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Abstract Three novel chromogenic cone azocalix[4]are-
nes Sa—c, which have cavity and the azo groups as metal-
binding sites and as coloration sites were synthesized. They
were studied by the liquid-liquid extraction of selected
metal cations (Sr*T, Ag", Hgt, Hg>", Co**, Ni**, Cu?™,
Zn**, Cr’", A’™). Through examination of the extraction,
a novel selectivity of these compounds toward Hg>" cat-
ions has been determined. Besides, it has been also found
that azocalix[4]arene Sc is highly sensitive to acid-base
titration, which can be detected by the naked eye.

Keywords Calixarene - Bisazocalix[4]arenes - Picrate
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Introduction

Calix[4]arenes have been shown to be useful molecular
scaffold in the development of chromoionophores, espe-
cially for metal ion recognition [1-3]. Azocalix[n]arenes,
generated by the insertion of nitrogen atoms into the p-
position unit of the calix[n]arene structure, have several
isomers based on the positions of the nitrogen atoms and its
ring cavity. The first reported calixarene diazo coupling has
involved the reaction of p-nitrobenzenediazonium tetra-
fluoroborate with calix[4]arene [4, 5].
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The synthesis of new chemosensors for metal ions plays
an important role in the field of supramolecular chemistry
due to their fundamental agent in biological, environmen-
tal, and chemical processes. Chromogenic ionophores have
been intensively investigated as a specific metal ion indi-
cator for the use of 4-(4-nitrophenyl)azo-coupled crowns
and azacrowns as chromoionophores. They showed large
UV-Vis band shifts when cations were added [6-8].

Over the last few decades, as a major activity in
supramolecular chemistry, chemists have synthesized
many types of receptors for complexing cations, anions
and neutral molecules both in solution and in the solid
state [9]. Ungaro et al. [10] have first reported the binding
of potassium by calix[4]crown-5 ligands. The use of
crown ethers covalently bound to calix[4]arenes has been
studied extensively for selective extraction of cations.
Their studies have expanded to include calix[4]arene in
modified crown structures. Among them, the family of
calix[4]azacrowns refers to molecules combining
calix[4]arene elements, which may also serve as linking
functions and chelating groups [11]. The linkage of the
azacrown unit on the calix[4]arene is often conducted by
coupling diacylchloride or diethylester calix derivatives
with polyamino alkylene diamino compounds to give
bridged calix(aza)crowns [12].

Much of our earlier work in this area has concentrated
on calix[n]arene with lower rim and upper rim in the form
of mono oxime, vic-dioxime, polymeric, Schiff base, azo
groups and telomeric structure [13, 14]. Extraction, trans-
port, thermal behavior and stability constant which have
been investigated by spectrophotometric studies have pro-
vided evidences that many of these lower rim derivatives
have very significant ionophoric properties for cations,
several with good selectivity within groups of metals
[15-17].
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Scheme 1 Diazo-coupled bisazocalix[4]arene derivatives Sa—c

In the crystal state, some calix[4]azacrowns have been
shown to form tubular architectures, in which the channels
are filled by methanol [18].

In the examples given in the literature, the calix core of
the azocalix[4]arenes is bridged either by one or two
bridge. In this Letter, we report here the synthesis of a
novel chromogenic 5,17-bisazocalix[4]arenes using the
click chemistry [19] of a calix ester and an aniline deriv-
atives to form a diazo cationic binding site. Three azoca-
lix[4]arenes Sa—c are connected via diazo coupling reaction
in cone conformation and compared with the extraction
properties of both compounds.

In continuation of our work, our research group has
been also interested in the designing selective coloring
chemosensor towards specific metal cations. In the end,
we found an outstanding result that combinational use of
the compounds Sa—c are able to selectively discriminate
metal ions.
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Experimental

Chemicals

All of the chemical reagents and solvents used were of
analytical grade purity and used without further purifica-
tion. All aqueous solutions were prepared with deionized
water purified by human power plus I + UV water purifi-
cation system.

