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Abstract The article comprises synthesis and extraction

studies of polymeric calix[4]arene having phthalimide

groups at the lower rim. The polymeric phthalimido func-

tionalized calix[4]arene was synthesized via radical initiated

reactions involving a vinylic monomer 5,11,17,23-tetra-tert-

butyl-25-[4-(acrylamido)benzyloxy]-26,28-bis-(2-phthalimido-

ethoxy)-27-hydroxycalix[4]arene (5) with styrene. A five

atom spacer group was incorporated between the bulky

calixarene core and the acrylate moiety in order to minimize

steric interactions which proved to impede the polymeriza-

tion. From the liquid–liquid and solid–liquid extraction

studies it has been concluded that the precursor 3 (5,11,

17,23-tetra-tert-butyl-25-(4-nitro benzyloxy)-26,28-bis-(3-

phthalimidoethoxy)-27-hydroxy-calix[4]arene) is selective

for metal cations. The order of extractability of metal cations

by the ligand 3 decreases in the sequence: Hg2+ [ Cd2+ [
Cu2+ [ K+ [ Co2+ whereas its polymeric derivative is

selective in the sequence: Hg2+ [ Cd2+ [ K+ [ Co2+ [
Cu2+ for the metal cations used in the experiments.

Keywords Calixarene � Copolymer � Solvent extraction �
Heavy metals � Supramolecular chemistry

Introduction

In recent years, contamination of large areas of land by

heavy metals has become a major concern. It originates

mainly from municipal waste incinerators, car exhausts,

residues from metalliferrous mining and the smelting

industry, as well as the use of urban compost, pesticides,

fertilizers or sludge and sewage. From environmental and

economic viewpoints, there remains a need to discover

more selective and effective extractants for toxic heavy

metals and anions from water and soil. The challenge is to

find complexants that selectively extract those ions from

mixtures then allow them to be readily released in purified

form. In this respect macromolecules especially calixarenes

are widely used in host–guest chemistry for the construc-

tion of various receptors for charged or neutral molecules

[1]. Calix[4]arenes are macrocyclic molecules with unique

three-dimensional structures. They belong to a larger

family of calix[n]arene molecules, and are synthesized

from the condensation reaction of formaldehyde and phe-

nol [2–4]. When all four oxygen atoms point in the same

direction, the macrocycle exhibits a bowl-shaped structure

called the cone conformation [5]. The scaffold of calixa-

renes can be modified by introducing many kinds of

functional groups at the ‘‘lower’’ rim and/or the ‘‘upper’’

rim. The aims of these chemical modifications are to: (i)

enhance the selectivity and efficiency of their complexation

properties, (ii) control their conformers, and (iii) improve

their solubility [6]. Furthermore the easy derivatization of

calix[4]arene together with controllable shape of its cavity

make this molecule a very attractive candidate for various

applications in supramolecular chemistry [7]. Therefore

modified calixarenes have been used as extractants for

cations, anions and neutral molecules [8–19].

During the past decades the interesting properties shown

by these cyclic oligomeric compounds have stimulated a

growing interest in their use in conjunction with polymeric

matrices. Generally two main strategies have been fol-

lowed with preparing polymeric calixarenes: One of which

is based on the immobilization of the calixarene unity on
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an available polymeric matrix [20–29] and the other relies

on copolymerization of the calixarene monomer with some

other suitable monomer(s) either via linear step-growth

polymerization or radical addition reactions [30–36]. In our

previous work, we have reported new polymer-bound

calix[4]arene derivative through the radical copolymeri-

zation of calix monomer with styrene [37]. Herein, we

report the synthesis and extraction behavior of new styrene

copolymer of calixarene derivative bearing phthalimide

groups at the lower rim.

Experimental

Apparatus

Melting points were determined on a Barnsted/Electro

thermal apparatus in a sealed capillary and are uncorrected.
1H NMR spectra were recorded on a Bruke Avance DPX

400 spectrometer in CDCl3 with TMS as an internal stan-

dard. IR spectra were recorded on a Perkin–Elmer 1605

FTIR System Spectrum BX spectrometer as KBr pellets.

