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ABSTRACT: A new pyrenyl appended hexahomotrioxacalix[3]arene L featuring
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aqueous media. It exhibited high affinity toward - the monomer and excimer
emission of the pyrene moieties _ The binding stoichiometry of the
LZn®* complex was determined to be 1:1, and the association constant (Ka) was
found to be 7.05 x 10* M. The binding behaviour with Zn®* has been confirmed by

'H NMR spectroscopic analysis.
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Highlight:

» A new pyrenyl appended hexahomotrioxacalix[3]arene L featuring 1,2,3-triazole
linkers was synthesized and characterized.
> L exhibits a high affinity and selectivity for Zn?* ion relative to most other

competitive metal ions - by ratiometric fluorescence -

> Chemosensor L had a detection limit of 1.42 x 107 M, which - for the

detection of submicromolar - of Zn*".

» The three triazole ligands of the C3-symmetric hexahomotrioxacalix[3]arene

scaffold - synergistic action to recognize Zn?".
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1. Introduction

The development of new chemosensors for the efficient detection of heavy
and transition metal (HTM) ions IS currently a task of prime importance for
medical, environmental and biological applications [1-2]. Among different
types of chemosensors, fluorescent chemosensors generally offer distinct
advantages in terms of sensitivity, selectivity and response time. Thus the
design and synthesis of new fluorescent chemosensors for the selective
recognition of the HTM ions have attracted considerable interest in recent years
[3-4].

Fluorescent chemosensors normally consist of an ion recognition unit
(ionophore) and a fluorogenic unit (fluorophore). An effective fluorescence
chemosensor must convert the event of recognition by the ionophore into an
easily monitored and highly sensitive fluorescence signal [5]. As fluorogenic
units, photoactive pyrenyl substituents are very attractive due to their long
fluorescence lifetime, pure blue fluorescence, strong and well characterized
emissions and chemical stabilities [6]. In particular, the monomer and excimer
emissions are observed at considerably different wavelengths depending on the
relative proximity of the pyrene moieties [7].

Calixarenes have been extensively used as molecular platforms for the design
and construction of different kinds of excellent receptors in molecular
recognition by easy chemical modifications. As @ new generation of calixarenes,

hexahomotrioxacalix[3]arenes are related to both calixarenes and crown ethers,
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and possess a three-dimensional cavity with a Cz symmetric structure. They
exhibit characteristic affinities for metal cations [8-9], ammonium cations
[10-11], and fullerene derivatives [12-13]. In other words, use of the
hexahomotrioxacalix[3]arene as the platform has potential application in the
development of novel fluorescence chemosensors.

The Cu(l)-catalyzed 1,3-dipolar cycloaddition of alkynes and azides (‘Click’
reaction) has provided a straightforward molecular linking strategy adopted in a
wide range of synthetic applications [14-17]. The resulting 1,2,3-triazole group
served not only as an efficient covalent linker, but also a binding site for
specific metal cations and anions. On the basis of the wonderful complexation
between triazole and metal cations, a number of triazole-based fluorescent
chemosensors have been reported [18-20]. However, to date, triazole has been
scarcely exploited for the functionalization of the hexahomotrioxacalix[3]arene
scaffold.

Taking advantage of the easily-synthesized triazole binding site and the excellent
fluorescent properties of pyrene, it prompted us to explore the possibility of
introducing the pyrene at the hexahomotrioxacalix[3]arene for metal cation
recognition. In the present manuscript, we reported the synthesis and fluorometric
properties of pyrenyl appended hexahomotrioxacalix[3]arene L which was found to

exhibit high selectivity towards Zn>* in mixed aqueous media.
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2. Experimental
2.1. General

