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Synthesis of triazole linked fluorescent amino acid
and carbohydrate bio-conjugates: a highly sensitive
and skeleton selective multi-responsive
chemosensor for Cu(i) and Pb(in)/Hg(i) ions¥

Arunabha Thakur, Dipendu Mandal, Pranab Deb, Bijan Mondal
and Sundargopal Ghosh*

A set of triazole-based chromogenic and fluorescent chemosensors with amino acid/carbohydrate—
fluorophore conjugates have been designed and synthesized. The metal cation-sensing properties of
glycine—anthracene, Cy4H2404N4  (3), Co6H2404N4  (4),
C32H33010N3 (5) and glucose—pyrene, Cs4H33010N3 (6) bio-conjugates have been studied systematically.

glycine—pyrene glucose—anthracene,
The significant changes in their absorption spectra are accompanied by a strong color change from light
yellow to brown for 3 and 4 and colorless to greenish blue for 5 and 6. Receptors 3 and 4 have potential
in the “naked eye’ detection of Cu?* and 5 and 6 for Pb%*/Hg?" ion. The receptors 3 and 4 show
fluorescence diminution following Cu?* coordination within the limit of detection at 0.89 parts per
billion (ppb) and this is unprecedented, whereas the receptors 5 and 6 present drastic fluorescence
quenching upon addition of ng+ and Pb2* within the limit of detection at 4 and 2 ppb respectively.
Interestingly, their fluorescence and colorimetric responses are preserved in the presence of water that
can be used for the selective colorimetric detection of these ions in agueous environments. Along with
the spectroscopic data, combined *H NMR titration of the complexes and the DFT studies suggest the

www.rsc.org/advances proposed coordination modes.

Introduction

Sensing technology and sensors have advanced in the past few
decades,"™ where chemists play an important role in the prog-
ress of chemical sensors. The development of artificial receptors
for sensing and the recognition of environmentally and bio-
logically important ionic species, especially transition-metal
ions, is currently of great interest.* A chemical sensor is
composed of two structural subunits; a receptor and a signaling
unit.>** The signaling unit can give either electrochemical or
optical responses. The most popular optical signaling units
used by chemists are fluorophore units.”**” The two compo-
nents are intramolecularly connected together such that the
binding of the target metal ion causes significant changes to the
photophysical properties of the fluorophores, for example,
emission intensity, wavelength, or lifetime of the excited state.
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The signaling and sensory units of a sensor can thus be fabri-
cated in a suitable way so that selectivity towards metal ions can
be tuned.

Among the heavy and soft metal cations, mercury is
considered as the most prevalent toxic metal and has severe
effects on human health and the environment because of its
wide distribution and severe immunotoxic, genotoxic, and
neurotoxic effects.'®* The accumulation of lead in the body can
result in neurological, reproductive, cardiovascular and devel-
opmental disorders.”® On the other hand, copper is the third
most abundant heavy metal (after Fe** and Zn”*) in human body
and is very essential as a catalytic co-factor in metalloenzymes
like superoxide dismutase, cytochrome ¢ oxidase or tyrosinase.
Further excess copper cause neurodegenerative diseases, like
Alzheimer's and Wilson's disease and is also suspected to cause
amyloidal precipitation and toxicity.*® As a result, the devel-
opment of new methods for the sensitive and selective detection
of these heavy metals are highly desirable. Keeping these
backgrounds, a variety of methods have been developed to
monitor the toxic metal cations contamination in water, food,
soil, and so on. Among the various methods to monitor toxic
metal ions under the toxicological and environmental condi-
tions, fluorescence chemosensors are widely regarded as one of
the most effective methods. Although great efforts have been
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made to develop several chemosensors for the detection of toxic
metal ion,*** the design and advancement of new and practical
chemosensors, that offer a promising advance for Cu>* and Pb**
or Hg*" ion, with low limit of detection in aqueous media, is still
a great challenge. In this article, we demonstrate the host-guest
complexation properties of glycine and carbohydrate based
colorimetric chemosensors for Cu®" and Hg*>"Pb®" ion respec-
tively through optical and 'H NMR titration along with DFT
calculations.

