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Polymer Supported Calix[4]arene Schiff Bases:
A Novel Chelating Resin for Hg21

and Dichromate Anions

AYSEGÜL KARAKÜCÜK,1 ERDAL KOCABAS,1

ABDULKADIR SIRIT,1 SHAHABUDDIN MEMON,2

MUSTAFA YILMAZ,1 AND D. MAX ROUNDHILL2

1Department of Chemistry, Selçuk University, Konya, Turkey
2Department of Chemistry and Biochemistry, Texas Tech University,

Lubbock, Texas

This article describes the synthesis and characterization of two new calix[4]arene
Schiff bases and their polymeric resins. The extraction properties of these “proton
switchable extractants” with alkali, transition, post transition metal cations and for
dichromate anions are reported. The two new calix[4]arene based Schiff bases
(5 and 6) have been synthesized from 5,17-diformyl-25,27-dipropoxy-26,28-dihydroxy-
calix[4]arene (4) by treatment with 3-amino-methylpyridine and 1,8-diaminooctane in
two separate reaction flasks following the same procedure. Compounds 5 and 6 have
been appended to a polymeric resin by treatment with Merrifield resin through a
nucleophilic substitution reaction. The receptor compounds (3 and 5–8) do not
extract alkali metal cations, but show some selectivity toward transition metal
cations, and a particularly high selectivity to Hg2þ and Pb2þ. The protonated forms
of all of the calixarene-based receptors are good extractants for transferring
Cr2O7

22/HCr2O7
2 anions from an aqueous into a dichloromethane layer.

Keywords calix[4]arene, Merrifield resin, Schiff base, proton-switchable, dichro-
mate anions, solvent extraction

Introduction

Calixarenes are macrocyclic molecules that possess a unique three-dimensional structure

with unique shaping and almost unlimited derivatization possibilities (1, 2). The easy

accessibility and the selective functionalizations at the phenolic hydroxy groups (lower

rim) and at the para positions of the phenol rings (upper rim) of calix[4]arenes have

made this class of compounds increasingly attractive for chemists involved in host-

guest and supramolecular chemistry (3). The majority of these modified calixarenes

have a cavity suitable for the reception of different ionic and neutral species (4–9). The

complexation properties of these molecules appear to be highly dependent upon the size
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of the cavity, the nature and number of donor atoms, and on the conformation of the

calix[4]arene moiety (10–12).

Anion recognition and sensing is an increasingly important research topic in supramo-

lecular chemistry due to the involvement of various anions in biological and environ-

mental situations. Chemists employ either electrostatic or hydrogen bonding

interactions as binding devices for constructing anion receptors (13). The simultaneous

binding of cationic and anionic guest species by ditopic receptors is a rapidly developing

new field for ion pair recognition (14–16).

The importance of favorable amine, amide or protonated imine hydrogen bonding

interactions for anion binding has recently been exploited in the design of calix[4]arene

based anion receptors (17, 18) Tuntulani et al. (19) have synthesized tripodal azacrown

ether calix[4]arenes containing simultaneous cation and anion binding sites, and have

found that the binding ability toward Br2 is enhanced in the presence of Kþ. Rojsajjakul

et al. (20) have synthesized polyaza crown ether derivatives of calix[4]arene and investi-

gated their role as anion receptors. Beer and coworkers (21–23) have synthesized a

number of receptors that can undergo selective ion pair recognition.

Chromate and dichromate anions are important because of their high toxicity and their

presence in soils and waters (24–28). Chromium (VI) is a carcinogen in humans and

animals, with chromates and dichromates being both mutagenic and genotoxic.