Unless otherwise stated, all reagents used were purchased from commercial
sources and were used without further purification. All the solvents used were
dried and distilled by the usual procedures before use. All melting points were
determined using a Yanagimoto MP-S1. *H NMR and *C NMR spectra were
recorded on a Nippon Denshi JEOL FT-300 NMR spectrometer and a
Varian-400MRvnmrs400 with SiMe, as an internal reference: J-values are
given in Hz. IR spectra were measured as KBr pellets or as liquid films on
NaCl plates in a Nippon Denshi JIR-AQ20M spectrophotometer. UV spectra
were measured by a Shimadzu UV-3150UV-vis-NIR spectrophotometer.
Fluorescence spectroscopic studies of compounds in solution were performed in
a semi-micro fluorescence cell (Hellma®, 104F-QS, 10 x 4 mm, 1400 pL) with
a Varian Cary Eclipse spectrophotometer. Mass spectra were obtained on a
Nippon Denshi JMS-01SG-2 mass spectrometer at an ionization energy of 70
eV using a direct inlet system through GLC. Elemental analyses were
performed by a Yanaco MT-5.
2.2. Synthesis

Compounds 1 [21], 2 [22] and 3 [23] were prepared following the reported
procedures.

2.2.1. General procedure for synthesis of compound L.
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Copper iodide (10 mg) was added to compound 1 (200 mg, 0.27 mmol) and
1-azidomethylpyrene (230 mg, 0.89 mmol) in @ 30 mL mixture of THF/H,0 (5:1, v/v)
and the mixture was heated at 70 °C for 24 h. The resulting solution was cooled and
extracted fwice with chloroform. The chloroform layer was dried over MgSQO, and the
solvent was removed under reduced pressure. The residue obtained was purified over
silica gel column eluting with 1:1 hexane/chloroform to give the desired material L
(295 mg, 72 %) as a white solid. m.p. 214-216 °C. *H NMR (400 MHz, CDCls): § =
1.27-1.31 (t, 9H, COOCH,CHz, J = 6.8 Hz), 4.17-4.20 (d, 6H, ArCH.(eq)O, J = 13.2
Hz), 4.19-4.24 (g, 6H, COOCH,CHgs, J = 6.8 Hz), 4.31 (s, 6H, ArO-CH,-triazole),
4.31-4.34 (d, 6H, ArCH,(ax)0, J = 13.2 Hz), 5.78 (s, 6H, triazole-CH,—pyrene), 7.29
(s, 3H, triazole-H), 7.39 (s, 6H, ArH), 7.64-7.66 (d, 3H, pyrene-H, J = 8.0 Hz),
7.80-7.88 (m, 12H, pyrene-H), 7.90-7.94 (t, 6H, pyrene-H, J = 8.0 Hz), 7.98-8.00
(d, 3H, pyrene-H, J = 8.0 Hz), 8.02-8.04 (d, 3H, pyrene—H, J = 8.0 Hz). *C NMR
(100 MHz, CDCl3) 6 = 14.26, 51.84, 60.56, 66.94, 68.86, 121.73, 123.40, 124.67,
125.48, 125.59, 126.06, 126.13, 126.90, 127.04, 127.27, 127.94, 128.64, 128.72,
130.80, 131.06, 131.66, 131.78, 143.59, 158.23, 165.40. FABMS: m/z 1510.56 (M"),
1511.57(M+H"). Anal. calcd for CgsH7sNgO1, (1510.64): C 73.94, H 5.00, N 8.34.
found: C 73.89, H 5.04, N 8.36.

2.2.2. General procedure for synthesis of compound L.

Copper iodide (10 mg) was added to compound 2 (200 mg, 0.98 mmol) and

1-azidomethylpyrene (252 mg, 0.98 mmol) in @ 30 mL mixture of THF/H,0 (5:1, v/v)

and the mixture was heated at 70 °C for 24 h. The resulting solution was cooled and
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extracted fwice with chloroform. The chloroform layer was dried over MgSQO, and the
solvent was removed under reduced pressure. The residue obtained was purified over
silica gel column eluting with 1:1 hexane/chloroform o give the desired material L’
(340 mg, 75 %) as a white solid. m.p. 153-154 °C. *H NMR (400 MHz, CDCls): § =
1.34-1.37 (t, 3H, COOCH,CHgs, J = 6.8 Hz), 4.29-4.34 (q, 2H, COOCH,CH3, J = 6.8
Hz), 5.13 (s, 2H, ArO-CH,-triazole), 6.27 (s, 2H, triazole-CH,—pyrene), 6.89-6.91
(d, 2H, ArH, J = 8.4 Hz), 7.37 (s, 1H, triazole-H), 7.91-7.93 (d, 2H, ArH, J = 8.4
Hz), 7.97-7.99 (d, 1H, pyrene-H, J = 8.0 Hz), 8.04-8.15 (m, 4H, pyrene-H),
8.20-8.26 (M, 4H, pyrene—H). 3C NMR (100 MHz, CDCls) & = 14.32, 52.53, 60.62,
61.98, 114.23, 121.78, 122.68, 123.39, 124.41, 124.91, 125.06, 125.85, 125.98,
126.40, 127.15, 127.70, 128.36, 129.13, 129.30, 130.50, 131.12, 131.44, 132.19,
143.76, 161.68, 166.19. FABMS: m/z 461.17 (M"). Anal. calcd for Cg3HsNgO12
(461.51): C 75.47, H 5.02, N 9.10. found: C 75.42, H 5.04, N 9.14.
3. Results and discussion
3.1. Synthesis
Insert Scheme 1 in here

