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CHAPTER I 

 

INTRODUCTION 

 

In biological system, ion transportation was controlled by ion pump through 

membrane containing natural ionophores. The well known ion pump is Na/K pump 

that relies on the conformational switch of proteins entrenched in the membrane to 

select binding with sodium or potassium ion using ATP in the process.(1-3) The 

chemists use supramolecular chemistry, a combination of organic synthesis of 

molecular architectures and coordination chemistry, for understanding and mimicking 

the biologal system.(4) Supramolecular chemistry may also lead to assembly of  

molecular devices defined as structurally organized  chemical systems built for 

specific functions.(5-7)  

 

1.1  Supramolecular Chemistry 

Study of supramolecular structures has recently become one of the most 

interesting subjects in science covering  chemistry, physics, biology which focus on 

the noncovalent interaction of molecules such as hydrogen bonding, metal 

coordination, hydrophobic forces, van der Waals forces, π-π interactions, and 

electrostatic interaction to assemble molecules into multimolecular complexes.(8) 

Supramolecular structures are common and important in biological systems observed 

in various combinations between receptor-ligand, antigen-antibody, DNA-protein, 

sugar-lectin, RNA-ribosome, etc. Chemists have demonstrated that artificial 

supramolecular systems can be designed to exhibit molecular recognition. One of the 

earliest examples of this system is crown ethers which were selectively bind specific 

cations. However a number of artificial systems have since been established.(9-11)

1.2  Crown ethers 

 

Crown ethers  are heterocyclic molecules consisting of repeating –OCH2CH2 

units (Figure 1.1). Crown ethers are known as alkali metal ion receptor.(12-15) The 

binding properties are depending on the shape and size of the crown ethers; for 

examples, 18-crown-6 has high affinity for potassium cation 15-crown-5 for sodium 

http://en.wikipedia.org/wiki/Hydrogen_bond
http://en.wikipedia.org/wiki/Hydrophobic_effect
http://en.wikipedia.org/wiki/Van_der_Waals_force
http://en.wikipedia.org/wiki/Pi-pi_interaction
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cation and 12-crown-4 for lithium cation. The oxygen atoms are ideally situated to 

coordinate with the cation in the interior of the ring, whereas the exterior of the ring is 

hydrophobic.  The result is that the complexed cation is soluble in nonpolar solvents. 

The applications of crown ether are separation of metal ion and phase transfer 

catalysis.(16-18)

 

 

 

 

 

 

Li+Li+
Na+Na+ K+K+K+

 

12-crown-4   15-crown-5     18-crown-6 

 

Figure 1.1 A various size of crown ethers and complexation with metal ion 

 

 

1.3  Calix[4]arene 

 

Calix[4]arenes, a well-established class of flexible macrocyclic compounds, are 

characterized by a three dimensional basket or cup structure that has a wide upper rim 

and narrow lower rim and a central annulus.(19-21) (Figure 1.2). 

 

 

OHOH HOOH

Upper rim

lower rim

annulus

 

 

 

 

 

Figure 1.2 p-tert-butyl calix[4]arene structure 

 

A calix[4]arene derivative is frequently used as a building block for construction 

of highly selective host molecules(20) because calix[4]arene can easily be 

functionalized both at the phenolic OH group (lower rim)(22-25) and the para position 
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of the phenol rings (upper rim).(21, 26-29) The rotation of the bonds between phenol 

rings brings about variable conformations of calix[4]arene. Four main conformations 

of calix[4]arene have been recognized that is one with the aryl groups all syn to each 

other, one with three aryl group syn and one anti, one with adjacent pairs of aryl 

groups syn and anti and one with all adjacent pairs of aryl groups anti. These were 

name as cone, partial cone, 1,2-alternate and 1,3-alternate with idealized structures 

having C4v, Cs, C2h, D2d symmetry, respectively (Figure 1.3).(30-33) 

The structures of these conformers can be easily distinguished by the 

characteristic 1H NMR patterns arising from the ArCH2Ar methylene protons judging 

from the symmetry of each conformer, cone, partial cone, 1,2-alternate, and 1,3-

alternate will appear as a pair of doublets, two pairs of doublets, one singlet and pair 

of doublets, and one singlet, respectively.(34-35)
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Figure 1.3 Calix[4]arene conformation 

 

However, sometime the actual molecule of calix[4]arene have a conformation 

different from these four main conformations as the result of torsion changes in the 

aryl group orientation.(36-39) For example, the cone conformation sometime assumes a 

pinched cone structure in which one pair of aryl groups become almost parallel while 

the other pair splay outward.(21)

The binding properties of calix[4]arene toward alkali metal ion, alkaline earth 

metal ion, ammonium cation can be tuned by conformational change of  the 
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calix[4]arene. It is now well-established that the efficiency and selectivity in metal ion 

binding by calixarene ionophores depends not only on the ring size of the calixarenes 

but also on the nature of the binding groups attached and, especially for calix-[4]arene 

derivatives, on the conformation of the macrocycle (cone, partial cone, 1,3-alternate, 

1,2-altemate).(19)

In case of calix[4]arene crown-6 (Figure 1.4), the cone conformation hardly 

extract or bind with Cs+ while the 1,3 alternate conformation have the high 

extractability toward Cs+.(24)  A dramatic increase in the binding and extraction of 

cesium cation is observed for all ligands in the 1,3-altemate conformation due to the 

cation-π interaction of phenyl rings of calix[4]arene and Cs+ that performed well in 

1,3 alternate conformation.(40-41)

 

 

 

 

 

 

 

           1,3 alternate conformatiom                                       cone conformation 

Figure 1.4 Conformation of  calix[4]arene crown-6(24)

In some case, calix[4]arene conformation can be changed by complexing with a 

cationic guest (Figure 1.5).(19)When Li+, Na+ or ammonium cation was added into 

tetra-O-methyl calix[4]arene solution, the partial cone conformation of calix[4]arene 

was changed to cone conformation. Because of the absence of the intramolecular 

hydrogen bonding of the tetra-O-methyl calix[4]arene, the conformation is not locked 

and it is easy to rotate. So, the tetra-O-methylation of calix[4]arene can complex with 

many cations in different conformations and does not show selectivity. 
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Figure 1.5 Inclusion of metal cation and of ammonium(19)

The common receptor such as calix[4]arene and crown ether were combined 

with azobenzene and stilbene (Scheme 1.1) that have different molecular lengths 

between various isomers and photo-switchability between cis and trans isomer to 

control the conformation and binding properties of the receptors. 

 
N

N

N N

      

            cis-azobenzene                  trans-azobenzene 

 

 

       cis-stilbene    trans-stilbene 

Scheme 1.1 cis and trans isomer of azobenzene and stilbene 
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In 1979, Ueno and coworkers(42) found that dipyridyl cis-azobenzene-capped β-

cyclodextrin can bind 4,4′-bipyridyl, whereas trans-azobenzene-capped β-

cyclodextrin cannot bind at all. They suggested that 4,4’-bipyridyl is too large to be 

included in the cavity of trans-azobenzene-capped β-cyclodextrin but can be included 

in the expanded cavity of cis- azobenzene-capped β–cyclodextrin. (Figure 1.6). 

 

 

 

 

Figure 1.6 Azobenzene-capped β–cyclodextrin(26)

  

In 1980, Shinkai and coworkers(43) investigated the extractability of cis and 

trans-azobenzene crown ether (Scheme 1.2). They found that the extractability of 

trans-azobenezene crown ether is in the order K+ > Na+ > Li+ >Rb+, Cs+ whereas that 

of cis-azobenezene crown ether is in the order K+ > Na+ > Rb+ > Li+, Cs+; (ii) large 

alkali metal ions such as Rb+ and Cs+ are hardly extracted by trans-azobenezene 

crown ether, (iii) trans-azobenezene crown ether extracts Li+ which cannot be 

extracted by cis- azobenezene crown ether. They also prepared azobis(benzo) crown 

ether and studied about their binding ability.(44) From the extraction study, cis-

azobis(benzo) crown ether can bind with K+, Rb+ and Cs+ well while the trans form 

can bind with Li+ and Na+ (Scheme 1.3) .   
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Scheme 1.2 cis and trans isomer of azobenzene crown ethers(43)

 

 



 7

  

O
O

O

O

N
N

R

O

O

O
O

R

O O

O
O

N

R

N

O
O

O
O

R

hυ

dark

trans cis

 

 

 

 

 

Scheme 1.3 cis and trans isomer of azobis(benzo) crown ether(44)

 

In 1997, Vicens and coworkers synthesized the calix[4]arene crown ether 

containing azobenzene.(45-46) Extraction of Cs+ and Rb+ proved that cis-azo 

calix[4]crown ether exhibits a greater binding ability than trans-azo calix[4]crown 

ether (Scheme 1.4). The results indicated that azobenzene can control conformation 

and binding properties of receptors. 

 

 

 

 

 

 

 

 

Scheme 1.4 cis- and trans-azo calix[4]crown ether(45-46) 

  

In 2001, calix[4]arene crown ethers containing azobenzene (Figure 1.7) were 

prepared.(47-48) The X-ray structure showed that the conformation of o-trans-

azobenzene crown ether calix[4]arene was cone while that of the m-trans-isomer was 

pinched cone. The m-trans derivative preferred to bind K+ while the m-cis derivative 

preferred to bind Na+. Although the m-cis- and m-trans-isomers of these azobenzene 

derivatives displayed different selectivity in binding alkali metal ions, their thermal 

isomerization prevented them from being good candidates for controllable 

receptors.(47-48)  

Unlike azobenzenes, the stilbene analogues have been found not to undergo 

thermal isomerization.(49) Therefore, the stilbene-bridged calix[4]arene derivatives 

were synthesized (Figure 1.8). The result showed that the stilbene bridge can be used 
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to control the conformations of calix[4]arene between cone and pinched cone. 

Unfortunately, these stilbene derivatives can not bind with any alkali metal ion.(48, 50-

51)  

O O

O O

OHOH

N N
                                                                 

 

 

 

 

Figure 1.7 Azobenzene crown ether p-tert-butylcalix[4]arenes 

                                               

O O

O O

OH OH

 

 

 

 

 

Figure 1.8 Stilbene crown ether p-tert-butylcalix[4]arenes 

 

This dissertation presents the synthesis of a new series of calix[4]aene 

derivatives containing crown ether cavity and stilbene bridge on the opposite rims of 

calix[4]arene (Figure 1.9). The design of the synthsized molecules uses crown ether 

as a cavity for hosting the alkali metal ions and various regioisomers of stilbenes as 

molecular bridges controlling the conformations of the calix[4]arene platform which 

may also be triggered by UV light. The binding properties of these new calix[4]arene 

derivatives should be interesting especially in terms of their selectivity and 

switchability.  

 

O

O O O

O

O O

O O

n

 

 

 

 

 

 

             n=1, 2 

Figure 1.9 Structures of the targeted stilbene-bridged crown ether calix[4]arenes 
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The outlines of this research include 1) synthesis of the proposed calix[4]arene crown 

ethers containing a stilbene bridge, 2) characterization and conformational analysis of 

the synthesized compounds, 3) study of binding properties toward alkali metal ions in 

comparison to the well known ionophore, 18-crown-6,(52) 3) study of 

photoisomerization  of the synthesized compounds.  

 

1.4    Study of a complexation process by NMR spectroscopy(53-54)

 

Dynamic NMR is the NMR spectroscopy of samples that undergo physical or 

chemical changes with time. The timescales studied can be varied from picoseconds 

to centuries and the techniques used for their study depend on the timescale. NMR 

can be used to determine the equilibrium and the rate constants which can be used to 

calculate the thermodynamic parameters of the system.  

Chemical exchange refers to any process in which a nucleus exchanges between 

two or more environments in which its NMR parameters (e.g. chemical shift, scalar 

coupling, or relaxation) differ. Dynamic NMR deals with the effects in a broad sense 

of chemical exchange processes on NMR spectra and conversely with the information 

about the changes in the environment of magnetic nuclei that can be derived from 

observation of NMR spectra. 

There are two main types of chemical exchange processes i.e. intramolecular 

and intermolecular exchanges. The examples of intramolecular exchange are motions 

of side chains in proteins, helix-coil transitions of nucleic acids, unfolding of proteins 

and conformational equilibrium. The process is truly unimolecular involving one 

reagent and one product that can be expressed as the following chemical equation: 

 

A
Keq

B 

 

The intermolecular exchange on the other hand involves two reagents e.g. 

binding of small molecules to macromolecules (host-guest complexation), 

protonation/deprotonation equilibrium, isotope exchange processes and enzyme 

catalyzed reactions.  

 
H+G C
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The chemical exchange process is usually driven by the intermolecular forces, 

such as ion-ion, ion-dipole, hydrogen bonding, solvophobic interactions, π−π 

stacking, vander waals forces, charge transfer and others. Only the intermolecular 

exhanges in host-guest systems are discussed here. The equilibrium association 

constant (K) between host and guest is given by K= [C]/[H][G] with a unit of M-1or 

L/mol. The Equilibrium Dissociation constant (Kd) corresponding to the reverse 

process, which is frequently used in biochemistry, is hence given as Kd= [H][G]/[C] 

with a  unit of M or mol/L. 

 To obtain the K value for particular host-guest association equilibrium, we 

need to measure the equilibrium concentrations of host, guest and complex. Often, if 

just one of these concentrations can be measured, the others can be obtained using 

mass balance equations. Initially, the host and guest were mixed at analytical 

concentrations of H0 and G0, respectively. At  equilibrium, the concentrations of free 

host, free, guest and complex are H, G and C, respectively that give H0= H + C and 

G0= G + C. Therefore, if C can be determined, H and G can immediately be 

calculated. 

In a slow chemical exchange process, the proton resonances of the complex and 

the free host are simultaneously observed, the integrated proton signals (Ic and Ih) can 

be used to obtain the respective concentrations (C and G). For instance, H =H0 

Ih/(Ih+Ic) and C = H0 Ic/(Ih+Ic). From the equilibrium concentrations obtained in this 

manner, the K value can be calculated directly. The derived equation for calculation 

of K is shown below. 

K = (nc / [H]0)/ (1-nc)(R-nc) 

 where R=[G]0/[H]0 and nc = Ic/(Ic+Ih) 

 
 

The determination of K value for a fast chemical exchange process is more 

complicated because only one set of signals is observed. An observed chemical shift 

(δ) is a molar average of those for the free host (δH) and complex (δC); thus, δ = XH•δH 

+ XC•δC. For any combination of analytical concentrations H0 and G0  the molar 

fractions of free host (XH) and complex (XC) at the equilibrium depend on the K value. 

The procedure relies on measuring δ as a function of variable H0 and G0 values. 

Practically, one of the initial concentrations is kept constant e.g H0  is constant while 

G0 is varied. To obtain the binding constant (K) data is fitted to a mathematical model 
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describing the 1:1 binding between host and guest. Many software packages can do 

this, including Excel and any plotting software packages. In this dissertation EQNMR 

was used. 

The equilibrium constant (K) is related to the equilibrium concentration of the 

complex (C) as follows. 

 

 
K =           C

(H0-C)(G0-C)
 

          and C = [KG0+KH0+1] ±√ (KG0+KH0+1)2 -4K2H0G0 

2K 

 

The fitting software starts by inputting a guessing K and experimental δ values. 

It then calculates C from the guessing K. The C values is in turn used for calculation 

of the molar fractions, XC = C/H0 and XH= 1-XC, and δ. The program will give an 

optimum K by simulating δc that give the minimum differences between the 

experimental and calculated chemical shifts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER II 

 

EXPERIMENTAL  

 

2.1   Synthesis 

All reagents were purchased from Sigma-Aldrich, Fluka® (Switzerland) Merck® 

(Germany), and Acros (Belgium). p-tert-Butylcalix[4]arene(56) and picrate salts were 

prepared according to the literatures.(57) For general reaction, solvents such as 

methylene chloride and acetonitrile were reagent grade stored over molecular sieves. 

In anhydrous reactions, solvents such as THF and toluene were dried by standard 

procedures and distilled before use. All column chromatography were operated using 

silica gel 60, Merck®. Solvents such as methylene chloride, hexane, ethyl acetate and 

methanol used for extraction and chromatography were commercial grade and 

distilled before use. The extraction  except diethyl ether and chloroform which was 

reagent grade. Deionized water was used in all experiments unless specified 

otherwise. All reactions were carried out under positive pressure of N2 filled in rubber 

balloons. The products were characterized by a melting point apparatus 

(Electrothermal 9100, Fisher Scientific, USA), elemental analyzer (PE 2400 Series II, 

Perkin-Elmer, USA.), mass spectrometer (Quattro Micro 2000, Micromass, France)  

Fourier transform infrared spectrometer (FTIR), Impact 410, Nicolet, USA and 

nuclear magnetic resonance spectrometer ( 400 MHz, Mercury 400, Varian, USA ).. 