UV–Vis spectra were obtained on a Shimadzu UV-1700

Pharma UV–Visible recording spectrophotometer. Ele-

mental analyses were performed on a Elementar CHNS

analyzer. ESI-MS spectra were taken on a Varian MAT

312 spectrometer. The molecular weight determinations

were carried out by gel-permeation chromatography (GPC)

in THF at 30 �C using a Agilent (HP) GPC and a refractive

index detector with a solvent flow rate of 0.6 mL/min and a

sample concentration of 2.0 mg/mL. The micro columns

were calibrated using a set of narrow polydispersity poly-

styrene standards. TG–DTG thermograms were taken by a

Shimadzu DTG 60 H Thermogravimetric analyzer. The

sample weight was almost 10.0 mg. Analysis was per-

formed from 0 to 600�C at a heating rate of 20�C/min in a

nitrogen atmosphere with a gas flow rate of 40 mL/min.

Materials

Analytical TLC were performed on precoated silica gel

plates (SiO2, Merck PF254), while silica gel 60 (Merck,

particle size 0.040–0.063 mm, 230–240 mesh) was used

for preparative column chromatography. All materials and

reagents were standard analytical grade, purchased from

Fluka or Merck, and used without further purification.

Commercial grade solvents such as acetonitrile, chloro-

form, ethyl acetate, and n-hexane were distilled and stored

over molecular sieves (Aldrich; 4 Å, 8–12 mesh). Toluene

was dried with calcium hydride and stored over Na wire.

CH2Cl2 was distilled from CaCl2, MeOH was distilled over

Mg and stored over molecular sieves (4 Å). The drying

agent employed was anhydrous sodium sulphate. All

aqueous solutions were prepared with deionized water that

had been passed through a Millipore Milli-Q Plus water

purification system.

Synthesis

The compounds 1 and 2 were synthesized according to the

literature [38, 39] procedures and the other compounds (3–

6) employed in this work as illustrated in Scheme 1 were

synthesized according to the methods given below.

5,11,17,23-Tetra-tert-butyl-25,27-bis-(3-

phthalimidoethoxy)-26-(4-nitrobenzyloxy)-28-

hydroxy-calix[4] (3)

To a stirred mixture of compound 2 (1.8 g, 2.35 mmol) in

30 ml of dry acetonitrile were added N-(3-bromoethyl)-

phthalimide (1.25 g, 4.94 mmol), K2CO3 (0.39 g,

2.82 mmol) and a catalytic amount of KI. The reaction

mixture was refluxed under nitrogen for 60 h and then the

solvent was removed under reduced pressure. The residue

was dissolved in CH2CI2 (100 mL) and this solution

washed with a 1 N NH4CI aqueous solution (3 9 30 mL).

The organic phase was dried over MgSO4, the solvent was

removed at the Rotavapor, and the compound 3 was

obtained as a white powder by treatment with acetonitrile/

methanol. Yield: 55%, mp: 143 �C. IR(KBr): 3420 cm-1

(OH), 1660 cm-1 (C=O), 1528 cm-1(NO2). 1H NMR

(CDCl3), d: 0.92 (s, 9H, But), 1.14 (s, 18H, But), 1.51 (s,

9H, But), 3.32 (d, 4H, J = 13.0 Hz, ArCH2Ar), 4.18 (d,

4H, J = 13.0 Hz, ArCH2Ar), 4.28 (t, 4H J = 6.7 Hz,

OCH2 and NCH2), 4.51 (t, 4H, J = 6.7 Hz, OCH2 and

NCH2), 4.98 (s, 2H, OCH2Ar), 6.65–6.71 (m, 4H, ArH),

6.79–6.83 (m, 2H, ArH), 6.85 (s, 1H, ArOH), 7.01 (s, 2H,

ArH), 7.49–7.54 (m, 4H, Phth–H), 7.67–7.71 (m, 4H, Phth–

H), 7.78 (d, 2H, ArH, J = 13.2 Hz, 4-nitrophenyl), 7.92 (d,

2H, ArH, J = 13.2 Hz, 4-nitrophenyl). 13C NMR (CDCl3):