The synthetic route for chemosensor L 1§ described in Scheme 1. The
Cu(l)-catalyzed 1,3-dipolar cycloaddition reaction of compound 1 with
1-azidomethylpyrene under Click conditions afforded the desired chemosensor L in
72 % vyield. Compound L’ was also synthesized in 75 % vyield as a reference
compound by a similar procedure. The *H NMR spectrum of 1 exhibited two singlets

at 0 2.06 and 2.44 ppm for the C=CH protons (relative intensity 1 : 2), and two
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singlets at & 7.99 and 8.06 ppm for the aromatic protons (relative intensity 1 : 2).
Furthermore, the resonances for the ArCH,OCH,Ar bridging methylene protons
appeared as three pairs of doublets in the region of 6 from 4.15 to 5.04 ppm. These
signals correspond to a partial-cone conformation 1.

'H NMR spectra of L showed the disappearance of the three terminal alkyne
protons, whereas the new singlet appearing around 6 = 7.29 ppm was attributed to the
protons of the newly formed triazole groups. Moreover, the other peaks were
observed as three singlets assignable to the protons in the ArOCH,, triazole-CH,, and
aromatic protons, and a pair of doublet for the ArCH,OCH,Ar methylene protons.
These findings supported the conclusion that the hexahomotrioxacalix[3]arene
skeleton was immobilized in the cone conformation. These spectral properties also
indicated that L possesses a C3 symmetry, which was further corroborated by the *C
NMR spectrum. L should theoretically show a partial-cone conformation, but
interestingly the conformation converted from the partial-cone 1 to cone L during the
‘click” reaction. In this process, the Cu(l) might be employed as a metal template,
which  can hold the alkyne groups on the same side of the
hexahomotrioxacalix[3]arene and the conformation was immobilized to the cone
[24-25]. The Cu(l) not only catalyzed the cycloaddition of alkynes and azides, but
also produced a metal template effect. It is worth highlighting that this synthesis
approach ppens up a new strategy to synthesize the cone conformational
hexahomotrioxacalix[3]arene derivatives.

3.2. Spectral characteristics of compounds L and L’ for metal cations
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The chemosensor behaviour of L was investigated by fluorescence measurements
in CH3CN/H,0 (10:1, v/v) upon excitation at 343 nm. As shown in Figure 1, the
fluorescence spectra of L display very weak monomer emission (380 nm and 398 nm)
but strong excimer emission (around 484 nm). The formation of the excimer band
indicates a strong face-to-face n-n stacking between the neighbouring pyrene units.
Dilution experiments at different concentrations of L revealed that the excimer
emission resulted from the intramolecular excimer, rather than the intermolecular
excimer (Figure S7, ESI). To get an insight into the binding properties of L toward
metal cations, we first investigated the fluorescence changes upon addition of a wide
range of metal cations including Li*, Na*, K*, Cs*, Ag®, Cu?*, Pb*, Zn**, Co**, Ni**,
Cr¥, Cd* and Hg?* in CH3CN/H,0. The fluorescence changes are depicted in Figure
1. Addition of Zn** to the solution of L induced obvious ratiometric changes, where
the monomer emission increases as its excimer emission declines. By contrast, no
significant spectral changes were observed upon addition of most of the other metal
cations apart from Cu?* and Hg?* where quenching was observed. These results
suggest that complexations between L and Zn?*, Cu** and Hg?* ions through
intermolecular interaction might be proposed.

