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Abstract This article displays the synthesis of N-(2-tosy-

lato)ethylpiperazine (ii) and 5,11,17,23-tetra-tert-butyl-

25,27-bis-(2-piprazinoethyl)-26,28-dihydroxycalix[4]arene

(3). Compounds (ii) and 3 were characterized through ele-

mental analysis, FT-IR, 1H NMR and/or 13C NMR studies.

The transition metal cations (Hg2?, Co2?, Ni2?, Cu2?, and

Cd2?) and dichromate anion were studied by liquid–liquid

extraction experiment. The results showed that compound 3

has moderate but selective extraction ability for Hg2? and

dichromate anion. Comparison between extraction proper-

ties of compound 3 with previously reported 5,11,17,23-

tetra-tert-butyl-25,27-bis(isoniazidylcarbonylmethoxy)-

26,28-dihydroxy-calix[4]arene (4) and protonated pyridini-

um form of 4 (5) is also described.

Keywords Calixarene � Liquid–liquid extraction �
Complexation � Chromium � Metals

Introduction

Much attention is being paid now-a-days for design and

synthesis of supramolecular receptors that can selectively

separate the toxic ions from aqueous environment at tem-

perate conditions. Over the last two decades, calixarenes, a

fascinating class of macrocyclic oligophenols, have

received considerable attention due to their distinctive

three dimensional molecular structures and ease of one-pot

synthesis. These versatile macrocyclic compounds have an

ability to bind or complex selectively with cations, anions

and/or neutral species [1–4]. They are widely applied in

enzyme mimetics [5], ion sensitive electrodes [6], sensors

[7], selective membranes [8, 9], separation [10, 11], and

catalysis [12].

Transition metals such as (Hg2?, Co2?, Ni2?, Cu2?, and

Cd2?) are known as toxic due to their accumulative nature

and continual existence in the environment. The presence

of these toxicants in water and soil cause health hazard at

concentrations above than permissible limits. Therefore,

main goal of modern research is the synthesis of versatile,

environmental friendly and reusable extractants for reme-

diation of these trace metals. Generally, calix[4]arene

derivatives are employed because of their stable confor-

mational isomers and remarkable extraction properties for

selective removal of toxic metal ions. They have been

extensively used as selective ligands for a wide range of

metal ions, such as, sodium [13–15], lithium [16], calcium

[17, 18], silver [19], mercury [20, 21], cesium [22], or to a

lesser extent anions [23–27] in extraction, transport and ion

selective electrodes. Obviously, soft donor atoms such as

nitrogen [28, 29], sulphur [30] or phosphorus [31] have

been introduced in calix[4]arene molecule to increase its

affinity toward soft metal ions.

Chromium (VI) is a carcinogen in humans and animals,

as chromates and dichromates being both mutagenic and

genotoxic. Thus, presence of chromate and dichromate

anions in soil and water causes high toxicity [32, 33].

Chromium (VI) is more toxic than chromium (III) due to its

greater solubility and mobility. Chromium (VI) requires

intracellular reduction for activation and this in vivo

reduction can produce several reactive intermediates such

as chromium (V) and chromium (IV) that can damage

DNA [33]. The considerable quantities of Chromium (VI)

are found near areas of industrial activities such as

leather tanning, textile dyeing, wood preserving, plating
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operations, oil drilling, or locations where large tanks have

been cleaned with chromium (VI) solutions. The manu-

facture of inks, pigments, glass, ceramics and glues can

also be affected sites [34]. One way of the chromium (VI)

removal is its reduction to chromium (III), which forms

insoluble oxides and hydroxides that require extra filtration

for their separation. Therefore, in order to directly remove

chromium (VI) from aqueous solution, the liquid–liquid

extraction method with anion host is useful [35].

Calix[4]arene-based anion hosts are preferable because

their aromatic core structure is stable to oxidation and they

are suitable extractants due to exclusive characteristics of

hydrogen bonding, p–p interactions, electrostatic interac-

tions, and dipole–dipole moments [36, 37]. An early use of

a calixarene for the extraction of chromium (VI) employed

amine substituents on the narrow rim of the calix[4]arene

which can form hydrogen bond with the oxoanions [38].

