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Abstract Four new azocalix[4]arenes {5,11,17,23-tetra-

kis[(2-hydroxy-5-tert-butylphenylazo)]-25,26,27,28-tetra-

hydroxycalix[4]arene (1), 5,11,17,23-tetrakis[(2-hydroxy-

5-nitro phenylazo)]-25,26,27,28-tetrahydroxycalix[4]arene

(2), 5,11,17,23-tetrakis[(2-amino-5-carboxylphenylazo)]-

25,26,27,28-tetrahydroxycalix[4]arene (3) and 5,11,17,23-

tetrakis[(1-amino-2-hydroxy-4-sulfonicacidnapthylazo)]-

25,26,27,28-tetrahydroxycalix[4]arene (4)} have been syn-

thesized from p-tert-butylphenol, p-nitrophenol, p-amino-

benzoic acid and 1-amino-2-hydroxy-4-sulphonic acid by

diazo coupling reaction with p-aminocalix[4]arene. The

resulting ligands (1–4) were treated with three transition

metal salts (e.g., CuCl2�2H2O, NiCl2�6H2O or CoCl2�
6H2O). Cu(II), Ni(II) and Co(II) complexes of the azoca-

lix[4]arene derivatives were obtained and characterized by

UV-vis, IR, 1H-NMR spectroscopic techniques and ele-

mental analysis. All the complexes have a metal:ligand

ratio of 2:1. The Cu(II) and Ni(II) complexes of azoca-

lix[4]arenes are square-planar, while the Co(II) complexes

of azocalix[4]arenes are octahedral with water molecules

as axial ligands. The solvent extraction of various transition

metal cations from the aqueous phase to the organic phase

was carried out by using azocalix[4]arenes (1–4). It was

found that, azocalix[4]arenes 1, 2 and 3 examined selec-

tivity for transition metal cations such as Ag+, Hg+ and

Hg2+. In addition, the thermal stability of metal:azoca-

lix[4]arene complexes were also reported.

Keywords Calixarene � Azocalix[4]arene � Diazo-

coupling reaction � Cu2+ � Ni2+ � Co2+ � Complexation �
Solvent extraction � DTA/DTG

Introduction

Calixarenes are a class of macrocyclic compounds of fun-

damental interest and they are growing technical impor-

tance in various areas. Functionalised (either at the ‘‘lower

rim’’ oxygens or at the ‘‘upper rim’’ carbons) and parent

calix[4]arenes have received intense attention over the past

20 years [1, 2]. Most of this interest has been focussed on

the calix[4]arene series (which contain four phenolic resi-

dues) and these are the subject of our present contribution.

From an organometallic and organometallic-related stand-

point, dianionic di-O-alkyl functionalised calix[4]arenes

have been served as novel and versatile O-donor ligand

platform (tri- and tetra-anionic homologues have also

received attention) and much new transition metals [2, 3]

and post-transition metal [4] chemistry have emerged.

Among these substituents, for instance, additional donor

groups such as amide moieties, show greater efficiency for

metal ion complexation than oxo, ester and either groups [5,

6], and have been grafted onto the lower rims of calixarenes

for complexation of alkali [7, 8] and alkaline earth metal

ions [9, 10] and transition metal ions [11, 12]. In contrast the

incorporation of carbocyclic agents such as 4-n-butylani-

line, 4-(phenylazo)aniline, 4-aminoacetanilide, N¢-2-thia-

zol-2-ylsulfonyl amide and 2-aminothiazol to the upper rim

of calix[4]arene [13] have a special interest in the com-

plexation of transition metal cations.

Although quite large number of reports exist on the

azocalix[4]arenes synthesis, those on the azocalix[n]arenes

applications are still limited.
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Until now, all synthesized studies have described the

preparation of the new azo calixarenes that were synthe-

sized using calix[n]arenes and phenols with various amines

[14, 15]. Our previous studies have confirmed that in

presence of Cu2+, Ni2+, Co2+ and Fe3+ ions can be extracted

selectively using calix[n]arenes. We have also examined

both the selective extraction of Fe3+ ion from the aqueous

phase into the organic phase [16] and the liquid-liquid

extractions of transitions metal cations [17] using diazo-

coupled calix[n]arenes.