Chromium (VI) is a widely used industrial chemical, and is generally considered to

pose the greatest human health risk because it is more toxic, more soluble, and more

mobile than is chromium (III). Chromium (VI) requires intracellular reduction for acti-

vation and this in vivo reduction can produce several reactive intermediates such as

chromium (V) and chromium (IV) that can damage DNA (25). In designing complexants

for these particular guest anions, a number of structural features can be incorporated into

the host molecule that may be important in achieving selective binding. For a molecule to

be effective as a host, it is necessary that its structural features are compatible with those of

the guest anion. The chromate and dichromate (CrO4
22, Cr2O7

22) ions are dianions with

oxide functionalities at their periphery (29, 30). Consequently, since the periphery of

the anions have oxide moieties, these are potential sites for hydrogen bonding to the

host molecule. Roundhill et al. (31–33) have showed that the lower rim alkylammonium

substituted calix[4]arenes act as “proton switchable extractants” for chromate and dichro-

mate anions.

For certain applications such as the separation of anions and cations from aqueous

media, or the fabrication of devices, it is important for a calixarene derivative to be

available in insoluble form. Thus, calixarenes need to be modified chemically to reduce

their solubility charateristics by immobilization on polymeric supports. The preparation

of such insoluble polymeric calixarenes is done either by covalently linking the calixarene

to the polymeric framework, or by connecting two calixarene by some spacer or function-

ality to give to resin like substance (34, 35). Such calixarene based polymers have just

begun to receive attention since these new polymers can be processed into materials

suitable for chemical sensor devices such as ion selective electrodes and filtration/extrac-

tion membranes (36–39).

In recent years, we have reported bifunctional receptors based on calix[4]arene for

the recognition of alkali, transition and post transition metal cations and the chromate/
dichromate anions (17, 30, 31, 40). Herein, we report the synthesis of new receptors

containing calix[4]arene Schiff bases and their polymeric derivatives. The extraction prop-

erties of these products towards alkali metal, transition metal, and post transition metal

cations, as well as toward the dichromate anion, have been studied.
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Experimental

Melting points were determined on an Electrothermal 9100 apparatus in a sealed capillary.
1H NMR spectra were recorded using a Varian 500 MHz spectrometer in CDCl3 with TMS

as internal standard. IR spectra were obtained on a Perkin-Elmer 1605 FTIR spectrometer

as KBr pellets. UV-Visible spectra were obtained on a Shimadzu 160 A UV-Visible

recording spectrophotometer. Sodium determinations were made on a JENWAY PFP7

flame photometer. Elemental analysis data were performed on a Leco CHNS-932

analyzer. A Crison MicropH 2002 digital pH meter was used for the pH measurements.

All starting materials and reagents used were of standard analytical grade from Fluka,

Merck and Aldrich and used without further purification. Commercial grade solvents such

as chloroform, methanol, acetone, ethylacetate and hexane were distilled, and then stored

over 4 Å molecular sieves. Acetonitrile and DMF were dried from calcium hydride and

stored under N2 over 4 Å molecular sieves. Anions were used as their sodium salts. The

drying agent employed was anhydrous MgSO4. Merrifield resin (0.8 mmol equivalent of

Cl/g of resin) was purchased from Fluka. Analytical TLC was performed on pre-

coated 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 aqueous solutions were prepared with deionized water that had been passed through

a Millipore milli-Q Plus water purification system.

Synthesis

Compound 1–4 were synthesized according to previously published methods (41–44).

Compounds 5–8 were synthesized as follows:

Calix[4]arene Schiff Base-I (5). To a solution of 4 (4.0 g, 7.08 mmol) in CHCl3 (200 mL)

was added a solution of 3-aminomethylpyridine (2.3 g, 21.24 mmol) in MeOH (50 mL)

was refluxed for 24 h in the presence of MgSO4. The reaction mixture was allowed to

cool to room temperature, and filtered. Evaporation of solvent and subsequent purification

of mixture by column chromatography (Hexane/EtOAc 7 : 1 v/v), followed by recrystal-

lization from CHCl3/MeOH, afforded pure 5 (3.5 g) in 67% yield; m.p. 195–1978C
(decomp.).

