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The complex formation between diazocalix[4]dipropyl (1) and diazocalix[4]crown-6 ether (2) with alkali, alkaline
earth and transition metal ions was investigated by voltammetry. Electrochemical properties of compounds 1 and 2
and their selectivity toward metal ions were evaluated in CH3CN solution by comparison of voltammetric behaviors
of two phenols in each compound. Compounds 1 and 2 showed almost same voltammetric behavior which is two irre-
versible oxidation peaks caused by intramolecular hydrogen bonding between two phenols in 1 and 2. While, however,
upon interacting with various metal ions, 1 with two propyl ether groups showed no si gnlﬁcant changes in voltammetry,
2 with crown ether group caused significant voltammetric changes upon the addition of Ba> to 2. Their behavior is
closely related to the complex formation by entrapment of metal ion into crown ether cavity, and ion-dipole interaction
between metal ion and two phenolic groups in calix[4]crown-6.
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Introduction

Calix[4]arene has been studied as a useful platform for the
development of receptors for metal ions." Functionalization of
upper rim and lower rim in calixarenes enables them to be a
variety of derivatives with tunable complexing proper‘cies.2
For instance, the introduction of crown ether unit to lower rim
provides cation binding sites with interesting selectivity, de-
pending on the number of oxygen atoms in the ether bridge.3
The calixcrowns are well known as a typical metal ion chelat-
ing ligand. Our attention has also focused on the development
of a number of calixcrown-based chromo genic,4 ﬂuorogenic5
and electrochemical chemosensors.*’

Compared with spectrophotometric methods, electrochemi-
cal detection has several advantages such as relatively fast re-
sponse, speed and ease of preparation, low cost, simple instru-
mentation, wide dynamic range, and especially on-site analysis,
which enables the analysis of biologically relevant ions, pro-
cess control and environmental analysis.é’8 Previously, we re-
ported calix[4]crown-6 (2) (Figure 1) functionalized with azo-
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Figure 1. Structures of azocalix[4]arenes 1 and 2.

phenol groups, chromophore on the upper rim as signaling unit
for the spectrophotometric determination of Ca* ion.* Although
azocalix[4]crown has been widely used as an metal ion sens-
ing regent for spectrophotometric determination, the sensitivity
of the method is low as compared to that of voltammetric me-
thod.

As an extension of our studies, we report herein the elec-
trochemical behavior of diazocalix[4]crown-6 (2) using di-
azocalix[4]dipropyl (1) as a reference in the presence of alkali,
alkaline earth and transition metal ions investigated by voltam-
metry. Compound 1 was prepared to elucidate the role of crown
ether unit as a binding site in 2 (Figure 1).

Experimental Section

Synthesis.

5,17-Bis|(4-nitrophenyl)(azo)phenyl]-25,27-bis(1-propyl-
oxy)calix[4]arene (1): A solution of 3 (5.00 g, 9.83 mmol) in
THF (300 mL) was treated with 4-nitrobenzenediazonium tetra-
fluoroborate (4.89 g, 20.66 mmol). The reaction mixture drop-
wise. The reaction mixture was stirred for an additional 48 h at
0 °C, treated with 10% aqueous HCl solution (300 mL), and
extracted with CH,Cl, (300 mL). The organic layer was washed
with 10% aqueous HCl solution (2 x 300 mL) and dried over
MgSO,. Removal of the organic solvent in vacuo afforded a
reddish solid. Column chromatography using 4:1 CHCls/hexane
as an eluent (Ry= 0.55) on silica gel gave 1 in 23% yield. Mp:
272 -273 °C. FAB MS m/z (M+): calcd, 806.86; found, 806.31.
Anal. Calcd for C46H4NgOg: C, 68.48; H, 5.21. Found: C, 68.50;
H, 5.22. IR (KBr pellet, cm '): 325.9 (OH), 1521, 1343 (NO,);
'HNMR (CDCl3) § 9.21 (s, 2 H, ArOH), 8.35 (d, 4 H, NO»Ar-
Horino, J=8.1 Hz), 7.96 (d,4 H, NO2Ar-H pera, J = 8.1 Hz), 7.81
(s, 4 H, NoA1-Horiio), 7.05 (d, 4 H, Ar-Hypera, J = 6.9 Hz), 6.83 (t,
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2 H, Ar-Hpara, J=6.7Hz),4.37 (d, 4 H, ArCH>Ar, J= 13.0 Hz),
4.06 (s,4 H, OCH,CH,CH3), 3.57 (d, 4 H, ArCH,Ar, J=13.0
Hz), 2.13 (m, 4 H, OCH,CH>CH3), 1.36 (t, 6 H, OCH,CH.CHj,
J=6.9 Hz); "C NMR (CDCls) § 158.7, 156.7, 152.2, 148.3,
146.1, 132.9, 129.8, 129.2, 126.0, 125.1, 123.2 (ArCH), 79.0
(OCH>CH>CH3), 32.0 (ArCH,Ar), 23.9 (OCH,CH,CH3), 11.3
(OCH,CH,CH3).