Results and discussion

As shown in Scheme 1a, glycine azide undergoes the “click
reaction” with anthracene alkyne 1 to generate yellow 3 and
with pyrene alkyne 2 to generate yellow 4 in 78% and 81% yield
respectively. In a similar fashion, glycosyl azide undergoes
“click reaction” with 1 to yield 5 and with 2 it produces yellow 6
in 80% and 84% yield respectively (Scheme 1b). All the
compounds have been characterized by ESI-MS, 'H and “*C
NMR spectroscopy and elemental analysis. The metal cation
sensing properties of the receptors 3-6 have been investigated
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by UV-vis and fluorescence spectroscopy and "H NMR titration
measurements as well as by DFT studies.

UV-visible absorption studies

The UV-vis binding interaction studies of receptors 3-6 were
performed in (CH;CN/H,0, 2/8) (1 x 10> M) against cations of
environmental relevance, such as Li*, Na*, K", Ag", Ca®>", Mg*",
Ccr**, zn**, Co**, Fe**, TI*, Hg®>*, Cd*" and Pb** as perchlorate
salts. Compounds 3 and 4 show selective response to Cu®*
whereas 5 and 6 show high selectivity towards Pb®>" and Hg>"
The change in the UV-vis absorbance spectra of receptors 3 and
4 in (CH;CN/H,0, 2/8) due to the stepwise addition of Cu®>" ion
are shown in Fig. 1. Upon gradual addition of 1 equiv. of Cu**

3, one strong high-energy (HE) absorption band at A 242 nm
(2782 M~ ecm™") along with one typical absorption band
centered at 363 nm for anthracene moiety decreased with a
concomitant increment of one high energy band at 214 nm
(2212 M~ ' em™ ). In addition, well-defined isosbestic points
were observed at 225 nm and 265 nm for 3 indicating the
presence of one distinct complex. Addition of 1 equiv. of Cu®*

4, the typical absorption band for pyrene moiety red-shifted by
5-6 nm with concomitant increment of one high energy band at
215 nm. The binding assays using the method of continuous
variations (Job's plot) strongly suggest 1:1 (cation/receptor)
complex formation with Cu®" ion for compound 3 and 4 (Fig. 1,
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Fig. 1 UV-vis absorbance spectra of 3 (top) and 4 (bottom) (10> M)
upon addition of Cu®* ion up to 1 equiv. in CHsCN/H,O (2/8).
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inset and ESI, Fig. S1f). Further, the stoichiometry of the
complex has also been confirmed by ESI-MS, where peaks at m/z
495 for [3-Cu®'] and m/z 520 for [4-Cu®'] are observed (ESI,
Fig. S2 and S37). The binding constant determined* from the
increasing absorption intensity at 214 and 215 nm for 3 and 4 is
K (£15%) = 4.03 x 10° and 3.82 x 10> M " respectively.
Likewise, as shown in the Fig. 2, addition of an increasing
amount of Pb®>" jon to a solution of 5, one characteristic
absorption band centered at 363 nm for anthracene moiety
along with one strong high-energy (HE) absorption band at
A 250 nm (2662 M~' cm™') decreased with a concomitant
increment of one high energy band at 206 nm (2658 M~ cm ™ %).
In addition, two well-defined isosbestic points were observed at
219 nm and 262 nm for 5 indicating the presence of unique
complex at the equilibrium. Upon addition of 1 equiv. of Pb**
ion to 6, the HE band at 215 nm (1232 M~ " cm ™ ') increases and
red shifted by 6 nm, whereas upon addition of Hg*" ion to 6, one
new energy absorption bands at 252 nm (1564 M~ cm™"
appeared with reduction of other absorption bands character-
istic of pyrene subunit. The binding assays using the method of
continuous variations (Job's plot) suggest 1 : 1 (cation/receptor)
complex formation with Pb®>" and Hg”*" ion for compounds 5
and 6 (Fig. 3). Further, the stoichiometry of the complexes has
been confirmed by ESI-MS, where peaks at m/z 826 for [5-Pb>"],
mjz 819 for [5-Hg'], m/z 850 for [6-Pb*"] and mj/z 843 for

sl |

2544

2.0 L

1.5\

View Article Online

Paper

[6-Hg>"] are observed (ESI, Fig. S4-S71). The binding constant
determined from the increasing absorption intensity for 5 is K
(£15%) = 4.3 x 10° for and 4.8 x 10> M~' for Pb>* and Hg*"
respectively and for 6, K (£15%) = 3.35 x 10°and 2.4 x 10° M~
for Pb** and Hg”* respectively.