Subsequently, the longer alkyl chain homologs have also

been found to extract Cr(VI) as the protonated diaminoc-

alix[4]arene derivative [39]. The pyridine substituted

calix[4]arene derivatives have also been used to synthesize

pH reversible chromium(VI) extractants [40, 41]. Calixa-

renes with amide substituents have been used for hydro-

gen bonding with the oxoanions [42, 43]. Recently,

calix[4]arenes with nitrile substituents act as phase transfer

extractants for chromium(VI) [44]. Crown ether moiety

incorporated into the structure of the calix[4]arene has also

been proven to be a complementary binding site for oxo-

anion salts [23, 24].

In the present paper, the need of a versatile receptor

molecule capable of anchoring cationic as well as anionic

guest species especially chromium (VI) has been explored.

Herein, we report synthesis and characterization of a new

piperazine derivative of calix[4]arene (3) as well as

investigation of its extraction properties toward the toxic

metals and dichromate ions. A comparison between the

extraction properties of 3 with previously reported [41]

pyridine substituted calix[4]arene derivative (4) and its

protonated pyridinium form (5) is also demonstrated.

Experimental section

Materials and instrumentation

Melting points were determined on a Gallenkamp appara-

tus (UK) in a sealed glass capillary tube and are uncor-

rected. 1H NMR and 13C NMR spectra were recorded on a

Bruker 400 MHz spectrometer in CDCl3 using TMS (tet-

ramethyl silane) as internal standard at room temperature.

IR spectra were recorded on a Thermo Nicollet AVATAR

5700 FTIR spectrometer using KBr pellets in spectral

range 4,000–400 cm-1. UV/visible spectra were recorded

on a Perkin Elmer Lambda 35 UV/Vis spectrophotometer

using standard 1.00 cm quartz cells. For pH measurement

781-pH/ion meter (Metrohm Switzerland) was used.

Mechanical shaker (Gallenkamp) with temperature con-

troller was used for shaking. Elemental analyses were

performed using a CHNS instrument model Flash EA 1112

elemental analyzer. All the reagents used were purchased

from Merck (Darmstadt, Germany) and were used as sup-

plied. Thin layer chromatography (TLC) was performed on

precoated silica gel plates (SiO2, PF254, Merck). All

aqueous solutions were prepared with deionized water that

had been passed through a Millipore Milli-Q Plus water

purification system.

Synthesis

p-tert-Butylcalix[4]arene (2) was synthesized by the

method described by Gutsche [45]. The compounds 4 and 5

were reported previously [41]; while the other compounds

(ii and 3) were synthesized as follows:

N-(2-tosylato)ethylpiperazine (ii)

N-(2-hydroxy)ethylpiperazine (3.9 g, 3.7 mL, 30 mmol)

and 10 mL solution of 0.1 M NaOH were dissolved in THF

(50 mL). To the stirred mixture maintained at 0 �C,

p-toluenesulfonyl chloride (12 g, 63 mmol) in THF

(15 mL) was added drop wise over 2 h. Stirring was con-

tinued for an additional 2 h at the same temperature, i.e.

0 �C. The mixture was then poured into 10% aqueous

hydrochloric acid at 0 �C. Addition of 30 mL saturated

solution of NaHCO3 causes precipitate formation of di-

tosylate, which were filtered, washed with water and then

dried in vacuum. Yield 7.94 g, 93%, Mp: 118–120 �C.

FTIR (KBr) v: 3064 (CH), 3414 (NH), 1595 (aromatic

C=C), 1167 (S–O); 1H NMR d: 2.43 (s, 3H, CH3); 2.48

(t, 4H, J = 3 Hz, NCH2); 2.56 (t, 4H, J = 3 Hz, HNCH2);

2.99 (t, 2H, J = 3 Hz, NCH2); 3.58 (t, 2H, J = 4 Hz,

OCH2); 7.40 (d, 2H, J = 8 Hz, ArH); 7.63 (d, 2H,

J = 8 Hz, ArH); Anal. Calcd for C13H20N2O3S: C, 54.90;

H, 7.08; N, 9.85; S, 11.28. Found: C, 55.03; H, 6.96; N,

9.75; S, 11.76.