d 168.9 (CO); 134.1, 132.0, 123.4, 123.3, (ArC); 77.3, 77.2,

77.0, 76.7 (OCH2); 59.0 (OCH2Ar); 31.3, 30.0 (ArCH2Ar).

ESI-MS m/z: 1131.3 [M + H]+. Anal. calculated for

C71H75N3O10 (1130.3); C, 75.44; H, 6.69; N, 3.72. Found:

C, 75.61; H, 6.93; N, 3.65.

Reduction of compound 3 (4)

A solution of 3 (3.0 g, 2.65 mmol) and SnCl2 (10.83 g,

48 mmol) in ethanol (120 mL) was refluxed for 4 h. Then

the reaction mixture was cooled, added in ice-cold water,

neutralized with NaOH (pH: 7–8) and extracted twice with

dichloromethane. The organic phase was washed with

brine, dried with anhydrous Na2SO4 and evaporated until

brownish-solid residue. Then triturated with MeOH and

finally recrystallization was performed in isopropanol.
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Yield: 72%, m.p: 168 �C. IR(KBr): 3374 (OH, NH2), 1668

(C=O). 1H NMR (CDCl3): d 0.87 (s, 9H, But), 1.21 (s, 9H,

But), 1.47 (s, 18H, But), 1.75–1.98 (brs, 2H, NH2), 3.12 (d,

4H, J = 13.0 Hz, ArCH2Ar), 4.15–4.29 (brm, 4H,

ArCH2Ar), 4.34 (t, 4H, J = 7.0 Hz, NCH2), 4.57 (t, 4H,

J = 7.0 Hz, OCH2), 4.73 (s, 2H, OCH2Ar), 6.59 (s, 4H,

ArH), 6.84 (s, 2H, ArH), 6.89 (s, 1H, ArOH), 7.12–7.20 (m,

2H, ArH), 7.34–7.46 (m, 4H, ArH), 7.51–7.60 (m, 8H,

Phth–H). 13C NMR (CDCl3): d 168.3, 168.2 (CO); 150.7,

149.8, 148.5, 146.8, 146.6, 144.3, 143.0, 141.2, 133.9,

133.8, 133.7, 133.4, 132.5, 132.1, 128.2, 127.9, 127.7,

127.6, 127.5, 126.4, 125.9, 125.7, 125.6, 125.5, 125.0,

123.3, 123.1 (ArC); 77.3, 77.2, (OCH2); 76.7, 74.2

(OCH2Ar); 31.8, 31.7 (ArCH2Ar). ESI-MS m/z: 1101.4

[M + H]+. Anal. calculated for C71H77O8N3 (1100.4); C,

77.49; H, 7.05; N, 3.83. Found: C, 77.72; H, 6.89; N, 3.68.
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Treatment of compound 4 with acryloyl chloride (5)

To a solution of compound 4 (1.10 g, 1.00 mmol) and

pyridine (0.5 mL) in CHCl3 (50 mL) was added acryloyl

chloride (0.10 mL, 1.20 mmol) in CHCl3 (5 mL) from a

dropping funnel at 0 8C with continuous stirring. The

stirring was continued for 1 h at 0 �C and then 24 h at

room temperature. The reaction mixture was extracted with

CHCl3. The organic phase was washed with cold dilute

NaOH aqueous solution and then with distilled water.

Finally dried (Na2SO4), filtered, and concentrated in vacuo.