Deuterated chloroform (CDCl3) was used in most NMR spectra unless specified 

otherwise. The UV-Visible spectra were obtained from UV-Vis spectrophotometer 

(Cary 100 Bio, Varian, Australia) using spectral grade acetonitrile as a solvent.  
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2.1.1 Preparation of tert- butyl calix[4]arene(56)

H H

O

OH OH

**

n

+

 NaOH (catalyst)

120 oC

 

 

Polymerisation 

 

 

 

OH

**

n

reflux

Diphenyl ether

OHOH HOOH

 

Cracking 

 

 

    

    Over all 58 % yield 

 

First step: polymerisation 

 

In a 1 L round-bottomed flask equipped with a magnetic stirring bar, a mixture 

of p-tert-butylphenol (0.17 mol, 25.00 g), 37% formaldehyde in ethanol (0.20 mol, 

15.50 mL) and sodium hydroxide (7.50 mmol, 0.30 g) was stirred and heated at 100-

120 °C on a heating mantle. The flask was left open to allow the water by-product to 

escape from the reaction mixture. The stirring and heating was continued until a 

colourless liquid turned into a spongy crispy yellow solid as the water evaporated.  

The reaction was then allowed to cool to room temperature. Over heating resulted in 

low yield of the desired product in the following step due to the formation of green 

polymeric materials. The small amount of green polymer by-product, if formed, was 

disposed and only the yellow part of the precursor was brought to the next step, 

cracking. The precursor prepared should be used within one or two days to assure the 

high yield of p-tert-butylcalix[4]arene. 

 

 Second step: cracking 

Two batches of the yellow polymer fromed in the first step were crushed into 

powder. In a  2 L two-necked round-bottomed flask equipped with a magnetic stirring 

bar, condenser and a Dean-Stark trap, the precursor from polymerisation process 
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(25.00 g) was stirred in diphenyl ether (250 mL). The reaction flask and the Dean-

Stark side arm were wrapped with a heating jacket and cotton wool in aluminium foil 

in order to maintain the temperature. The mixture was refluxed on a heating mantle. 

The “pop” sound was produced indicating the removal of water from the reaction. 

When the “pop” sound was completely subsided, the reaction was allowed to cool to 

room temperature (around 2.5 hours). The pale brown product was precipitated out by 

addition of ethyl acetate (400 mL). The product was filtered and washed with ethyl 

acetate (400 mL) and 25% acetic acid in ethyl acetate (300 mL) yielding a white solid. 

The p-tert-butylcalix[4]arene was further purified by crystallisation in toluene giving 

a white crystal as a product in 58% yield. 

 

2.1.2 Preparation of calix[4]arene(58)

 

 

 

 

 

  
OHOH HOOH

Phenol, AlCl3

OHOH HOOH

 Toluene

              

   60 % yield 

In a 500 mL round-bottomed flask with a magnetic stirring bar, a mixture of 

tert-butyl calix[4]arene (0.04 mol, 26 g), phenol  (0.19 mol, 18 g) in anhydrous 

toluene (200 mL) was cooled to 0 °C in an ice bath. AlCl3 (0.21 mol, 28 g) was 

slowly added to the reaction mixture. The reaction mixture was allowed to warm to 

room temperature and stirred for 1 hour. HCl (3 M, 150 mL) was added to the 

reaction mixture at 0 °C and extracted with water (2x30 mL). The organic phase was 

separated and dried over anhydrous Na2SO4.  The solvent was evaporated under 

reduced pressure until the white solid was precipitated and methanol (200 mL) was 

poured into the residue.  The product was precipitated out as a white solid. The 

precipitate was filtered and washed with cold toluene and methanol. The calix[4]arene 

was further purified by crystallization in toluene giving a white solid as a product in 

60 % yield. 
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2.1.3 Preparation of (2-Bromoethoxy)benzaldehyde(59)

 
O

H
+ Br Br

OH

K2CO3, Bu4NBr

CH3CN

O

H

O

Br

 

 

 

 ortho  73%,  

       meta   65% 

       para   79% 

        

In a 1 L round-bottomed flask equipped with a magnetic bar and a reflux 

condenser, hydroxybenzaldehyde (0.20 mol, 24.40 g), K2CO3 (0.21 mol, 29.00 g) and 

Bu4NBr (0.02mol, 6.40 g.) were dissolved in CH3CN (800 mL). The mixture was 

stirred for 30 minutes at room temperature and dibromoethane (1.60 mol, 78 mL) was 

then added all at once to avoid the disubstitution by-product. The mixture was 

refluxed for 48 hours and allowed to cool to room temperature. The mixture was 

filtered and washed with CH2Cl2. The filtrate was combined and the solvent was 

evaporated under reduced pressure. The resulting residue was dissolved in CH2Cl2 

(150 mL) and then extracted with aqueous NaOH (4 M, 4 x 25 mL). The organic 

phase was separated and dried over anhydrous Na2SO4. The solvent was removed 

under reduced pressure. The product was further purified by a column 

chromatography using 20% ethyl acetate in hexane as an eluent yielding a white solid 

as the product and m-isomer yielded yellow liquid. (73%, 65%, 79% yield for ortho, 

meta and para derivatives, respectively). 

2-(2-bromoethoxy)benzaldehyde 1H-NMR (400 MHz, CDCl3) δ 3.67 (t, 2H, CH2Br, J 

= 6.0 Hz), 4.38 (t, 2H, CH2OAr, J = 6.0 Hz), 6.92 (d, 1H, ArH, J = 8.5 Hz), 7.03 (t, 

1H, ArH, J = 7.5 Hz), 7.52 (dt, 1H, ArH, J = 8.5, 2.0 Hz), 7.81 (dt, 1H, ArH, J = 7.5, 

2.0 Hz), 10.50 (s, 1H, ArCHO,) 

3-(2-bromoethoxy)benzaldehyde  1H-NMR (400 MHz, CDCl3) δ 3.65 (t, 2H, CH2Br, J 

= 6.0 Hz), 4.33 (t, 2H, CH2OAr, J = 6.0 Hz), 7.13–7.47 (m, 4H, ArH), 9.95 (s, 1H, 

ArCHO)  

4-(2-bromoethoxy)benzaldehyde 1H-NMR (400 MHz, CDCl3) δ 3.65 (t, 2H, CH2Br, J 

= 6.0 Hz), 4.36 (t, 2H, CH2OAr, J = 6.0 Hz), 7.00 (d, 2H, ArCH, J = 9.0 Hz), 7.84 (d, 

2H, ArCH, J = 9.0 Hz), 9.88 (s, 1H, ArCHO) 
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2.1.4 Preparation of bisbenzaldehyde calix[4]arene 

 

 

 

 

 

 

 

 

O

H

O O

O O

OHOH

O

H

OH OHOHOH
O

H

O

Br

+ Na2CO3, Bu4NBr

CH3CN

          

          ortho-1 ; 60% yield 

           meta-1 ; 64% yield 

           para-1 ; 55% yield 

 

 

In a two-necked 1 L round-bottomed flask equipped with a magnetic bar and a 

reflux condenser, calix[4]arene (7.8 mmol, 5.00 g) and Na2CO3 or K2CO3 (57.9 

mmol, 8.00 g) were dissolved in CH3CN (300 mL). The mixture was stirred for 30 

minutes at room temperature and (2-bromoethoxy)-benzaldehyde (17.5 mmol, 4.00 g) 

was then added dropwise. The mixture was refluxed for 5 days and then allowed to 

cool to room temperature. The mixture was filtered and washed with acetone and 

CH2Cl2. The filtrate was combined and the solvent was evaporated under reduced 

pressure. The resulting residue was dissolved in CH2Cl2 (150 mL) and extracted with 

aqueous HCl (2 M, 4 x 25 mL). The organic phase was separated and dried over 

anhydrous Na2SO4. The solvent was removed under reduced pressure. The product 

was further purified by crystallization in CH2Cl2/hexane yielding a white solid as the 

product (60%, 64%, 55% for ortho, meta and para derivatives, respectively when 

Na2CO3 was used as a base but the desired product can not isolate when K2CO3 was 

used as a base) 
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ortho-bisbenzaldehyde calix[4]arene 1:   1H-NMR (400 MHz, CDCl3) δ 3.38, 4.33 

(d, 8H, ArCH2Ar, J = 13 Hz) 4.42, 4.41 (broad, 8H, -OCH2CH2O-), 6.65, 6.76 (t, , 

4H, calix –ArH, J = 7.5 Hz), 7.04, 6.76 (d, 4H, calix-ArH, J = 7.5 Hz), 7.02, 7.49 (t, 

4H, aldehyde- ArH, J = 7.6 Hz), 7.85, 6.93 (d, 4H, aldehyde- ArH, J = 7.6 Hz), 7.89 

(s, 2H, OH), 10.53 (s, 2H, CHO) 

 

meta-bisbenzaldehyde calix[4]arene 1:   1H-NMR (400 MHz, CDCl3) δ 3.38, 4.42 

(d, 8H, ArCH2Ar, J = 13 Hz) 4.31, 4.29 (broad, 8H, -OCH2CH2O-) 6.67, 6.77 (t, 4H, 

calix-ArH, J = 7.5 Hz), 6.94, 7.06 (d, 4H calix-ArH), 7.42-7.54 (m, 6H, ArH), 7.39 (s, 

2H, aldehyde- ArH), 7.95 (s, 2H, OH), 9.94 (s, 2H, CHO) 

 

para-bisbenzaldehyde calix[4]arene 1:   1H-NMR (400 MHz, CDCl3) δ 3.38, 4.38 

(d, 8H, ArCH2Ar, J = 13 Hz) 4.30 (broad, 8H, -OCH2CH2O-) 6.67, 6.78 (t, , 4H, 

calix-ArH, J = 7.5 Hz), 6.94, 7.06 (d, 4H, calix-ArH, J = 7.5 Hz), 7.00, 7.84 (t, 4H, 

aldehyde-ArH, J = 8.7 Hz), 7.85 (s, 2H, OH), 9.90 (s, 2H, CHO) 
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2.1.5 Preparation of the Stilbene-Bridged Calix[4]arene(52)

 

 

 

 

 

 

               ortho-cis-2 ; 62% trans 15%                        

                                                                                        meta-cis-2  ; 37% trans 37%             

                                                                                        para-cis-2  ; 87%              

            (yield for opimized condition) 

TiCl4 (28 mmol, 5.27 g) was feeded under N2 atmosphere in to a dried two-

necked 500 mL round-bottomed flask equipped with a magnetic bar, anhydrous THF 

(200 mL) was added dropwise. After a completion of THF addition, activated Zn 

powder (56 mmol, 3.88 g) was added cautiously. The starting Ti(IV) was bright 

yellow which was gradually turned to green and finally to deep purple or black colour 

of Ti(0) upon refluxing with Zn powder. After 1 hour of reflux, the bisbenzaldehyde  

1 (1.39 mmol, 1.00 g) in THF (100 mL) was added dropwise for 3 hours. The mixture 

was refluxed for additional 24 hours and it was allowed to cool to room temperature. 

A solution of K2CO3 (15% w/v) was added to quench the excess TiCl4. The mixture 

was slowly turned from grey to white or pale yellow. The precipitate was filtered over 

celite and washed with acetone and CH2Cl2. The acetone washing prior to wash with 

CH2Cl2 is necessary to avoid the formation of muddy sticky gum. The filtrate was 

evaporated and the residue was dissolved in CH2Cl2 (150 mL) and then extracted with 

water (2x25 mL). The organic phase was dried over anhydrous Na2SO4 and the 

solvent was removed to give the crude product. The reaction produced both cis- and 

trans-isomers for o- and m-isomer which were separated by column chromatography 

using dichloromethane as eluent (cis-isomer has a higher Rf value). For p-isomer, only 

cis-isomer was formed and isolated. (62% and 15% for  ortho-cis and ortho-trans 

derivatives, 37% and 37% for meta-cis and meta-trans derivatives and 87% for para-

cis derivatives)                          

O

H

O O

O O

OHOH

O

H

THF O O

O O

OHOH

TiCl4, Zn
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 o-cis-stilbene-bridged calix[4]arene 2: 1H NMR (400 MHz, CDCl3)  δ 3.30, 

4.35 (d, 8H, ArCH2Ar, J = 13.3 Hz), 4.20, 4.29 (broad, 8H, -OCH2CH2O), 6.71 (s, 

2H, CH=CH), 6.87, 7.22 (d, 4H, stilbene-ArH, J = 7.8 Hz), 6.93, 7.01 (d, 8H, calix-

ArH, J = 7.8 Hz), 6.76, 6.60 (t, 4H, calix-ArH, J = 7.8 Hz), 6.83, 7.19 (t, 4H, stilbene-

ArH, , J = 7.8 Hz), 8.10 (s, 2H, OH) 

o-trans-stilbene-bridged calix[4]arene 2:   
1H NMR (400 MHz, CDCl3)  δ 3.30, 4.35 

(d, 8H, ArCH2Ar, J = 13.3 Hz), 4.48, 4.79 (broad, 8H, -OCH2CH2O-), 7.75 (s, 2H, 

CH=CH), 6.85, 7.50 (d, 4H, stilbene-ArH, J = 7.8 Hz), 7.18 (t, 4H, stilbene-ArH), 

6.94-6.96 (m, 10H, calix-ArH), 6.65, 6.79 (t, 4H, calix-ArH, J = 7.8 Hz), 8.44 (s, 2H, 

OH)  

m-cis--stilbene-bridged calix[4]arene 2: 1H NMR (400 MHz, CDCl3) δ 3.35, 4.33 (d, 

8H, ArCH2Ar, J = 13.3 Hz), 3.96, 4.17 (broad, 8H, -OCH2CH2O-), 6.69 (s, 2H, 

CH=CH), 6.92, 6.89 (d, 4H, stilbene-ArH, J = 7.8 Hz), 7.27 (t, 2H, stilbene-ArH), 

6.75 (s, 2H, stilbene-ArH), 7.00, 7.07 (d, 8H, calix-ArH, J = 7.8 Hz), 6.63, 6.81 (t, 

4H, calix-ArH, J = 7.8 Hz), 8.30 (s, 2H, OH)  

m-trans--stilbene-bridged calix[4]arene 2: 1H NMR (400 MHz, CDCl3)  δ  3.40, 4.42 

(d, 8H, ArCH2Ar), 4.29, 4.65 (broad, 8H, -OCH2CH2O-),7.78 (s, 2H, CH=CH), 6.92, 

7.16 (d, 4H, stilbene-ArH), 7.29 (t, 2H, stilbene-ArH), 7.26 (s, 2H, stilbene-ArH), 

6.59, 7.10 (d, 8H, calix-ArH), 6.59, 6.77 (t, 4H, calix-ArH), 5.62 (s, 2H, OH,) 

 

p-cis--stilbene-bridged calix[4]arene 2: 1H NMR (400 MHz, CDCl3)   δ 3.39, 4.46 (d, 

8H, ArCH2CH2Ar, J = 13.3 Hz), 6.65 (s, 2H, OH), 6.67, 6.73 (t, 4H, Ar-calix, J = 7.8 

Hz), 6.73, 7.10 (d, 8H, Ar-calix, J = 7.8Hz), 6.76 (s, 2H, CH=CH,), 6.92 (br, 8H, 

Stilbene-ArH) 

 

 

 

 

 



 20

2.1.6 Preparation of ditosylate ester of tetraethylene glycol  

 

 

         
HO O OH3

TsCl, DMAP, NEt3

CH2CL2

TsO O OTs3

72% yield 

In a 250 mL, round bottom flask with a magenetic stirrer, tetraehylene glycol 

(0.05 mmol, 9 mL), tiethylamine (15 mL) , DMAP (catalytic amount) was dissolved 

in CH2Cl2.  Tosylchloride (20 g, 0.10 mol) in CH2Cl2 (50 mL) was slowly dropped in 

the reaction mixture at 0 oC. Then, The reaction mixture was allowed to warm to room 

temperature and stirred until the reaction was completed. ( Monitoring by TLC). The 

solvent was evaporated under reduced pressure and extracted with water (2x25 mL). 

The organic phase was corrected and dried over anhydrous Na2SO4 and the solvent 

was removed to give the crude product. The product was further purified by column 

chromatography using 10% ethyl acetate in hexane as eluent yielding the colorless 

liquid as the desired product.(72% yield.) 