5,11,17,23-Tetra-tert-butyl-25,27-bis-(2-piprazinoethyl)-

26-dihydroxycalix[4]arene (3)

A mixture of p-tert-butylcalix[4]arene (10.0 g, 15.43 mmol)

and K2CO3 (2.13 g, 15.43 mmol) in acetonitrile (200 mL)

was stirred for 30 min; then N-(2-tosylato)ethyl piperazine

(8.75 g, 30.82 mmol) was added and the reaction mixture

was refluxed for 76 h. The mixture was concentrated to one-

third of its volume under vacuum and added it drop wise in

ice cold 0.1 N HCl solution with continuous stirring. The
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precipitates formed were washed with deionized water. Yield

8.2 g, 61%, Mp. [160 �C (decom.); FTIR(KBr)/cm-1:

3177(b) (vOH), 3399(b) (vNH); 1H NMR d: 1.19 (s, 36 H,

C(CH3)3); 1.54 (s, 8H, NCH2); 2.42 (s, 1H, NH); 3.01 (s, 2H,

NCH2O); 3.48 (d, 4H, J = 13 Hz, ArCH2Ar); 3.56 (s, 2H,

NCH2O); 4.22 (d, 4H, J = 13 Hz, ArCH2Ar); 7.03 (s, 8H,

ArH); 7.24 (s, 2H, ArOH); 13C NMR d: 146.68, 144.37,

129.70, 127.87, 127.70, 126.31, 125.94, 125.57, 77.3, 77.2,

77.01, 76.69, 34, 32.62, 31.40, 31.22, ppm; Anal. Calcd for

C56H80N4O4: C, 77.02; H, 9.23; N, 6.42. Found: C, 76.97; H,

9.08; N, 6.35.

Analytical procedure

Picrate and/or dichromate extraction experiments were

performed using Pederson’s experimental procedure [46].

10 mL of a 2.5 9 10-5 M aqueous picrate solution or

1 9 10-4 M aqueous dichromate solution (pH of dichro-

mate solution has been maintained by 0.01 M KOH/HCl

solution) and 10 mL of 1 9 10-3 M solution of calixarene

in CHCl3 were vigorously agitated in a stoppered glass

tube with a mechanical shaker for 2 min; then magnetically

stirred in a thermostated water bath at 25 �C for 1 h.

Finally left standing for an additional 30 min so that the

two phases separate distinctively. The concentration of

picrate/dichromate ion remaining in the aqueous phase was

then determined spectrophotometrically. Blank experi-

ments showed that no picrate/dichromate extraction

occurred in the absence of calixarene. The percent

extraction (E %) has been calculated as:

E %ð Þ ¼ Co � Cð Þ=Co½ � � 100

where Co and C are the initial and final concentrations of

picrate and/or dichromate ions before and after the

extraction, respectively. The experiments have been

repeated even then the experimental error may be ±2%.

Transition metal picrates were prepared by stepwise

addition of a 1 9 10-2 M metal nitrate solution to a

2.5 9 10-5 M aqueous picric acid solution and stirred at

25 �C for 1 h.

Log–log plot analysis

In order to characterize the extraction ability, the depen-

dence of the distribution coefficient D of the cation was

examined between the two phases upon the calixarene

concentration.

Mnþ
ðaqÞ þ nPic�ðaqÞ þ x½L�ðorgÞ $ ½MðPicÞnðLÞx�ðorgÞ ð1Þ

.

If the general extraction equilibrium is assumed to be

Eq. 1 the overall extraction equilibrium constant Kex is

given by Eq. 2;

Kex ¼
½MðPicÞnðLÞx�
½Mnþ�½Pic�nðLÞ�x ð2Þ

If we introduce the distribution coefficient D, as given in

Eq. 3, and taking log of both sides, we obtain Eq. 4;

D ¼ ½MðPic�ÞnðLÞx�
½ðMnþÞ� ð3Þ

log D ¼ logðKex½Pic��nÞ þ x log½L� ð4Þ

Consequently, a plot of log D versus log [L] leads to a

straight line with a slope that should be equal to the number

of ligand molecules per ion in the extraction species.

Results and discussion

Synthesis and characterizations

Several aspects of the ionophoric properties of calixarenes

and their derivatives toward metal cations and anions were

explored experimentally. Here in this study, the objective

of calixarene derivatization is to build molecular assembly

that is efficient for both metal cations and dichromate

anions. The factors which determine the selectivity of an

ionophore toward metal cations are the nature, usefulness

of donor sites and size of the calix macro ring. Hence,

synthetic scheme has been developed for the derivatization

of p-tert-butylcalix[4]arene; such synthetic route is shown

in Scheme 1. The synthetic procedures of compounds 1, 4

and 5 were published previously [41, 45]. While reaction

steps leading from (i) to (ii) and 2 to 3 (Scheme 1) are

reported first time.