5,17-Bis|(4-nitrophenyl)(azo)phenyl]-25,27-calix[4]-mono-
crown-6 (2): The procedures are the same as that for 1. Yield:
38%. Mp: 270 - 271 °C. FAB MS m/z (M+): calcd, 924.95;
found, 925.00. Anal. Calcd for C50H48N6012: C, 64.93; H,
5.19. Found: C, 64.50; H, 5.17. IR (KBr pellet, cmﬁl): 1521,
1343 (NO»); "H NMR (CDCls) § 8.50 (s, 2 H, ArOH), 8.40 (d,
4 H, NO»Ar-Horiio, J = 8.1 Hz), 7.97 (d,4 H, NO2Ar-H et J = 8.1
Hz), 7.83 (s, 4 H, NoArt-Horano), 6.96 (d, 4 H, Ar-Hyyerar J = 7.5 Hz),
6.78 (t, 2 H, Ar-Hpara, J=7.5 Hz), 4.52 (d, 4 H, AtCHAr, J=
13.2 Hz), 4.22 (s, 4 H, ArOCH>CH;0), 4.04 (s, 4 H, ArOCH,-
CH;0),3.91 (s,4H, OCH,CH>0), 3.83 (s, 4 H, OCHCH-0),
3.69 (s,4 H, OCH,CH-0), 3.54 (d, 4 H, ArCH,Ar, J=13.2 Hz);
BCNMR (CDCls): 8 158.5, 156.7, 152.4, 148.3, 146.0, 132.7,
129.3,125.1,123.2 (ArCH), 72.0, 71.4, 71.3 (OCH,CH;0), 31.4
(ArCHAr).

Instruments. Electrochemical measurements were carried out
with a Model 660 electrochemical workstation (CH Instruments,
Austin, TX, USA) using a conventional three-electrode cell.
The three-electrode system consists of a glassy carbon work-
ing electrode, a Pt wire counter electrode and an Ag/Ag'(0.1 M)
reference electrode, separated from the solution by a vycor plug.
The surface of the working electrode was polished with 0.3 um
alumina (Buehler, Lake Bluff, MN) and rinsed with deionized
water. Residual alumina particles were thoroughly removed by
placing the electrode in an ultrasonic cleaner for 15 min. Then,
the electrode was dried and washed with pure acetonitrile be-
fore use. The supporting electrolyte was 0.1 M tetra-n-butylam-
monium hexa-fluorohphosphate (TBAPF). The concentration
of azocalixarenes was 0.1 mM and stock solution of metal per-
chlorate salts with various concentrations were prepared using
acetonitrile.

Results and Discussion

The synthetic routes for 1 and 2 are depicted in Scheme 1.
Starting materials 3 and 4 were prepared by adapting publish-
ed procedures.* Diazo coupling reaction using p-nitrobenzene-
diazonium tetrafluoroborate and pyridine gave desired products
1 and 2 in moderate yield. The presence of the doublets at around
84.3 and 3.5 in the 'H NMR spectrum and a resonance at about
32 ppmin the BCNMR spectrum for compounds 1 and 2 indicat-
ed that they possess the cone conformation.

The binding properties of compounds 1 and 2 (0.1 mM) to-
wards various metal ions were investigated by cyclic voltam-
metry (CV) and differential pulse voltammetry (DPV) at glassy
carbon electrode in 0.1 M TBAPFs/acetonitrile solution, by
taking advantage of the phenol moieties present at the lower
rim, close to propyl ether group or crown ether unit of 1 and 2.
CVs of hosts shows almost same voltammetric behavior which
is no reduction peak and two anodic peaks at 0.98 Vand 1.41 V
in1,and 0.92 V and 1.47 V in 2, respectively (Figure 2). This
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Scheme 1. Synthetic scheme for 1 and 2. Reaction conditions: 4-nitro-
benzenediazonium tetrafluoroborate, pyridine, THF.

Current @A)

20 : . : . : :
0.0 05 1.0 15 2.0
Potential/V vs. Ag/Ag”

Figure 2. Cyclic voltammograms (CVs) of 0.1 mM 1 and 2 at glassy car-
bon electrode.

could be explained by redox behavior of phenols and intra-
molecular H-bonding between two phenol moieties in 1 and
2.” That is to say, while the oxidation of phenol generally exhi-
bits only one oxidation peak with two electron transfer and pro-
ton transfer in organic solution, however, the formation of intra-
molecular H-bonding between two phenols in 1 and 2 causes
one proton transfer more difficult and the other easier, leading
to oxidation peaks at a less positive potential and a more positive
potential, respectively. This oxidation behavior of two phenols
in 1 and 2 implies that H-bonding to phenol group can be in-
fluenced by complexation with metal ions because the phenols
are present at close to crown ether or propyl ether group.
The complexation properties of 1 and 2 were also investigat-
ed by comparing the voltammetric behaviors of phenols in each
host with metal ions in DPV which was used to get a better
resolution of waves in the same condition with CV. In brief, a
constant volume (10 pL per injection) of the metal ion in 0.1 M
TBAPF; supporting electrolyte solution was added into the cell
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Figure 3. Differential pulse voltammograms (DPVs) of 0.1 mM 1 in
the presence of 0.1 mM (a) alkali, (b) alkaline earth and (c), (d) some
transition metal ions in CH3CN. Electrolyte, 0.1 M TBAPFs; pulse
amplitude, 50 mV.