Insert Figure 1 in here

To further investigate the chemosensor properties of L, fluorescence fitration
experiments of L with metal ions were performed. In the titration of L with Zn®" in
CH3CN/H,0 (Figure 2), the fluorescence intensity of the monomer emission bands (at

380 and 398 nm) gradually increased with @ concomitant decrease of the excimer
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emission (484 nm) as the concentration of Zn®* increased. Upon the addition of 10
equiv. of Zn®*, the intensity of the monomer emission of L at 380 nm increased by
10-fold while that for the excimer emission at 484 nm decreased By about 20 %
(Figure S8, ESI). This may be attributed to the flexibility of the triazole groups of L
enabling them to adopt the appropriate geometry for the binding of Zn?* ion. Thus, it
is likely that the three triazole units of L formed a selective binding pocket for Zn?*
ions. The coordination forces move the pyrene moieties far away from each other
inhibiting the =-m stacking of the pyrene moieties which is necessary for the
generation of excimer emission. The binding stoichiometry of the L+Zn”** complex
was determined by the Job’s plot (Figure S9, ESI), which indicated the formation of a
1:1 complex between L and Zn?*. On the basis of the 1:1 stoichiometry, the
association constant (Ks) of the L+Zn?* complex was calculated to be 7.05 x 10* M™.
It was found that chemosensor L had a detection limit of 1.42 x 107 M (Figure S10,
ESI), which allows for the detection of submicromolar concentrations of Zn**.
Insert Figure 2 in here

On the other hand, the same fluorescence titration experiments were also carried
out with Cu?* and Hg®* ions in CH3CN/H,O (Figure 11512, ESI). Addition of Cu®*
or Hg®* caused a remarkable guenching of the fluorescence intensities of L, 5 equiv.
Cu?* or Hg?* were enough to quench the emission of L. Heavy metal ions are well
known to quench the fluorescence of nearby fluorophores via enhanced spin-orbital
coupling [26], and/or photoinduced electron transfer (PET) [27]. As anticipated, Cu®*

and Hg*" quenched the fluorescence of L through the heavy metal ion effect [28]
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and/or the reversed PET [29]. In the latter case, when Cu®* or Hg®* was - to the
nitrogen atoms of the triazole units, the pyrene units probably behaved as PET donors
and the triazole groups behaved as PET acceptors [30]. According to the fluorescence
titration results, the association - (Ka) were calculated to be 7.08 x 10° and
2.11 x 10° M for Cu** and Hg?* ions, respectively.

Additionally, we assumed that the three triazole ligands of the Cz-symmetric
hexahomotrioxacalix[3]arene scaffold can - synergistic action to bind
Zn**. To further confirm this assumption, the monomeric compound L’ was
synthesized as a reference compound and the fluorescence properties were
evaluated under the same analytical conditions as . used for L. As shown in
Figure 3, the fluorescent spectra of L> was not - changed upon
addition of Zn?* . and other metal cations. Consequently, these results allow
us to confirm our hypothesis about the fluorescent sensitive and selective
binding of Zn®" ion requires the coordination of three triazole rings of L. It
suggests that the C; symmetry of hexahomotrioxacalix[3]arene plays an
important role in the coordination with Zn?".

Insert Figure 3 in here

An important aspect to _ is their ability to detect metal ions
selectively over other competing metal cations. To utilize - L as an
ion-selective fluorescence chemosensor for Zn?*, competition experiments were
carried out in the presence of Zn®* mixed with other metal ions. As shown in Figure 4,

no significant interference in detection of Zn®* was observed in the presence of many
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competitive metal ions except for Cu®* and Hg”*. These results suggested that L can
be used as a Zn®" selective ratiometric fluorescent chemosensor in the presence of
most competing metal cations.
Insert Figure 4 in here