IR (KBr): 3320 cm21 (OH) and 1638 cm21 (C55N); 1H NMR (CDCl3) d 1.33 (t, 6H,

J ¼ 7.3 Hz, –OCH2CH2CH3), 2.18 (m, 4H, –OCH2CH2CH3), 3.47 (d, 4H, J ¼ 13.0 Hz,

ArCH2Ar), 3.68 (s, 4H, –NCH2–Py), 4.02 (t, 4H, J ¼ 6.2 Hz –OCH2CH2CH3), 4.38

(d, 4H, J ¼ 13.0 Hz, ArCH2Ar), 6.83 (t, 2H, J ¼ 7.5 Hz, ArH para), 6.96 (d, 4H,

J ¼ 7.5 Hz, ArH meta), 7.01–7.39 (m, 8H, Py–H), 7.62 (s, 4H, ArH meta), 7.86 (s, 2H,

–N55CH), 8.32 (s, 2H, –OH). Anal. Calcd. for C48H48O4N4: C, 77.39%; H, 6.49%; N,

7.52%. Found: C, 77.16%; H, 6.86%; N, 7.38%.

Calix[4]arene Schiff Base-II (6). Compound 4 (2.0 g, 3.54 mmol) was dissolved in CHCl3
(75 mL) and to this solution was added 1,8-diaminooctane (0.58 g, 4.04 mmol) in MeOH

(15 mL). The reaction mixture was refluxed for 24 h, in the presence of MgSO4. After

cooling to room temperature, the solvent was concentrated in vacuo to give the crude

product. Purification by column chromatography (Hexane/EtOAc 7:1 v/v) gave 6.

Recrystallization of the solid from CHCl3/MeOH gave the pure compound 6 as yellow

crystals (1.9 g) in 80% yield, m.p. 205–2078C.
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IR (KBr): 3362 cm21 (OH) and 1643 cm21 (C55N). 1H NMR (CDCl3) d 1.26 (t, 6H,

J ¼ 7.3 Hz, –OCH2CH2CH3), 1.31 (m, 16H, (CH2)8), 2.12 (m, 4H, –OCH2CH2CH3),

3.38 (d, 4H, J ¼ 13.0 Hz, ArCH2Ar), 3.87 (t, 4H, J ¼ 6.2 Hz –OCH2CH2CH3), 4.24

(d, 4H, J ¼ 13.0 Hz, ArCH2Ar), 6.89 (t, 2H, J ¼ 7.5 Hz, ArH para), 7.02 (d, 4H,

J ¼ 7.5 Hz, ArH meta), 7.58 (s, 4H, ArH meta), 7.73 (s, 2H, –N55CH), 8.44 (s, 2H,

–OH). Anal. Calcd. for C44H52O4N2: C, 78.54%; H, 7.79%; N, 4.16%. Found: C,

78.32%; H, 8.03%; N, 4.04%.

General Procedure for Loading of Calix[4]arene Schiff Bases on Merrifield Resin (7 and

8). Sodium hydride (1.5 g, 62.5 mmol) was added to a three-neck flask under nitrogen

flow, washed three times with 20 mL aliquots of petroleum ether. To this was added the

solution of Merrifield resin (1.0 g) and 1.8 mmol of Schiff base derivative of calix[4]arene

5 or 6 in 50 mL dried DMF. The mixture was heated to 708C and stirred for 2 days in

the presence of sodium iodide (1.0 g). Excess solution was removed under vacuo and

the polymeric beads were filtered, rinsed with water and 1 N HCl and then repeatedly

washed with CHCl3 and MeOH to ensure removal of any unreacted Schiff base. The

beads were finally dried in a vacuum oven.

Polymer supported calix[4]arene Schiff bases (7) and (8) were prepared according to

the procedure described above yielding 2.2 g and 2.1 g, respectively. Their nitrogen

contents were about 0.16 mmol/g and 0.48 mmol/g, respectively. IR (KBr) spectrum of

polymer 7: 3336 cm21 (–OH), 1638 cm21 (C55N). IR (KBr) spectrum of polymer

8: 3362 cm21 (–OH), 1643 cm21 (C55N).