 

ditosylate ester of tetraethylene glycol: 1H-NMR (400 MHz, CDCl3): δ  2.42 (s, 2H, 

ArCH3,), 3.50 (br, 2H, OCH2CH2,), 3.63 (t, 2H OCH2CH2O, J = 4.7 Hz), 4.10 (t, 2H, 

OCH2CH2O, J = 4.7 Hz), 7.29 (d, 4H, ArH, J = 8.6 Hz), 7.74 (d, 4H, ArH, J = 8.6 Hz) 
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2.1.7 Preparation of the Stilbene-Bridged Calix[4]arene crown-5(52)   

 

 

 

 

 

 

 

                       ortho-cis-3           80 % 

    ortho-trans-3        67% 

                meta-cis-3             84% 

   para-cis-3             80%

    

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

and a reflux condenser, stilbene calix[4]arene 2 (0.4 mmol, 0.25 g), Cs2CO3 (2.8 

mmol, 0.91 g) and Bu4NBr (0.3, 0.09 g) were dissolved in CH3CN (150 mL).  The 

mixture was stirred for 30 minutes at room temperature and tetraethylene glycol di-p-

toluene sulfonate (0.4 mmol, 0.2 g) in CH3CN  50 mL was then added dropwisely by 

addition funnel and reflux for 24 hr. and then allowed to cool to room temperature.  

The mixture was filtered and washed with acetone and CH2Cl2.  The filtrate was 

combined and the solvent was evaporated at reduced pressure.  The resulting residue 

was dissolved in CH2Cl2 and then extracted with aqueous HCl (1 M, 2x15mL).  The 

organic phase was separated and dried over anhydrous Na2SO4.  The solvent was 

evaporated under reduced pressure.  The product was further purified by column 

chromatography using 2 %  CH3OH in CH2Cl2 as eluent yielding the white solid as 

the desired product. (80%, 67%, 84%, and 80% for ortho-cis, ortho-trans, meta-cis 

and para-cis derivatives, respectively.)        

O O

O O

OHOH

Cs2CO3, TsO(CH2CH2O)4Ts
Bu4NBr

CH3CN

O

O O O

O

O O

O O
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ortho-cis stilbene-bridged calix[4]arene crown-5 3 : 1H-NMR  (400 MHz, 

CDCl3) δ 3.06, 3.42 (t, 8H, -OCH2CH2O-crown), 3.11 (t, 4H, ArOCH2CH2O-crown, J 

= 5.4 Hz), 3.45 (t, 8H, ArOCH2CH2O-crown J = 6.7 Hz) 3.56 (broad,  8H, 

ArOCH2CH2OAr), 3.87 (m, 8H, ArCH2Ar), 6.86, 6.90 (t, 4H, calix-ArH J = 7.4 Hz), 

6.79, 7.18 (d, 4H, stilbene-ArH J = 7.4 Hz), 6.90, 7.16 (t, 4H, stilbene-ArH J = 7.4 

Hz), 6.55 (s, 2H, CH=CH), 6.98, 7.10 (d, 8H, calix-ArH J = 7.4 Hz);  13C-NMR (400 

MHz, CDCl3) δ  38.1 (ArCH2Ar), 68.3 (OCH2), 68.8 (OCH2), 69.7 (OCH2), 69.8 

(OCH2), 70.7 (OCH2), 72.7 (OCH2),  122.8 (calix-ArC), 123.7 (calix-ArC), 129.2 

(calix-ArC), 129.7 (calix-ArC), 133.4 (calix-ArC), 133.9 (calix-ArC), 156.1 (calix-

ArC), 156.3 (calix-ArC), 129.1 (stilbene-ArC), 127.9 (stilbene-ArC), 117.3 (stilbene-

ArC), 117.7 (stilbene-ArC), 121.7 (stilbene-ArC), 122.8(stilbene-ArC), 127.9 

(stilbene-ArC), 129.1 (stilbene-ArC), 156.9 (stilbene-ArC),  126.7 (CH=CH) ; mp = 

124-126 oC;  FTMS Calcd for C54H54O9 [ESI, M+ NH4] : 846.4106 Found: 864.4091 

ortho-trans stilbene-bridged calix[4]arene crown-5 3: 1H NMR (400 MHz, CDCl3) δ 

3.16, 3.53 (t, 8H, OCH2CH2O-crown J = 7.0 Hz), 3.25, 3.65 (t, 8H, ArOCH2CH2O-

crown, J = 5.5 Hz), 3.57, 3.64 (br, 8H, ArOCH2CH2OAr), 3.88 (br, 8H, 

ArCH2Ar),6.91, 7.15 (d, 8H, calix-ArH, J = 7.8 Hz), 6.92 (m, 2H, ArH), 7.19 (t, 2H, 

ArH, J = 7.8 Hz), 6.84 (d, 2H, ArH, J = 7.8 Hz), 7.54 (d, 2H, ArH, J = 7.8 Hz) 6.65, 

7.02 (t, 4H. ArH, J = 7.8Hz) ; 13C-NMR (400 MHz, CDCl3) δ  37.9 (ArCH2Ar), 65.8 

(OCH2), 68.1 (OCH2), 68.3 (OCH2), 69.8 (OCH2), 70.5 (OCH2), 72.6 (OCH2),  129.3 

(calix-ArC), 129.3 (calix-ArC), 133.9 (calix-ArC), 134.1 (calix-ArC), 134.1 (calix-

ArC), 139.3 (calix-ArC), 156.2 (calix-ArC), 158.5 (calix-ArC), 111.1 (stilbene-ArC), 

115.3 (stilbene-ArC), 122.6 (stilbene-ArC), 122.7 (stilbene-ArC), 129.1 (stilbene-

ArC), 156.1 (stilbene-ArC), 121.4 (CH=CH) FTMS Calcd for C54H54O9 [ESI, M+ 

NH4] : 846.4106 Found: 864.4099 

meta-cis stilbene-bridged calix[4]arene crown-5 3 :  1H NMR (400 MHz, CDCl3) δ 

3.16, 3.46 (t, 8H, OCH2CH2O-crown, J = 6.6 Hz), 3.27, 3.52 (t, 8H, ArOCH2CH2O-

crown, J = 4.7 Hz), 3.60 (br, 8H, ArOCH2CH2OAr), 3.87 (br, 8H, ArCH2Ar), 6.65, 

6.91 (t, 4H, calix-ArH, J = 7.5 Hz), 6.83, 6.89 (d, 4H, stilbene-ArH, J = 7.5 Hz), 7.27 

(t, 2H, stilbene-ArH, J = 7.5 Hz), 6.63 (s, 2H, stilbene-ArH),6.78 (s, 2H, CH=CH,), 

7.05, 7.13 (d, 8H, calix-ArH, J = 7.4 Hz); 13C-NMR (400 MHz, CDCl3) δ 38.1 

(ArCH2Ar), 67.0 (OCH2), 68.3 (OCH2), 68.4 (OCH2), 69.7 (OCH2), 70.7 (OCH2), 
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72.8 (OCH2), 129.5 (calix-ArC), 129.8 (calix-ArC), 130.0 (calix-ArC), 134.1 (calix-

ArC), 134.2 (calix-ArC), 138.5 (calix-ArC), 156.1 (calix-ArC), 158.5 (calix-ArC), 

109.9 (stilbene-ArC), 111.5 (stilbene-ArC), 116.5 (stilbene-ArC), 122.3 (stilbene-

ArC), 111.5 (stilbene-ArC), 156.0 (stilbene-ArC), 122.4 (CH=CH) ; mp = 206-207 oC 

;Anal. Calcd for C54H54O9: C, 76.62 ;H, 6.38; Found: C, 76.68; H, 6.45 

para-cis stilbene-bridged calix[4]arene crown-5 3 1H NMR (400 MHz, CDCl3)δ 

3.32, 3.39 (t, 8H, OCH2CH2O-crown, J = 5.0 Hz), 3.59 (br, 8H, ArOCH2CH2O-

crown), 3.79 (br, 8H, ArOCH2CH2OAr,), 3.92 (s, 8H, ArCH2Ar), 6.52, 6.89 (t, 4H, 

calix-ArH, J = 7.5 Hz), 6.75, 6.86 (d, 8H, stilbene-ArH, J = 7.5 Hz), 6.78 (s, 2H, 

CH=CH), 7.08, 7.14 (d, 8H, calix-ArH, J = 7.5 Hz) ; 13C-NMR (400 MHz, CDCl3) δ 

37.8 (ArCH2Ar), 68.9 (OCH2), 68.9 (OCH2), 69.4 (OCH2), 70.5(OCH2), 70.6 

(OCH2), 71.9 (OCH2), 130.1 (calix-ArC), 130.5 (calix-ArC), 130.6 (calix-ArC), 131.3 

(calix-ArC), 133.8 (calix-ArC), 134.0 (calix-ArC), 155.8 (calix-ArC), 156.4 (calix-

ArC), 117.4 (stilbene-ArC), 121.8 (stilbene-ArC), 115.5 (stilbene-ArC), 158.0 

(stilbene-ArC), 122.7 (CH=CH); mp. = 211 °C ; Anal. Calcd for C54H56O, C=76.62 % 

H=6.38 % found C=76.60 % H=6.38%  
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2.1.8 Preparation of the Stilben-Bridged Calix[4]arene crown-6(52)   

 

 

 

 

 

      2        o-cis-4     75% 

          m-cis-4    68% 

          p-cis-4    70% 

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

nd a reflux condenser, stilbene calix[4]arene 2 (0.4 mmol, 0.25 g), Cs2CO3 (2.8 

mmol, 0.91 g) and Bu

mixture was stirred for 30 minutes at room temperature and pentaethylene glycol di-p-

to  by 

ad re.  

The mixture was filtered and washed with acetone and CH2Cl2.  The filtrate was 

comb

O

O O O

O

O O

O O

a

4NBr (0.3, 0.09 g) were dissolved in CH3CN (150 mL).  The 

luene sulfonate (0.4 mmol, 0.2 g) in CH3CN  50 mL was then added dropwisely

dition funnel and reflux for 24 hr. and then allowed to cool to room temperatu

ined and the solvent was evaporated at reduced pressure.  The resulting residue 

was dissolved in CH2Cl2 and then extracted with aqueous HCl (1 M 2x15mL).  The 

organic phase was separated and dried over anhydrous Na2SO4.  The solvent  was 

evaporated under reduced pressure.  The product was further purified by column 

chromatography using 2 %  CH3OH in CH2Cl2 as eluent yielding the white solid as 

the desired product. (75%, 68%, 70% for ortho, meta and para, respectively.) 

ortho-cis stilbene-bridged calix[4]arene crown-6 4: 1H NMR (400 MHz, CDCl3)δ 

3.12 (t, 4H, OCH2, J = 6.3 Hz) 3.19 (br, 4H, OCH2), 3.42(br, 4H, OCH2), 3.46 (br, 

4H, OCH2), 3.55 (t, 4H, OCH2), 3.61 (br, 8H, OCH2), 3.75 (br, 8H, ArCH2Ar), 6.41 

(s, 2H, CH=CH), 6.89, 7.02 (d, 8H, calix-ArH, J = 7.5 Hz), 6.82, 7.09 (t, 4H, calix-

O O

O O

OHOH

Cs2CO3, TsO(CH2CH2O)5Ts
Bu4NBr

CH3CN

(         )2
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ArH, J = 7.5 Hz), 6.75 (m, 2H, stilbene-ArH), 6.77 (m, 2H, stilbene-ArH, J = 7.5 Hz), 

6.82 (m, 2H, stilbene-ArH), 7.20 (d, 2H, stilbene-ArH) ; 13C-NMR (400 MHz, CDCl3) 

δ

, 6 .64  (s , stilben-ArH,  6 .78  (s, CH=CH, 2H)  ;  C-

NMR (400 MHz, CDCl3) δ 38.0(ArCH2Ar), 61.7 (OCH2), 66.9 (OCH2), 68.3 

+

908.4352 

H2Ar), 65.1 (OCH2), 68.4 (OCH2), 68.8 (OCH2), 69.7 (OCH2), 69.8 

(ArC), 127.9 (ArC), 129.1 (ArC), 129.3 (ArC), 129.7 (ArC), 133.9 (ArC), 152.2 

 38.1 (ArCH2Ar), 68.2 (OCH2), 69.0 (OCH2), 69.5 (OCH2), 70.3 (OCH2), 70.7 

(OCH2), 70.8 (OCH2), 71.1 (OCH2), 121.9 (ArC), 122.6 (ArC), 123.7 (ArC), 126.5 

(ArC), 126.9 (ArC), 129.3 (ArC), 129.6 (ArC), 129.8 (ArC), 130.2 (ArC), 133.3 

(ArC), 133.8 (ArC), 134.0 (ArC), 134.3 (ArC), 156.2 (ArC), 156.3 (ArC), 156.9 

(ArC); mp = 116-118 oC ;Anal. Calcd for C56H58O10 C=75.53 %, H = 6.51 % found C 

= 75.54 % H = 6.56 %  

meta-cis stilbene-bridged calix[4]arene crown-6 4: 1H NMR (400 MHz, CDCl3)δ  

3.35 (br, OCH2, 8H) , 3.46 (br, OCH2, 4H), 3.53 (br, OCH2, 4H), 3.61 (t, OCH2, 4H, J 

= 6.1 Hz), 3.64-3.71 (m, OCH2, 12H), 3.85 (s, ArCH2Ar, 8) 6.63 , 7.27  (t , calix-ArH, 

4H), 7.07 , 7.12  (d,  calix-ArH, 8H),  6.82 , 6 .91  (d, stilben-ArH, 4H, J = 7.4 Hz) , 6.90  (t, 

stilben-ArH, 2H, J = 7.4 Hz) 2H), 13

(OCH2), 68.9 (OCH2), 69.4 (OCH2), 72.7 (OCH2), 112.9 (calix-ArC), 130.1 (calix-

ArC), 130.3 (calix-ArC), 134.0 (calix-ArC), 134.3 (calix-ArC), 138.5 (calix-ArC), 

156.3 (calix-ArC), 158.4 (calix-ArC), 111.3 (stilbene-ArC), 116.4 (stilbene-ArC), 

112.4 (stilbene-ArC), 122.6 (stilbene-ArC), 122.6 (stilbene-ArC), 156.0 (stilbene-

ArC), 122.2 (CH=CH) FTMS Calcd for C56H58O10 [ESI, M  NH4] : 908.4368 Found: 

para-cis stilbene-bridged calix[4]arene crown-6 4:  1H NMR (400 MHz, CDCl3) δ 

3.54 (br, OCH2, 4H), 3.81 (br, OCH2, 4H), 3.87 (br, OCH2,4H), 3.91 (br, OCH2,8H), 

3.97 (t, OCH2,4H), 4.46 (br, OCH2,4H), 3.87 (s, ArCH2Ar, 8H), 6.19, 6.78 (t, calix-

ArH, 4H, J = 7.5 Hz), 7.02, 7.19 (d, calix-ArH, 8H, J = 7.5 Hz), 7.07, 7.14 (d, 

stilbene-ArH, 8H, J = 7.5 Hz), 6.70 (s, CH=CH, 2H) 13C-NMR (400 MHz, CDCl3) δ 

38.2 (ArC

(OCH2), 70.8 (OCH2), 72.8 (OCH2), 117.3 (ArC), 121.7 (ArC), 122.8 (ArC), 126.8 

(ArC), 156.0 (ArC), 158.4 (ArC)(ArC); mp. = 256-257 °C; FTMS Calcd for 

C56H58O10 [ESI, M+ NH4] : 908.4368 Found: 908.4375 
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2.1.9 Preparation of  tosylate ester of diethyleneglycol monoethylether  

 

 

 

             77% 

monoethylether (0.07 mol,10 g) tiethylamine (10 mL), DMAP (catalytic amount) was 

dissolved in CH Cl  (50 mL). Tosylchloride (0.07 mol, 14.3 g) in CH Cl  (50 mL) 

xture was 

leted. ( 

Monitoring by TLC). The solvent was  and 

extracted with water (2X30mL). The organic phase was corrected and dried over 

anhyd

In a 250 mL, round bottom flask with a magenetic stirrer, diethylene glycol 

2 2 2 2

was slowly dropped in the reaction mixture at 0 oC. Then, The reaction mi

allowed to warm to room temperature and stirred until the reaction was comp

evaporated under reduced pressure

rous Na2SO4 and the solvent was removed to give the crude product. The 

product was further purified by column chromatography using 10% ethyl acetate in 

hexane as eluent yielding the white solid as the desired product.(77% yield.) 