3.3. 'H NMR binding studies

To support the results obtained by spectrophotochemical experiments and to obtain
additional information about the coordination mode of these metal cations with L, we
performed *H NMR titration experiments. From the *H NMR spectra of L (Figure 5),
upon the addition of 1.0 equiv. of Zn®*" ion to the solution of L, as expected, the
chemical shift of proton Hy on the triazole groups exhibited a significant down-field
shift by 6 0.47 ppm from 7.29 to 7.76 ppm. The two peaks of protons H. and H.
proximal to the triazole also demonstrated a similar but smaller down-field shift from
6 4.31 to 4.39 ppm and 6 5.78 to 6.00 ppm, respectively, whereas the peaks of the
protons on the distal ester moieties were only slightly affected. Particularly, the slight
shift of proton H. indicates that the oxygen atoms are not involved in the coordination
with Zn®*. These spectral changes suggested that Zn®* can be selectively bound by the
nitrogen atoms via the synergistic action of the three triazole groups. On the other
hand, it should be noted that the protons H, on the aromatic rings also experienced a
down-field shift from 6 7.39 to 7.49 ppm and the ArCH,OCH,Ar methylene protons
Hp revealed an up-field shift from & 4.34 to 3.67 ppm. Moreover, considerable
down-field shifts of the pyrene peaks were also observed. These data further indicated

that there must be a conformational change for L in the presence of Zn®* ion. As a
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matter of fact, it is believed that the conformation of hexahomotrioxacalix[3]arene can
be pre-organized for the binding of Zn** ion in solution in a manner that is similar to
the examples described by Shinkai and coworkers [31-32]. Based on the above
results, a plausible binding mode of L+Zn*" complex is therefore depicted in Figure 6.
This binding mode is consistent with the fluorescence changes observed as the
induced conformational alterations of the triazole groups upon 1:1 complexation. The
formation of the LeZn** complex probably reduces the m-m stacking interactions
necessary for excimer emission, and enforces the separation of pyrene moieties
leading to the concomitant increasing of monomer emission.
Insert Figure 5 and 6 in here

Furthermore, we also carried out 'H NMR experiments so as to further seek the
detailed information on the complexation of Cu** and Hg** with L (Figure S15, S16,
ESI). Upon interaction with 0.3 equiv. Cu®" ion, the peaks of H,, Hy, He, Hq and He
nearby [0 the triazole groups disappeared completely, and the signals of the pyrene
units were blurred. Cu* is a paramagnetic ion and can therefore affect proton signals
that are close to the Cu®* binding site [33-34]. Interestingly, subsequent addition of
ethylene diamine to the same NMR tube recovered all of the disappeared peaks
immediately (Figure S15 e, ESI). It suggests that the binding process was considered
to be reversible rather than an ion-catalyzed reaction. On the other hand, upon
addition of 1.0 equiv. of Hg?" ion, considerable changes were noted in the chemical
shift of protons in the triazole groups of chemosensor L. Protons labelled as H¢, Hqg

and He, which areé proximal to the triazole groups exhibited significant down-field
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shift by A6 = 0.31, 0.49 and 0.39 ppm, respectively. These changes reflect the

_ triazole rings in the Cu** and Hg* . binding. Thus, the
complexation between the heavy metal ions and sensor L l to the _

fluorescence emission through l heavy metal ion effect, and/or the reversed PET.
4. Conclusion

In summary, a new fluorescent chemosensor L based on I pyrene--
triazole-linked hexahomotrioxacalix[3]arene was synthesized through the -
reaction. During the - process, the Cu(l) not only catalyzed the cycloaddition
of alkynes and azides, but also produced a metal template effect. Chemosensor L
exhibited a high affinity and selectivity for Zn®" ion relative to most other competitive
metal ions - by l ratiometric fluorescence - The Zn**-selective
recognition depends on the synergistic action of the three triazole ligands. l
- with another fluorescent chemosensor based on a calix[4]arene scaffold

- two triazole—pyrene _ selective recognition to Zn®* and

Cd**[35], L exhibited exclusive selectivity - Zn?**. This may be attributed to

the different conformation - hexahomotrioxacalix[3]arene -

calix[4]arene. Hexahomotrioxacalix[3]arene with the unique Cs; symmetry is
beneficial to l design and _ selective chemosensors for specific
metal  cations. This work can expand the application of l
hexahomotrioxacalix[3]arene skeleton in l design and synthesis of - fluorescent

chemosensors.