The product was purified by passed through a silica gel

gravity column using CHCl3 and n-hexane (1:5) as eluent

for 5, Yield 79%. IR(KBr): 3470 (OH, NH), 1679 (C=O).
1H NMR (CDCl3): d 0.91 (s, 9H, But), 1.32 (s, 9H, But),

1.43 (s, 18H, But), 3.17 (d, 4H, J = 13.5 Hz, ArCH2Ar),

4.31 (d, 4H, J = 13.5 Hz, ArCH2Ar), 4.41–4.57 (m, 8H,

OCH2 and NCH2), 4.92 (s, 2H, OCH2Ar), 6.51–6.77 (m,

4H, HC=CH2, OH), 7.19–7.65 (m, 13H, ArH and NH),

7.71–7.97 (m, 8H, Phth–H). 13C NMR (CDCl3): d 168.3,

168.2 (CO); 150.8, 149.8, 148.5, 146.8, 146.6, 144.3,

143.0, 133.9, 133.7, 133.4, 132.5, 132.1, 128.2, 127.9,

127.7, 127.5, 126.5, 125.9, 125.7, 125.6, 125.5, 125.0,

123.3, 123.1 (ArC); 77.3, 77.0 (OCH2); 76.7, 74.2

(OCH2Ar); 31.8, 31.7, 31.5 (ArCH2Ar). ESI-MS m/z:

1155.4 [M + H]+. Calculated for C74H79N3O9 (1154.4); C,

77.49; H, 7.05; N, 3.83. Found: C, 77.72; H, 6.89; N, 3.68.

Copolymerization of compound 5 (6)

The monomer 5 (0.45 g, 0.385 mmol), toluene (1 mL),

benzoyl peroxide (12.5 mg) and styrene (0.22 mL,

1.925 mmol) were placed in a vial and flushed for 30 min

with purified nitrogen with stirring. After that the vial was

degassed and sealed under vacuum. The vial was heated at

80 �C for 12 h. The product was then precipitated in

methanol. The crude product was purified by several pre-

cipitations from chloroform solution in methanol. The

precipitated polymer was filtered and dried in vacuum.

Yield 75%. IR (KBr): 3418 cm-1 (OH, NH), and

1672 cm-1 (CONH). 1H-NMR (CDCl3): d 0.93 (s, 36H,

But), 1.37 - 1.75 (brs, 38H, CH2–C and CH–C); 3.80 (brd,

4H, Ar–CH2–Ar); 4.21–4.54 (brm, 5H, Ar–CH2–Ar and

CH–C); 5.12–5.36 (brm, 10H, CH2O, CH2N); 6.85 (brs,

37H, ArH); 7.13–7.32 (brm, 8H, Ar–H); 7.42–7.89 (brm,

35H, Ar–H, NH, OH).

Analytical procedure

Liquid–liquid extraction

Picrate extraction experiments were performed following

Pedersen’s procedure [40]. A 10 mL of 2.0 9 10-5 M

aqueous picrate and 10 mL of 1 9 10-3 M solution of

calixarene (2–4) or a 1 9 10-3 M solution of calix[4]arene

unit/g polymeric resin (6) in CH2Cl2 were vigorously agi-

tated in a stoppered glass tube with mechanical shaker for

2 min, then magnetically stirred in a thermostated water-

bath at 25 �C for 1 h, and finally left standing for an

additional 30 min. The concentration of picrate ion

remaining in the aqueous phase was then determined

spectrophotometrically. Blank experiments showed that no

picrate extraction occurred in the absence of calixarene.

The percent extraction (E%) has been calculated as:

E% ¼ A0 � Að Þ=A0 � 100

where A0 and A are initial and final concentrations of metal

picrate before and after the extraction, respectively. The

metal picrates were prepared according to previous studies

[41, 42].

Solid–liquid extraction

About 25 mg of the copolymer (6) was shaken with a

10 mL of aqueous solution containing about 2.5 9 10-5 M

metal picrate in a 50 mL stoppered glass flask immersed in

a thermostated water bath maintained at 25 �C for 1 h and

finally filtered off. The concentration of picrate ion

remaining in the aqueous phase after the adsorption was

then determined spectrophotometrically [43].