Recent works by the author have synthesized the series

of twelve aromatic azocalix[4]arenes and azoca-

lix[6]arenes or the series of seven heterocyclic azoca-

lix[4]arenes and azocalix[6]arenes. These substances have

been investigated for their absorption, chromogenic and

ionophoric properties [18–21]. Herein, we report the

synthesis, complexation, extraction and thermal behaviour

of four new azocalix[4]arene with metal:ligand ratio,

solvent extraction properties and thermal stability of

complexes.

Results and discussion

Synthesis and characterization

Azocalix[4]arenes have been widely used as three-dimen-

sional building blocks for the construction of artificial

molecular receptors capable of recognizing neutral mole-

cules, cations, anions and thermal behaviours. Thus, having

chosen the p-tert-butylcalix[4]arene as the basis for

derivatives, a synthetic scheme had to be developed to

enable the derivatization of the molecule. Such a synthetic

route is shown in Scheme 1. The chromogenic azoca-

lix[4]arenes reported here were designed to take advantage

of the well-established binding interactions of chromogenic

molecules and transition metal cations. The synthesis of

azocalix[4]arenes 1–4 were based on the previously pub-

lished procedures [13] while reaction steps leading from 1

to 4 are reported for the first time.

The synthetic utility of the azocalix[4]arene is well

known and can be bridged across the upper rim. Briefly,
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calix[4]arene is prepared by debutylation of p-tert-buty-

lcalix[4]arene. The coupling reaction of calix[4]arene with

4-carboxyphenyldiazonium chloride in aqueous THF give

p-(4-carboxyphenylazo) calix[4]arene in 85% yield. It was

confirmed by the appearance of an azo band at 1470 cm–1

in the IR spectra of this compound.

The cleavage of an azocalix[4]arene in presence of zinc

dust and ammonium formate or formic acid was completed

within 30 min. The disappearance of a strong absorption

1400–1500 cm–1 due to –N = N– group and appearance of

a strong absorption band between 3500–3000 cm–1 due to

the –NH2 stretching that clearly showed the p-aminoca-

lix[4]arene.

In this study, we have synthesized four new diazo

coupling calix[4]arene containing two groups in its struc-

ture for the recognition of diazo (–N = N–) and neigh-

bouring groups (–OH for 1, 2 and 4, –NH2 for 3). These

groups enables, azocalix[4]arenes 1, 2, 3 and 4 to be con-

verted to its diazo derivative with phenol derivatives

(p-tert-butylphenol, p-nitrophenol, p-aminobenzoic acid

and 1-amino-2-hydroxy-4-sulphonic acid) into acetic acid

in the presence of NaNO2/H2SO4 easily. After 12 h

stirring, azocalix[4]arenes 1–4 were isolated in 67–90%

yield, and these four new azocalix[4]arenes were charac-

terized by a combination of UV-vis, IR, 1H NMR and

elemental analysis.

The results of the elemental analysis for nitrogen agree

well with the calculated values indicating formation of the

coupling product. The similarity of the reaction yields with

literature values supports this [13].

The IR spectra, the stretching vibrations of the azoca-

lix[4]arenes 1 and 2 appear at 3143–3160 cm–1 (–OH),

1652–1650 cm–1 (arom. –C = C–) and 1483–1481 cm–1

(–N = N–), azocalix[4]arene 3 have characteristic IR

absorption bands of 3359 cm–1 (–NH2), 1682 cm–1

(–C = O) and azocalix[4]arene 4 have characteristic strong

IR absorption bands of 3340 cm–1 (–NH2), 3160 cm–1

(–OH) and 1034 cm–1 (–SO3H), respectively.
1H NMR spectroscopy is a versatile tool for the identi-

fication of calixarene conformations. The 1H NMR data

showed that all azocalix[4]arenes 1–4 exist in a cone

conformation due to the appearance of ArCH2Ar as a

typical AB protons signal at 3.2–4.8 ppm.

The lower field signals of the hydroxyl group of the two

azocalix[4]arenes (1 and 2) resonate at ca. 9.2–10.8 ppm

and 8.2–10.2 ppm, respectively and these are typical for

intramolecular hydrogen bonding protons as reported in the

literature [14]. It was observed that the tert-butyl protons of

azocalix[4]arene 1 resonate at 1.3 ppm. Although the

compounds have two aromatic rings in different environ-

ments, they give a multiple peak due to overlapping.