 

 

tosylate ester of diethyleneglycol monoethylether: 1H NMR (400 MHz, CDCl3): δ  

1.23 (t, 3H, CH3), 2.49 (s, 2H, ArCH3), 3.53 (m, 2H, OCH2CH3,), 3.62, 3.57 (br, 4H, 

OCH2CH2O), 3.74, 4.21 (t, 4H, OCH2CH2O, J = 4.9 Hz), 7.34 (d, 4H, ArH, J = 8.3 

Hz), 7.80 (d, 4H, ArH, J = 8.3 Hz) 

 

 

 

 

 

 

 

EtO O OH EtO O OTs
TsCl, DMAP, NEt3

CH CL2 2



 27

2.1.10   Preparation of the m-cis-stilbene-bridged calix[4]arene diethylene glycol 

ethyl ether(52) 

and a reflux condenser, m-cis-2 (0.4 mmol, 0.25 g), Cs2CO3 (2.8 mmol, 0.91 g) and 

B xture was 

stirred for 30 m  

mono-p

allowed to cool to  

etone and CH2Cl2.  The filtrate was combined and the solvent was evaporated under 

2Cl2 and then extracted 

with aqueous HCl (1 M).  The organic pha

 

 

 

          5  65 %  

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

u4NBr (0.3 mmol, 0.09 g) were dissolved in CH3CN ( 100 mL).  The mi

inutes at room temperature and diethyleneglycol monoethylether

-toluenesulfonate (1.2 mmol, 0.6 g) was added and reflux for 24 hr. and then 

 room temperature.  The mixture was filtered and washed with

ac

reduced pressure.  The resulting residue was dissolved in CH

se was separated and dried over anhydrous 

Na2SO4.  The solvent was evaporated under reduced pressure.  The product was 

further purified by column chromatography using 2 %  CH3OH in CH2Cl2 as eluent 

yielding the white solid as the desired product. (65% yield) 

m-cis-stilbene calix[4]arene diethylene glycol ethyl ether 5: 1H-NMR (400 MHz, 

CDCl3) δ  1.25 (t, 6H, CH2CH3), 3.85 (s, 8H, ArCH2Ar), 3.24 ( t, 4H, OCH2, J = 6.2 

Hz), 3.34 ( br, 8H, OCH2), 3.52-3.60 ( m, 12H, OCH2), 3.68 ( t, 4H, OCH2),  6.60 (t, 

2H, calix-ArH, J = 7.8 Hz), 7.28 (t, 2H, calix-ArH, J = 7.8 Hz), 7.12 (d, 4H, calix-

ArH, J = 7.8 Hz), 7.05 (d, 4H, calix-ArH, J = 7.8 Hz), 6.63 (s, 2H, stilbene-ArH), 6.83 

(br, 2H, stilbene-ArH),6.83 (br, 2H, stilbene-ArH), 6.92 (d, 2H, stilbene-ArH, J = 7.0 

Hz), 6.83 (s, 2H, CH=CH) ; 13C-NMR (400 MHz, CDCl3) δ 38.0  (ArCH2Ar), 21.5 

(CH3), 66.1 (OCH2), 68.3 (OCH2), 68.5 (OCH2), 69.9 (OCH2), 70.7 (OCH2), 72.7, 

OR OR

O O

O O

129.2 (calix-ArC), 129.5 (calix-ArC), 129.5 (calix-ArC), 134.1 (calix-ArC), 134.2 

(calix-ArC), 139.5 (calix-ArC), 156.3 (calix-ArC), 158.65 (calix-ArC), 111.2 

(stilbene-ArC), 111.5 (stilbene-ArC), 115.5 (stilbene-ArC), 121.6 (stilbene-ArC), 

122.9 (stilbene-ArC), 156.2(stilbene-ArC), 122.7(CH=CH) FTMS Calcd for 

C58H64O10 [ESI, M+ NH4] : 938.4838 Found: 938.4838 

O O

O O

OHOH

Ts-OR

O OEtR =
Cs2CO3, Bu4NBr

        CH3CN
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2.1.11 Preparation of monotosylate ester of tiethyleneglycol monomethylether 

 

 

 

         89% yield 

In a 250 mL, round bottom flask with a magen

O OHO

etic stirrer, triethylene glycol 

atalytic 

amount) was dissolved in CH2Cl2 (50 mL). Tosylchloride (60 mmol, 11.5 g) in 

CH2Cl2 (100 mL) was slowly dropped in the reaction mixture at 0 oC. Then, The 

reduced pressure and extracted with water. The organic phase was corrected and dried 

over anhydrous Na2 4

produ

 

 

 

 

monomethyl ether (61 mmol, 10.0 g), tiethylamine (17 mL), DMAP (c

reaction mixture was allowed to warm to room temperature and stirred until the 

reaction was completed. ( Monitoring by TLC). The solvent was evaporated under 

SO  and the solvent was removed to give the crude product. The 

ct was further purified by column chromatography using 10% ethyl acetate in 

hexane as eluent yielding the pale yellow liquid as the desired product.(89 % yield.) 

 

monotosylate ester of tiethyleneglycol monomethylether: 1H NMR (400 MHz, 

CDCl3) δ 2.44 (s, 3H, ArCH3), 3.53 (t, 2H, OCH2, J = 4.9 Hz), 3.59-3.60 (m, 8H, 

OCH2), 3.68 (t, 2H, OCH2, J = 4.9 Hz), 4.17 (t, 2H, OCH2), 3.36 (s, 3H, OCH3), 7.33 

(d, 2H, ArH, J = 8.3 Hz), 7.79 (d, 2H, ArH, J = 8.3 Hz) 

 

 

 

OMe

TsCl, DMAP, NEt3

CH2Cl2

O OTsO OMe
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2.1.12 Preparation of m-cis stilbene-bridged calix[4]arene triethylene glycol 

monomethylether  

 

 

 

     

3 (1.1 

L  

The mixture was stirred for 30 minutes at room temperature and monotosylate ester of 

tiethyleneglycol monomethylether (0.4 mmol, 0.12 g) was added and reflux for 24 hr. 

and then allowed to cool to room temperature.  The mixture was filtered and washed 

with acetone and CH2Cl2.  The filtrate was combined and the solvent was evaporated 

at  (50 mL) and then 

extracted with aqueous HCl (1 M 2x15mL).  The organic phase was separated and 

dried over anhydrous Na2SO4.  The solvent was evaporated under reduced pressure.  

The p

 

 

 

 

   

6    65 % yield 

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

and a reflux condenser, m-cis stilbene calix[4]arene (0.1 mmol, 0.10 g), Cs2CO

mmol, 0.33 g) and Bu4NBr (0.1 mmol, 0.03 g) were dissolved in CH3CN (50 m ). 

 reduced pressure.  The resulting residue was dissolved in CH2Cl2

roduct was further purified by column chromatography using 2 %  CH3OH in 

CH2Cl2 as eluent yielding the white solid as the desired product (65% yield). 

 

 

 

 

OR OR

O O

O O

O O

O O

OHOH

Ts-OR

Cs2CO3, Bu4NBr

        CH3CN

O O OMeR =



 30

 

m-cis stilbene-bridged  calix[4]arene triethylene glycol monomethylether 6: 1H-NMR 

(400 MHz, CDCl3) δ  3.22 (t, 4H, OCH2, J = 6.2 Hz), 3.37 (br, 8H, OCH2CH2O), 3.39 

( s, 3H, OCH3), 3.57 ( m, 8H, OCH2), 3.67 ( m, 12H, OCH2), 3.85 ( s, 8H, ArCH2Ar), 

.59 (t, 2H, calix-ArH, J = 7.5 Hz), 6.62 (t, 2H stilbene-ArH, J = 7.5 Hz), 6.81 (br, 

, CH=CH), 6.90 (d, 2H, stilbene-ArH, J = 7.5 Hz), 7.05 

(d, 4H, calix-ArH), 7.11 (d, 4H, calix-ArH, J = 7.5 Hz), 7.28 (t, 2H, stilbene-ArH, J = 

.5 Hz) ;13C-NMR (400 MHz, CDCl3) 37.8 (ArCH2Ar), 58.9 (OCH3), 66.8 (OCH2), 

8.2 (OCH2), 68.9 (OCH2), 69.2 (OCH2), 70.4 (OCH2), 70.6 (OCH2), 71.8 (OCH2), 

76.7 (OCH2), 77.0 (OCH2), 77.3 (OCH2), 111.1 (ArC), 116.3 (ArC), 122.1 (ArC), 

22.3 (ArC), 122.6 (ArC), 129.4 (ArC), 129.7 (ArC), 130.0 (ArC), 130.1 (ArC), 130.2 

6

2H, calix-ArH), 6.83 (br, 2H

7

6

1

(ArC), 134.1 (ArC), 138.4 (ArC), 155.7 (ArC), 156.2 (ArC), 158.3 (ArC) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 31

2.1.13  Preparation of the m-trans- stilbene-bridged  calix[4]arene diethylene glycol 
(52)   

 

 

 

 

 

                                

p

toluenesulfonate (1.2 mmol, 0.6 g) was added and reflux for 24 hr. and then allowed 

to cool to room temperature.  The mixture was filtered and washed with acetone and 

CH2Cl2.  The filtrate was combined and the solvent was evaporated at reduced 

pressure.  The resulting residue was dissolved in CH2Cl2 and then extracted with 

aqueous HCl (1 M).  The organic phase was separated and dried over anhydrous 

N SO4.  The solvent was evaporated under reduced pressure.  The product was 

further purified by column chromatography using 2 %  CH3OH in CH2Cl2 as eluent 

yielding the white solid as the desired product. (20% yield) 

 

 

 

ethyl ether

 

   

 

7  20 % 

 

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

and a reflux condenser, m-trans-2  (0.4 mmol, 0.25 g), Cs2CO3 (2.8 mmol, 0.91 g) and 

Bu4NBr (0.3, 0.09 g) were dissolved in CH3CN (100 mL).  The mixture was stirred 

for 30 minutes at room temperature and diethyleneglycol monoethylether mono- -

a2

OO

OO OHOH

OO

OO OROR

Cs2CO3, Bu4NBr

        CH3CN

O OEtR =

Ts-OR
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m-trans-stilbene-bridged  calix[4]arene diethylene glycol ethyl ether 7: 1H-NMR (400 

MHz, CDCl3) δ  1.250 (t, 6H, CH2CH3), 3.47, 3.62 (d, 8H, ArCH2Ar, J = 13 Hz), 3.79 

( br, 4H, OCH2), 3.96 ( br, 4H, OCH2), 3.86 ( br, 4H, OCH2), 3.71 ( br, 4H, OCH2), 

4.52 ( br, 4H, OCH2), 4.01 ( br, 4H, OCH2), 3.58 (q, 4H, CH2CH3, J = 7.0 Hz),  6.47 

(t, 2H, calix-ArH, J = 7.8 Hz), 6.67 (t, 2H, calix-ArH, J = 7.8 Hz), 6.99 (d, 4H, calix-

ArH, J = 7.8 Hz), 7.19 (d, 4H, calix-ArH, J = 7.8 Hz), 7.03 (br, 2H, stilbene-ArH), 

7.18 (s, 2H, stilbene-ArH),7.34 (br, 2H, stilbene-ArH), 7.35 (t, 2H, stilbene-ArH, J = 

7.0 Hz), 7.59 (s, 2H, CH=CH);  13C-NMR (400 MHz, CDCl3) δ 37.9 (ArCH2Ar), 

15.1 (CH3), 66.7 (OCH2), 66.9 (OCH2), 68.3 (OCH2), 68.8 (OCH2), 69.2 (OCH2), 

69.8 (OCH2), 70.6 (OCH2), 130.0(calix-ArC), 130.1 (calix-ArC), 130.2 (calix-ArC), 

34.1 (calix-ArC), 134.1 (calix-ArC), 138.4 (calix-ArC), 156.4 (calix-ArC), 158.4 

(calix-ArC), 111.1 (stilbene-ArC), 116.4 (stilbene-ArC), 122.4 (stilbene-ArC), 122.5 

tilbene-ArC), 129.9 (stilbene-ArC), 155.7(stilbene-ArC), 122.1 (CH=CH); mp = 

20-122 oC; Anal. Calcd   C58H64O10 C= 75.63 % H = 7.00 % found 75.68 % H= 

6.86 %  

 

 

 

1

(s

1
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2.1.14 Preparation of m-trans stilbene-bridged  calix[4]arene triethylene glycol 

monomethylether  

 

 

cone 8% yield  8 Partial cone 20% yield 9

                             

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar 

and Bu4NBr (0.1, 0.05 g) were dissolved in CH3CN (50 mL).  The 

mixture was stirred for 30 minutes at room temperature and monotosylate ester of 

2 2

partial cone and cone, respectively). 

Cone  m-trans stilbene-bridged calix[4]arene triethylene glycol 

monomethylether 8: 1HNMR  (400 M

3.47 (d, ArCH2Ar, J = 13 Hz), 3.38 ( br, 4H, OCH2  br, 

4H, OCH ), 3.78 ( br, 4H, OCH ), 3.86 ( br, 4H, OCH ), 3.95 ( br, 4H, OCH ), 4.00 ( 

br, 4H, OCH

and a reflux condenser, m-trans stilbene calix[4]arene (0.1 mmol, 0.10 g), Cs2CO3 

(1.2 mmol, 0.40 g) 

tiethyleneglycol monomethylether (0.4 mmol, 0.15 g) was added and reflux for 24 hr. 

and then allowed to cool to room temperature.  The mixture was filtered and washed 

with acetone and CH2Cl2.  The filtrate was combined and the solvent was evaporated 

at reduced pressure.  The resulting residue was dissolved in CH2Cl2 and then extracted 

with aqueous HCl (1 M 2x15mL).  The organic phase was separated and dried over 

anhydrous Na2SO4.  The solvent was  evaporated under reduced pressure.  The 

product was further purified by column chromatography using 2 %  CH3OH in 

CH Cl  as eluent yielding the white solid as the desired product (20% and 8% for 

Hz, CDCl3) δ 3.61 (d, ArCH2Ar, J = 13 Hz), 

), 3.57 ( br, 4H, OCH2), 3.69 (

2 2 2 2

2), 4.52 ( br, 4H, OCH2), 6.47, 6.66 (t, 4H, calix-ArH, J = 7.5 Hz), 6.99 

(d, 4H, calix-ArH, J = 7.5 Hz), 7.02 (br, 2H, stilbene-ArH, J = 7.5 Hz), 7.18 (d, 4H, 

OO

OO OHOH

OO

OO OR
Cs2CO3, Bu4NBr

        CH3CN

Ts-OR

OR

OO

O +O OROR

O O OMeR =
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calix-ArH, J = 7.5 Hz), 7.22 (s, sH, stilbene-ArH), 7.34 (br, 4H, stilbene-ArH), 7.59 

(s, 2H, CH=CH) 

Partial cone m-trans stilbene-bridged  calix[4]arene triethylene glycol 

monomethylether 9: 1H-NMR (400 MHz, CDCl3) δ  3.13 ( d, 2H, ArCH2Ar J = 13.4 

Hz), 4.19 ( d, 2H, ArCH2Ar J = 13.4 Hz), 3.70, 3.77 (d, 4H, ArCH2Ar, J = 13 Hz), 

3.37 ( s, 3H, OCH3), 2.94 (br, 2H, OCH2), 3.09 (br, 2H, OCH2CH2O), 3.24 ( br, 5H, 

OCH3), 3.32 ( br, 2H, OCH2), 3.56 (br, 2H, OCH2), 3.68 ( br, 4H, OCH2), 3.78 ( m, 

4H, OCH2), 3.94 ( br, 2H, OCH2), 4.04 ( br, 4H, OCH2), 4.11 ( br, 2H, OCH2), 4.57 ( 

br, 2H, OCH2), 6.27 (d, 2H stilbene-ArH, J = 7.5 Hz), 6.49 (t, 2H stilbene-ArH, J = 

7.5 Hz), 7.12 (d, 2H stilbene-ArH, J = 7.5 Hz), 7.20 (s, 2H stilbene-ArH), 7.60 (s, 2H, 

CH=CH .7  (

ene-ArC), 128.8 (stilbene-ArC), 129.2 (stilbene-ArC), 129.6 

(stilbene-ArC), 129.6 (calix-ArC), 130.7 (ca

ArC), 134.1 (calix-ArC), 137.4 (calix-ArC), 139.0 (calix-ArC), 160.7 (calix-ArC), 

 

)d), 6 9 t, 1H, calix-ArH, J = 7.5 Hz), 6.87 (t, 1H, calix-ArH, J = 7.5 Hz), 

6.99 (d, 2H stilbene-ArH, J = 7.5 Hz), 7.04 (d, 2H stilbene-ArH, J = 7.5 Hz), 7.12 (d, 

2H stilbene-ArH, J = 7.5 Hz), 7.26-7.32 (m, 6H, ArH); 13C NMR 31.3 (ArCH2Ar),  

35.2 (ArCH2Ar) 58.9 (OCH3) 59.0 (OCH2), 68.6 (OCH2), 68.9 (OCH2), 69.6 (OCH2), 

69.9 (OCH2), 70.0 (OCH2), 70.6 (OCH2), 70.6 (OCH2), 70.7 (OCH2), 71.6 (OCH2), 

71.8 (OCH2), 71.9 (OCH2), 74.0 (OCH2), 74.6 (OCH2) 117.9 (calix-ArC), 119.1 

(calix-ArC), 120.6 (calix-ArC), 121.9 (calix-ArC), 122.0 (CH=CH), 122.5 (stilbene-

ArC), 128.5(stilb

lix-ArC), 131.8 (calix-ArC), 133.2 (calix-

156.9 (calix-ArC), 155.7 (calix-ArC), 154.2 (stilbene-ArC) 
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2.1.15 Preparation of O,O′-dimethylcalix[4]arene (60)  

 OH OHOHOH

+ MeI K2CO3, Bu4NBr

CH3CN

MeO OMeOHOH

         75 % yield 

 

In a two-necked 1 L round-bottomed flask equipped with a magnetic bar and a 

reflux condenser, calix[4]arene (7.8 mmol, 5.00 g) and K2CO3 (18.9 mmol, 2.5 g) 

were dissolved in CH3CN (300 mL). The mixture was stirred for 30 minutes at room 

temperature and iodomethane (17.5 mmol, 4.00 g) was then added dropwise. The 

mixture was refluxed for 3 days and then allowed to cool to room temperature. The 

m  washed with acetone and CH2Cl2. The filtrate was combined 

and the solvent was evaporated under reduced pressure. The resulting residue was 

dissolved in CH2Cl2 (150 mL) and extracted with aqueous HCl (2 M, 4 x 25 mL). The 

organic phase was separated and dried over anhydrous Na2SO4. The solvent was 

moved under reduced pressure. The product was further purified by crystallization 

in CH Cl /hexane yielding a white solid as the product (75% yield). 