Results and discussion

The preparation of the calixarene monomer (5) and its sty-

rene copolymer (6) are presented in Scheme 1. The synthesis

of p-tert-butylcalix[4]arene (1) and p-tert-butyl-25,27,

28-trihydroxy-26-(4-nitrobenzyloxy)calix[4]arene (2) were

based on previously published procedure [38, 39]. p-tert-

Butyl-25,27-bis-(3-phthalimidoethoxy)-26-(4-nitrobenzyloxy)-

28-hydroxycalix[4] arene (3) was synthesized by refluxing

compound 2 with N-(3-bromoethyl)-phthalimide in acetonitrile

in the presence of K2CO3 in % 55 yield. The IR spectra of

compound 3 shows an amide band at 1660 cm-1. The 1H NMR

spectrum of 3 has a typical AB pattern for the methylene bridge

protons (ArCH2Ar) of the calixarene moiety at 3.32 and

4.18 ppm (J = 13.0 Hz) indicating that the compound3 exist in

cone conformation. The nitro group of 3 then underwent

reduction with Sn(II)Cl2 in ethanol to give the amino derivative

4 in 72% yield. Completion of this reaction was followed by the

IR spectroscopy indicating the disappearance of the band due to

the nitro groups at 1528 cm-1. The monomer 5 is derived from 4

by coupling the extended aminobenzyl group of 4 with acryloyl

chloride in the presence of pyridine. After purification by col-

umn chromatography (CHCl3: n-hexane, 1:4) 5 is obtained in

79% yield.
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The calixarene monomer 5 has been copolymerized with

styrene (1:5 ratio) in sealed vials using degassed toluene as

the solvent and benzoyl peroxide as the radical initiator

gives the copolymer 6 in 75% yield. The 1H NMR spec-

trum of 6 indicates that both monomers (5 and styrene)

have been incorporated into the repeating units, since sig-

nals unique to both monomers are observed in 6. The

molecular weight for 6 has been determined by GPC in

THF against polystyrene standards. The average molecular

weight (Mn) for the copolymer 6 was found 5765 g/mol.

The percent composition of the copolymer 6 is determined

from integration of signals unique to each monomer (5 and

styrene) in the 1H NMR spectra. From integration ratios

between the signals of the tert-butyl protons of the calix-

arene (d 0.93), and the methylene protons of the styrene

units (d 1.37–1.75), the copolymer composition (n/m) of 6

is 1/12. This n/m value shows that in 6 the styrene mono-

mer is predominant and the calixarene units are randomly

distributed along the chain. This result was obtained pre-

sumably due to the steric hindrances exhibited by bulky

calixarene moieties.

The thermogravimetric analysis (TGA) of 6 was deter-

mined and its TG and DTG curves presented in Fig. 1, as

well as thermal behavior and decomposition temperatures

of the copolymer 6 are given in Table 1. As seen in Fig 1,

initial weight loss of mass 4.13% occurs at 280 �C, max-

imum weight loss is occurred at 453 �C, up to 500 �C

temperature the remaining of 3.75 of polymer without

decomposed.

Extraction studies

The ion recognition properties of p-tert-butylcalixarene

bearing phthalimido groups (3) on lower rim and its poly-

meric analogue (6) were studied by liquid–liquid and solid–

liquid extraction experiments. The liquid–liquid extraction

was performed with selected alkali and transition metal

(Na+, K+, Cs+, Cu2+, Co2+, Ni2+, Hg2+ and Cd2+) picrates

and the results are summarized in Table 2. These data were

obtained by using dichloromethane solutions of the ligands

to extract metal picrates from aqueous solution. The equi-

librium concentration of picrate in aqueous phase was then

determined spectrophotometrically.