14

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



Acknowledgments

This work was performed under the Cooperative Research Program of
“Network Joint Research Center for Materials and Devices (Institute for
Materials Chemistry and Engineering, Kyushu University)”. We would like to
thank the OTEC at Saga University and the International Cooperation Projects
of Guizhou Province (No. 20137005) for financial support. The EPSRC is

thanked for a travel grant (to CR).

Supplementary data

Electronic Supplementary Information (ESI) available: Details of the NMR spectra
and titration experimental data.
References
[1] K.P. Carter, A.M. Young, A.E. Palmer, Fluorescent sensors for measuring metal
ions in living systems, Chem. Rev. 114 (2014) 4564—4601.
[2] E.L. Que, C.J. Chang, Responsive magnetic resonance imaging contrast agents as
chemical sensors for metals in biology and medicine, Chem. Soc. Rev. 39 (2010)
51-60.
[3] M. Chhatwal, A. Kumar, V. Singh, R.D. Gupta, S.K. Awasthi, Addressing of
multiple-metal ions on a single platform, Coord. Chem. Rev. 292 (2015) 30-55.
[4] H.N. Kim, W.X. Ren, J.S. Kim, J. Yoon, Fluorescent and colorimetric sensors for
detection of lead, cadmium, and mercury ions, Chem. Soc. Rev. 41 (2012)

3210-3244.

15

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



[5] B. Valeur, I. Leray, Design principles of fluorescent molecular sensors for cation
recognition, Coord. Chem. Rev. 205 (2000) 3-40.

[6] Y.S. Wu, C.Y. Li, Y.F. Li, J.L. Tang, D. Liu, Aratiometric fluorescent chemosensor
for Cr®* based on monomer—excimer conversion of a pyrene compound, Sensors and
Actuators B. 203 (2014) 712-718.

[7] E. Manandhar, K.J. Wallace, Host-guest chemistry of pyrene-based
molecular receptors, Inorganica Chimica Acta. 381 (2012) 15-43.

[8] P.M. Marcos, J.R. Ascenso, M.A.P. Segurado, R.J. Bernardino, P.J. Cragg,
Synthesis, binding properties and theoretical studies of
p-tert-butylhexahomotrioxacalix[3]arene tri(adamantyl)ketone with alkali, alkaline
earth, transition, heavy metal and lanthanide cations, Tetrahedron. 65 (2009) 496-503.
[9] K. Tsubaki, T. Morimoto, T. Otsubo, K. Fuji, Recognition of alkaline metals and
amines by a chromogenic homooxacalix[3]arene receptor, Org. Lett. 4 (2002)
2301-2304.

[10] X.L. Ni, S. Rahman, S. Wang, C.C. Jin, X. Zeng, D.L. Hughes, C. Redshaw, T.
Yamato, Hexahomotrioxacalix[3]arene derivatives as ionophores for molecular
recognition of dopamine, serotonin and phenylethylamine, Org. Biomol. Chem. 10
(2012) 4618-4626.

[11] K. Tsubaki, T. Otsubo, T. Morimoto, H. Maruoka, M. Furukawa, Y. Momose, M.
Shang, K. Fuji, Modification of the upper rim of homooxacalix[3]arenes and
complexation between a nitrohomooxacalix[3]arene derivative and n-hexylamine, J.

Org. Chem. 67 (2002) 8151-8156.

16

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



[12] N. Komatsu, Preferential precipitation of Cz over Cg with
p-halohomooxacalix[3]arenes, Org. Biomol. Chem. 1 (2003) 204-2009.

[13] A. Ikeda, T. Hatano, S. Shinkai, T. Akiyama, S. Yamada, Efficient photocurrent
generation in novel self-assembled multilayers comprised of [60]fullerene-cationic
homooxacalix[3]arene inclusion complex and anionic porphyrin polymer, J. Am.
Chem. Soc. 123 (2001) 4855-4856.

[14] W. Tang, M.L. Becker, “Click” reactions: a versatile toolbox for the synthesis of
peptide-conjugates, Chem. Soc. Rev. 43 (2014) 7013-7039.

[15] K.D. Hénni, D.A. Leigh, The application of CuAAC ‘click’ chemistry to
catenane and rotaxane synthesis, Chem. Soc. Rev. 39 (2010) 1240-1251.