Instrumentation

Melting points were measured using an Electrothermal
TA9100 digital melting point apparatus in capillaries sealed
under nitrogen and were uncorrected. '"H NMR spectra
were referenced to tetramethylsilane (TMS) at 0.00 ppm as
internal standard solution and recorded on a Bruker
400 MHz spectrometer at room temperature (25 + 1 °C).
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IR spectra were recorded by a Mattson 1000 FTIR spec-
trometer as KBr pellets. UV-Vis spectra were recorded by
a Shimadzu 1601 UV-Visible spectrophotometer. The
elemental analyses were performed in the The Scientific
and Technological Research Council of Turkey (TUBI-
TAK) Laboratories.

Synthesis

The synthesis of bisazocalix[4]arene derivatives Sa—c were
depicted in Scheme 1. Our synthesis began p-tert-butyl-
calix[4]arene and their dibenzoyl ester 1 were obtained in
literature [20, 21]. First, 11,23-di(p-tert-butyl)calix[4]arene
dibenzoyl ester 2 was prepared by debutylation of calix
4arene 1. Secondly, the synthesized calix 4arene 2 was
hydrolized by NaOH in THF/Water/EtOH [22].

After then, the synthesis of azocalix[4]arenes 4a—c were
coupled with 11,23-di(tert-butyl)calix[4]arene 3 followed
by diazo coupling reaction using 4-methoxy, 4-ethyl and
4-nitro aniline in HCl and NaNO, in DMF and THF gave
the desired product 4 [23]. AlCl;-catalyzed debutylation
reaction of azocalixarenes 4a—c with toluene/phenol in the
Click condition afforded the 5,17-bis(p-substituephe-
nyl)azocalix[4]arenes Sa—c in 68—83 % yield [22]. Azoc-

azocalixarene 4a. Compound S5c was purified by column
chromatography from calix[4]aren [24].

25,26,27,28-Tetrahydroxy-5,17-(4-
methoxyphenylazo)calix[4 ]arene (5a)

A mixture of compound 4a (1 g, 1.24 mmol), phenol
(1.17 g, 12.42 mmol) and AICI; (2.15 g, 16.15 mmol) in
100 mL of toluene was stirred at room temperature for
24 h. HCI (50 mL, 0.2 M) was added dropwise into the
toluene solution. The toluene phase was separated and
washed with water (3 x 50 mL), and the combined
organic phases evaporated to dryness. The residue was
precipitated with MeOH (100 mL). After removal of
solvents, the crude mixture was crystallized with CHCl5/
CH;0H (50 mL, 2:3 v/v)) to give 0.68 g of compound Sa
(79 %), brown precipitate, m.p. (318 °C (dec.)). Found:
C: 72.96 %; H: 5.17 % N: 7.98 %; C4,H36N4Og¢ requires
C. 7282 %, H: 524 % N: 8.09 %. IR (KBr) vu:
1,458 cm~! (-N=N). '"H-NMR (CDCls, 25 °C) & 3.67
(s, 4H, ArCH,Ar), 3.85 (s, 6H, -OCHj3), 4.31 (s, 4H,
ArCH,Ar), 6.79 (t, J =7.56 Hz, 2H, ArH), 6.95 (d,
J =9.05 Hz, 4H, ArH), 7.18 (d, J = 7.60 Hz, 4H, ArH),
7.65 (s, 4H, ArH), 7.80 (d, J = 9.07 Hz, 4H, ArH), 10.21

alixarene S5a was synthesized in 79 % yield from (s, 4H, ArOH).
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Fig. 1 '"H-NMR Spectrum of 5,17-bis(4-methoxyphenyl)azocalix[4]arene 5a
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25,26,27,28-Tetrahydroxy-5,17-(4-
ethylphenylazo)calix[4]arene (5b)

Azocalix[4]arene Sb was prepared as described for Sa
using phenol, AICl; and toluene and obtained which was
filtered, washed with water, precipitated with MeOH,
crystallized with CHCIl3/CH30H (50 mL, 2:3 v/v). The
resulting solid was a dark orange product (yield, 0.71 g
(83 %), m.p. (295 °C (dec.)). Found: C: 76.85 %; H:
5.79 % N: 8.07 %; C44H49N4O4 requires C: 76.72 %; H:
5.85 % N: 8.13 %. IR (KBr) v: 1,458 cm™' (-N=N). 'H-
NMR (CDCls, 25 °C) dy: 1.26 (t, J = 7.53 Hz, 6H, CH,.
CH,), 2.70 (q, J = 7.45 Hz, 4H, CH,CH3;), 3.69 (s, 4H,
ArCH,Ar), 4.31 (s, 4H, ArCH,Ar), 6.80 (t, J = 7.54 Hz,
2H, ArH), 7.19 (d, J = 7.57 Hz, 4H, ArH), 7.28 (d,
J = 8.22 Hz, 4H, ArH), 7.69 (s, 4H, ArH), 7.74 (d,
J = 8.27 Hz, 4H, ArH), 10.23 (s, 4H, ArOH).