From the extraction data given in Table 2, it was

observed that 2 extracts neither alkali nor transition metal

ions into organic phase from aqueous phase. But its

phthalimido derivative (3) shows significant extraction of

metal cations, with the relative order Hg2+ [ Cd2+ [
Cu2+ [ K+ [ Co2+ being observed. It is apparent that this

compound is more efficient extractant for mercury(II) in

selected metal ions. This is because mercury has a more

soft nature as compared to competing cations. The effec-

tiveness in transferring these cations by 3 indicates that the

binding ability towards metal cations belongs to soft acids

and bases in Pearson’s classification [44, 45]. This is

consistent with the SHAB principle because the p-electrons

(C=O) is polarizable. When the nitro group is reduced to

amino group, the decrease in extraction is probably due to

intramolecular hydrogen bonding between N–H and facing

oxygen atoms of the phthalimido group, which decreases

the metal ion complexing ability [46]. To compare the

extraction characteristics of the calixarene loaded poly-

meric ionophore 6 with the monomers 3 and 4, comparable

Fig. 1 TG and DTG curves of copolymer 6

Table 1 Thermogravimetric analysis results of copolymer 6a,b

The temperature (�C) for a

weight loss (%)

IDT (�C)c 20 40 60 80 The residue (%)

at 500 �C

280 311 394 409 417 3.75

a The sample weight was almost 10 mg
b Analysis was performed from 0 to 600 �C at a heating rate of 20 �C/

min in a nitrogen atmosphere with a glass flow rate of 40 mL/min
c Initial decomposition temperature

Table 2 Liquid–liquid extraction of metal cations with ligandsa

Ligand Picrate salt extracted (%)

Na+ K+ Cs+ Cu2+ Cd2+ Ni2+ Hg2+ Co2+

2 13.7 24.7 31.5 12.3 21.6 23.6 40.0 19.7

3 9.8 28.5 11.9 34.8 42.3 13.5 68.3 23.1

4 19.5 32.6 31.0 30.4 43.1 17.3 47.7 16.3

6 23.8 61.7 28.9 32.0 65.5 21.4 66.8 36.6

6b – 47.3 – – 32.6 – 53.0 –

a Aqueous phase [metal picrate] = 2.0 9 10-5 M; organic phase.

dichloromethane [ligand] = 1 9 10-3 M or 1 9 10-3 M solution of

calix[4]arene unit/g resin for oligomer at 25 �C for 1 h
b Solid–solid batch wise adsorption extraction experiments
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extractions have been performed. It is observed that 6 is

selective in sequence: Hg2+[ Cd2+[ K+[ Co2+[ Cu2+

for the metal cations used in the experiments.

The solid–liquid batchwise adsorption extraction

experiments of copolymer 6 were performed into the

aqueous solutions of selected metal picrates (K+, Cd2+ and

Hg2+) at 25 �C for 1 h. Table 2 shows the extractability

behavior of the copolymer 6. From the data given in

Table 2 it has been observed that there is a significant

decrease in the extraction ability of the copolymer 6 and a

little binding evidence, which means that binding ability is

weak in solid state, but showed more or less the same

affinity toward the metal cations.

Conclusion

In this study new calix[4]arene (3) containing phthalimido

groups at the lower rim and its copolymer (6) have been

synthesized. Copolymer has been synthesized by radical

initiated reactions from monomer 5 and styrene. The liquid–

liquid extraction studies of 3, 4 and its corresponding

polymer 6 have been performed. At the same time the solid–

liquid extraction study of polymer 6 has been fulfilled. It has

been observed that the precursor 3 shows a good selectivity

towards Hg2+ cation. But the polymer (6) extracts all of the

metals from aqueous phase to the organic phase showing no

selectivity. As a result, it can be concluded that the metal

transfer ability of ionophores depends upon the nature of

binding sites and conformation of calixarene units in the

polymeric skeleton. The easy process ability and good

properties of 3 enhances its utility in phase-transfer reac-

tions, as adsorbent, or potential candidate material for

fabricating membranes and sensors.
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