Analytical Procedure

The picrate and/or dichromate extraction experiments of calix[4]arene Schiff bases (5 and

6) were studied by liquid-liquid extraction experiments following Pedersen’s procedure

(45). 10 mL of a 2.5 � 1025 M aqueous picrate solution or a 1 � 1024 M sodium dichro-

mate solution (pH of the dichromate solution was mainted by 0.01 M KOH/HCl solution)

and 10 mL of a 1 � 1023 M solution of calixarene (3/5/6) in CH2Cl2 were vigorously

agitated in a stoppered glass tube with a mechanical shaker for 2 min, then magnetically

stirred in a thermostated water-bath at 258C for 1 h, and finally left standing for an

additional 30 min. The concentration of picrate/dichromate ion remaining in the

aqueous phase was then determined spectrophotometrically. Blank experiments showed

that no picrate/dichromate extraction occurred in the absence of calixarene. The percen-

tage extraction (E%) was calculated from the absorbance A of the aqueous phase measured

at 372 nm (for picrate), and 346 nm (for dichromate at pH 1.5–4.5) using the following

expression:

ðE%Þ ¼ A0 � A=A0 � 100 ð1Þ

where A0 and A are the initial and final concentrations of the metal picrate/dichromate

before and after the extraction, respectively.

Alkali picrates were prepared by the following method (52). A saturated solution of

picric acid was prepared by dissolving the acid in hot (near boiling) water. Alkali

carbonate (Na2CO3, K2CO3 and Cs2CO3) was then added to the solution until no

further carbon dioxide was evolved, and the solution pH tests as neutral. The color

changed from yellow to orange and some precipitate started to form. As the solution

was cooled gradually to 08C, the alkali picrate forms a mass of crystals. The yield can
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be maximized by evaporating the solvent to half of its original volume and then cooled it

to 08C, at which temperature additional crystals form. After washing with a small amount

of cold water, the pure alkali picrates were dried under vacuum for 24 h and protected from

moisture and light before use.

Lithium picrate was prepared by adding a saturated aqueous picric acid solution

stepwise to LiOH until neutralization is reached. After evaporation of water, the residue

was crystallized from ethyl acetate. The pure crystals were obtained by washing with a

small amount of ethyl acetate, followed by drying under vacuum for 24 h and protection

from moisture and light before use.

Ni2þ, Cu2þ, Co2þ, and Cd2þ picrates were prepared from the respective metal

carbonate (54). Lead picrate was prepared by dissolving picric acid in methanol and

heated until no solid remained. This yielded a yellow solution to which an equal

amount of lead monoxide was added. The methanol was heated further until boiling

commenced and stirring was maintained. After the mixture began to boil lead picrate

formed. Boiling was continued until the solution became a thick emulsion. It was then

filtered and washed with methanol, the filtrate was then allowed to dry. Heating at

1008C for 2 h gave pure lead picrate. Hg2þ picrate was prepared in situ by dissolving

excess of freshly prepared metal oxide or hydroxide, respectively, in a hot aqueous

solution of picric acid. The mixture was stirred for 2–3 days and then filtered. After

standing at room temperature for 24 h, the solution pH was measured, being in

agreement with theoretical value.

Batchwise Adsorption of Selected Transition Metal Ions

About 25 mg of the resin (7 or 8) was shaken with a 10 mL of aqueous solution containing

2.5 � 1025 M metal picrate and/or dichromate in a 50 mL stoppered glass flask at 258C
for 1 h and filtered off. The concentration of metal picrate and/or dichromate ion

remaining in aqueous phase after the adsorption was then determined spectrophotometri-

cally. The adsorption percentage was calculated by the Equation (1).

Results and Discussion

Synthesis and Characterization

This work is mainly focused on the design of new calix[4]arene based ionophores which

have an effective binding feature for a particular set of cations or anions, and could be

useful for multiple applications such as environmental, laboratory and industrial process

analysis. For the desired goal, p-tert-butylcalix[4]arene 1 was chosen as the starting

material (41). The synthetic route is showed in Scheme 1. Compounds 1–4 have been

prepared according to the previously published literature procedures (41–44), while

reaction steps leading from 5 to 8 are described for the first time. Following the

strategy outlined in Scheme 1, the compounds 5 and 6 have been obtained respectively

from the compound 4 by treatment with 3-aminomethylpyridine or 1,8-diaminooctane

in the presence of MgSO4 in CHCl3/MeOH under reflux. These compounds have been

supported onto Merrifield resin (7 and 8) in the presence of NaH and NaI in dry DMF.