Fluorescence studies

The extent to which the fluorescence intensity of receptors 3-6
were affected in presence of selected cations was tested by
fluorescence spectroscopy. All the receptors exhibit a strong
fluorescence in (CH;CN/H,0, 2/8) solution (¢ = 1.5 x 107'° M)
when excited at A, = 363 nm for 3 and 5 and at A = 341 nm
for 4 and 6. The emission spectra of receptors 3 and 5 display
typical emission bands at 394, 413 and 436 nm, attributed to
anthracene monomeric emission. When Cu”* ion was added to
a solution of 3 and 4, fluorescence was quenched completely.
Thus to determine the amount of Cu** ion required to induce
the complete quenching of fluorescence of 3 and 4, titration
experiments were carried out (Fig. 4). After addition of 1 equiv.
of Cu®", the emission of 3 and 4 was completely quenched,
indicating the binding of Cu®" ion with the receptors 3 and 4
forming the 3/Cu®" and 4/Cu®" complexes. The mole ratio
method was applied to examine the stoichiometry of the 3/Cu®*
and 4/Cu”®" complexs,™ indicating a 1:1 stoichiometry. No
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Fig. 2 UV-vis absorbance spectra of 5 (107> M) (top) upon addition of 1 equiv. of Pb?* ion and 6 (10> M) (bottom) upon addition of 1 equiv. of

Hg?* (left) ion and Pb?* (right) ion in CHzCN/H,O (2/8).

1920 | RSC Adv., 2014, 4, 1918-1928

This journal is © The Royal Society of Chemistry 2014



Published on 13 November 2013. Downloaded by University of Queensland on 19/06/2014 16:39:03.

Paper

0.354
0.30—-
0.25—-
0.20—-
0.15—-

0104

Abs. (215 nm)

0.05 o

0.00 A

T T T T T T
0.0 0z 0.4 0.6 0.8 1.0

Mole fraction of Pb*"
0.30

0.25
0.20
0.15+

0.10

Abs.(252 nm)

0.05

% T T + T T
0.0 0.2 0.4 06 08 1.0

Mole fraction of Hg™*

Fig.3 Job's plot of 6 with Pb** (top) and with Hg?* (bottom) in CHsCN
indicating the formation of 1: 1 complex species.

effect of Cu®" ion towards the receptors 5 and 6 was observed
whereas, upon addition of 1 equiv. of Pb>" and Hg*>* ion the
emission band significantly quenched (Fig. 5) may be due to
spin-orbit coupling® and energy transfer mechanism.*” Note
that the fluorescent behaviour of receptors 3-6 did not undergo
any considerable changes upon addition of other metal cations.