25,26,27,28-Tetrahydroxy-5,17-(4-
nitrophenylazo)calix{4 ]arene (5c)

Azocalix 4arene Sc was prepared as described for Sa using
phenol, AICl; and toluene and obtained which was filtered,
washed with water, precipitated with MeOH, crystallized
with CHCI;/CH3;0H (50 mL, 2:3 v/v). The resulting solid
was a dark brown product (yield, 0.59 g (68 %), m.p.

11.52 %; C4oH;30NgOg requires C: 66.48 %; H: 4.18 % N:
11.63 %. IR (KBr) v: 1,458 cm™' (-N=N). 'H-NMR
(CDCl3, 25 °C) 6y: 3.75 (s, 4H, ArCH,Ar), 4.37 (s, 4H,
ArCH,Ar), 6.86 (t, J=7.59 Hz, 2H, ArH), 7.23 (d,
J=17.61 Hz, 4H, ArH), 7.78 (s, 4H, ArH), 7.94 (d,
J = 9.08 Hz, 4H, ArH), 8.36 (d, J = 9.08 Hz, 4H, ArH),
10.23 (s, 4H, ArOH).

Result and discussion

The molecular structure of bisazocalix[4]arenes 5a—c given
in Scheme 1 were in agreement with the data obtained
from micro analysis. Besides the structures of all these
azocalix[4]arenes Sa—c were also certified by traditional
organic spectroscopic identification (‘H-NMR and FTIR
spectra). They confirmed the structures to be in cone
conformations.

The 'H NMR spectrum of the azocalix[4]arene Sa exists
in a cone conformation was deduced from the presence of
two set of characteristic AB systems at 3.67 and 4.31 ppm
respectively. On the basis of spectroscopic evidence,
molecular structure of compounds 5a is within cone con-
formation (Fig. 1).

'"H NMR data all of the bisazocalix[4]arenes Sa—c
showed that a peak due to the presence of aromatic protons

(312 °C (dec.)). Found: C: 66.55 %; H: 4.09 % N: (phenylazo) were observable at the chemical shift
Table 1 Extraction of metal picrates with bisazocalix[4]arene derivatives 5a—c

Picrate salt extracted (%)

Ligand Sr** Ag® Hg* Hg>*+ Co** Ni?+ Cu** Zn*t crt AP
S5a <3.0 9.7 30.7 39.8 <3.0 <3.0 <3.0 <3.0 9.6 6.6
5b <3.0 12.8 35.8 40.3 <3.0 <3.0 <3.0 <3.0 17.5 12.1
5S¢ <3.0 10.1 29.6 38.1 <3.0 <3.0 <3.0 <3.0 10.6 8.1

H,O/CHCI; = 10/10 mL (v/v): picric acid = 2 x 107° M, ligand = 1 x 1073 M, metal nitrate = 1 x 1072 M:; 298 K, 1 h contact time.

Experimental error was £2 %

Fig. 2 Extraction percentages 45
of azocalix[4]arene derivatives

Sa-c
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8 = 6.95-7.80 ppm for methoxy-, 7.28-7.74 ppm for
ethyl- and 7.94-8.36 ppm for nitro-, respectively. How-
ever, the appearance of a peak within the range of
8 = 6.79, 7.18 and 7.65 ppm were due to the presence of
proton of core calixarene aromatic group for azoca-
lix[4]arene Sa.

In the '"H NMR spectra of the bisazocalix[4]arenes Sa—c,
the singlets in the 10.21 and 10.23 ppm area can be
attributed to the proton of the —OH groups. In addition, the
4-ethyl moiety of azocalix[4]arene Sb are shown at
1.26 ppm methyl and 2.70 ppm methylene protons as a
triplet and quarted, respectively. The methoxy (—~OCHj3)
groups of 5a is shown at 3.85 ppm as a singlet too (Fig. 1).
The OH peaks disappear together with addition of the D,O.