Initially, N-(2-tosylato)ethylpiperazine (ii) has been

synthesized by treating N-(2-hydroxy)ethylpiperazine with

p-toluenesulfonyl chloride in basic media and 5,11,17,23-

tetra-tert-butylcalix[4]arene (2) was prepared through the

base catalyzed condensation reaction as reported by Gut-

sche [45]. Afterwards, treatment of compound 2 with N-(2-

tosylato)ethylpiperazine (ii) in acetonitrile and in the

presence of K2CO3 produced 3 in 61% yield. The com-

pounds (ii) and 3 were characterized through elemental

analysis, FT-IR, 1H NMR and/or 13C NMR. The formation

of (ii) was confirmed by the appearance of the character-

istic (S–O) band at 1,167 cm-1 and the disappearance of

(O–H) band at 3,356 cm-1 in its FT-IR spectrum. The 1H

NMR data of compound (ii) explained the splitting pattern

of disubstituted aromatic nucleus at 7.40 and 7.63 ppm.

The FT-IR spectrum indicates the synthesis of compound 3

by the presence of amine band at 3,399 cm-1. The con-

formational characteristics of calix(n)arenes were easily

anticipated by the splitting pattern of the ArCH2Ar meth-

ylene protons in the 1H NMR spectroscopy. Thus, the 1H
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NMR data showed that the compound 3 has cone confor-

mation that is clearly shown by a pair of doublets at 3.48

and 4.22 ppm.

Two-phase solvent extraction

Metal cations

This work is focused on identifying the premeditated

necessities for the two-phase extraction and possibly the

binding ability of the ionophore 3 toward selected metal

ions such as (Hg2?, Co2?, Ni2?, Cu2? and Cd2?). Solvent

extraction was carried by using chloroform solution of

compound 3 to extract metal picrates from the aqueous

phase. The equilibrium concentration of picrates in the

aqueous phase was determined spectrophotometrically.

The data obtained from compounds 2, 4, 5 were incorpo-

rated for comparison purposes [41]. The experiments have

been repeated and pH (i.e. 3.5 pH) of the picrate solution

before and after the extraction has been noted. It has been

observed that no significant change in pH takes place. It

means that the cation extraction is taking place. From the

data given in Table 1, it is observed that extraction ability

of compound 2 is negligible. However, the change in its

extraction ability was observed with the introduction of

two piperazine groups onto the 1,3-positions of the lower

rim of 2 to produce 3; which shows a selective nature

toward Hg2? among transition metal cations. It may be

explained on the fact that the nature of each metal ion

differs from the other including their softness, ionic radii

and coordination properties etc. Thus, the smaller or higher

extraction is an indication of the interaction between the

ligand and the metal ion, therefore; on the basis of these

observations the order may be written as Cu(II) \ Ni(II)

\ Cd(II) \ Co(II) \ Hg(II).

Figure 1 shows the extraction into chloroform at dif-

ferent concentrations of the ligand 3 for Hg2?. A linear

relationship between log D versus log [L] is observed with

the slope of line for Hg2? by the ligand 3 which is equal to

0.9, suggesting that the ligand 3 forms a 1:1 complex with

Hg2?. From observations we deduce that the size of a

macrocycle ring alone does not play a major role in the
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Scheme 1 Synthetic pathways

for (ii) and 3 as well as

structures of 4 and 5

Table 1 Extraction of metal picrates with ligands

Picrate salt extracted (%)a

Ligand Cd2? Co2? Cu2? Hg2? Ni2?

2b 9.4 7.9 9.9 15.5 6.3

3 7.8 10.8 3.9 52.3 7.1

4b 64.7 63.5 90.0 96.9 71.9

Aqueous phase, [metal nitrate] = 1 9 10-2 M; [picric acid] =

2.5 9 10-5 M; organic phase, chloroform, [ligand] = 1 9 10-3 M;

at 25 �C, for 1 h
a Experimental error may be as ±2%
b Reference [41]
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complexation phenomenon, but the nature and ionic

diameters of the metal ions as well as the conformation of

the calixarene cavity, the effectiveness and cooperative

aggregation of functional groups are also important in

complexation. Moreover, this phenomenon may reflect the

‘hard and soft acids and bases’ concept introduced by

Pearson [47]. As this environment exists (Scheme 2) due to

the presence soft element i.e. N containing functionalities,

where soft interactions favor the complexation with the

more polarizable transition metal ion especially Hg2?

which is known as soft metal cation. It is also due to the

cone conformation of calixarene moiety that provides

exactly such cavities. By contrast, the substitution of iso-

niazid groups in 2 with pyridine moieties has enhanced the

complexation ability of 4 toward transition metal cations.