To address the sensitivity of the receptors 3 and 4, we have
carried out fluorescence titration of 3 (1.5 x 10°'° M) and 4 (1.5
x 107'° M) in CH3CN/H,0 (2/8) with Cu** ion (1 x 107° M)
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(Fig. 4). The decrease in fluorescence intensity produced by
increasing the concentration of Cu from zero to 6 nM is clearly
resolved and it has a good signal to-noise ratio. The intensity
data were normalized between the minimum intensity (zero free
Cu) and the maximum intensity (6.5 x 10~° M free Cu). A linear
curve was fitted to the five intermediate values and the point at
which the line crossed the ordinate axis was taken as the
detection limit*® and equaled approximately 0.89 nM (ESI
Fig. S81). In a similar fashion, we carried out the fluorescence
titration of 5 (1.5 x 107'° M) and 6 (1.5 x 10~ '° M) in CH;CN/
H,O (2/8) with Hg”" and Pb*" ion (1 x 10® M) (Fig. 6) to
ascertain the sensitivity of the receptors towards Hg”" and Pb**
ion. However no such detectable change observed in the fluo-
rescence spectra up to the analyte concentration of 0.15 equiv.
for Hg** and 0.08 equiv. for Pb>*, An appreciable diminution of
quantum yield by a factor of 4 is observed in the presence of 0.2
equiv. of Hg”" and 0.1 equiv. of Pb>*, whereas minimum fluo-
rescence intensity was observed in the presence of 1 equiv. of
Hg>" or Pb>" for compounds 5 and 6. The experiment, as per-
formed for Cu®" ion, shows low detectable limit (DL) of Hg>"
and Pb*" with 5 or 6,4 x 10~° M (4 ppb) and 2 x 10~° M (2 ppb)
respectively, which are well below the maximum contamination
level defined by EPA* and a very few chemosensors are reported
in the literature which can detect Hg>" and Pb>" ion within this
low limit of detection range.*”**** Under optimized condition of
0.1 x 107"*M and 1.0 x 10~ M 6 (or 5) in an aqueous solution
(CH3CN/H,0, 2/8), two river water samples were analyzed by the
proposed fluorimetric method. The fluorescence of 5 or 6
present evident fluorescence quenching in presence of river
water samples. The binding constant values of 3-6 with metal
ion (Cu®", Hg** and Pb*") have also been determined from the
emission intensity data following the modified Benesi-Hilde-
brand equation®*® and it is found that they are in the same
order as obtained from UV-vis data.

Further, to evaluate the practical importance of 3 and 4 as a
Cu®" selective fluorescence probe, competition experiments
were carried out. As a result, a solution of 3 or 4 (1.5 x 10~° M)

—Free 4
———1 equiv. of Cu™

F. Intensity (a.u)

Wavelength (nm)

Fig. 4 Fluorescence emission change of 3 (1.5 x 1071 M) (left) and 4 (1.5 x 107*° M) (right) upon addition of Cu®* ion upto 1 equiv.
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Fig.5 Changes in the fluorescence spectra of 5 (top) and 6 (bottom) (1.5 x 1071° M) upon addition of several cations. Bar plot representation of
the fluorescence emission intensity of 5 (top) and 6 (bottom) upon the addition of several cations in aqueous media.

was treated separately with 0.5 equiv. of Cu®" in presence of 0.5
equiv. each of interference metal ions ( Pb*>", Zn>*, Cd**, Hg>",
Mg>, TI* and Ca®"). As shown in Fig. 7, small or no obvious
interference with the detection of Cu®>* could be observed. These
results evidently demonstrate the high selectivity for Cu>* over
other metal ions. In a similar fashion, a solution of 5 or 6 (1.5 x
107 '° M) was treated separately with 0.5 equiv. of Pb*" in the
presence of 0.5 equiv. each of interference metal ions (Cu®",
Zn**, cd**, Hg*", Mg**, TI" and Ca®") and the resulting titration
shows (Fig. 7) no noticeable interference with the detection of
Pb>" except for Hg”" ion.

Visual recognition of Hg>* and Cu®" ion

When an excess of different metal ions (Li*, Na*, K, Ca*", Ag",
Mg Cr*', zn**, Ni**, Co**, Cu®!, Fe*", TI", Cd**, Hg”" and Pb*")
were separately added to a solution of 3 and 4 in CH;CN/H,O0,
2/8 (10~° M), no significant color change was observed, except
for Cu®>* which shows a radical colour change form light yellow
to brown. In contrast, as shown in Fig. 8, upon addition of
excess of different metal ions to the CH;CN solution of 5 or 6,
only Pb>* and Hg”* ion shows drastic color change.

1922 | RSC Adv., 2014, 4, 1918-1928

Reversibility interaction of 3 and [3-Cu®'], 4 and [4-Cu®'], 5
and [5-Hg>'] and 6 and [6-Hg”"]

