Figure 2. The effect of Tl+ extraction on the fluorescence of 1 in CHCl3: (a) changes in the emission spectrum of 10.0lM 1 in CHCl3 with the aqueous
phase CTl increasing from 0 to 1.00 mM; (b) the dependence of I462/I505 on CTl. Inset: the calibration plot for determination of microconcentrations
of Tl+. pH 7.7 (borax buffer); kex = 340nm.
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Figure 3. 1H NMR spectra of 1 and Tl+1� in CDCl3 (400MHz, 298K)
in the region of 3.0–5.0ppm. (Solution of Tl+1� was obtained by
reaction of 1 with excess of thallium(I) acetate in CDCl3.18).
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calixarene tends to adopt the geometry, which is the
most appropriate for accommodating the guest.17 To
find out the conformational preference of 1 in the com-
plex with Tl+, the 1H NMR spectrum of Tl+1� in CDCl3
was studied.18 As evident from comparison of the spec-
tra for free 1 and Tl+1� in Figure 3 where the region of
3.0–5.0ppm is shown, metal coordination slows down
the conformational exchange significantly, thus increas-
ing the sharpness and resolution of the signals. Protons
of methylene groups bridging the arene units (Ar–CH2–
Ar) in Tl+1� produce two pairs of doublets. In one of
these pairs, the two components are separated by a large
distance (0.91ppm), while the other two doublets are lo-
cated close by (only 0.11ppm apart). Such an arrange-
ment of signals indicates that Tl+1� contains both
syn- and anti-oriented pairs of neighboring arene units.
The pattern of signals for other groups of protons in
the same region of the NMR spectrum, that is, two sing-
lets for OCH3 protons and a singlet for OCH2C(O)
group are consistent with the partial cone (paco) confor-
mation of the calix[4]arene with inverted arene moiety
bearing pendent OCH2C(O)NHSO2X group (sketched
in Fig. 3). Appearance of the spectrum for t-Bu group
protons (three singlets with the ratio of integral intensi-
ties of 1:1:2) as well as signals for the calixarene aro-
matic protons are in agreement with this suggested
geometry. Overall, the 1H NMR spectrum of Tl+1� is
similar to that reported earlier for Cs+2� in which the
same paco conformation was additionally confirmed
using NOESY technique.9 Apparently, a soft electron
acceptor Tl+ shapes the cavity of 1 in the geometry that
allows for its p-coordination with the aromatic calixa-
rene framework19 as well as interaction with the ionized
N-dansylcarboxamide group.

To probe the ability of the mono-ionizable calixarene
for complex formation with soft multicharged metal
ions, extraction of Hg2+ from Na+-containing buffered
aqueous solutions into CHCl3 by 10.0lM 1 was studied.
With concentration of Hg2+ in the aqueous phase (pH
8.6, borax buffer) increasing from 0 to 0.50 mM, the
kem of 1 exhibited a gradual bathochromic shift from
480 to 513nm (Fig. 4) approaching the emission maxi-
mum of the non-ionized ligand. Supposedly, this phe-
nomenon may be explained by substantially covalent
character of Hg–N bond20 in the complex thus formed.
As evident from Figure 4, the bathochromic shift of the
kem was accompanied by a decrease in the fluorescence
intensity associated with photo-induced electron trans-
fer (PET).1,2 Interestingly, complexation of two soft
metal cations, Tl+ and Hg2+, produced opposite effect
on the fluorescence of 1. Further studies of complex
formation of 1 with Hg2+ are in progress.
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Figure 4. Variation of the fluorescence spectrum of 10.0lM 1 in
CHCl3 upon extraction of Hg2+ from aqueous solutions with CHg

increasing from 0 to 0.50 mM at pH 8.6 (borax buffer). kex = 340nm.
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In conclusion, we have synthesized a new fluorogenic
proton-ionizable calix[4]arene bearing one pendent N-
dansylcarboxamide group on the lower rim. In extrac-
tions from aqueous solutions into CHCl3, this ligand
showed no discrimination of alkali metal cations, how-
ever, it provided selective optical sensing of soft metal
ions, Tl+ and Hg2+, in the presence of a large excess
of Na+.
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