The increased affinity of 4 than 3 may be due to the

presence of amide functionalities along with pyridine

binding sites, which provide an additional cooperativity in

extraction phenomenon.

Nevertheless, the superiority of 3 over 4 is that it has

found to be a selective ionophore for Hg2?; while 4 extracts

almost all the metal ions used in the experiments. Figure 2

shows FT-IR spectra of the compound 3 before and after

complexation with Hg2?. After complexation, shifting of

peaks has been observed, i.e. a peak shifts from 3,400 to

3,522 cm-1 and another from 3,177 to 3,167 cm-1, which

correspond to sec. amine (N–H stretching) and hydroxyl

(O–H stretching) functionalities, respectively. The shifting

of a peak from 1,483 to 1,379 cm-1 corresponding to C–N

stretching vibration also confirms the complex formation. A

proposed interaction of 3 with Hg2? is shown in Scheme 2.

Dichromate anions

Anion identification and sensing is a more significant

research topic in supramolecular chemistry due to the
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importance of a variety of anions in biological and environ-

mental locations. In order to investigate the extraction ability

of compound 3 toward anions; solvent extraction of K2Cr2O7

from aqueous into chloroform at different pH has been car-

ried out. The results are given in Table 2 (Fig. 3). Aqueous

solution of K2Cr2O7 shows no extraction into organic phase

in the absence of the extractant. The binding efficiencies of

reference compounds 4 and 5 (Scheme 1) are also given for

comparison and mechanism elucidation purpose.

The % extraction data (Table 2; Fig. 3) demonstrated

that the extraction ratio decreases as the pH of the solution

increases, representing that the protonated form of 3 is a

successful host for the monoprotonated chromate anions. It

is in agreement with our previous studies, i.e. the com-

pound 4 has been observed to be a valuable extractant for

dichromate anions at low pH [41], which contain proton

switchable binding sites.

The extraction data for 3 has been analyzed by a clas-

sical slope analysis method. Assuming the extraction of an

anion An- by the anion receptor LHn? according to the

following equilibrium:

n LHnþð ÞorgþnAn�
n $ ½ LHnþð Þn; An�

n �org ð5Þ

The extraction constant Kex is described as under,

Kex ¼
½ðLHnþÞn; An�

n �org

½An��naq½LHnþ�norg

ð6Þ

Thus, Eq. 6 can be re-written as:

logDA ¼ logKex þ nlog LHnþ½ �org ð7Þ

Where DA is defined as ratio of the analytical concentration

of the anion An- in both phases.

DA ¼ A½ �org= A½ �aq ð8Þ

Consequently a plot of log DA versus log [L] leads to a

straight line whose slope allows the stoichiometry of the

extracted species to be determined.

Figure 4 represents the extraction into chloroform at

different concentrations of 3 with dichromate. A linear

relationship between log DA versus log [L] is observed with

a slope of line for the dichromate anion by 3 that is equal to

0.7 at pH 1.5, suggesting that 3 forms a 1:1 complex with

dichromate anion. For this pH value, HCrO4
- is the pri-

mary anionic form of Cr(VI) in aqueous solution. This is

attributed to the presence of following equilibrium:

2HCrO�4 $ Cr2O2�
7 þ H2O ð9Þ

.

However, it is a well known fact that in acidic condi-

tions K2Cr2O7 is converted into H2Cr2O7 form and after the

ionization in aqueous solution it may exist as HCr2O7
-/

Cr2O7
2- form. At lower pH HCr2O7

- and Cr2O7
2- dimers

become the dominant Cr(VI) form, and pKa1 and pKa2

values of these equations are 0.74 and 6.49, respectively. It

allowed us to consider this simultaneous extraction of 1:1

complexes, according to the following equilibriae:

Table 2 Extraction of dichromate by ligand 3a at different pH

Dichromate anion extracted (%)a

Ligand pH

1.5 3.0 4.5

3b 57.5 22.8 2.70

4c 60.8 25.2 \1

5c \1.0 \1.0 \ 1.0

a Experimental error may be as ±2%
b Aqueous phase, [metal dichromate] = 1 9 10-4 M; organic phase,

chloroform, [ligand] = 1 9 10-3 M at 25 �C, for 1 h
c Reference [41]
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ðLHþÞorg þ HCr2O�7aq$
Kex ðLHþ; HCr2O�7 Þorg ð10Þ

ðLH2þ
2 Þorg þ Cr2O2�

7aq$
K
0
ex ðLH2þ

2 ; Cr2O2�
7 Þorg ð11Þ

According to these assumptions, the extraction constant has

been calculated from the experimental data with similar Kex

and K
0
exvalues using Eq. 7 Calculations of these constant

values lead to log Kex ¼ log K 0ex ¼ 1:4913 � 0:2 for 3.

Moreover, less extractability of compound 3 as com-

pared to compound 4 is due to the fact that cavity formed

by piperazine moieties is less effective than the cavity

formed by isoniazid moieties; because it has four amide

groups and two pyridine binding sites. Thus, high

extractability of 4 as compared to 3 may be due to addi-

tional interaction of amide functionalities of isoniazid

group along with pyridinium binding sites, which are

suitable for binding the anions at low pH.

In order to see the proton transfer mechanism, the

nitrogen atoms of the pyridine units in 4 were methylated.

This calixarene 5 was an inefficient extractant because of

the absence of any switchable hydrogen atom. Thus,

hydrogen bonded ion pair complex is formed in the two-

phase extraction system (Scheme 3) between nitrogen atom

of piperazine unit in 3 and an anion. Therefore, mono-

protonated chromate/dichromate anions are extracted by

piperazine/pyridine moieties of 3 and 4 at acidic conditions

while in case of 5 condition is different because there is no

switchable hydrogen because of the presence of CH3

groups on the nitrogen atoms of pyridine units. It has been

concluded from the results that cooperative behavior of the

binding sites toward ions is a consequence of not only

appropriate functionality but also of inclusion made by

calix[4]arene moiety.

Conclusions

The study reported here reveals that significant functional-

ities can define the complexation behavior of calixarenes as

host–guest compounds. This work confirms the moderate

selectivity of piperazine derivative of calix[4]arene (3)

toward mercury among transition metal cations as com-

pared to pyridine derivative of calix[4]arene (4). It has also

been deduced that 3 is an efficient extractant for chromate/

dichromate anions at low pH. The variety of hydrogen

bonding motifs that occur in these calix[4]arene derivatives

may be of considerable importance for the future design of

novel calix[4]arene-based receptors/carriers.
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37. Böhmer, V., Vicens, J. (eds.): Calixarenes: A Versatile Class of

Macrocyclic Compounds. Kluwer Academic Publishers, Dordr-

echt, The Netherlands (1991)

38. Georgiev, E.M., Wolf, N., Roundhill, D.M.: Lower rim alky-

lammonium-substituted calix[4]arenes as ‘‘proton-switchable’’

extractants for chromate and dichromate anions. Polyhedron 16,

1581–1584 (1997). doi:10.1016/S0277-5387(96)00410-X

39. Aeungmaitrepirom, W., Hagege, A., Asfari, Z., Vicens, J., Leroy,

M.: Solvent extraction of selenate and chromate using a diam-

inocalix[4]arene. J. Incl. Phenom. Macrocycl. Chem. 40, 225

(2001)

40. Ediz, O., Tabakci, M., Memon, S., Yilmaz, M., Roundhill, D.M.:

A convenient approach towards the synthesis of a ‘proton

switchable’ chromium (VI) extractant based on calix[4]arene.

Supramol. Chem. 16, 199–204 (2004). doi:10.1080/10610270310

001646994

41. Tabakci, M., Memon, S., Yilmaz, M., Roundhill, D.M.: Synthesis

and extraction studies of a versatile calix[4]arene-based ‘‘proton-

switchable extractant’’ for toxic metals and dichromate anions.