Also, the phenyl protons were also observed as a multiple

at 6.5–7.9 ppm. The peaks of aromatic protons of the

azocalix[4]arenes are complicated. The azocalix[4]arene 3

shows peaks located in the range of 5.2 ppm, which are

attributed to the –NH2 groups. The lower field signals of

the carboxyl groups of this compound resonate at ca.

11.0 ppm. On the other hand, the azocalix[4]arene 4 was

obtained as a singlet at 5.1 ppm having to the –NH2 group

such as the azocalix[4]arene 3. It was observed that the –

SO3H protons of azocalix[4]arene 4 resonate at 13.8 ppm.

Metal complexation

The ultraviolet spectral behaviours of the azocalix[4]arenes

1–4 were investigated in chloroform. Comparing data of

the UV spectra, it was found that all of the spectra show a

strong absorption maximum in the 285–298 nm range with

high extinction coefficients. As can be seen from Table 1,

the azocalix[4]arene 1–4 give two absorption bands (p –

p* and n – p* transitions) (Fig. 1).

The electronic spectra of the complexes exhibit intense

charge-transfer bands around 314–394 nm, but weak d–d

transitions are observed only for the Cu(II), Ni(II) and

Co(II) complexes with 1 at 538, 527, 529 nm, with 2 at

550, 417, 407 nm, with 3 at 438, 606, 608 nm and with 4 at

450, 517, 603 nm, respectively (Table 1).

The azocalix[4]arenes which are synthesized by diazo-

coupling reaction have been defined as molecular design of

chromogenic phenolic compounds in the literature [16].

The metal-ligand ratio in all these complexes is 2:1. The

presence of coordinated or lattice water in the Cu(II) and

Ni(II) complexes are indicated by the presence of broad

Table 1 Absorption spectra of azocalix[4]arene and their complexes

in CHCl3

Ligands and their

complexes

k (nm)

n – p*

k (nm)

p – p*

k (nm)

d–d

1 305 285 –

1.Cu 394 293 538

1.Ni 317 295 527

1.Co 381 263 529

2 363 298 –

2.Cu 319 280 550

2.Ni 314 291 417

2.Co 317 283 407

3 395 290 –

3.Cu 385 276 438

3.Ni 361 288 606

3.Co 362 270 608

4 323 287 –

4.Cu 391 267 450

4.Ni 370 278 517

4.Co 350 218 603
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bands in the 3420–3430 cm–1 region of the IR spectra of

these complexes and described to O-H of water. The band

in the IR spectra of the Cu(II) and Ni(II) complexes dis-

appears after heating at 100 �C for 6 h. This shows that

water molecules are held in the crystal lattice of these

complexes.

Consequently, both a square-planar structure for the

Cu(II) and Ni(II) complexes of azocalix[4]arenes and an

octahedral structure with water molecules as axial ligands

for the Co(II) complexes of azocalix[4]arenes are proposed

as shown in Scheme 2.

The resulting ligands (1–4) synthesized by the chelation

between different metal ions (Cu2+, Ni2+ and Co2+). These

compounds were confirmed by elemental analysis, FT-IR

spectra. In the FT-IR spectra of all the complexes, there

were new bands observed in the region 650–420 cm–1,

which were absent in the spectrum of the free ligand.

The bands observed at 649–603 cm–1 (M–O) and 487–

425 cm–1 (M–N) provided conclusive evidence concerning

the bonding of nitrogen and oxygen to the metal ions. Azo

groups bands of azocalix[4]arenes (1–4) exhibits at 1483–

1473 cm–1 and on complexations these bands disappears.

The appearance of these bands gives the evidence that azo

groups were involved in chelation with Cu2+, Ni2+ and

Co2+. The free 4 ligand exhibits bands at 3340, 3160, 2970,

1620, 1473, 1186, 1034 cm–1 due to different modes of

vibrations of –NH2 group. On complexations, these bands

were absent. It is in agreement with previous literature

results [22].

