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ABSTRACT 

Over the past three decades, calix[n]arenes have become one of the preeminent 

classes of molecular receptors, owing to their excellent abilities to act as host 

molecules for a wide variety of neutral or charged species. For the elaboration of the 

molecular receptor, the use of cavity-based calix[n]arenes is particularly attractive 

because, in strong relation to natural systems, it can be expected that the cavity will 

ensure very high selectivity. Thus, against this background, several kinds of 

fluorescent chemosensors for heavy metal ions, anions, ammonium ions were 

designed and synthesized based on calixarene in this dissertation. The sensitivity and 

selectivity properties of these receptors to the target analyte were carefully evaluated. 

In this research, O-Alkylation of hexahomooxacalix[3]arene (1H3) with 

9-chloromethyl- anthracene was carried out under the different reaction conditions. 

Interestingly, by using acetone/benzene (1:1 v/v) mixed solvent system, the 

cone-4An3 was succeeded to synthesize. These results suggest that the solvent can 

also control the conformation of the O-alkylation products.  

On the other hand, a novel type of selective and sensitive fluorescent sensor (L) 

having triazole rings as the binding sites on the lower rim of a 

hexahomotrioxacalix[3]arene scaffold in a cone conformation have been synthesized. 

This sensor has desirable properties for practical applications, including selectivity for 

detecting Zn2+ and Cd2+ in the presence of excess competing metal ions at low ion 

concentration or as a fluorescence enhancement type chemosensor.  

Meanwhile, this compound also exhibits the high selective recognition towards 

alkylammonium cations, which can be also confirmed by enhancement of 

fluorescence spectra. The calix cavity changed from a “flattened-cone” to a 

more-upright form, and addition of n-BuNH3
+ to L resulted in the formation of 

endo-cavity inclusion complexes. Interestingly, upon addition of Zn2+ to this system, 

chemosensor L can be capable of binding a metal ions and alkylammonium cations 

simultaneously through positive allosteric effect. 

In summary, homooxacalix[3]arene have two conformation isomers, and the cone 

results can formed when a template metal is present in the reaction system or using 

solvent effect. Chemosensor L in cone conformation were designed and synthesized 

based on hexahomotrioxacalix[3]arene, Click chemistry. It has been use to recognize 

metal cation and ammonium cations. In these research fields, there are relativity few 

example and will open a gate for chemical research on chemosensors based on 

calixarene. 
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Chapter 1  

Development of Fluorescent Chemosensors Recently 

Based on Calixarene 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this chapter we will introduce the fundamental research on calixarene and a shortly 

review of the recently development of fluorescent receptors for cations and anions based 

on calixarene. 
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1.1 General Introduction  

Molecular recognition 1-2 is the core concepts of supramolecular chemistry, and 

in molecular recognition domain, with molecular devices properties of fluorescent 

recognition reagent (namely fluorescence probe) is a kind of abiotic "molecular 

devices". It selectively bonds with the target material, and then effectively 

recognizing of certain ions or molecules by the fluorescence signal. A fluorescent 

probe 3-6 consists of an ion recognition unit and a fluorogenic unit, which converts the 

actuating signal from the ionophore unit into a light signal. The recognition unit is 

deciding selectivity of the different objects, fluorogenic signal unit play a role in 

change the information of identification into a fluorescent signal. Fluorescent probe is 

an excellent molecular sensor, such as: high selectivity, high sensitivity, real-time in 

situ detection, and has been widely used in clinical diagnosis, biological analysis, 

environmental monitoring, materials science and other fields. 

Recognition unit is the key part for designing of fluorescent probe. 7 Calixarenes 

with appropriately appended groups are good chemosensor candidates for recognition 

of cations anions and neutral moleculaes.  

 

Figure 1.1. p-tert-Butyl-calix[4]arene resembles a calix crater vase in shape. 

Calixarenes are one of the macrocyclic receptors known to date besides crown 

ethers, cyclodextrins, cryptands, and cucurbiturils 8, which was introduced by 

Gustche8 for cyclic oligomers, which was obtained from the condensation of 

formaldehyde with p-alkylphenols under alkaline conditions. The use of this word 

“calix” means “beaker” in Latin and Greek, Figure 1, was suggested in particular by 

the shape of the tetramer, which can (and generally) adopt a bowl- or beaker-like 
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conformation which indicates the possibility of the inclusion of “guest” molecules. 

Calixarenes are macrocyclic molecules, like crown ether and cyclodextrin. 

Two regions can be distinguished in calixarenes, viz. the phenolic OH groups and 

the para positions of the aromatic rings, which are called respectively the “lower rim” 

and the “upper rim” of the calix (both rims can easily be selectively functionalized) as 

shown in Figure 3. In calix[4]arene, adjacent nuclei have been named “proximal” or 

(1,2) whereas the opposite ones are in “distal” or diametrical” (1,3) positions. 