[16] J.M. Holub, K. Kirshenbaum, Tricks with clicks: modification of peptidomimetic
oligomers via copper-catalyzed azide-alkyne [3 + 2] cycloaddition, Chem. Soc. Rev.
39 (2010) 1325-1337.

[17] S.G. Agalave, S.R. Maujan, V.S. Pore, Click chemistry: 1,2,3-triazoles as
pharmacophores, Chem. Asian J. 6 (2011) 2696-2718.

[18] M. Song, Z. Sun, C. Han, D. Tian, H. Li, J.S. Kim, Calixarene-based
chemosensors by means of click chemistry, Chem. Asian J. 9 (2014) 2344-2357.

[19] J.J. Bryant, U.H.F. Bunz, Click to bind: metal sensors, Chem. Asian J. 8 (2013)
1354-1367.

[20] Y.H. Lau, PJ. Rutledge, M. Watkinson, M.H. Todd, Chemical sensors that
incorporate click-derived triazoles, Chem. Soc. Rev. 40 (2011) 2848-2866.

[21] Y. Wu, X.L. Ni, L. Mou, C.C. Jin, C. Redshaw, T. Yamato, Synthesis of a ditopic

17

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



homooxacalix[3]arene for fluorescence enhanced detection of heavy and transition
metal ions, Supramol. Chem. 27 (2015) 501-507.

[22] J.I. Gavrilyuk, U. Wuellner, S. Salahuddin, R.K. Goswami, S.C. Sinha, C.F.
Barbas 111, An efficient chemical approach to bispecific antibodies and antibodies of
high valency, Bioorganic & Medicinal Chemistry Letters. 19 (2009) 3716-3720.

[23] K.W. Huang, Y.R. Wu, K.U. Jeong, S.W. Kuo, From random coil polymers to
helical structures induced by carbon nanotubes and supramolecular interactions,
Macromolecular Rapid Communications, 34 (2013) 1530-1536.

[24] M. Ashram, S. Mizyed, P.E. Georghiou, Ester derivatives of
hexahomotrioxacalix[3]naphthalenes: conformational and binding properties with
alkali metal cations, Org. Biomol. Chem. 1 (2003) 599-603.

[25] K. Araki, N. Hashimoto, H. Otsuka, S. Shinkai, Synthesis and ion selectivity of
conformers derived from hexahomotrioxacalix[3]arene, J. Org. Chem. 58 (1993)
5958-5963.

[26] D.S. McClure, Spin—orbit interaction in aromatic molecules, J. Chem. Phys. 20
(1952) 682-686.

[27] A.W. Varnes, R.B. Dodson, E.L. Wehry, Interactions of transition-metal ions with
photoexcited states of flavines. Fluorescence quenching studies, J. Am. Chem. Soc. 94
(1972) 946-950.

[28] D. Maity, A. Chakraborty, R. Gunupuru, P. Paul, Calix[4]arene based molecular
sensors with pyrene as fluoregenic unit: Effect of solvent in ion selectivity and

colorimetric detection of fluoride, Inorganica Chimica Acta. 372 (2011) 126-135.

18

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



[29] M. Kumar, R. Kumar, V. Bhalla, Optical chemosensor for Ag*, Fe**, and cysteine:
information processing at molecular level, Org. Lett. 13 (2011) 366—-369.

[30] N.J. Wang, C.M. Sun, W.S. Chung, A highly selective fluorescent chemosensor
for Ag” based on calix[4]arene with lower-rim proximal triazolylpyrenes, Sensors and
Actuators B. 171-172 (2012) 984-993.

[31] A. lkeda, H. Udzu, Z. Zhong, S. Shinkai, S. Sakamoto, K. Yamaguchi, A
self-assembled homooxacalix[3]arene-based dimeric capsule constructed by a
Pd"-pyridine interaction which shows a novel chiral twisting motion in response to
guest inclusion, J. Am. Chem. Soc. 123, (2001) 3872-3877.

[32] M. Takeshita, F. Inokuchi, S. Shinkai, Cs-symmetrically-capped
homotrioxacalix[3]arene. A preorganized host molecule for inclusion of primary
ammonium ions, Tetrahedron Letters. 36 (1995) 3341-3344.

[33] S.L. Kao, W.Y. Lin, P. Venkatesan, S.P. Wu, Colorimetric detection of Cu(ll):
Cu(I)-induced deprotonation of NH responsible for color change, Sensors and
Actuators B 204 (2014) 688-693.