Extraction studies

Extraction behaviour for transition metal ions were also

studied for azocalix[4]arenes. Extraction efficiencies of the

azocalix[4]arenes 1–4 have been carried out by the two

phase solvent extraction of transition metal picrates (Ag+,

Hg+, Hg+2, Co2+, Ni2+, Cu2+, Cd2+, Zn2+, Al3+, Cr3+ and

La3+) into chloroform under neutral conditions. The results

are given in Table 2. These data have been obtained by

using chloroform solution of these azocalix[4]arene com-

pounds 1–4 to extract metal picrates from an aqueous

phase. The equilibrium concentration of picrate in aqueous

phase was then determined spectrophotometrically (Fig. 2).

From the data in Table 2 it can be seen that, azoca-

lix[4]arenes 1, 2 and 3 are very effective selectivity for

transition metal cations such as Ag+, Hg+ and Hg2+. Those

azocalix[4]arenes show higher selectivity toward Hg+ and

Hg2+ than the azocalix[4]arene 4. The above phenomena

can be explained by the (hard–soft) acid—base principle as

follows: the azocalix[4]arenes 1 and 2 contain electron-

donating and electron-withdrawing groups, respectively.

Azocalix[4]arene 1 containing electron-donating groups

(tert-butyl) is a harder base and prefers the Hg2+ cation

(91.0%). Azocalix[4]arene 2 containing electron-with-

drawing groups (–NO2) is a softer base and prefers the Hg+

cation (68.5%).

Interestingly, it was observed that azocalix[4]arene 3

showed remarkable change in the extraction of transition

metals, especially in the case of Co2+ (23.4%), Zn2+

(38.7%) and Cr3+ (21.8%) due to the presence of neigh-

Fig. 1 Absorption spectra of azocalix[4]arene 2 and their complexes

in CHCl3. [(i) Cu2+, (ii) Ni2+ and (iii) Co2+]
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bouring –NH2 group sites in the –N = N– groups. The

effectiveness of azocalix[4]arene 3 in transferring transi-

tion metals rather than others indicate that, in this case,

bridging amine (–NH2) groups appeared to be operative

and play an important role at water-chloroform interphase,

since the metal ions could possibly be interacted with these

soft ligating sites. This is in agreement with our previous

results [17]. The other reason for this high binding ability

displayed by azocalix[4]arene 3 may be due to the preor-

ganization and fine tuning of the cation binding sites in the

lower rim of calixarene moiety, which is immobilized in

cone conformation possibly provide such an environment

for the complexation of metal cations.

In the light of our previous experience [17], the metal

binding properties of azocalix[4]arenes were investigated

and showed high selectivity for Ag+, Hg+ and Hg2+ ions,

promoting us to elaborate on its structure so that it could be

incorporated into different types of azocalix[n]arenes. Thus

calix[4]arenes was diazotisated on the NaNO2/H2SO4 to

yield the azo derivatives (1–4). The aim was to synthesize

neighbour groups (–OH for 1, 2 and 4, –NH2 for 3) to diazo

(–N = N–) group, which may be help in most of the solvent

extraction.

The azocalixarene compounds are effective extractants

of towards transition metal cations. In our previous study

[23], we observed that compounds with phenolic –OH

groups were also effective in the extraction of Fe3+ at low

pH values. However, this conclusion is not new and has

been previously reported in the literature [16]. Those

azocalix[4]arenes, which are very effective in extracting

the transition metal cations, particularly Ag+, Hg+ and

Hg2+, do not extract the alkaline metal cations to any

significant extent, as reported by Nomura et al. [24], who

used p-phenylazocalix[6]arene as the ligand.

Thermal behaviour

Thermal analysis plays an important role in the study of the

structure and stability of calix[n]arenes. The applicability

of some azocalix[4]arenes for special uses and determining

the thermal stabilities of them are also very important.

All thermal analysis measurements in this work were per-

formed under exactly the same experimental conditions.

Four azocalix[4]arene different compounds (1–4) involving

diazo groups in upper rim were investigated.

The TG and DTA curves of azocalix[4]arenes (1–4) in

flowing dry nitrogen atmosphere are illustrated in Fig. 3.

The amount of volatile pyrolysis products for azoca-

lix[4]arenes and thermoanalytical results obtained from

TG, DTA curves are also given in Table 3.