 

ixture was filtered and

re

2 2

 

dimethyl calix[4]arene  1H-NMR (400 MHz, CDCl3) δ 3.41 (d, 4H, ArCH2Ar, J = 13 

Hz), 4.30 (d, 4H, ArCH2Ar, J = 13 Hz ), 3.98 (s, 6H, OMe), 6.68 (t, 2H, calix-ArH, J 

= 7.4 Hz), 6.72 (t, 2H, calix-ArH, J = 7.4 Hz), 6.87 (d, 4H, calix-ArH, J = 7.4 Hz), 

7.07 (d, 4H, calix-ArH, J = 7.4 Hz), 7.76 (s, 2H, OH) 
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2.1.16 Preparation of O,O′-dimethylcalix[4]arene crown-5 and crown-6(60)   

O O

O O

MeO OMe

O n

OMe MeOOHOH

TsO(CH2CH2O)3+nTs

Cs2CO3, Bu4NBr

CH3CN

 

    n=1 ;12  74% 

                                                                                                                n=2 ;13   57% 

In a 250 mL, 2 necked round bottom flask equipped with a magnetic stirring bar and 

a reflux condenser, calix dimethoxy (0.4 mmol, 0.25 g), Cs2CO3 (2.8 mmol, 0.91 g) 

and Bu4NBr (0.3, 0.09 g) were dissolved in CH3CN (150 mL).  The mixture was 

stirred for 30 minutes at room temperature and tetraethylene glycol di-p-toluene 

sulfonate or pentaethylene glycol di-p-toluene sulfonate (0.4 mmol, 0.2 g) in CH3CN  

50 mL was then added dropwisely by addition funnel and reflux for 24 hr. and then 

allowed to cool to room temperature.  The mixture was filtered and washed with 

 CH2Cl2.  The filtrate was combined and the solvent was evaporated at 

re tracted 

with aqueous HCl (1 M).  The organic phase was separated and dried over anhydrous 

Na2SO4.  The solvent was evaporated under reduced pressure.  The product was 

further purified by column chromatography using 2 %  CH3OH in CH2Cl2 as eluent 

yielding the white solid as the desired product (74 % and 57% for 10 and 11, 

respectively). 

 

 

 

acetone and

duced pressure.  The resulting residue was dissolved in CH2Cl2 and then ex
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O,O′-dimethylcalix[4]arene crown-5 12 1H-NMR (400 MHz, CDCl3) δ 3.19, 4.42 (d,, 

8H ArCH2Ar, J = 13 Hz), 3.57, 3.75 (br, 8H, OCH2CH2O), 3.92 (br, 4H, calixOCH2), 

3.99 (br, 4H, calixOCH2CH2), 4.13 (s, 6H, OCH3) 6.42 (t, 2H, Calix-ArH), 6.53 (d, 

4H, Calix-ArH, J = 7.1 Hz), 6.89 (t, Calix-ArH, 2H, J = 7.1 Hz), 7.12 (d, Calix-ArH, 

4H, J = 7.1 Hz); 13C NMR 400 MHz, CDCl3)( , 31.2 (ArCH2Ar), 70.8, 71.0 

(OCH2CH2O), 73.0 (calixOCH2), 71.5(calixOCH2CH2), 61.2 (OCH3) 122.4 (Calix-

ArC), 122.5 (Calix-ArC), 127.6 (Calix-ArC), 128.3 (Calix-ArC), 133.5 (Arcalix), 

136.6 ( Arcalix), 155.3 ( Arcalix), 159.2(Arcalix); mp = 195-197 oC Anal. Calcd  

C38H54O7 C = 74.43 % H = 6.93, found C = 70.94 % H= 6.82 % 

O,O′-dimethylcalix[4]arene crown-6 13 1H-NMR (400 MHz, CDCl3) δ  3.19 (d, 

ArCH2Ar, 4H, J = 13 Hz), 3.60 (br, OCH2, 4H), 3.70 (m, OCH2, 4H), 3.80 (m, OCH2, 

4H), 3.92 (br, OCH2, 8H), 4.07 (br, OCH2, 6H), 4.46 (d, ArCH2Ar, 4H, J = 13 Hz), 

.36 (m, 6H, ArH), 6.93 (t, 2H, ArH, J = 7.4 Hz), 7.15 (d, 4H, ArH, J = 7.4 Hz) ;13C 

MR  (400 MHz, CDCl3) 31.2 (ArCH2Ar), 70.7,71.5, 71.4 (OCH2CH2O), 73.0 

(calixOCH2), 70.81(calixOCH2CH2), 61.2, (OCH3) 122.4 (Calix-ArC), 122.5 (Calix-

rC), 127.7(Calix-ArC), 128.3 (Calix-ArC), 133.7 (Arcalix), 136.7 ( Arcalix), 155.3 ( 

rcalix), 159.2(Arcalix); mp = 180-181 oC; Anal. Calcd C40H46O8 C= 73.50 % H= 

7.20 %found 73.68 % H = 7.03 %  

metal carbonate 

(4.36 mmol) was dissolved in small amount of ethanol (if the metal carbonate cannot 

6

N

A

A

 

2.1.17 Preparation of metal picrate salts(57)

 

 

 

 

 

 

In a 50 mL Erlenmayer flask, picric acid (8.73 mmol, 2.0 g) was dissolved in 

ethanol (20 mL). The solution was stirred at room temperature. 

OH

N+

O-

O

N+-O

O

N+-O

O

+ M2CO3
EtOH-H2O

O-M+

N+

O-

O

N+-O

O

N+-O

O

The 

completely dissolve in ethanol, tiny amount of water was added as a co-solvent). Then 

the metal carbonate solution was added drop wise into the stirring picric acid solution. 

The mixture was heated to slowly evaporate the ethanol. As a result, the picrate salt 

was obtained as yellow crystal in quantitative yield. 
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2.2. Liquid-Liquid extraction 

2.2.1 Liquid-Liquid Extraction of metal picrate by UV-Vis Spectroscopy(52)

 

 

 

 

 

 

 

 

omparison with compounds 5, 6, 

own-6. The extraction was carried out by thorough 

mixing a chloroform solution (5 mM, 1 mL) of the ligand with an aqueous solution of 

queous phase 

(35 μ aining 

me n 

0-

A]/[A0 tal picrate 

 

 

 

 

 

 

The alkali metal ion extraction at the aqueous|CHCl3 interface by stilbene-bridged 

calix[4]arene crowns 3 and 4 were  investigated in c

7, 8, 10, 11, 13, 15 and 18-cr

the metal picrate (5 mM, 1 mL) for 24 hours. After centrifugation, the a

L) was pipetted out and diluted to 5 mL. The concentration of the rem

tal ion in the aqueous phase was determined from the UV absorbance of picrate io

at 354 nm in the diluted solution. The %extraction was calculated from ([A

])×100 whereas A0 and A were the absorbance of the aqueous me

solutions before and after extraction, respectively.  

O

O O

O
O

O

O

OO

O

O O

O
O

O

O

OO

O

O O

O
O

O

O

OO

Pic-

H2O Phase 

M+

M+ Pic-
M+ Pic-

M+ Pic-
M+ Pic-

M+ Pic-

CHCl3 Phase 
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2.2.2 Experimental procedure for Liquid-Liquid Extraction by Atomic Absorption 

he alkali metal ion extraction at the aqueous|CHCl3 interface by stilbene-bridged 

calix[4]arene crowns-5 and crown-6 were  investigated in comparison with 

compounds calix crown-5 and calix crown-6 and 18-crown-6. The extraction was 

ca

2.3 Solid-Liquid Extraction

 

 

 

compounds. The mixtures were analyzed by H NMR before and after sonication for 

 

O

O O

O O

T

rried out by thorough mixing a chloroform solution (5 mM, 1 mL) of the ligand 

with an aqueous solution of the potassium or cesium nitrate (5 mM, 1 mL) for 24 

hours. After centrifugation, the aqueous phase (30 μL for K and 200 μL for Cs) was 

pipetted out and diluted to 5 mL. The concentration of the remaining metal ion in the 

aqueous phase was determined from the atomic absorption in the diluted solution. The 

calibration curve  was created by standard solution in 1-10 ppm for potassium and 10-

50 ppm for cesium. The %extraction was calculated from ([C0-C]/[C0])×100 whereas 

C0 and C were the concentration(ppm) of the aqueous metal ion solutions before and 

after extraction, respectively.  

(52)

 

 
O

O
O

An excess amount of metal picrate was added into a solution of stilbene bridged 

calix[4]arene crown-5 or crown-6 in CDCl3. The color of the solution gradually 

changed from colorless to yellow indicating the dissolution of metal picrate into the 

chloroform solution due to the complexation of the metal cation with the host 
 1

1-3 hour. 

 

 

 

 

OO O

O O

O O

O O O

CDCl3

M+

M+



 40

 

2.4 NMR titration 

 

 

 

 

 

 

 

 

In an NMR tube, 3 (0.002 g) were dissolved into acetonitrile-d (0.70 mL) to 

m

as determined by using EQNMR curve fitting program. If the complexation 

 slow exchange, the binding constant was determined by the equation below. 

 = (nc/[H]0)/ (1-nc)(R-nc) where R=[G]0/[H]0

c = Ic/(Ic+Ih) 

 = integration of complex 

= integration of host 

tion  

 

d (0.70 mL).  The 

lution was then exposed to the UV light using Hanovia 450 W medium pressure 

ercury lamp at 5 cm distance. The NMR spectra of the solution were collected at 

inutes.  

O

O
O

O

O

O O

O O

O

O O O

O

O O

O O

CD3CN

M+

M+

ake a 3.3 mM of the host solution. The mixture was titrated with metal picrate  

solution (23.6 mM) which was prepared by dissolving metal picrate or metal 

perchlorate into CD3CN (1.0 mL) in a vial capped with a rubber septum. The guest 

solution (10 μL) was added stepwise into the host solution until the 1H NMR 

spectrum was no more change. If the complexation is fast exchange, the complexation 

constant w

is

 

K

n

Ic

Ih

2.5 Photoisomeriza

In an NMR tube, 3 (0.002 g) were dissolved into acetronitrlie-

so

m

every 10 m

 

 



CHAPTER III 

 

RESULTS AND DISCUSSION 

 

3.1  Synthesis 

The synthesis of stilbene-bridged crown ether calix[4]arenes, 3 and 4, followed 

the retro synthesis shown in Scheme 3.1. The synthesis was started from the 

preparation of bromoethoxybenzaldehyde from a nucleophilic substitution of 

hydroxybenzaldehyde on dibromoethane. The reaction of two equivalents of 

bromoethoxybenzaldehyde with two phenol rings of calix[4]arene gave bis-

benzaldehyde calix[4]arene, 1. The intramolecular reductive coupling of the 

bezaldeyde moieties of 1 led to the formation of  stilbene-bridged calix[4]arene, 2. 

The stilbene-bridged crown ether calix[4]arenes, 3 and 4 was obtained through the 

reactions between the remaining phenolic hydroxyl groups of 2 and the ditosylate 

esters of tetra- and pentaethylene glycols, respectively. The ditosylate esters of the 

glycols were prepared from tosylation of the corresponding glycols. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.1 Retro synthesis of stilbene-bridged crown ether calix[4]arenes 

O

H

O O

O O

OHOH

O
H

O

O O O
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O O
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O O

O O
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+

OH OHOHOH
O
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O
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+
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+ Br Br

OH

HO O OH
3n+1
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2 1 

n=1;  3 
n=2;  4 
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3.1.1  Preparation of bisbenzaldehydecalix[4]arenes 

Three isomers of (2-bromoethoxy)benzaldehydes, ortho, meta and para,  were 

repared in 73, 65 and 79% yields, respectively, via nucleophillic substitution 

etween the corresponding isomers of hydroxybenzaldehydes and dibromoethane 

eme 3.2). Dibromoethane was used in excess (eight equivalents) to limit the 

isubstitution of hydroxybenzaldehyde on dibromoethane. If the products were stored 

r a long period of time, it should be extracted with a NaOH solution (10% w/v) 

rior to use in the subsequent synthesis to remove the carboxylic acid formed by 

utoxidation of the aldehyde groups. 

 
ortho  73% 

   65% 

para   79% 

es  

 

 isolated in moderate yields (Scheme 3.3). The 

isbenzaldehy ectroscopy. 

 doublet pair 1H NMR signal of methylene bridge proton was corresponding to 1,3 

(61-62)

p

b

(Sch

d

fo

p

a

 O O

 
 

 
 
 meta

 

 

Scheme 3.2 Synthesis of (2-bromoethoxy)benzaldehyd

Initially, K2CO3 was used as a base to deprotonate the phenolic proton of 

calix[4]aene to form an oxygen nucleophile for the nucleophilic substitution reaction 

on bromoethoxybenzaldehyde. The desired disubstituted calix[4]arene product was 

obtained along with trisubstituted calix[4]arene as a by product. When Na2CO3, a 

weaker base, was used as a base instead of K2CO3, the reaction gave less amount of 

the by- product that in turn facilitated the crystallization in the purification step. The 

bisbenzaldehyde calix[4]arenes were

b de calix[4]arene products were characterised by 1H NMR sp

A

di-o-alkylation product. The strong trend for the 1,3-di-o-alkylation can be explained 

 the corresponding monoanion of the monoether  by two by the stabilization of

intramolecular hydrogen bond and by steric hindrance.

 

 

 

H H

+ Br BrOH
K2CO3, Bu4NBr

CH3CN
O Br
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-bridged calix[4]arenes 2  

The stilbene bridge was constructed from an intramolecular reductive coupling 

1. A 

olecular coupling. However, when the reaction was performed with 3 

4, the expected stilbenes 2 were obtained in relatively low yields 

Scheme 3.4). Significant amounts of side products such as pinacols, dimers and 

tractable polymers were observed.  

1 o-2  trace 

2 36% 

 p-2  16%   
Scheme 3.4 2 

 
  

 

 

 

 

   

 o-1 60% 

 m-1 64% 

 p-1 55% 

 

Scheme 3.3 Synthesis of bisbenzaldehyde calix[4]arenes 1 

 

O

H

O O

O O

OHOH

O

H

OH OHOHOH
O

H

O

Br

+ Na2CO3, Bu4NBr

CH3CN

2 

3.1.2 Preparation of stilbene

(McMurry coupling) of two aldehyde groups in bis-benzaldehyde calix[4]arenes 

high dilution condition (7 mM of bisbenzaldehydes) was used to minimize the 

interm

equivalents of TiCl

(

in

 

 

 

 

   
  

 m-

Synthesis of the stilbene-bridged calix[4]arenes 

   
Among three regioisomers of 1, the coupling of the meta isomer gave the 

highest yield of the desired stilbene. The explanation of this result was brought to 

light only after all the x-ray structures of 1 were obtained (Figure 3.1).  Only m-1 has 

O

H

O O

O O

OHOH

O

H

THF O O

O O

OHOH

3 TiCl4, 6 Zn
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proper orientation of the benzaldehyde units for the intramolecular coupling. On the 

other hand, the aldehyde groups of the other two isomers, o- and p-1, turning outward 

the calix[4]arene cavity,  are not organized for the intramolecular coupling. 