The reversible interaction between 5 or 6 with Hg>" was
confirmed by the introduction of I" into the system containing
5 or 6 (10~° M) and Hg*" ion. The experiment, shown in Fig. 9,
showed that the addition of 2 equiv. of I” into 5-Hg>" or
6-Hg>* immediately enhanced the fluorescence of 5 or 6.
When Hg>" was further added to the system, the fluorescence
of 5 or 6 was quenched again. This process could be repeated
several times without loss of sensitivity of the fluorescence,
which clearly demonstrates the high degree of reversibility of
the complexation/decomplexation process between 5 or 6 and
Hg>" ions. The reversibility of the complexation process of 5 or
6 with Pb*>" ions was also tested by the same experiment as
performed for Hg”" ion and that also shows high level of
reversibility of the complexation/decomplexation process.
Similarly the reversible interactions of 3 and 4 with Cu®" were
studied with the chelating agent EDTA. It was also confirmed
that the response of 3 or 4 to Cu(u) was reversible rather than a
cation-catalyzed reaction®*® by the following experiments: (i)
the color and fluorescence of 3-Cu(u) disappeared instantly

This journal is © The Royal Society of Chemistry 2014
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Fig.6 Fluorescence emission changes of 5 (1.5 x 107° M) upon addition of Pb?* ion (top) and 6 (bottom) (1.5 x 1071° M) upon addition of Pb?*

ion (left) and Hg?* ion (right) up to 1 equiv.

upon the addition of EDTA, whereas excess Cu(u) would
recover the colour again; (ii) the TLC results and the mass
spectra data of a solution containing 10 uM 3 or 4 and 12 pM
Cu(u) after standing at room temperature for 2 days indicated
no other chemical species except for 3 and 3-Cu(u) or 4 and 4-
Cu(u).

To support the results obtained by spectrophotochemical
experiments and to obtain additional information about the
coordination mode of these metal cations by receptors 3-6, we
performed a "H NMR analysis for Cu>* ion in CD;CN solution.
As shown in the Fig. 10 (left), the most significant '"H NMR
spectral changes observed upon the addition of increasing
amounts of Cu®* to a solution of the free receptor 4 are the
following: (i) the hydrogen atom within the triazole ring
significantly shifted by 0.23 ppm which indicates the coordi-
nation of Cu®*" ion with nitrogen atom of the amine group and
(ii) the Ha atom shifted by 0.11 ppm which indicating the
coordination of Cu®* ion with oxygen atom as well, (iii) amine
(NH) proton did not show any marked shift indicating no
interaction with Cu®>" atom. Similarly, as shown in the Fig. 10
(right), the most significant 'H NMR spectral changes
observed upon the addition of increasing amounts of Pb** to a
solution of the free receptor 6 are the (i) the hydrogen atom
within the triazole ring significantly shifted by 0.27 ppm, (ii)

This journal is © The Royal Society of Chemistry 2014

Hb and Hc atom shifted by 0.18 and 0.12 ppm respectively.
From the magnitude of the observed 'H chemical shifts, it can
be concluded that the plausible binding mode of Cu** is the
oxygen atom of amide group and N atom of the triazole ring
and for Pb>" or Hg>" the binding sites are the oxygen atom of
OCH, group and N atom of the triazole ring (Fig. 11).

Based on ligand/cation binding ratio (Job's plot), ESI-MS
data and "H NMR titration of receptors 3 and 4 with Cu**, we
are able to provide the tentative binding mode of these
receptors. We speculate that the high selectivity of 3 (or 4) for
Cu®" is due to presence of amide group which create negative
charge on O atom of CO group via electron transfer from NH
moiety. In case of 5 and 6 Job's plot and ESI-MS data suggest
that one ligand binds with one Pb>" or Hg>" ion. The selectivity
of these receptors arise may be due to the complementary
charge and size factor between the receptive site of the host
and the guest ion. Further these tentative coordination modes
of the receptors 3-6 were supported by DFT based quantum
chemical calculations.

Theoretical calculations

The 1:1 ligand-to-metal complexation behavior of the
receptors 3-6 determined by both mass spectrum and Job

RSC Adv., 2014, 4, 1918-1928 | 1923
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Fig. 7 Bar plot representation of changes in the fluorescence spectra
of 3 (top) and 6 (bottom) (1.5 x 1071° M) in CHsCN/H,O (2 : 8) upon
addition of the several metal cations tested.