All of the new compounds have been characterized by a combination of IR, 1H NMR

and elemental analysis. From 1H NMR data, 5 and 6 exhibit a singlet at d 7.86 ppm and

7.73 ppm, respectively, which indicates the presence of HC55N. These compounds were

confirmed to be present in the cone conformation from the 1H NMR spectra (doublets
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at d 3.47 ppm, 4.38 ppm J ¼ 13.0 Hz and at d 3.38 ppm, 4.24 ppm J ¼ 13.0 Hz for

ArCH2Ar protons of 5 and 6, respectively).

From the elemental analysis data the nitrogen contents of polymer supported calix[4]-

arene Schiff bases (7 and 8) have been calculated to be about 0.16 mmol/g and

Scheme 1. (i) Phenol, AlCl3, toluene; (ii) n-PrBr, MeCN, K2CO3, NaI; (iii) TiCl4, dichloromethyl

methyl ether, CHCl3; (iv) 3-methylpyridine, CHCl3/MeOH; (v) 1,8-diamino octane, CHCl3/MeOH;

(vi) Merrifield resin, DMF, NaH, NaI.
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0.48 mmol/g, respectively, which shows that the calix[4]arene Schiff bases (5 and 6) are

coupled to the Merrifield resin in good yield. This conclusion has also been confirmed by a

strong C55N (1638, 1643 cm21) band in the FT-IR spectra of polymers 7 and 8. Thus,

polymer 7 contains ca. one calixarene unit to five styrene units, while polymer 8

contains ca. one calixarene unit to two styrene units in the polymeric backbone respect-

ively. The results indicate that unreacted chloro-groups on the Merrifield resin could

not be substituted by phenolic groups of calix[4]arene Schiff bases (5 and 6), possibly

due to unfavorable steric interactions of the large macrocycle. The results are also consis-

tant with ruling out the possibility of ethanolic NaOH replacing unreacted chloro groups in

the resin (50).

Metal Cation Extraction

The present work is focused on discovering the favorable requirements for obtaining

effective two-phase extractants. Solvent extraction experiments were performed to

ascertain the effectiveness of compounds 3, 5 and 6 in transferring alkali metal, transition

metal and post transition metal cations such as Liþ, Naþ, Kþ, Csþ, Hg2þ, Pb2þ, Cu2þ,

Co2þ, Cd2þ and Ni2þ from an aqueous phase into an organic phase. The results of the

picrate extraction studies are summarized in Table 1 (Figure 1). These data have been

obtained using a dichloromethane solution of the receptors 3, 5 and 6 to extract metal

picrates from aqueous solution. The equilibrium concentration of picrate in the aqueous

phase has been determined spectrophotometrically.

From the data in Table 1, it is observed that neither alkali nor transition metal cations

are significantly extracted by the 1,3-dialkyl substituted calix[4]arene 3. Imine groups in 5

and 6 improves the extraction ability toward transition metal cations, especially for Hg2þ

and Pb2þ. The increase in the extraction of metal ions with 5 and 6 is due to the presence of

soft binding sites, which are provided by the imine groups. This is in agreement with our

previous work (31, 46).

In order to observe the extraction properties of more than one ionophore unit bound

together, polymeric resins 7 and 8 have been synthesized. The solid-liquid extraction

experiments show that both resins (7 and 8) retain their inherent selective nature and

exhibit good extraction ability for Hgþ2 (Table 1, Figure 1).