 

 

 

 

 

 

o-1 m-1 p-1 

echan

-C bond 

formation can be described as k [1][1*], repectively, that gives 

promote the formation of 1* with and expense of 1

product ratio. 

 The pinacol side product is presumably derived from

complex (Scheme 3.5). Despite using anhydrous THF as the solvent for the reaction, 

ace amount of water impurity can become significant under high dilution condition. 

 

 

 

Figure 3.1  X-ray structures of 1 

To improve the yields of the desired stilbenes, it is necessary to ponder on the 

m ism of the reductive McMurry coupling reaction. The proposed mechanism 

begins with a single electron transfer of Ti(0) to one of the aldydehyde group of 1 to 

form 1* radical. The radical proceeds to form a C-C bond through either intra- or 

intermolecular radical addition to another aldehyde group (Scheme 4.5). The intra- 

and intermolecular addition are competing and their rate constants are be represented 

by kintra and kinter. The reaction rate of the intra- and intermolecular C

intra[1*] and kinter

kintra/kinter[1] as the intra/inter product ratio. Use of higher concentration of Ti should 

 resulting in greater intra/inter 

 the hydrolysis of the Ti(II) 

tr

Excess Ti should also help cutting down this problem by reacting with water.  
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Scheme 3.5  The mechanism of Reductive McMurry couping reaction(63-64)

 

 The McMurry coupling reaction was performed using various amounts of TiCl4.  

Upon increasing equivalents of TiCl4, the yields of 2 linearly increased (Figure 3.2) 

while the dimer and pinacol side products decreased and eventually unobservable.  

The concentration of 1 can be described as [1*]/K[Ti] that give Kkintra[Ti]/kinter[1*] as 

the intra/inter product ratio. Applying the steady state approximation ([1*] is 

constant), the intra/inter product ratio is linearly proportional to [Ti]. To obtain the 

same %yields of 2, the amounts of TiCl4 required for coupling of o-1 and p-1 are 

higher than that of m-1 suggesting that the kintra/kinter of o-1 and p-1 are lower than that 

of m-1. These results agree well with the orientation of the aldehyde groups revealed 

y the x-ray structures described previously. It is also important to note here that the 

se of large excess of TiCl4 (20 or 40 equivalents) markedly improved the yields of 

b

u

all isomers of 2 from the previous work.  
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 to the yields of   

 

s 2. The mixtures of cis and trans products were successfully separated by 

silica gel column using CH2Cl2 as an eluent. The assignment of cis- and trans-isomers 

was accomplished based on the vinylic 1H NMR signals in reference to the parent cis- 

and trans-stilbenes (Table 3.1). The cis-isomer was assigned to the isomer possessing 

vinylic proton signal at the lower chemical shift than that of the trans analogue. The 

structure of m-trans-2 obtained from X-ray crystallography confirmed the assignment 

of 1H-NMR spectrum (Figure 3.3).  

able 3.1 Chemical shifts of the vinylic protons of 2 and stilbene in CDCl3

1

 

 

 

 

 

 

 

 

 

 
 
Figure 3.2 Effects of TiCl4 amounts used in McMurry coupling of 1 2
 

The reductive coupling of 1 yielded stereoisomeric mixtures of cis- and trans-

tilbene 

 

T

H-NMR (ppm) 
Compound 

cis-isomer trans-isomer 

o-2 6.72 7.75 

m-2 6.70 7.78 

p-2 6.76 NA 

Stilbene 6.57 7.15 
 NA = not available 
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igure 3.3  X-ra trans-2 

Generally, trans-stilbene is thermodynamically more stable than its cis-isomer. 

 this work, the McMurry coupling of 1 however gave cis-2 in preference to the 

ans-2 (Table 3.2). The preferen ted to the rigidity 

f calix[4]arene structure and the molecular length of the stilbene unit.35 The distance 

etween two opposite hydroxyl groups calculated from AM1 is around 4.10 Å. The 

inimum molecular lengths of various isomers of stilbene calculated from AM1 are 

ted in Table 3.3. The absence of p-trans-2 suggest that molecular length of p-

ans-stilbene is probably too long to fit on the narrow rim of calix[4]arene with short 

thylene chains. 

able 3.2 Product ratio in the synthesis of stilbene-bridged calix[4]arenes 

 Yield 

F y structure of m-
 

In

tr ce of the cis-isomer can be attribu

o

b

m

tabula

tr

e

 

T

 

%
Products 

cis trans 

cis: trans 

ratio 

o-3 62 15 75 : 25 

m-3 37 37 50 : 50 

p-3 87 0 100 : 0 
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Table 3.3 The minimum molecular lengths of various isomers of stilbene calculated 

from AM1 are tabulated  . 

   

            cis-stilbene     trans-st

 

 

 molecular lengths of stilbene (Å) 

o

m

m

p

p

 

 o

 o
o

mm

p
p

         ilbene 

 cis trans 

o-o 3.07 5.23 

m-m 4.81 7.98 

p-p 6.94 9.36 

 

 

3.1.3 Prep idged crown ether ca

The reaction of 2 with tetra- and pentaethylene g

ilbene-bridged calix[4]arene crown-5 and crown-6 (3 and 4), respectively. As an 

, this reaction also performed under a high dilution condition 

to mini ers. Cs2CO3 

was used as a base to facilitate the conformational flip of calix[4]arene from the cone 

to 1,3 alternate. For o-2, the synthesis of crown ethers was viable for both cis and 

trans-isomers. However, for m rm the crown ethers 

while the trans-isomer yielded an intactable mixture. Only cis-isomers of p-3 and 4 

were synthesized since only p-cis s available ( e 3.6). The characteristic 

singlet 1H NMR sign the cali ene methylene bridge protons observed in the 

spectra of 3 and 4 indicated that the stilbene-bridged calix[4]arene crowns were 

rmed in the 1,3 alternate conformation . 
 

 

lix[4]arenes  (3, 4) 

lycol ditosylate esters provided 

aration of the stilbene-br

st

intramolecular reaction

mize the intermolecular reaction leading to the formation of polym

in

-2,  only the cis-isomer could fo

-2 wa Schem

al of x[4]ar

fo
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 2 n = 1, o-cis-3       80% 

 

O

O O O

O

O O

O O

O O

O O

OHOH

n

Cs2Co3, TsO(CH2CH2O)3+nTs
Bu4NBr

CH3CN

o-trans-3   67% 

                                                         m-cis-3      84% 

                                                                                          p-cis-3       80% 

  n= 2, o-cis-4       75% 

 m-cis-4      68% 

 p-cis-4       70% 

  

 

 and 4 from 

-trans-2 despite the same reaction worked well on o-trans-2,  m-cis and trans-2 

ere allowed to react with two equivalents of tosylate ester of di- or triethyleneglycol 

onoalkylether under the same condition. The products from the reaction of m-cis-2 

ere the expected 1,3-alternate 5 and 6. On the other hand, the reaction of m-trans-2 

ith the tosylate este  

one 7 (Scheme 3.7). The reaction of m-trans-2 w te ester of 

ether was even more surprising giving cone 8 as a 

uct.  

 

 

 

 

 

  

  

 

Scheme 3.6 Synthesis of the stilbene-bridged calix[4]arene crown-5 and crown-6

To investigate for the reasons of the infertile synthesis of m-trans-3

m

w

m

w

w r of diethylenglycol monoethyl ether gave only poor yield of 

c ith the tosyla

triethyleneglycol monomethyl 

minor product and partial cone 9 as a major prod
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O O

O O

OHOH

 
 
 
                                           m-cis-2                                                     O OEtR =  , 5 ; 67%     
   

                                                            O O OMeR =  , 6 ; 65%     
 

 

 

  
 
 
 
 
 
 
 
         m-trans-2      O OEtR = , 7;  20%    
    

      O O OMeR = , 8;  8%        9; 20% 
        

 with two equiv f 

The conformations of the products were assigned according to the 1H NMR 

signals of the methylene protons of calix[4]arene. The spectra of 1,3-alternate 5 and 6 

 e 7 and 8 were one pairs of doublet characteristic to the cone 

alix[4]arene (Figure 3.4).(34-35)

 

 

 
 

Scheme 3.7  Alkylation of m- cis and trans-2 alents of tosylate ester o

diethyleneglycol monoethylether or triethylene glycol monomethylether 

 

show one singlet signals of the methylene protons while the corresponding signals in 

the spectra of con

c

OO

OO OR

OR

OO

OO OHOH

OO

OO OROR

Cs2CO3, Bu4NBr

        CH3CN

TsOR

+

RO OR

O O

O O
Cs2CO3, Bu4NBr

        CH3CN

TsOR
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, b) cone 7 and c) partial cone 9 

Evidently, the phenyl rings of calix[4]arene platform in m-cis-2 can flip to form 

mation but those in m-trans-2 cannot. To gain insight of this 

ifference, AM1 molecular modelling  was used to optimize the structures of m-cis-2 

m-trans-2. The optimized structure of m-cis-2 is in the perfect cone conformation 

while that of m-trans-2 is in a pinched cone form (Figure 3.5). This AM1 optimized 

ructure of m-trans-2 is in good agreement with its x-ray structure (Figure 3.3). The 

 

 

 

 

 

Figure 3.4 1H NMR signals of methylene protons of calix[4]arene in a)1,3-alternate 

5

 

1,3-alternate confor

d

and 

st

Methylene bridge 

a) 1,3 alternate, 5 

{ 
Methylene bridge { { b) cone, 7 

c) partial cone, 9 

{ { 

{ { 

Methylene bridge Methylene bridge 

Methylene bridge 
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d

4.3 Ǻ 3.6 Ǻ 
 
 
 
 
 
 
 
   m-cis-2              m-trans-2 

 

Figure 3.5 The AM1 optimized structure of m-trans-2 and m-cis-2 and the distance  

between the  oxygen atoms in the two opposite hydroxyl groups  

 

istance between the two opposite hydroxyl groups of m-trans-2 calculated from 

m-cis-2. The contracted space between 

the oposite hydroxyl groups of m-trans-2 is likely to responsible for the restriction of 

e phenyl ring flip. The diethylene glycol chains were thus connected to m-trans-2 

 

 
 

In case of triethylen jor 

roduct. It is logical to assume that the alkylation of the two glycol chains proceed 

ne by one. As a longer substituent comparing to diethylene glycol, the first 

onnected triethylene glycol chain is probably more readily to be forced away from 

e calix[4]arene cavity by the steric repulsion of the stilbene bridge creating more 

om for the remaining hydroxyl group to turn upside down to form the patial cone 

onformation. 

.1.4 Discrimination between cone and pinched cone calix[4]arene by chemical shifts 

f the hydroxyl protons 

      The circular shape of the hydroxyl rim of calix[4]arene is significantly distorted 

n the onfor ationa chang  pinched 

cone.   It is thus of interest to analyze the effect of this change to the strength of the 

were used fo

AM1 is 3.6 Å significantly shorter than that of 

th

without any flipping of the phenyl rings.  

 
 
 
 

e glycol cahins, the reaction gave a partial cone 9 as a ma

p

o

c

th

ro

c

3

o

  

to form an elliptical shape upo  c m l e from cone to a

intramolecular bonds of the hydroxyl groups. Chemical shifts of 1H NMR signals 

r the analyses.   
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The chemical shift of the phenolic protons of m-trans-2 appeared at 

signif

10 11 

 

icantly upfield  position comparing to that of m-cis-2 suggesting that the 

hydrogen bonds in the pinched cone conformation are weaker than those in the cone 

form. To confirm this hypothesis, the chemical shifts of phenolic protons of all 

isomers of 2, synthesized in this work, and other two known series of stilbene and 

azobenzene-bridged tert-butylcalix[4]arenes (10 and 11)(47-48) were compiled (Table 

3.4).   

 
 
 
 
 
 
 
 
 
 
 2 
  

Table 3.4 Chemical shifts (ppm) of phenolic protons of various calix[4]arene 

derivatives 

 

  2 10 11 

o-cis 8.10 7.70 - 

o-trans 8.44 8.43 7.61 

is 

m-trans 5.62 6.60 6.07 

p-cis 6.65 6.29 

m-c 8.30 8.08 - 

- 
 
 
 
 

The x-ray structures are available for m-trans-2, o-cis-10, o-trans-11 and m-

nformations of o-cis-10 and o-trans-11  cone while 

ose of m-trans-2 and m-trans-11 are pinched cone. The phenolic protons of o-cis-

 m-trans-11. These observations support the hypothesis regarding the 

eaker intramolecular hydrogen bonding within the pinched cone conformation. In 

trans-11 (Appendix B). The co  are

th

10 and o-trans-11 gave the chemical shift at sinificantly lower field than those of m-

trans-2 and

w

O OOHOH

O O
O OOHOH

O O

O OOHOH

O O

N N
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calix[4]arene, the hydrogen bonds form between the adjancent hydroxyl groups. The 

weaker hydrogen bonding in a pinched cone conf tion should thus be attributed to 

the longer distance between the adjancent phenolic oxygens as illustrated by the 

hydroxyl rims of m-cis-2 ized by AM1 ( ). 

 
 
 

 

2, 10 

nd 11 in Table 3.3 can be predicted based on the chemical shift values of the signals 

f the pheno o-cis-, 

ould be cone and those of m-trans- and p-cis-isomers should be pinched cone It is 

lso conceivable to extend this theory for prediction of cone or pinched cone 

onformation of other di-O,O’-substituted calix[4]arene derivatives.   

.1.5 Preparation of the calix[4]arene crown-5  and crown-6 

For comparison in the extraction study, calix[4]arene crowns without stilbene 

ridge analogous to 3 and 4 were synthesized (Scheme 3.8). Calix[4]arene was 

ouble methylated followed by alkylation with ditosylate ester of tetra- and 

n-6 (12 

nd 13). Without the stilbene bridge, calix[4]arene crowns were obtained in the cone 

conformation exclusively.  

 

 

orma

 and m-trans-2 optim Figure 3.6

 
 
 
 
 

        
 
 
 
 
     m-cis-2    m-trans-2 
 

 

Figure 3.6 The hydroxyl rims of m-cis-2 and m-trans-2 optimized by AM1 (the 

stilbene unit and H was omitted for clarity.   

Applying the above theory, the conformations of the rest of the isomers of 

a

o o-trans- and m-cis-isomers lic protons. The conformation of 

sh

a

c

 

3

b

d

pentaethylene glycols to form O,O′-dimethylcalix[4]arene crown-5 and crow

a
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OH OHOHOH

+ MeI K2CO3, Bu4NBr

CH3CN

MeO OMeOHOH

CH3CN

O
O

O

TsO(CH2CH2O)3+nTs
Cs2CO3, Bu4NBr

n

O MeO OOMe

 

 
      75 % yield   n=1, 12  74% 

n=2, 13  52% 

 
 

xtraction at the H2O|CHCl3 interface by stilbene-bridged 

alix[4]arene crowns 3 and 4 were  investigated in comparison with compounds 5, 6, 

2, 13 and 18-crown-6. The extraction was carried out by thorough mixing a 

chloroform solution of the ligand (5 mM, 1 mL) with an aqueous solution of an alkali 

picrate (5 mM, 1 mL) for 24 hours. After centrifugation, the aqueous phase (35 μL) 

was pipetted out and diluted to 5 mL. The concentration of the remaining metal ion in 

the aqueous phase was determined indirectly from the absorbance of picrate ion at 

54 nm in the diluted solution. The % extraction was calculated from ([A0-

]/[A0])×100 whereas A0 and A represent the absorbance of the aqueous solutions 

our types of alkali ions (Li+, Na+, K+ and Cs+) were studied. Generally,

ontaining a crown ether unit i.e. 3, 4, 12 and 18-crown-6 exhibit good extractability 

arenes 5 

triethylene glycol chains have poor 

extractability towards all alkali ions. The results indicate that the oxygen atoms 

fficient for binding the alkali ions, 

proba

 

Scheme 3.8 Synthesis of O,O′-dimethylcalix[4]arene crown-5 and crown-6   
 

3.2 Complexation study 

3.2.1 Liquid-liquid extraction of alkali picrates  

The alkali metal ion e

c

1

3

A

before and after extraction, respectively. 