The thermal stability of azocalix[4]arene 2 was deter-

mined by thermal gravimetric analysis (TGA) in a nitrogen

atmosphere. The temperature at which 13% weight loss

occurred was 167–269 �C. Figure 3 gives the TGA curves

of the metal(II)—azocalix[4]arene complexes. From the

data in Table 3 and Fig. 3 it can be seen that the TGA

curves of the copper(II) and nickel (II) azocalix[4]arene

complexes exhibit a sharp decomposition temperature

at about 101 and 84 �C, respectively, while the

cobalt(II)—azocalix[4]arene complex exhibits a progres-

sive decomposition temperature above 80 �C. These data

show that the cobalt(II)—azocalix[4]arene complex is

thermally more stable than copper(II) and nickel(II)—az-

ocalix[4]arene complexes and possible to fabricate a small

Table 2 Extractions of metal picrates with ligandsa

Ligands Picrate salt extracted (%)

Ag+ Hg+ Hg2+ Co2+ Ni2+ Cu2+ Cd2+ Zn2+ Al3+ Cr3+ La3+

1 66.7 79.0 91.0 11.7 10.9 6.5 9.0 6.0 4.0 11.2 6.0

2 67.0 68.5 57.1 7.7 10.1 5.7 6.9 2.6 1.2 17.8 5.3

3 73.0 81.2 65.7 23.4 16.7 8.9 11.4 38.7 3.2 21.8 7.9

4 – 8.6 9.3 – – – – – – – –

a H2O/CHCl3 = 10/10 (v/v) : (1) Aqueous phase [metal nitrate] = 10–2 M; (2) [picric acid] = 2 · 10–5 M; (3) organic phase, chloroform

[ligand] = 1 · 10–3 M; (4) 25 �C for 1 h
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and sharp recording mark edge due to its high and sharp

thermal decomposition threshold. It is in agreement with

our previous results [25, 26].

Conclusions

In summary, the synthesis and complexation ability of four

new azocalix[4]arene based on neighbour receptors (1–4)

were studied. The spectroscopic results of all the com-

pounds (1–4) revealed that these compounds do exist in

cone conformation. The complexation studies show that

azocalix[4]arene 1, 2 and 3 are excellent receptors for Ag+,

Hg+ and Hg2+ metal cations as compared to azoca-

lix[4]arene. Moreover, the extraction property of azoca-

lix[4]arene 4 is not enhanced in the acidic medium due to

its protonation.

It has been suggested that, by the introduction of

appropriate functions and/or bridges or by choosing a

particular conformation, the calixarene based receptors

could be proved to find remarkable applications in the

design of chemical sensors, using an electrochemical

Fig. 3 TGA and DTA curves of azocalix[4]arene 2 and its complexes [(i) Cu2+, (ii) Ni2+ and (iii) Co2+]

Table 3 The thermoanalytical results obtained from TG, DTA and DTG curves

Ligands and their complexes Stage 1 Stage 2 Stage 3

Range of reaction DTAmax Range of reaction DTAmax Range of reaction DTAmax

1 132–253 247.93 261–402 367.12 413–673 471.61

1.Cu 119–165 127.17 186–474 271.71 475–485 482.60

1.Ni 45–218 99.98 222–299 241.10 304–339 320.29

1.Co 53–97 74.59 113–178 149.85 189–684 224.46

2 167–269 254.75 276–477 468.11 488–847 495.76

2.Cu 77–125 101.21 132–369 221.00 376–564 389.81

2.Ni 35–96 83.59 103–332 109.55 333–542 412.68

2.Co 47–91 80.46 92–299 162.29 303–329 312.43

3 71–242 134.73 254–357 336.86 365–839 422.89

3.Cu 80–111 102.08 118–272 229.33 287–339 320.38

3.Ni 43–128 107.76 134–294 162.18 309–491 371.13

3.Co 44–84 77.64 123–264 143.98 295–355 340.14

4 152–226 213.47 230–308 240.04 311–363 342.23

4.Cu 83–281 104.94 285–347 339.22 345–845 363.76

4.Ni 48–102 111.99 107–308 173.98 321–642 333.38

4.Co 56–113 77.46 120–286 183.09 290–375 316.29
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transductions, as conventional ion-selective electrodes

(ISE) and solid-state sensors (ISFETs).