Table 1

Extraction of metal picrates with ligandsa

Picrate salt extracted (%)

Ligand Liþ Naþ Kþ Csþ Co2þ Cu2þ Cd2þ Ni2þ Pb2þ Hg2þ

3 ,0.1 2.5 ,0.1 ,0.1 ,0.1 ,0.1 ,0.1 2.8 5.9 6.0

5 ,0.1 ,0.1 ,0.1 6.0 4.2 4.9 5.8 3.5 22.5 57.1

6 ,0.1 ,0.1 ,0.1 6.8 4.7 4.4 6.6 3.8 23.7 58.9

7b 3.3 ,0.1 ,0.1 7.5 7.1 8.2 9.0 7.0 19.6 52.7

8b 5.3 ,0.1 ,0.1 8.3 7.4 8.5 9.1 7.1 16.3 49.9

aAqueous phase, [metal nitrate] ¼ 1 � 1022 M; [picric acid] ¼ 2.5 � 1025 M; organic phase,
dichloromethane, [ligand] ¼ 1 � 1023 M at 258C, for 1 h.

bSolid-liquid batchwise adsorption extraction experiments.
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Dichromate Anion Extraction

In recent years a number of modified calixarenes have been synthesized that can be used as

host for various anions (19, 20, 47, 49, 51). This has occurred because the periphery of a

chemically modified calixarene can be made structurally compatible with these ions.

Therefore, our goal is the synthesis of extractants based on a calix[4]arene framework

that are especially effective for dichromate anions. The dichromate (HCr2O7
2/Cr2O7

22)

ions are dianions where the periphery of the anion have oxide moieties. These oxides

are potential sites for hydrogen bonding to the host molecule. A preliminary evaluation

of the extraction effiencies of 5 and 6 have been carried out by solvent extraction of

Na2Cr2O7 from aqueous phase into dichloromethane at different pH values. The extraction

results are presented in Table 2. From the extraction data it is clear that the extractant 5 is

more effective for the extraction of dichromate anions at low pH (1.5–2.5) because 5
contains a proton-switchable pyridinium and imine binding site appropriate for aggrega-

tion of anions at low pH. Observations show that the extraction ratio decreases as the

pH increases, showing that the protonated form of 5 is an effective host for the dichromate

anions (Figure 2, Table 2). From the extraction data given in Table 2, it is apparently clear

that 3 has not extracted Cr2O7
22/HCr2O7

2 ions significantly. However the conversion of

3 into a cyclic Schiff base derivative 6 increases the anion extraction ability of this

compound to a remarkable extent. This pronounced increase may be due to more rigid

structural features, and the protonation of imine groups of 6, both of which may assist

in transferring anions as compared to 3. Therefore, it can be demonstrated that because

of the proton transfer to the nitrogen atom of the pyridine/imine unit in 5 and 6, an ion

pair complex is formed in the two phase extraction system (Scheme 2). Both Schiff

base derivatives of calix[4]arene show enhanced ion pair extraction of the sodium salt

of chromium (VI) even at low pH. This observation can be explained by the fact that

the hydrophilic nature of the OH groups may affect the extraction ability of these

compounds due to their interaction at the water-dichloromethane interface which may

Figure 1. Extraction percentrage of alkali and transition metal cations with 3, 5, 6, 7 and 8.
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provide a proton exchange process in transferring Naþ ions. Upon addition of NaOH to the

aqueous layer, the deprotonated calixarene 5 and 6 in the dichloromethane layer is no

longer an effective host molecule for HCr2O7
2/Cr2O7

22, and the dianion migrates back

into the aqueous layer in a reversible process (Scheme 2).

This feature is very important if it is desirable to recover the metal in pure form and

for the extractant to be available for reuse (33). The solid-liquid batchwise adsorption

extraction experiments (48, 52) of the polymer supported calix[4]arene Schiff bases 7

and 8 have been performed in aqueous solutions of Cr2O7
22 at various pH values. From

the data in Table 2, it is clear that there is a significant decrease in the extraction ability

of the polymers 7 and 8 over the monomers 5 and 6. Nevertheless they show good

affinity toward Cr2O7
22/HCr2O7

2 at low pH (Table 2).

Table 2
Percentage extraction of dichromate by extractants

5 and 6 at different pH valuesa

Dichromate anion extracted (%), pH

Compound 1.5 2.5 3.5 4.5

3 9.2 12.8 11.3 10.8

5 57.3 41.6 22.6 2.2

6 52.7 31.8 11.8 ,0.1

7b 23.5 16.2 ,0.1 ,0.1

8b 28.2 18.1 ,0.1 ,0.1

aAqueous phase, [metal dichromate] ¼ 1 � 1024 M; organic phase, dichloro-
methane, [ligand] ¼ 1 � 1023 M at 258C, for 1 h. The percentage extraction is
given by [initial aqueous anion] – [final aqueous anion]/[initial aqueous
anion] � 100.

bSolid-liquid batchwise adsorption extraction experiments.