J. Incl. Phenom. Macrocycl. Chem. 45, 265–270 (2003)

42. Wolf, N.J., Georgiev, E.M., Yordanov, A.T., Whittlesey, B.R.,

Koch, H.F., Roundhill, D.M.: Synthesis and crystal structures of

lower rim amine and carbamoyl substituted calixarenes as

transfer agents for oxyanions between an aqueous and a chloro-

form phase. Polyhedron 18, 885–896 (1999). doi:10.1016/

S0277-5387(98)00375-1

43. Falana, O.M., Koch, H.F., Roundhill, D.M.: Synthesis and

extraction studies of 1,2- and 1,3-disubstituted butylcalix[4]arene

amides with oxyions; geometric and conformational effects. JCS

Chem. Commun. 503–504 (1998). doi:10.1039/a707786f

44. Memon, S., Yilmaz, A., Roundhill, D.M., Yilmaz, M.: Synthesis

of polymeric calix[4]arene dinitrile and diamino-derivatives:

exploration of their extraction properties towards dichromate

anion. J. Macromol. Sci. Pure Appl. Chem. 41, 433–447 (2004).

doi:10.1081/MA-120028477

45. Gutsche, C.D., Iqbal, M., Stewart, D.: Calixarenes 19. Syntheses

procedures for p-tert-butylcalix[4]arene. J. Org. Chem. 51, 742–

745 (1986). doi:10.1021/jo00355a033

46. Pedersen, C.J.: Ionic complexes of macrocyclic polyethers.

J. Fed. Proc. Fed. Am. Soc. Exp. Biol. 27, 1305–1309 (1968)

47. Pearson, R.G.: Hard and soft acids and bases. J. Am. Chem. Soc.

85, 3533–3539 (1963). doi:10.1021/ja00905a001

302 J Incl Phenom Macrocycl Chem (2010) 67:295–302

123

http://dx.doi.org/10.1246/cl.1994.1115
http://dx.doi.org/10.1021/ac00039a017
http://dx.doi.org/10.1002/pola.1995.080331619
http://dx.doi.org/10.1016/S1381-5148(98)00025-X
http://dx.doi.org/10.1016/0039-9140(96)01888-7
http://dx.doi.org/10.1016/0039-9140(96)01888-7
http://dx.doi.org/10.1007/s0089400060272
http://dx.doi.org/10.1007/s0089400060272
http://dx.doi.org/10.1039/b106225p
http://dx.doi.org/10.1016/S1381-5148(01)00099-2
http://dx.doi.org/10.1246/cl.1999.493
http://dx.doi.org/10.1016/S0040-4020(02)00837-2
http://dx.doi.org/10.1016/S0022-2860(01)00509-9
http://dx.doi.org/10.1016/S0022-2860(01)00509-9
http://dx.doi.org/10.1002/anie.199627821
http://dx.doi.org/10.1002/anie.199627821
http://dx.doi.org/10.1016/S0040-4039(01)01722-1
http://dx.doi.org/10.1039/b003141k
http://dx.doi.org/10.1039/a901438a
http://dx.doi.org/10.1081/MA-100101128
http://dx.doi.org/10.1002/1099-0682(200007)2000:7%3c1503:AID-EJIC1503%3e3.0.CO;2-6
http://dx.doi.org/10.1002/1099-0682(200007)2000:7%3c1503:AID-EJIC1503%3e3.0.CO;2-6
http://dx.doi.org/10.1021/ie0001467
http://dx.doi.org/10.1021/cr00019a001
http://dx.doi.org/10.1016/S0010-8545(98)00256-2
http://dx.doi.org/10.1016/S0277-5387(96)00410-X
http://dx.doi.org/10.1080/10610270310001646994
http://dx.doi.org/10.1080/10610270310001646994
http://dx.doi.org/10.1016/S0277-5387(98)00375-1
http://dx.doi.org/10.1016/S0277-5387(98)00375-1
http://dx.doi.org/10.1039/a707786f
http://dx.doi.org/10.1081/MA-120028477
http://dx.doi.org/10.1021/jo00355a033
http://dx.doi.org/10.1021/ja00905a001

	Synthesis and characterization of novel calix[4]arene piperazine derivative for the extraction of transition metals and dichromate ions
	Abstract
	Introduction
	Experimental section
	Materials and instrumentation
	Synthesis
	N-(2-tosylato)ethylpiperazine (ii)
	5,11,17,23-Tetra-tert-butyl-25,27-bis-(2-piprazinoethyl)-26-dihydroxycalix[4]arene (3)

	Analytical procedure
	Log--log plot analysis

	Results and discussion
	Synthesis and characterizations
	Two-phase solvent extraction
	Metal cations
	Dichromate anions


	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