Based on the above results, we conclude that ligand

groups circularly arranged on the upper rim of the ca-

lix[n]arene cavity construct, which is a novel cyclic metal

receptor for selective extraction of transition metal cations.

The resistance to heat at elevated temperatures is one of

the main properties required for azocalix[4]arene used in

high temperature processes such as the dyeing of textile

fibres, ink-jet printing and photocopying and in high

technology areas lasers and electro-optical devices.

Experimental

All reagents used were purchased from Merck or Carlo-

Erba and were chemically pure. The drying agent em-

ployed was anhydrous magnesium sulphate. Melting points

were measured using an Electrothermal IA 9100 digital

melting point apparatus in capillaries sealed under nitrogen

and are uncorrected. 1H-NMR spectra were referenced to

tetramethylsilane (TMS) at 0.00 ppm as internal standard

and were recorded on a Bruker 400-MHz spectrometer at

room temperature (25 ± 1 �C). IR spectra were recorded

on a Mattson 1000 FT-IR spectrometer as KBr pellets. UV-

vis spectra were obtained on a Shimadzu UV-1601 UV-

visible recording spectrophotometer. The elemental anal-

ysis was performed in the TUBITAK Laboratory (Center of

Science and Technology Research Turkey).

Thermal stability was measured over 50–800 �C using a

Shimadzu thermogravimetric analyser (Model: DTA-60H).

During the measurement, dry nitrogen gas punged at a flow

rate of 100 cc/min and a ramping rate of 10 �C/min was

employed.

Solvent crystallization was retained in some at the

analytical samples and attached the elemental analysis in

such cases, best fits between the analytical values and

appropriate fractional increments of solvents were used.

All aqueous solutions were prepared with deionised water

that had been passed a Human Power I Plus I + UV water

purification system.

Preparation of the ligands

p-tert-Butylcalix[4]arene, calix[4]arene, 5,11,17,23-tetra-

kis[(p-carboxyphenyl)azo]-25,26,27, 28-tetrahydroxycalix-

[4]arene and 5,11,17,23-tetraamino-25,26,27,28-tetrahy-

droxycalix[4]arene were synthesized as described by a

previously reported method [27–30].

Preparation of p-phenylazocalix[4]arenes {5,11,17,23-

tetrakis[(2-hydroxy-5-tert-butyl phenylazo)]-25,26,27,28-

tetrahydroxycalix[4]arene (1), 5,11,17,23-tetrakis[(2-hy-

droxy-5-nitrophenylazo)]-25,26,27,28-tetrahydroxyca-

lix[4]arene (2), 5,11,17,23-tetrakis[(2-amino-5-carboxyl-

phenylazo)]-25,26,27,28-tetrahydroxycalix[4]arene (3) and

5,11,17,23-tetrakis[(1-amino-2-hydroxy-4-sulfonicacid-

napthylazo)]-25,26,27,28-tetrahydroxycalix[4]arene (4)]}

were obtained 67–90% yield. The obtained compounds

were purified by crystallization using the some solvent

(DMF/H2O) and were than analysed.

Synthesis of 5,11,17,23-tetrakis[(2-hydroxy-5-tert-

butylphenylazo)]-25,26,27,28-tetrahydroxycalix[4]arene

(1)

General procedure: [31] A solution of diazonium salt of

5,11,17,23-tetraamino-25,26,27,28-tetrahydroxyca-

lix[4]arene was prepared by adding an aqueous solution of

sodium nitrite (0.12 g, 0.17 mmol) dropwise into homo-

geneous mixture of 0.10 mL sulphuric acid and 1 mL

glacial acetic acid. The mixture was stirred at 0 �C for

5 min. This diazonium salt solution was added dropwise

into a solution of p-tert-butylphenol (0.25 g) in 3 mL of

acetone at 0 �C. The solution was stirred for an additional

12 h at 0 �C. CHCl3 (25 mL) and water (25 mL) added the

organic layer was separated and dried over MgSO4. Re-

moval of the organic solvent in vacuo afforded a brownish

solid, which was filtered and washed with water and

MeOH, and dried. The resulting solid was recrystallized

from DMF/H2O mixture that gave a dark brown product.