F  the ligands 

c

toward alkali ions larger than Na+ (Figure 3.7). The stilbene-bridged calix[4]

and 6 in which structures contain di- and 

present in the non-crown structures are not e

bly due to the entropic factor.  Despite containing a crown-6 unit, 13 shows 

rather poor extractability towards all alkali ions that will be rationalized later. 

The stilbene-bridged calix[4]arene crown-5, 3, possesses high K+ extractability 

comparable to 18-crown-6 but it shows significantly greater K+/Cs+ selectivity. On the 
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other hand, the stilbene-bridged calix[4]arene crown-6, 4, displays high Cs+ 

extractability and impressively high Cs+/K+ selectivity. Comparing to 3, the cone 

calix[4]arene crown-5 ether 12 shows lower K+ extractability. Even more, the cone 

calix[4]arene crown-6 ether, 13, has much lower Cs+ extractability than 4. The results 

strongly suggest that the 1,3-alternate calix[4]arene crown is more suitable for hosting 

K+ and especially Cs+ ions. The cation/π interaction that is more accessible through 

th

 

igure 3.7  Alkali ion extractabilities at H2O|CHCl3 interface of some calix[4]arene 

derivatives synthesized in this work comparing to 18-crown-6

The extracta  

DCl3, in place of CHCl3, as a solvent for the ligands . After extraction, the dueterated 

 layer was separated, dried over Na2SO4 and analyzed by 1H NMR 

scopy. The spectra revealed that only the extraction of an aqueous solution of 
+ picrate led to signal shifts in the spectra of the ligands while the extractions of the 

s of orther alkali ions did not alter the spectra (Figures 3.8 and 3.9). The 

e 1,3-alternate conformation has  been proposed to enhance the binding to a soft 

cation such as Cs+.(40-41)   
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results confirm that m-cis-3 and p-cis-3 can extract  K+ ion in preference to other 

lkali ions.   

 

 

 

 

 

 
  
 
 
 
 
 
 
 
 

tion  

 

.2.2 Liquid-solid extration of alkali picrates 

Having high extracting ability, ligands 3 and 4  were also tested for solid-liquid 

extraction. An excess amount of potassium picrate was added into a solution of 3 or 4 

urned 

yellow indicating the dissolution of metal picrate into CDCl3 which is normally 

a

 

 

 

Figure 3.8 1H NMR spectra of m-cis-3 before and after metal picrate extraction 

 

 

 

a) m-cis-3 before extraction

b) Li picrate

Figure 3.9 1H NMR spectra of p-cis-3 before and after metal picrate extrac

3

in CDCl3 and the mixture was sonicated. The color of the solution gradually t

nonsolvent for the picrate salts. The changes in 1H NMR spectra were used to justify 

c) Na picrate

d) K picrate

e) Cs picrate

a) p-cis-3 before extraction

b) Li picrate

c) Na picrate

e) Cs picrate

m-cis-3 extracted with Li pic

m-cis-3 before extraction 

m-cis-3 extracted with Na pic  

m-cis-3 extracted with K pic  

m-cis-3 extracted with Cs pic  

d) K picrate

p-cis-3 before extraction 

p-cis-3 extracted with Li pic  

p-cis-3 extracted with K pic  

p-

p-cis-3 extracted with Na pic  

cis-3 extracted with Cs pic  
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O

O O O

O

O O

O O

a
 

 
b

the nature of these complexation. For example, new set of proton signals were clearly 

observed after 1 hr of sonication p-cis-3 with potassium picrate  (compare Figure 

.10a and b +, to form the 

pecting host-guest comp  process. This new set of signals 

ecame stroger with the ex l set of signals of the pure ligand as 

e sonication prolonged. The original signals of  p-cis-3 were  completely replaced 

y the signals of the complex Figure 3.10c) signifying a 

omplete complexation of p-cis-3 to K+ in the solid-liquid extraction. 

 

igure 3.10 1H NMR spectra of a) p-cis-3  b) partial complexation between p-cis-3 

and potassium lexation between p-cis-3 and 

potassium picrate. 

 

Upon complexation with K ethylene protons in the crown 

ther chain of p-cis-3 were significantly shifted  down field while the other signals 

ted only slightly (Figure 3.11) suggesting that K+ situated mostly within the 

rown ether loop. For the complexation between p-cis-4 and Cs+, sizeable shifts of 

3 ) suggesting a partial association of the ligand to K

ex lex, in a slow exchange

b penses of the origina

th

b after 3 hr of sonication (

c
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e
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n
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various signals including the calixarene aromatic protons were observed (Figure 

) implying the participation of cation-π interaction  in the  complexation. 

Figure 3.12 Δδ of p-cis-4 complexed  with cesium picrat 

3.12

 

 
 

Figure 3.11 Δδ of p-cis-3  complexed  with potassium picrate. 
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The solid-liquid extractions of p-cis-3 with other alkali m

a)

b) 

c)

d)

e)

 

 

 

 

 

 

 

 

 

 

Figure 3.13 

etal picrate were also 

udied by 1H NMR using a sim The extraction of Cs picrate by p-cis-3 

 CDCl3 gave a yellow solution which showed two sets of proton signals belonging 

 the free host and the complex signifying a slow exchange process of this 

complexation (Figure 3.13). The complexation reached the completion slower than 

K+ indicating a weaker ligand binding to Cs+ comparing to K+. Upon the extraction of  

sodium picrate, the signals in the spectrum of the ligand however became broaden 

especially in the region of the crown ether methylene protons.  and no significant 

change in the spectrum of the ligand in the extraction of Li picrate. The results can be 

interpreted as the exchange rates for Na picrate with p-cis-3 was faster than p-cis-3 

with K picrate and no complexation between Li+ and p-cis-3. The binding order of p-

cis-3 to the alkali ions obtained in this solid-liquid extraction study is K+ > Cs+> Na+> 

Li+ matching the results from the liquid –liquid extraction described previously. 

 

 

 

 

 

 

 

st ilar procedure. 

in

to

 

1H NMR spectra of a) p-cis-3  b) p-cis-3 + Cs picrate c) p-cis-3 + K 

picrate d) p-cis-3 + Na picrate and e) p-cis-3 + Li picrate 
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.2.3 Determination of complexation constants by 1H NMR titration 

  

 

om 1H NMR titration of the ligand with a metal picrate in CD3CN. Titrated with K+, 

e proton signals of p-cis-3 splitted into two sets belonging to the starting ligand and 

e complex (Figure 3.14). The K value for such a slow process was determined 

mply by taking the integal ratio of the apropriate peaks that is K = I7.39/I7.18;whereas 

= integral at 7.39 ppm and I7.18 = integral at 7.18 ppm, giving Log K = 3.15 

 ). 

The complexation of p-cis-3 and Na picrate in CD3CN is the fast exchange 

rocess in which the shifts in the proton signals corresponding to a weighted average 

f the complex and free ligand.  (Figure 3.15).  The shift of 1H NMR of p-cis-3 on 

e addition of Na picrate was shown in Figure 3.16. EQNMR program was used for 

etermination of the log K value being 2.23. 

Initially, the titration of p-cis-3 with Cs picrate produced a 1H NMR spectrum 

ith very broad signals that gradually became sharpen (Figure 3.17) indicating that 

t of Cs picrate was added. 

These phenomena prevent the calculation of K value at the experimental temperature. 

No significant changes in the 1H NMR spectrum of p-cis-3 when the ligand was 

trated with Li picrate, even with two equivalents of Li picrate, indicating no 

ese results were in good agreement with the extractability obtained from the 

liquid

 

 

3

The association constant (K) for p-cis-3 and an alkali metal ion was obtained 

fr

th

th

si

I7.39 

(Table 3.5

p

o

th

d

w

the rate of association-dissociation process was in the same range of NMR time scale.  

The signals became very sharp when over one equivalen

ti

complexation between Li+ and the ligand.  

Th

-liquid and solid-liquid extractions. Wrapping these up, the complexation 

constant between p-cis-3 with the alkali metal ion is probably in the order of 

K+>Cs+>Na+>Li+ and the rate of exchange process is probably in the reverse order.   
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Free ligand
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Figure 3.1
 

 

 

 

 

 

 

igure 3.16  Δδ of p-cis-3   complexed  with sodium picrate in NMR titration 

xperiment 
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e  3.14 1H NMR titration spectra of p-cis-3 with potassium picrate  
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5 1H NMR titration spectra of p-cis-3 with sodium picrate  
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Table 3.5  log K of p-cis-3 with alkali metal picrate 

 

 

 

 

 

 

NA
aNo significant spectral changes even in the presence of a large excess of metal ion. 
 

 

 cesium picrate  

quid-liquid extraction of alkali ions  

 

Picrate is an organic anion which is known to enhance the extraction of an alkali 

c solvents. To investigate the effect of 

nionic couter ions on the extractability of potassium ion, the liquid-liquid extractions 

4 at the H2O|CHCl3 interface by ligands p-cis-3, 12 and 18-crown-6 

o 

erformed.  Due to the poor UV-Vis absorbance of these inorganic anions, the % 

xtractions were determined by the atomic absorption spectroscopy.  The ligands have 

lower extr  to the 

  Li Na  K  Cs 

p-cis-3 <1a 2.23 3.15 NA 

= not available 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 3.17 1H NMR titration spectra of p-cis-3 with
 

3.2.4 Effect of anionic couter ions on li

cation by an organic ligand soluble in organi

a

of KPF6 and KClO

were conducted. The similar extractions of CsNO3 by ligands p-cis-4 and 13 were als

p

e

actability towards K+ and Cs+ with inorganic couter ions comparing
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p-cis-3 + 1.4 eq. of Cs pic 
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metal picrate (Table 3.6). It is however of sinificance to note the higher extractability 

of either K+ or Cs+ ions by the stilbene-bridged calix[4]arene crown ethers, 3 and 4, 

over the other types of ligands including 18-crown-6 and their cone analogues, 12 and 

13. 

 

Table 3.6 Extraction percentage of KPF6, KClO4, CsNO3 from water to chloroform by   

calix[4]arene crown-5 derivatives , calix[4]arene crown-6 derivatives and 18-crown-6 

at room temperature analyzed by Atomic Absorption Spectroscopy. 

 

 

 

 

igure 3.18  spectra o -3 a) before mi  b) after 1 hour and c) after 

3 hours of mixing

  KPF6 KClO4 CsNO3 
p-cis-3 33.0 34.5  -  

12 2.0 6.1 - 
 18-crown-6 9.9 5.8 - 

13  - -  12 
 p-cis-4 - - 21 

  

The anion effect was also studied by 1H NMR spectroscopy. The spectra of p-

cis-3 mixed with KClO4 for 1 and 3 hours showed new set of signals with expenses of 

the signals of the pure ligand indicating a slow exchange process and probably strong 

complexation (Figure 3.18). Compare with the complex between p-cis-3 and K 

picrate, the 1H NMR spectra of complex between p-cis-3 and KClO4 was not different 

much.  

 

 

 

 

 

a) p-cis-3

b) p-cis-3 + KClO4 ( sonicate 1 hr.)

c) p-cis-3 +KClO4 (sonica e 3 hrs.)t 
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3.3  Photoisomerization Study 

 

In CD3CN, the UV irradiation of o-cis-3 and m-cis-3 yielded unidentified 

mixtures with very complicated 1H NMR spectra (Appendix A.36-37). In contrast, 

the U

a

fo ed from the  photochemical electrocyclic ring closer of cis-stilbene followed by 

the dehydrogenation in the presence of air (Scheme 3.9). 

 

 

 

 

 

 

 

 

 

 

 

V irradiation of p-cis-3 gave a new compound with very clean 1H NMR 

spectrum (Figure 3.19). The number and pattern of 1H NMR signals were not 

corresponding to the p-trans-stilbene crown ether. The competing photoisomerization 

reaction of cis-stilbene to form dihydrophenanthrene was reported.(65) 1H NMR 

spectra showed that the new compound can interpreted as phenanthrene-bridged 

calix[4] rene crown ether 14 . These results indicated that the phenanthrene ring was 

rm

 

 

 

 

Figure 3.19 1H NMR of a) p-cis-3 b) p-cis-3 after irradiated by UV light 
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Scheme 3.9 Photoreaction of  p-cis-3 under UV light. 
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CHAPTER IV 

 

CONCLUSION AND SUGGESTION 

 
4.1  Conclusion 
 

The series of o-, m- and p-stilbene-bridged calix[4]arenes were successfully 

synthesized through an intramolecular reductive McMurry coupling of the 

corresponding bisbenzaldehyde calix[4]arene in high yields using a large excess of 

TiCl4 and high dilution condition. The rigid and narrow cavity of calix[4]arene 

platform prefers the shorter bridges that leads to the preference of the absence of p-

trans and the formation of o-cis over o-trans stereoisomer. With assistance of some x-

ray structures and extensive analyses of 1H NMR spectra, the conformation of o-cis-, 

o-trans and  m-cis-stilbene-bridged calix[4]arenes was designated as a cone while that 

of p-cis and  m-tran-stilbene-bridged calix[4]arenes was assigned as a pinched cone. 

The crown-5 and -6 ethers were successfully tethered over the stilbene-bridged 

calix[4]arenes, excepting the m-trans isomer, via coupling of tetra- and pentaethylene 

glycol chains to the remaining phenolic groups. The presence of stilbene bridge over 

the calix[4]arene rim effectively prevents the connection of the polyether chains in the 

cone conformation resulting in the exclusive formation of 1,3 alternate stilbene-

bridged calix[4]arene crown ethers. The short distance between the two opposite 

hydroxyl groups in the severely distorted pinched cone conformation of m-trans-

stilbene-bridged calix[4]arene is probably responsible for unsuccessful synthesis of 

m-trans-stilbene-bridged calix[4]arene crown ether.  

In general, the stilbene-bridged calix[4]arene crown ethers have greater alkali 

ion extractability and selectivity, at the H2O|CHCl3 interface, than 18-crown-6 and the 

corresponding cone calix[4]arene crown ethers.  The stilbene-bridged calix[4]arene 

crown-5 and -6 ethers possess excellent K+/Cs+ and Cs+/K+ selectivities, respectively. 

The complexation constants obtained from 1H NMR titration showed that the 

complexation of the stilbene-bridged calix[4]arene crown-5 and K picrate in CD3CN 

is in the slow exchange and have highest K compare with other alkali metal ion. The 

alkali ion extratabilities of the stilbene-bridged calix[4]arene crown ethers at the 

water|organic interface are higher for picrate salts comparing to the inoganic salts 

such as chlorate, hexafluorophosphate and nitrate.  
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The UV irradiation of o-cis- and m-cis-stilbene-bridged calix[4]arene crown-5 

gave only mixtures of unidentified products. The photoreaction of p-cis-stilbene 

bridged calix[4]arene crown-5 however yielded phenanthrene-bridged calix[4]arene 

crown-5 exclusively. There was no observable photoisomerization from cis- to trans 

stereoisomer in all cases. 

  This work demonstrates that the stilbene bridges can be used to control the 

conformation of the calix[4]arene and thus binding properties of the calix[4]arene 

platform although the photo-switchability between cis and trans isomer of the bridge 

was not possible.      

 

4.2  Suggestion for future works 

The suggested of future work should be focused on 

1. Synthesis of the  m-cis and m-trans stilbene bridged calix[4]arene containing    

binding unit such as urea or thiourea on the upper rim.  