plot measurements, was further supported by DFT. The
receptors 3-6 with and without metal cation (Cu®*, Pb>* or
Hg”* ion) were subjected to the energy optimization at the
Cam-B3LYP hybrid functional with 6-31G* basis set.*
Several different starting geometries were used for the
geometry optimization to ensure that the optimized struc-
tures corresponded to global minima. The optimized geom-
etry for the ligands 3 and 5 is represented Fig. 12 and 13
respectively and the ligands 4 and 6 are shown in S19 (see
ESIT) and the energy minimized structures for the ligands 3
and 5 and their corresponding complexes with metal ions are
shown in Fig. 12 and 13. Binding of the divalent cations, has
also been investigated by quantum chemical calculations.
The structures for all the eight [L-M]** complexes (M = Hg,
Pb, Cu; L = 3, 4, 5) were calculated (as di-perchlorate species),
which resulted to be quite similar to each other. In the
complex [L-Cu](ClOy), (L = 3 and 4 (SI, Fig. S181)] Cu®" centre
lies in a square-pyramidal environment in such a way that all
the donor atoms are arranged approximately perpendicular
to each other. Both close Cu-N and Cu-O contacts (dgy-n =
2.05 A and dcy_o = 1.974 A) are typical for strong equatorial

1924 | RSC Adv., 2014, 4, 1918-1928
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Fig. 8 Visual features observed of 3-5 (107> M) in CH3CN/H,0, (2/8)
solution after addition of 5 equiv. of several cations tested.

F. Intensity

T f 1
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Wavelength(nm)

Fig. 9 Reversibility of the interaction between 6 and Hg?* by the
introduction of I~ to the system. Inset: stepwise complexation/
decomplexation cycles carried out in CH3CN/H,O, (2/8) with 6 and
Hg?*.

bonds, as evidenced by the relatively high values of Wiberg's
bond index (WBIcy_ny = 0.2596 and WBI¢y_o = 0.2674) (SI,
Table S1t). Three O atoms belonging to two perchlorate
ligands occupy the other two equatorial (dgy-0 = 2.009 and
1.951 A; WBIg,_o = 0.2774 and 0.3183 respectively) and one
weak axial (dgy-0 = 2.296; WBIg, o = 0.1738) positions
around the Cu** cation. Whereas in the complex L-M](CIO,),
(L =5 and 6; M = Hg and Pb) the metal ion (both Hg>* and
Pb>*) can be realized to occupy the octahedral position
(Fig. 13, 520 and S217).

This journal is © The Royal Society of Chemistry 2014
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Experimental

Materials and methods

The perchlorate salts of Li*, Na*, TI*, K*, Ag", Ca*>*, Mg”", Cr*",
Mn*", Fe**, Co**, Cu®, Zn**, Cd**, Ni**, Pb**, and Hg”* were
purchased from Aldrich and were directly used without further
purification. Anthracene-9-carboxaldehyde, 1-pyrenecarbox-
aldehyde, (a)-p-glucose, ethyl ester-glycine hydrochloride, NaH,
propargyl bromide, sodium ascorbate, glycine ethyl ester

Fig. 12 Optimized geometry of 3 (left) and [3-Cu?*] (right).

This journal is © The Royal Society of Chemistry 2014
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up to 1 equiv. and of 6 (right) upon addition of increasing amount

hydrochloride, sodium azide, acetonitrile (HPLC) were
purchased from Aldrich and were used without further purifi-
cation. Chromatography was carried out on 3 cm of silica gel in
a column of 2.5 cm diameter. The column chromatography was
carried out using 100-200 mesh silica gel. All the solvents were
dried by conventional methods and distilled under Ar atmo-
sphere before use. The UV-vis spectra were carried out in
CH;CN/H,O0 solutions at ¢ = 1 x 10> M as it is stated in the
corresponding figure captions and the fluorescence spectra
were carried out at ¢ = 107 '° M, as it is stated in the corre-
sponding figure captions.

Instrumentation

The *H, **C NMR spectra were recorded on Bruker 400 MHz FT-
NMR spectrometers, using tetramethylsilane as the internal
reference. Electrospray ionization mass spectrometry (ESI-MS)
measurements were carried out on a Qtof Micro YA263 HRMS
instrument. The absorption spectra were recorded with a JASCO
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Fig. 13 Optimized geometry of 5 (top) and [5-Hg?*] (below left) and [5-

V-650 UV-vis spectrophotometer at 298 K. Fluorescence was
recorded with JASCO-FP-6300 spectrofluorometer.