Yield, 0.14 (67%), mp. 223 �C. [Found: C 72.11; H 6.68; N

9.74]; C68H72N8O8 requires C 72.32; H 6.43; N 9.92. IR

(KBr) t: 3143 cm–1 (–OH), 2960 cm–1 (–CH alif.),

1652 cm–1 (–C = C), 1483 cm–1 (–N = N), 1191 cm–1 (C–

O). 1H-NMR (CDCl3, 25 �C) dH: 1.3 (36H, s, –C(CH3)),

3.2–4.1 (8H, s, J = 13.2 Hz, Ar–CH2–Ar), 6.7–7.5 (20H,

m, Ar–H), 9.2 (4H, s, OH), 10.8 (4H, s, OH).

This azocalix[4]arene 1 was soluble in EtOH, acetone,

acetic acid, benzene, CHCl3, DMSO, 10% NaOH and

slightly soluble in diethyl ether, 10% HCl and insoluble in

water.

Synthesis of 5,11,17,23-tetrakis[(2-hydroxy-5-

nitrophenylazo)]-25,26,27,28-tetra hydroxycalix[4]arene

(2)

Azocalix[4]arene 2 was prepared as described above, using

p-nitrophenol in acetone and obtained as a dark brown

solid, which was filtered and washed with water and

MeOH, and dried. The resulting solid was recrystallized

from DMF/H2O mixture that gave a brown product. Yield,

0.42 g (89%), mp. 277 �C; [Found: C 57.36; H 3.67; N

15.12]; C52H36N12O16 requires C 57.57; H 3.34; N 15.49.

IR (KBr) t: 3160 cm–1 (–OH), 2950 cm–1 (–CH alif.),
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1650 cm–1 (–C = C), 1481 cm–1 (–N = N), 1208 cm–1 (C–

O). 1H-NMR (CDCl3, 25 �C) dH: 3.4–4.4 (8H, s, J = 13.2

Hz, Ar–CH2–Ar), 6.5–7.2 (20H, m, Ar–H), 8.2 (4H, s,

OH), 10.2 (4H, s, OH).

Azocalix[4]arene 2 was soluble in EtOH, acetone, acetic

acid, benzene, CHCl3, DMSO, 10% NaOH and slightly

soluble in diethyl ether, 10% HCl and insoluble in water.

Synthesis of 5,11,17,23-tetrakis[(2-amino-5-

carboxylphenylazo)]-25,26,27,28-tetra

hydroxycalix[4]arene (3)

Azocalix[4]arene 3 was prepared as described above, using

p-aminobenzoic acid in acetone and obtained as a dark

orange solid, which was filtered and washed with water and

MeOH, and dried. The resulting solid was recrystallized

from DMF/H2O mixture that gave a dark orange product.

Yield, 0.41 g (90%), mp. 280 �C; [Found: C 62.19; H 4.23;

N 15.73]; C56H44N12O12 requires C 62.45; H 4.12; N

15.61. IR (KBr) t: 3359 cm–1 (–NH2), 3171 cm–1 (–OH),

2970 cm–1 (–CH alif.), 1682 cm–1 (–C = O), 1604 cm–1

(–C = C), 1473 cm–1 (–N = N), 1200 cm–1 (C–O).
1H-NMR (CDCl3, 25 �C) dH: 3.8–4.6 (8H, s, J = 13.2 Hz,

Ar–CH2–Ar), 5.2 (8H, s, NH2), 6.8–7.1 (20H, m, Ar–H),

8.5 (4H, s, OH), 11.0 (4H, s, COOH).

Azocalix[4]arene 3 was soluble in EtOH, acetic acid,

benzene, DMSO, 10% HCl and slightly soluble in diethyl

ether, acetone, CHCl3,10% NaOH and insoluble in water.