2. Crytallisation of compound 2 for study of calix[4]arene conformation 
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APPENDICES 
 



APPENDIX A 
 
 

igure A.1 1H NMR of o- (2-Bromoethoxy)benzaldehyde  

 

igure A.2    1H NMR of  m-(2-Bromoethoxy)benzaldehyde  
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igure A.3 1H NMR of p-(2-Bromoethoxy)benzaldehyde  

igure A.4 1H NMR of   o-Stilbene-bridged calix[4]arene 1 

F
 
 

 
 
 
F
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Figure A.5 1H NMR of m-Stilbene-bridged calix[4]arene 1 
 

 
 
 
Figure A.6  1H NMR of  p-Stilbene-bridged calix[4]arene 1 
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Figure A.7   1H NMR of o-cis-Stilbene bridged calix[4]arene 2 
 
 

Figure A.8   1H NMR of o-trans-Stilbene bridged calix[4]arene 2 
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igure A.9    1H NMR of m-cis-Stilbene bridged calix[4]arene 2  

igure A.10  1H NMR of m-trans-Stilbene bridged calix[4]arene 2 

F

 
 
 

 
 
 
 
F
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Figure A.11   1H NMR of p-cis-Stilbene bridged calix[4]arene 2 

 

igure A.12  1H NMR of o-cis-Stilbene bridged calix[4]arene  crown-5 3  
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Figure A.13   13C NMR of o-cis-Stilbene bridged calix[4]arene  crown-5 3  

 
 
 
Figure A.14   1H NMR of o-trans-Stilbene bridged calix[4]arene crown-5 3 
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Figure A.15    13C NMR of otrans-Stilbene bridged calix[4]arene crown-5 3 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

igure A.16   1H NMR of m-cis-Stilbene bridged calix[4]arene crown-5 3 
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Figure A.17     13C NMR of m-cis-Stilbene bridged calix[4]arene crown-5 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.18    1H NMR of p-cis-Stilbene bridged calix[4]arene  crown-5 3 
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Figure A.19    13C NMR of p-cis-Stilbene bridged calix[4]arene crown-5 3 

 
Figure A.20   1H NMR of o-cis-Stilbene bridged calix[4]arene  crown-6 4 
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Figure A.21  1H NMR of m-cis-Stilbene bridged calix[4]arene crown-6 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

igure A.22  1H NMR of p-cis-Stilbene bridged calix[4]arene crown-6 4 F
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igure A.23  1H NMR of m-cis-Stilbene calix[4]arene diethylene glycol ethyl ether 5 

igure A.24  13C NMR of m-cis-Stilbene calix[4]arene diethylene glycol ethyl ether 5 
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monomethylether  6 
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monomethylether  6 

 

 
 
Figure A.25     1H NMR of m-cis Stilbene calix[4]arene triethylene  glycol    

 
Figure A.26 3C NMR of m-cis Stilbene calix[4]arene triethylene glycol    
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Figure A.27    1H NMR of m-trans-Stilbene calix[4]arene diethylene  glycol e

ther 7 

thyl  

                     e 

 
Figure A.28    13C NMR of m-trans-Stilbene calix[4]arene diethylene  glycol ethyl ether   7
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igure A.29   1H NMR of m-trans Stilbene calix[4]arene triethylene  glycol 

 

Figure A.30  1H NMR of m-trans Stilbene calix[4]arene triethylene  glycol 

   monomethylether  partial cone conformation  9 

F

   monomethylether cone conformation  8 
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Figure A.31  13C NMR of m-trans Stilbene calix[4]arene triethylene  glycol 

  monomethylether  partial cone conformation  9 

 
 

 
 
 
Figure A.32  1H NMR of  dimethyl calix[4]arene 
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F    1igure A.33 5   12 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure A.34    13C NMR of O,O′-dimethylcalix[4]arene crown-5   12 

H NMR of  O,O′-dimethylcalix[4]arene crown-
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igure A.35    1H NMR of O,O′-dimethylcalix[4]arene crown-5   13 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

light 
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Figure A.36 1H NMR of o-cis-3 before and after irradiated upon UV 
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Figure A.37 1H NMR of m-cis-3 before and after irradiated upon UV light 

 

 

Before irradiation

After irradiation

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



APPENDIX B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.1 X-ray structure of m-trans-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.2 X-ray structure of o-cis-10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.2 X-ray structure of m-trans-11 
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Figure B.3 X-ray structure of o-trans-11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.4 AM1 structure of m-cis-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B.5 AM1 stucture of m-trans-2 
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Figure C.1. o-1: ortho-Bisbenzaldehyde calix[4]arene 
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FigureC.2 m-1: meta-Bisbenzaldehyde calix[4]arene 
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Figure C.3  p-1: para- Bisbenzaldehyde calix[4]arene 
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Figure C.4 o-cis-2: ortho-cis-Stilbene-bridged calix[4]arene 

 

O O

O O

OH OH

 
 
 
 
 
 
 
 
 
 
 
Figure C.5 o-trans -2: ortho-trans-Stilbene-bridged calix[4]arene 
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Figure C.6 m-cis-2: meta-cis-Stilbene-bridged calix[4]arene 
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Figure C.7 m-trans-2:  meta-trans-Stilbene-bridged calix[4]arene 
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Figure C.8 p-cis-2: para-cis-Stilbene-bridged calix[4]arene 
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Figure C.9 o-cis-3: ortho-cis-Stilbene-bridged calix[4]arene crown-5 
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Figure C.10 o-trans-3: ortho-trans-Stilbene-bridged Calix[4]arene crown-5 
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Figure C.11 m-cis-3: meta-cis-Stilbene-bridged calix[4]arene crown-5 
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Figure C.12 p-cis-3: para-cis-Stilbene-bridged calix[4]arene crown-5 
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FigureC.13 o-cis-4: ortho-cis-Stilbene-bridged calix[4]arene crown-6 
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FigureC.14 m-cis-4: meta-cis-Stilbene-bridged  calix[4]arene crown-6 
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Figure C.15  p-cis-4: para-cis-Stilbene-bridged calix[4]arene crown-6 
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Figure C.16   5: meta-cis-Stilbene-bridged calix[4]arene diethylene glycol ethyl ether 
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Figure C.17   6: m-cis Stilbene-bridged calix[4]arene triethylene glycol 

monomethylether  
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Figure C18  7: m-trans- Stilbene-bridged calix[4]arene diethylene glycol ethyl ether  
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Figure C.19  8: m-trans Stilbene -bridged calix[4]arene triethylene glycol 

monomethylether; cone conformation 
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FigureC.20   9: m-trans Stilbene -bridged calix[4]arene triethylene glycol 

monomethylether;patial cone conformation  
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Figure C.21  10: stilbene bridged tert-butyl calix[4]arene 
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Figure C.22  11: azobenzene bridged tert-butyl calix[4]arene  

 
 

O
O

O

O OMeO OMe

 
 
 
 
 
 
 
 
 
 
Figure C.23  12: O,O′-dimethylcalix[4]arene crown-5    
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Figure C.24  13: O,O′-dimethylcalix[4]arene crown-6   
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Figure C.25  14: phenanthrene bridged calix[4]arene crown ether 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX D 

 

REPRINT 

 

Jaiyu, A. Rojanathanes, R. Sukwattanasinitt, M. Stilbene-bridged 1,3-alternate 

calix[4]arene crown ether for selective alkali ion extraction,Tetrahedron Letters 2007, 

48, 1817–1821. 

 



Tetrahedron Letters 48 (2007) 1817–1821
Stilbene-bridged 1,3-alternate calix[4]arene crown
ether for selective alkali ion extraction

Arisa Jaiyu, Rojrit Rojanathanes and Mongkol Sukwattanasinitt*

Department of Chemistry, Faculty of Science, Chulalongkorn University, Phyathai Road, Pathumwan, Bangkok 10330, Thailand

Received 4 December 2006; revised 3 January 2007; accepted 4 January 2007
Available online 9 January 2007
Abstract—A series of stilbene-bridged calix[4]arenes was synthesized through an intramolecular reductive McMurry coupling of bis-
benzaldehyde calix[4]arene in high yields. Tetra- and pentaethylene glycol chains were tethered to the phenolic groups of calix[4]-
arene to form stilbene-bridged calix[4]arene crown-5 and crown-6, respectively. The presence of stilbene bridge over the
calix[4]arene rim effectively prevented the connection of the polyether chains in the cone conformation resulting in the exclusive for-
mation of 1,3-alternate stilbene-bridged calix[4]arene crown product. Compared to the cone analogues, the 1,3-alternate calix[4]-
arene crown ethers showed a greater extraction ability and selectivity toward Cs+.
� 2007 Published by Elsevier Ltd.
1. Introduction

Since its discovery, calix[4]arene has been extensively
used as a molecular platform to construct artificial iono-
phores.1 Thanks to its preorganized basket structure
and readily functionalizable phenolic groups, calix[4]-
arene-based ionophores with variety of cavity shapes
and sizes were readily synthesized.2 Calix[4]arene crown
ethers, a class of calix[4]arene derivatives containing
polyether chain tethered across opposite phenolic rings,
are known to be more selective alkali ionophores than
their crown ethers counterparts.3 Both crown ether
chain length and calixarene conformation play impor-
tant roles in regulating the complextion with metal
ions.4 The applications of calix[4]arene crown ethers
for Na+/K+ pump mimicking,5 Rb+ transportation in
radiopharmaceutical treatments,6 and the removal of
Cs+ radioactive wastes were reported.7

We have recently synthesized and studied a series of
azobenzene-bridged and stilbene-bridged tert-butylcalix-
[4]arenes as photoswitchable ionophores8 and molecular
receptors.9 We found that the incorporation of different
isomers of rigid azobenzene or stilbene bridge on the
narrow phenolic rim can regulate the calix[4]arene cavity
shape. In this work, we would like to report the use of
0040-4039/$ - see front matter � 2007 Published by Elsevier Ltd.
doi:10.1016/j.tetlet.2007.01.026
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stilbene bridge to direct the synthesis of calix[4]arene
crown ethers in a 1,3-alternate conformation for
selective alkali ion extraction.
2. Results and discussion

Using reductive McMurry intramolecular coupling of
bis-benzaldehyde calix[4]arenes 1 followed by condensa-
tion with the ditosylate ester of tetra- and pentaethylene
glycol, stilbene-bridged calix[4]arene crown-5 and
crown-6 were synthesized (Scheme 1). The reductive
coupling yielded stereoisomeric mixtures of cis and trans
stilbene 2 of which the cis isomer was predominant. By
using a high dilution condition (7 mM of bisbenzalde-
hydes) and a large excess of TiCl4 and Zn (20 equiv),
the yields of stilbene products were markedly improved
from our previous work.9 The mixtures of cis and trans
stilbene-bridged calix[4]arene were separated by column
chromatography and used in the next condensation step.
Only cis form of the final products from the condensa-
tion were successfully synthesized except for o-3 that
the trans isomer was also obtained. The characteristic
singlet NMR signal of the calix[4]arene methylene pro-
tons observed in the spectra of 3 and 4 indicated that
the stilbene-bridged calix[4]arene crowns were formed
in the 1,3-alternate conformation.10

To our surprise, the attempts to prepare m-trans-3 and
m-trans-4 from m-trans-2 by the same approach have

mailto:smongkol@chula.ac.th


1 o-2   cis 62% trans 15% o-cis-3       80% 
m-2  cis 37% trans 37%       o-trans-3   67% 
p-2 cis 87%     m-cis-3      84% 

 p-cis-3       80% 
             n=2  

             n=1  

o-cis-4       75% 
m-cis-4       68% 
p-cis-4       70% 
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Scheme 1. Synthesis of stilbene calix[4]arene crown ether 3, 4.11 Reagents: (a) TiCl4, Zn, THF; (b) TsO(CH2CH2O)(3+n)Ts, Cs2CO3, Bu4NBr,
CH3CN.
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been so far fruitless, yielding only intractable materials.
To clarify these puzzling results, both cis- and trans-m-2
were condensed with 2 equiv of p-toluenesulfonate ester
of diethyleneglycol monoethylether (Scheme 2). The
products from m-cis-2 was the expected 1,3-alternate
m-cis-5 but the reaction of m-trans-2 gave only a poor
yield of the unexpected cone m-trans-6. The cone con-
formation was assigned according to the characteristic
NMR signals of the doublet pairs of the calix[4]arene
methylene protons. The results suggested that the phe-
nol ring flipping process required for the conversion of
the conformation from cone to 1,3-alternate was some-
how disallowed in m-trans-2. Although our previous
work has predicted that the calix[4]arene rims in m-
trans-2 were distorted from the normal circular shape
into an oval shape9 we have never thought that this dis-
tortion would totally prevent the ring flipping process.
O O

O O

OHOH

Cs2CO3, B

CH3C

OOR  =

OO

OO OHOH

Cs2CO3, B

CH3C

Scheme 2. Synthesis of stilbene calix[4]arene crown ether 5, 6.
For comparison in the extraction study, calix[4]arene
crowns without the stilbene bridge (7 and 8) containing
the same crown sizes as 3 and 4 were also synthesized
(Scheme 3). Without the stilbene bridge, calix[4]arene
crowns were obtained in the cone conformation
exclusively.

The alkali metal ion extraction at the aqueous CHCl3
interface by stilbene-bridged calix[4]arene crowns 3
and 4 were investigated in comparison with compounds
5, 7, 8, and 18-crown-6. The extraction was carried out
by thorough mixing a chloroform solution (5 mM,
1 mL) of the ligand with an aqueous solution of the
metal picrate (5 mM, 1 mL) for 24 h. After centrifuga-
tion, the aqueous phase (35 lL) was pipetted out and
diluted to 5 mL. The concentration of the remaining
metal ion in the aqueous phase was determined from
5     67%

R R

O O

O O
u4NBr

N

OEt

6    20%

OO

OO R R

u4NBr

N



n=1; 7     74% 
        n=2; 8     52% 

O OOHOH

CH3CN

O O

O
O

O

O O
TsO(CH2CH2O)3+nTs

Cs2CO3, Bu4NBr

n

Scheme 3. Synthesis of calix[4]arene crown ether 7, 8.
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the UV absorbance of picrate ion at 354 nm in the
diluted solution. The % extraction was calculated from
([A0 � A]/[A0]) · 100, whereas A0 and A were the absor-
bance of the aqueous metal picrate solutions before and
after extraction, respectively.

Calix[4]arene crowns (3, 4, and 7) and 18-crown-6 gener-
ally showed a good extractability toward alkali ions lar-
ger than Na+ (Fig. 1). While the calix[4]arene crown-5
such as 3 and 7 showed a significantly greater K+/Cs+

selectivity than that of 18-crown-6, the calix[4]arene
crown-6 (compound 4) displayed impressively high
Cs+/K+ selectivity. Stilbene-bridged calix[4]arene 5 in
which structure contains two linear diethylene glycol
chains has poor extractability toward all alkali ions.
Figure 1. Extraction percentage of alkali metal picrates from water to
chloroform by calix[4]arene derivatives and 18-crown-6 at room
temperature.

gbacefd

gbac,efd

7.40         7.20          7.00           6.80         6.60    6.40 

Figure 2. The 1H NMR spectra of (a) p-cis-3, (b) partial complexation betwe
cis-3 and potassium picrate.
The result indicated that neither the six oxygen atoms
present in the diethylene glycol chains nor in the crown
oxygens on the same side with the stilbene bridge are
suitable for hosting the alkali ions. The cone calix[4]-
arene crown 8 has relatively much lower Cs+ extractability
compared to the 1,3-alternate stilbene-bridged calix[4]-
arene crown 4. The 1,3-alternate calix[4]arene crown
was reported to have a suitable orientation of aromatic
rings for cation/p interaction participating in the bind-
ing of Cs+.11

Having a high extracting ability, ligands 3 and 4 were
also tested for solid–liquid extraction. An excess amount
of potassium picrate was added into a solution of 3 or 4
in CDCl3 and the mixture was sonicated. The color of
the solution gradually changed from colorless to yellow
indicating the dissolution of metal picrate into CDCl3,
which is normally nonsolvent for picrate salts. The
changes in 1H NMR spectra were used to justify the nat-
ure of complexation. For example, a new set of proton
signals was clearly observed after 1 h of sonication p-
cis-3 with potassium picrate salt (compare Fig. 2a and
b) suggesting a partial association of the ligand to K+,
to form the expecting host–guest complex, in the slow
exchange process. This new set of signals became stron-
ger with the expenses of the original set of signals as the
sonication prolonged. The original signals p-cis-3 were
completely replaced by the signals of the complex after
3 h of sonication (Fig. 2c) signifying a full complexation
of the host molecules to K+ in the solid–liquid
extraction.

Upon complexation with K+, the signals of the methyl-
ene protons in the crown ether moiety of p-cis-3 were
shifted significantly downfield while the other signals
were shifted only slightly (Fig. 3a) indicating that K+

situated mostly within the crown ether loop. For the
complexation between p-cis-4 and Cs+, significant shifts
of various signals including the calixarene aromatic pro-
tons were observed (Fig. 3b) suggesting the possibility of
cation–p interaction involving in the complexation.

In summary, the incorporation of stilbene bridge to
calix[4]arenes provided a sensible approach to synthesize
calix[4]arene crown-5 and crown-6 in 1,3-alternate con-
formation. These 1,3-alternate calix[4]arene crowns have
a greater extractability and selectivity than those of the
corresponding cone calix[4]arene crowns. The stilbene-
bridged calix[4]arene crown-5 has an excellent K+/Cs+

selectivity while the stilbene-bridged calix[4]arene
n i,h j,k ml

j k l m n,i,h

          4.20      4.00       3.80      3.60       3.40     3.20
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Figure 3. (a) Dd of p-cis-3 complexed with potassium picrate and (b) Dd of p-cis-4 complexed with cesium picrate.
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crown-6 has an excellent Cs+/K+ selectivity in the
aqueous chloroform extraction. The metal selectivities
of 1,3-alternate calix[4]arene crowns also significantly
outperform 18-crown-6.
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