Caution! metal pechlorate salts are potentially explosive in
certain conditions. All due precautions should be taken while
handling perchlorate salts!

Synthesis of 3 and 4

To a well-stirred solution of anthracene alkyne (0.5 g, 2.03
mmol) and glycine azide (0.37 g, 2.03 mmol) in 15 mL of
acetone/H,O (2 : 1) an aqueous solution of CuSO,-5H,0 (0.101
g, 0.40 mmol) was added. A freshly prepared sodium ascorbate
solution (0.160 g, 0.81 mmol) was added to this mixture and the
resulting solution was stirred at room temperature for 12 h. A
total of 30 mL of ethyl acetate was added to the reaction
mixture, and the organic layer was washed several times with
water and finally with brine (15 mL) and dried over anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure, and the crude product was purified by silica gel column
chromatography. Elution with EtOAc/hexane (8 : 2, v/v) yielded
light yellow 3 (0.60 g, 83%).

Compound 4 was synthesized using the same procedure
above with the following chemicals: pyrene alkyne (0.5 g, 3.33
mmol), glycine azide (0.62 g, 3.33 mmol), CuSO,-5H,0 (0.166 g,
0.66 mmol), sodium ascorbate solution (0.264 g, 1.33 mmol)
and it yielded light yellow 4 (0.64 g, 84%).
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Pb?*] (right).

3: "H NMR (CDCl;, 400 MHz): 6 = 8.39 (s, 1H, Hanthracenc)s
8.29-8.27 (1’1'1, 2H, Hanthracene)y 7.95-7.93 (1’1’1, 2H, Hanthracene)y
7.55-7.41 (m, 4H, Hanehracene)y 7-40 (S, 1H, Heriazole), 7-15(s, 1H,
NHyproton)s 5-49 (8, 2H, CHy~Niriazole); 4-92 (8, 2H, OCHaanthracene)s
4.76 (s, 2H, OCH,-triazole), 4.1-4.01(q, 2H, OCH ), 4.38 (s,
2H, CHjegter), 1.17-1.14 (t, 3H, CHjeger); C NMR (CDCl3, 100
MHz): 6 = 169.2, 165.6, 145.5, 131.3, 130.9, 129.0, 128.6, 126.4,
125.0, 124.6, 124.2, 64.6, 63.7, 61.5, 60.4, 52.4; electrospray MS,
m/z (relative intensity): 433 (M" + 1), anal. caled for C,H,,04N,
C, 66.64; H, 5.60; N, 12.96. Found: C, 66.37; H, 5.38; N, 12.58%.

4: "H NMR (CDCl3, 400 MHz): 6 = 8.29 (s, 1H, Hpyrene), 8.17-
7.98 (m, 8H, Hpyrene), 7-66 (8, 1H, Heriazole), 6.76 (S, TH, NHprot0n),s
5.27 (s, 2H, CH,~Nyiasole), 5.03 (S, 2H, OCHopyrene), 4.77 (8, 2H,
OCH,-triazole), 4.1-4.08 (q, 2H, OCHegter), 3-9 (d, 2H, CHjester),
1.2-1.1 (t, 3H, CHzegter); ~C NMR (CDCl3, 100 MHz): 6§ = 169.0,
165.3, 145.8, 131.4, 131.2, 130.7, 129.4, 127.8, 127.5, 127.3,
127.2,125.9, 125.2, 124.8, 124.6, 124.5, 124.3, 123.3, 71.1, 63.5,
61.6, 52.6, 41.38; electrospray MS, m/z (relative intensity): 457
(M" +1); anal. caled for C,¢H,40,4N, C, 68.39; H, 5.30; N, 12.28.
Found: C, 68.67; H, 5.55; N, 12.15%.