Figure 2. Plots of extraction (E %) vs. pH following the two phase solvent extraction of dichromate

with compounds 5 and 6.
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All data have been analyzed using the classical slope analysis method. Assuming that

the extraction of an anion An2 by the receptor LHnþ is according to following equilibrium:

nðLHnþÞorg þ nAn�
aq O ½ðLHnþÞn; An�

n �org ð2Þ

The extraction constant Kex is then defined by:

Kex ¼
½ðLHnþÞn; An�

n �org

½An��
n
aq½LHnþ�

n
org

ð3Þ

Equation (3) can be re-written as:

log DA ¼ log Kex þ n log½LHnþ�org ð4Þ

where DA is defined as ratio of the analytical concentration of the anion An2 in both

phases:

DA ¼ ½A�org=½A�aq

Consequently a plot of the log DA vs. log[L] may lead to a straight line with a slope

that allows for the determination of the stoichiometry of the extracted species, where [L]

is defined as the analytical concentration of the ligand in the organic phase. Figure 3

represents the extraction into dichloromethane at different concentrations of 5 and 6

with dichromate respectively. A linear relationship between log DA vs. log [L] is

observed with a slope of line for the dichromate anion by 5 and 6 that is approximately

equal to 1 at pH 1.5, suggesting that 5 and 6 form a 1:1 complex with dichromate

anion. This is attributed to the presence of following equilibrium:

HCr2O�
7O Cr2O2�

7 þ Hþ ð5Þ

Scheme 2. The proposed interactions of compound 5 and 6 with Naþ and HCr2O7
2 ions.

A. Karakücük et al.700

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



At high acidic conditions Na2Cr2O7 is converted into the H2Cr2O7 form, and after the

ionization in aqueous solution it exists in the Cr2O7
22/HCr2O7

2 form. This allows us

to consider this simultaneous extraction of 1:1 complexes according to the following equi-

libria:

ðLHþÞorg þ HCr2O�
7aq Kex
O

ðLHþ;HCr2O�
7 Þorg ð6Þ

ðLH2Þ
2þ
org þ Cr2O�

7aq K 0
ex
O

ðLHþ
2 ;Cr2O2�

7 Þorg ð7Þ

According to these assumptions, the extraction constant has been calculated from the

experimental data with similar Kex and Kex
0 values using Equation (4.) Calculations of these

constant values lead to log Kex ¼ log Kex
0 ¼ 3,03 + 0,2 for 5 and log Kex ¼ log

Kex
0 ¼ 2,83 + 0,2 for 6.

Conclusions

This work reported here allows further conclusions to be made about the description of

simple calixarene host-guest compounds. Two new calix[4]arene Schiff base derivatives

5 and 6 in the cone conformation have been synthesized from 5,17-diformyl-25,27-

dipropoxy-26,28-dihydroxycalix[4]arene 4 by treatment with 3-aminomethylpyridine or

1,8-diaminooctane respectively. These Schiff base derivatives of calix[4]arene have

been supported to a Merrrifield resin to obtain multiple calix[4]arene units. The newly

synthesized compounds 5 and 6 and their polymeric derivatives 7 and 8 show good

affinity and selectivity toward Hg2þ. Extraction studies of all of the new calix[4]arene

derivatives with alkali/transition metal cations and their systematic complexation

studies are presented here for Cr2O7
22/HCr2O7

2 anions at different pH values. This

work confirms the good selectivity of 5 and 6 toward Hg2þ and Pb2þ cations from an

aqueous solution as compared to the unsubstituted calix[4]arene 3. Compounds 5 and 6

are good extractants for Cr2O7
22/HCr2O7

2 anions, but their polymeric derivatives 7 and

8 have poor affinity for Cr2O7
22/HCr2O7

2 at high pH in the solid-liquid extraction

system. We have also shown that the calixarenes substituted at the upper rim with