Fig. 3 Color changes
corresponding to different pH
values [0.01 g of 5S¢ in CHCl3—
CH3;0H-H,0 (200 mL, 1:1:8
v/v)]

The ionophoric properties of the bisazocalix[4]arenes
Sa—c towards the metal cations were investigated by the
picrate extraction method [15-17]. The results expressed as
a percentage of cation extracted (E%) are collected in
Table 1 and shown graphically in Fig. 2.

The extractions of these cations (Sr*", Ag™, Hg™, Hg*",
Co**, Ni?™, Cu**, Zn®", Cr*" and AI*") with bisazoca-
lix[4]arenes Sa—c have been performed using previously
reported method in same experimental conditions. Unlike
the calix[4]arene used in the previously studies contained
—N=N- functional groups, in this study the bisazoca-
lix[4]arene derivatives containing electron-donating and
withdrawing groups such as methoxy-, ethyl- and nitro-
groups have been selected. The reason why these

2 - Y o SO ESR
S ] o — -’ﬁwlk—-ﬁ-"—“'

Scheme 2 The azo-enol and NO, O.N
keto-hydrazo tautomer form of
bisazocalix[4]arene Sc¢
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bisazocalix[4]arenes are selected. Because, these func-
tional groups are containing the electron-donating and
electron-withdrawing groups. This situation increases or
decrease the efficiency of extraction. This is mainly due to
the positive or negative effect of these functional groups on
electron density leading higher efficiencies of extraction.
Besides a comparison with our data is corrected, some
remarks can be made. While the extraction levels [35.8 %
Hg" and 40.3 % Hg>"] for 5b are very superior to the
extraction levels [30.7 % Hg" and 39.8 % Hg>"] and
[29.6 % Hg" and 38.1 % Hg”"] for 5a and 5c respectively.
Compound Sb contain electron-donating group which
preferres superior to soft metal (Hg?") cation than com-
pounds Sa and Sec. It can be explained by the (hard—soft)
acid—base (HSAB) principle.

On the other hand, the complexation ability of azoca-
lix[4]arens toward transition metal cations has been reported
in the literature [25]. We titrated 0.01 g of bisazoca-
lix[4]arene 5S¢ in CHCI;—~CH3;0H-H,O (200 mL, 1:1:8 v/v)]
with dilute aqueous HCI/NaOH (1.25 x 1074 M) at room
temperature. The observed color change may be ascribed to
the protonation or deprotonation of the phenol, -N=N-,
—NO, moiety (Fig. 3).

The visible color changes of bisazocalix[4]arene Sc
upon different pH values were also observed and depicted.
The color of 5c¢ solution turned orange to dark red in the
presence of acid-base solution. In this unique point of view
with visual color changes, it is surprising that only we can
consequently demonstrate the screening process of the
unknown pH (about 2 and 12) with following two steps and
simple screening of its color change with ‘naked eye’ is
given in Fig. 3.

The color change of the solution has been observed for
the very popular phenylazo bisazocalix[4]arene Sc¢ when
dilute aqueous HCI/NaOH had separately been added in
excess. These observations imply that there is a subtle
balance between in base-induced release of protons from
the azophenols to the quinone tautomer. Moreover, the
nitro-substituents of the phenylazo groups must have strong
influence on the tautomerism of azo/hydrazo, thus showing
very diverse A, shifts. A base-induced tautomerism of the
bisazocalix[4]arene Sc is shown in Scheme 2.

Conclusion

In summary, we have successfully synthesized and inves-
tigated compounds Sa—c as mercury-ion selective sensor
based on metal picrate extraction, pH change, 'H NMR and
FTIR spectra. The present paper demonstrated that we have
developed a new bisazo calix[4]arene sensor with bisazo
and core cavity as the metal ion binding sites as the signal
transduction unit, which showed selective of Hg2+ cation.

@ Springer

The bisazocalix[4]arene Sc gives rise to a large batho-
chromic shift in the absorption spectrum with different pH
values (from yellow to dark red), which is clearly visible to
the naked eye. NMR spectral analysis also verifies the
formation of intended synthesis.
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