to make 0.1 to 3.0 equivalent of metal ion in the solution. DPVs
were recorded after adding stoichiomertric equivalent of metal
ions successively to the respective electrochemical solution.
DPVs of 1 and 2 show almost same voltammetric behaviors
with two well-defined anodic peaks, as in CV (Figure 3 and 4).
When, however, one equivalent of alkali, alkaline earth and
transition metal ions was added to 1, which is incapable of en-
capsulation, no significant change was observed in the peak cur-
rent or potential (Figure 3). But 2 in the presence of Ca™", Sr™",
Ba”"and Pb>" shows significant voltammetric changes of DPV
in both peak current and potential (Figure 4). The addition of
one equivalent of Ca2+, Sr2+, Ba”" and Pb”>" to 2 caused large
decrease in anodic peak currents or even disappearance of the
original second anodic peak and a new peak at a more positive
potential. This is due to the electrostatic interaction between 2
and metal ions, leading to electrostatic perturbation of intra-
molecular H-bonding by encapsulation of metal ions into crown
ether and two phenol moieties. Concerning the role of binding
site in the complex, the crown ether group of 2 acts mainly as
a binding site for cation and the phenol moieties of 2 constitute
the redox active center as well as binding sites. The entrap-
ment of divalent metal ions by the crown loop and hydroxyl
groups of phenol moieties may cause deprotonation of phenol
groups which makes it difficult to oxidize phenoxide ion to
phenoxy radical in the oxidation process because of the repul-
sion between phenoxy radical and positive metal ion.
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Figure 4. DPVs of 0.1 mM 2 in the presence of 0.1 mM (a) alkali, (b)
alkaline earth and (c), (d) some transition metal ions in CH3CN. Elec-
trolyte, 0.1 M TBAPFs; pulse amplitude, 50 mV.
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Figure 5. DPVs of 0.1 mM 2 in the presence of increasing concentra-
tion of Ba”* (0.01,0.02, 0.03, 0.04, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3 mM)
in CH3CN. Electrolyte, 0.1 M TBAPF; pulse amplitude, 50 mV; inset
is the amperometric titration curve at 0.87 V.

Peak height changes of the first oxidation potential of calix-
[4]crown in the presence of one equivalent of cations are sum-
marized in Table 1. The current decreasing order of 2 of the
first peak is Ca” < St ~ Pb*"< Ba’* which is in accordance with
the order of potential shift (AEy= Ep,’ - Ey2) summarized in
Table 2. This indicates 2 binds with metal ions strongly in the
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Table 1. First anodic peak current changes of 1 and 2 (0.1 mM) to di-
fferent metal perchlorate salts (0.1 mM) in CH3CN

Metal-induced peak current changes (I5™'"/I5)

Compound

+

Li" Na~ K~ Rb" Cs° Mg™ Ca¥ s
Host1 0.89 0.88 0.87 0.89 092 093 092 0.82
Host2 093 0.83 083 073 073 092 049 042

2+

Ba® Co*" zZn® A’ Ni¥' Fe ¢t pv*
Host1 0.85 088 0.88 0.96 085 0.85 0.86 092
Host2 033 098 1.09 1.15 1.04 091 1.0l 0.40

Table 2. Peak potential differences between free host and metal ion
complexations determined by differential pulse voltammetry

Potential difference (AEy = Ey ~Ep)* (mV)

Metal ions

Ca2+ Sr2+ Ba2+ Pb2+
Host 1 -8 4 -8 4
Host 2 52 176 256 156

“Ep* and Ej, represent new peak potential of each cation-host com-
plex and second peak potential of each host, respectively.

order of Ba® > Sr*" = Pb*" > Ca’.

In order to get a further study of the electrochemical recogni-
tion phenomenon, complexion behavior of 2 with increasing
amounts of Ba”* was carried out. Figure 5 shows the effect of
concentration of Ba”". With increasing the amounts of Ba™',
the oxidation peaks of 2 at 0.87 V and especially 1.41 V de-
crease, respectively. A new peak at more positive potentials
grows at the expense of the original corresponding peaks of free
host. The peak current (I,;) at 0.87 V decreases quantitatively
by increasing the concentration of Ba’ and gradually reaches
to the minimum value at around one equivalent (Figure 5 inset).

Conclusions

The electrochemical behavior of calix[4]arene 2 bearing ni-
trophenylazo and crown-6 and its binding ability toward alkali,
alkaline earth and transition metal ions were carried out by vol-
tammetry, compared to calix[4]arene 1 containing propyl ether
groups instead of crown ether group. 2 showed a selective change
in voltammetric behavior toward the Sr**, Pb*",Ca” and espe-
cially Ba”" cation in CH;CN. This is mainly due to the presence
of crown ether group and two proximal OHs of the calix[4]-
arene framework. Control experiments with 1 devoid of crown
ether group confirm that crown ether group, as well as two phe-
nol groups, in 2 take part in the cation complexation.
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