Synthesis of 5,11,17,23-tetrakis[(1-amino-2-hydroxy-4-

sulphonicacidnapthylazo)]-25,26,27,28-

tetrahydroxycalix[4]arene (4)

Azocalix[4]arene 4 was prepared as described above, using

1-amino-2-napthol-4-sulphonic acid in 10% NaHCO3 and

obtained as a dark red solid, which was filtered and washed

with water and MeOH, and dried. The resulting solid was

recrystallized from DMF/H2O mixture that gave a dark red

product. Yield, 0.41 g (70%), mp. 327 �C; [Found: C

54.71; H 3.75; N 11.08; S 8.77]; C68H52N12O20S4 requires

C 54.98; H 3.53; N 11.31; S 8.63. IR (KBr) t: 3340 cm–1

(–NH2), 3160 cm–1 (–OH), 2970 cm–1 (–CH alif.),

1620 cm–1 (–C = C), 1473 cm–1 (–N = N), 1186 cm–1

(C–O), 1034 cm–1 (–SO3H). 1H-NMR (CDCl3, 25 �C) dH:

3.6–4.8 (8H, s, J = 13.2 Hz, Ar–CH2–Ar), 5.1 (2H, s,

NH2), 6.8–7.9(24H, m, Ar–H), 8.9 (4H, s, OH), 13.8 (4H, s,

OH).

Azocalix[4]arene 4 was soluble in EtOH, acetic acid,

benzene, CHCl3, DMSO, and slightly soluble in diethyl

ether, acetone,10% HCl, 10% NaOH and insoluble in

water.

Preparation of the transition metal complexes at 1–4

A solution of 0.25 mmol metal salt (43.0 mg of

CuCl2�2H2O, 59.5 mg of NiCl2�6H2O and 59.5 mg of

CoCl2�6H2O) in a sufficient amount of ethanol (ca. 5 mL)

was added to a solution 1–4 (0.20 g) in 20 mL of ethanol-

THF (4:1) by stirring and the mixture was boiled on a water

both for 30 min and subsequently was allowed to stirring at

room temperature for 1 h. The solvents were then removed

in vacuo and the crude product was washed with ethanol,

then diethylether. Yields, colours and spectral data of the

complexes are given in below.

1.Cu: 0.15 g (65%) as a light green solid; IR (KBr) t:

639 cm–1 (M–O) and 425 cm–1 (M–N)

1.Ni: 0.17 g (75%) as a green solid; IR (KBr) t: 605 cm–

1 (M–O) and 443 cm–1 (M–N)

1.Co: 0.15 g (63%) as a green solid; IR (KBr) t:

628 cm–1 (M–O) and 467 cm–1 (M–N)

2.Cu: 0.13 g (58%) as a green solid; IR (KBr) t:

603 cm–1 (M–O) and 443 cm–1 (M–N)

2.Ni: 0.14 g (75%) as a violet solid; IR (KBr) t: 610 cm–

1 (M–O) and 439 cm–1 (M–N)

2.Co: 0.16 g (67%) as a violet solid; IR (KBr) t:

617 cm–1 (M–O) and 487 cm–1 (M–N)

3.Cu: 0.18 g (81%) as a light blue solid; IR (KBr) t:

647 cm–1 (M–O) and 478 cm–1 (M–N)

3.Ni: 0.16 g (76%) as an orange solid; IR (KBr) t:

637 cm–1 (M–O) and 444 cm–1 (M–N)

3.Co: 0.16 g (69%) as an orange solid; IR (KBr) t:

635 cm–1 (M–O) and 438 cm–1 (M–N)

4.Cu: 0.10 g (48%) as a light blue solid; IR (KBr) t:

636 cm–1 (M–O) and 454 cm–1 (M–N)

4.Ni: 0.12 g (56%) as a green solid; IR (KBr) t: 639 cm–

1 (M–O) and 463 cm–1 (M–N)

4.Co: 0.12 g (54%) as an orange solid; IR (KBr) t:

649 cm–1 (M–O) and 436 cm–1 (M–N)

Solvent extraction

A chloroform solution (10 mL) of ligand (1 · 10–3 M) and

an aqueous solution (10 mL) containing 2 · 10–5 M picric

acid and 1 · 10–2 M metal nitrate were shaken at 25 �C for

1 h contact time. After the two phases were allows to settle

for 1 h, an aliquot of the aqueous solutions was taken and

the ultraviolet spectrum was recorded. A similar extraction

was performed in the absence of picrate ion in the aqueous

solutions. The extractability of the metal cations expressed

by means of following equation:

Extractabilityð%Þ ¼ ½ðA0 � AÞ = A0� � 100
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where A0 and A are the absorbancies in the absence and

presence of ligand, respectively.
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