Figure 3. Log D vs. log [L] for the extraction of dichromate by the ligand 5 and 6 from an aqueous

phase into dichloromethane at 258C.
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imine groups and/or pyridine containing ionophoric moieties show proton-switchable

extraction. This hydrogen bonding motifs that occur in these calix[4]arene Schiff base

derivatives may be of considerable importance for the future design of novel calix[4]arene

based receptors, carriers, or supramolecular structures.
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3. Asfari, Z., Böhmer, V., Harrowfield, J.McB., and Vicens, J. (2001) Calixarenes 2001; Kluwer

Academic Publishers: Dordrecht.

4. Beer, P.D., Drew, M.G.B., Hesek, D., and Nam, K.C. (1997) A New Carboxylate Anion

Selective Cobaltocenium Calix[4]arene Receptor. Chem. Commun., 107–108.

5. Scheerder, J., Fochi, M., Engbersen, J.F.L., and Reinhoudt, D.N. (1994) Urea-derivatized p-tert-

butylcalix[4]arenes: Neutral Ligands for Selective Anion Complexation. J. Org. Chem.,

59: 7815–7820.

6. Gutsche, C.D. and See, K.A. (1992) Calixarenes. 27. Synthesis, Characterization, and

Complexation Studies of Double-Cavity Calix[4]arenes. J. Org. Chem., 57: 4527–4539.

7. Van Loon, J.D., Janssen, R.G., Verboom, W.D., and Reinhoudt, D.N. (1992) Hydrogen Bonded

Calix[4]arene Aggregates. Tetrahedron Lett., 33: 5125–5128.

8. Morzherin, Y., Rudkevich, D.M., Verboom, W., and Reinhoudt, D.N. (1993) Chlorosulfony-

lated Calix[4]arenes: Precursors for Neutral Anion Receptors with a Selectivity for Hydrogen

Sulfate. J. Org. Chem., 58: 7602–7605.

9. Beer, P.D., Chen, Z., Goulden, A.J., Graydon, A., Stokes, S.E., and Wear, T. (1993) Selective

Electrochemical Recognition of the Dihydrogenphosphate Anion in the Presence of Hydrogen-

sulphate and Chloride Ions by New Neutral Ferrocene Anion Receptors. J. Chem. Soc.: Chem.

Commun., 1834–1841.

10. Arnaud-Neu, F., Barrett, G., Harris, S.J., Owens, M., McKervey, M.A., Schwing-Weill, M.J.,

and Schwinte, R. (1993) Cation Complexation by Chemically Modified Calixarenes. 5. Proto-

nation Constants for Calixarene Carboxylates and Stability Constants of their Alkali and

Alkaline-earth Complexes. Inorg. Chem., 32: 2644–2650.

11. Ghidini, E., Ugozzoli, F., Ungaro, R., Harkema, S., Abu El-Fadl, A., and Reinhoudt, D.N.

(1990) Complexation of Alkali Metal Cations by Conformationally Rigid, Stereoisomeric

calix[4]arene Crown Ethers: A Quantitative Evaluation of Preorganization. J. Am. Chem.

Soc., 112: 6979–6985.

12. Talanova, G.G., Hwang, H.-S., Talanov, V.S., and Bartsch, R.A. (1998) Calix[4]arenes with

Hard Donor Groups as Efficient Soft Cation Extractants. Remarkable Extraction Selectivity

of Calix[4]arene N-(X)sulfonylcarboxamides for HgII. Chem. Commun., 1329–1330.

13. Steed, J.W. and Atwood, J.L. (2000) Supramolecular Chemistry; John Wiley & Sons:

New York.

14. Scheerder, J., Van Duynhoven, J.P.M., Engberson, J.F.F., and Reinhoudt, D.N. (1996) Solubil-

ization of NaX Salts in Chloroform by Bifunctional Receptors. Angew. Chem. Int. Ed. Eng., 35:

1090–1093.
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