[34] YJ. Zhang, X.P. He, M. Hu, Z. Li, X.X. Shi, G.R. Chen, Highly optically
selective and electrochemically active chemosensor for copper (II) based on
triazole-linked glucosyl anthraquinone, Dyes and Pigments 88 (2011) 391-395.

[35] S.Y. Park, J.H. Yoon, C.S. Hong, R. Souane, J.S. Kim, S.E. Matthews, J. Vicens,
A pyrenyl-appended triazole-based calix[4]arene as a fluorescent sensor for Cd?* and

Zn?*, J. Org. Chem. 73 (2008) 8212-8218.

19

© 2017. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/



Figure captions

Scheme 1. The synthetic route of L and L.

Figure 1. Fluorescence spectra of chemosensor L (1.0 «M) on addition of various
metal ions (Li*, Na*, K*, Cs*, Ag*, Cu®*, Pb**, zn*, Co®*, Ni**, Cr**, Cd*" and Hg*",
10 uM) in CH3sCN/H,0 (10:1, v/v) at 298 K, hex = 343 nm.

Figure 2. Fluorescence spectra of chemosensor L (1.0 xM) upon addition of
increasing concentrations of Zn(ClO4), in CH3CN/H,0O (10:1, v/v) at 298 K, Aex =
343 nm.

Figure 3. Fluorescence spectra of L (1.0 M) on addition of various metal ions (Li",
Na*, K*, Cs*, Ag", cu®, Pb?*, zn?*, Co*, Ni*, Cr*, Cd** and Hg*, 10 uM) in
CH3CN/H,0 (10:1, v/v) at 298 K, Aex = 343 nm.

Figure 4. Fluorescence responses of L (1.0 uM) in CH3CN: H,O (10:1, v/v) to
10 uM various tested metal ions (black bar) and to the mixture 10 xM tested
metal ions with 10 «M Zn?* (red bar). lo is fluorescence intensity at 380 nm for
free L, and I is the fluorescent intensity after adding metal cations.

Figure 5. The *H NMR spectra of L (3.0 mM) upon titration with Zn(CIO4), in
CDCI3/CD3CN (10:1, v/v). (a) L only, (b c d and e) in the presence of 0.3, 0.5, 0.8, 1.0
equiv. of Zn(ClOy),, respectively.

Figure 6. The plausible binding mode of L+Zn** complex.
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Figure(s)

Scheme 1. The synthetic route of L and L.
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Figure 1. Fluorescence spectra of chemosensor L (1.0 M) on addition of various
metal ions (Li*, Na*, K*, Cs*, Ag", Cu?*, Pb*, zn*, Co**, Ni**, Cr**, Cd** and Hg*",

10 uM) in CHsCN/H,0 (10:1, v/v) at 298 K, Aex = 343 nm.
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Figure 2. Fluorescence spectra of chemosensor L (1.0 M) upon addition of

increasing concentrations of Zn(ClO,4), in CH3CN/H,O (10:1, v/v) at 298 K, Aex =

343 nm.
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Figure 3. Fluorescence spectra of L’ (1.0 M) on addition of various metal ions (Li",
Na*, K*, Cs*, Ag®, Cu®*, Pb**, Zn**, Co®*, Ni**, Cr**, Cd* and Hg**, 10 xM) in

CH3CN/H,0 (10:1, v/v) at 298 K, Aex = 343 nm.
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Figure 4. Fluorescence responses of L (1.0 uM) in CH3CN: H,O (10:1, v/v) to
10 uM various tested metal ions (black bar) and to the mixture 10 uM tested
metal ions with 10 M Zn?* (red bar). lo is fluorescence intensity at 380 nm for

free L, and I is the fluorescent intensity after adding metal cations.
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Figure 5. The *H NMR spectra of L (3.0 mM) upon titration with Zn(ClO4), in
CDCI3/CD3CN (10:1, v/v). (a) L only, (b c d and e) in the presence 0f 0.3, 0.5, 0.8, 1.0

equiv. of Zn(ClQO,),, respectively.
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Figure 6. The plausible binding mode of L+Zn?* complex.
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