Synthesis of compounds 5 and 6

Compounds 5 and 6 were prepared in good yield following the
procedure adopted for 3 and the following chemicals are used. 5:
anthracene alkyne (0.5 g, 2.03 mmol), («)-p-glucose azide (0.78 g,
2.03 mmol), aqueous CuSO,-5H,0 (0.101 g, 0.40 mmol), and
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sodium ascorbate (0.160 g, 0.81 mmol); 6: pyrene alkyne (0.5 g,
3.33 mmol), (a)-p-glucose azide (1.28 g, 3.33 mmol), aqueous
CuS0,-5H,0 (0.166 g, 0.66 mmol), sodium ascorbate (0.264 g,
1.33 mmol). The crude product was purified by silica gel column
chromatography and elution with EtOAc/hexane (7 : 2, v/v) to
yield pure light yellow 5 (0.73 g, 85%), 6 (0.91 g, 85.05%).

5: '"H NMR (CDCl,, 400 MHz): 6 = 8.39 (s, 1H, Hanthracene),
8.29-8.27 (1’1’1, 2H, Hanthracene)y 7.95-7.93 (1’1’1, 2H, Hanthracene);
7.55-7.41 (m, 4H, Hanhracene), 7-40 (S, 1H, Heriazole), 4.81 (S, 2H,
OCH,-acetate), 5.29 (s, 1H), 4.28-4.24 (m, 1H), 4.13-4.10 (m,
1H), 3.99-3.95 (m, 1H), 2.06-2.03 (m, 9H, CH;,cetace), 1.876 (5,
3H, CH30CH,acctate); °C NMR (CDCl;, 100 MHz): 6 = 145.3,
134.2, 131.4, 131.0, 129.0, 128.6, 126.3, 125.0, 124.3, 122.0, 80.8,
69.2, 68.9, 64.6, 64.1, 50.1; electrospray MS, mj/z (relative
intensity): 620 (M" + 1); anal. caled for C3,H;330,0N; C, 62.01; H,
5.37; N, 6.78. Found: C, 62.08; H, 5.18; N, 7.43%.

6: '"H NMR (CDCl;, 400 MHz): 6 = 8.36 (s, 1H, Hpyrene), 8-35-
7.99 (m, 8H, Hpyrene), 7-80 (S, 1H, Hiiazole), 5-88 (5, 1H, H), 5.42
(s, 2H, OCHjpyrene), 541 (s, 2H, OCH,-triazole), 4.81 (s, 2H,
OCH,-acetate), 5.29 (s, 1H), 4.28-4.24 (m, 1H), 4.13-4.10 (m,
1H), 3.99-3.95 (m, 1H), 2.06-2.03 (m, 9H, CHjqcetate), 1.876 (5,
3H, CH30CH,acctate); °C NMR (CDCl;, 100 MHz): 6 = 170.5,
169.9, 169.3, 168.9, 146.0, 131.4, 131.2, 130.8, 130.7, 129.4,
127.8, 127.5, 127.2, 125.9, 20.68; electrospray MS, m/z (relative
intensity): 644 (M" + 1); anal. caled for C34,H;30,0N; C, 63.43; H,
5.17; N, 6.53. Found: C, 63.37; H, 5.08; N, 7.03%.

Conclusions

In closing, we have successfully developed triazole-based, easy-
to synthesize fluorescent chemosensors 3-6 and examined their
binding properties towards various guest cations through
optical and spectral techniques, as well as by DFT-based
quantum chemical calculations. Interestingly, upon fine tuning
of the sensory unit from amino acid to carbohydrate the selec-
tivity of the receptors was found to change from Cu(i) to Pb(i)/
Hg(m). The binding of Cu®" ions with receptors 3 and 4 is
ultrasensitive and highly selective allowing selective detection
in the presence of competitive non-transition and transition-
metal ions alike. The receptors, based on a small molecule that
can selectively detect Cu®" ions at the 0.89 ppb level in aqueous
environments, are unprecedented. Both receptors 5 and 6 show
an excellent selectivity and sensitivity towards Hg*" and Pb*" ion
in aqueous environments. Although the carbohydrate-based
metal ion sensor molecules are scarce in the literature, 5 and 6
are unique molecular systems that work well in detecting very
low concentrations of Pb>" or Hg>", even in the presence of a
wide range of competitive cations. Furthermore, these recep-
tors, 5 and 6 are capable of detecting Hg”"/Pb*" ions in river
water samples. Therefore, we believe that all the receptors
described in this article may be used for many practical appli-
cations in chemical and biological systems.
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