 

Figure 1.2. Anatomy of a calix[4]arene in the cone conformation. 

Calixarenes made up the phenol and methylene units have many conformational 

isomers because of two possible rotational modes of the phenol unit, the oxygen- 

through-the annulus rotation and the para-substituent-through-the annulus rotation. 

Due to free rotation about the bonds of Ar-C-Ar groups, one of the most fascinating 

aspects of calixarenes is conformations. In the case of calix[4]arenes, there exists four 

possible conformational isomers in calix[4]arenes; i.e. cone, partial-cone, 

1,2-alternate and 1,3-alternate. They differ with respect to the position of the 

phenolic OH groups (and the p-positions) with respect to the molecular plane (here 

easily define by the C, atoms of the methylene bridges). 

 

Figure 1.3. Four stable conformations of calix[4]arenes. 
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Calixarenes are 2,6-metacyclophanes with a methylene bridge between their 

phenolic groups, as shown in Figure 1. In 1994, the term “homocalixarene” was 

coined by Brodesser and Vögtle to describe analogues of calixarenes with two or 

more methylene groups between the aromatic moieties. 9 When one or more CH2 

bridges are replaced by CH2OCH2 groups the macrocycles are known as 

homooxacalixarenes, or simply oxacalixarenes. The presence of the heteroatom is 

reflected in the name of the compound, for example, p-tertbutylcalix[4]arene with a 

CH2OCH2 group instead of a CH2 bridge is p-tert-butyldihomooxacalix[4]arene. 10 

“Dihomo” implies two additional atoms in the bridge and “oxa” that one of them is 

oxygen.  

 

Figure 1.4. Calixarenes and expanded calixarenes: p-tert-Butylcalix[4]arene (1), 

p-tert-butyldihomooxacalix[4]arene (2), p-tert-butylhexahomotrioxacalix[3]arene 

(3a). 

 

In comparison with the structural characteristics of the calixarene family, 

Oxacalix[3]arenes have received significant attention as receptors, mainly due to their 

structural features: A cavity formed by a 18-membered ring, only two basic 

conformations (cone and partial-cone), and a C3-symmetry. [11] This last feature can 

provide a suitable binding site for species that require trigonal-planar, tetrahedral or 

octahedral coordination environments. The flexibility of the macrocycles can allow 

them to establish ideal bond distances and angles to bind such species. 

 

1.2 Photophysics of fluorescent chemosensors  

1.2.1 Principle of fluorescent chemosensor 

The main issue in the design of any effective chemosensor is the association of a 

selective molecular recognition event with a physical signal highly sensitive to its 

occurrence. As shown in Figure 9, an effective fluorescent chemosensor includes an 

ion recognition unit (ionophore) and a fluorogenic unit (fluorophore), both moieties 
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generally can be independent species or covalently linked by a spacer.12-13 The 

ionophore is required for selective binding of the substrate, while the fluorophore 

provides the means of or inhibition. Mechanisms which control the response of a 

fluorophore to substrate binding include photoinduced electron transfer (PET),14-20 

photoinduced charge transfer (PCT),21-29 excimer/exciplex formation or 

extinction,30-31 and Fluorescence (FoÖrster) resonance energy transfer (FRET).32-34 

 

Figure 1.5. Diagram of an effective fluorescent chemosensor. 

In that case, Changes in both the absorption and emission of light can be utilized 

as signals provided by appropriate chromophores or fluorophores, and two important 

classes of sensors are those of the optical and fluorimetric types. While 

spectrophotometry and fluorimetry are both relatively simple techniques which are 

rapidly performed, nondestructive and suited to multicomponent analysis, fluorimetry 

is considered superior commonly, principally because of its greater sensitivity.35-40 

Moreover absorbance measurements can at best determine concentrations down to 0.1 

μM, fluorescence techniques can accurately measure concentrations 1 million times 

smaller. An additional advantage of fluorimetry is that discrimination between 

analytes is possible by time resolved measurements.41 

1.2.2 Photoinduced electron transfer (PET) 

In the simplest cases, emission of a photon, fluorescence, follows HOMO to 

LUMO excitation of an electron in a molecule. Where this emission is efficient, the 

molecule may be termed a fluorophore. Vibrational deactivation of the excited state 

prior to emission usually gives rise to a “Stokes shift” in that the wavelength of the 

emitted radiation is less than that of the exciting radiation.42 Various other interactions 

may also modify the emission process, and these are of considerable importance in 

regard to analytical applications of fluorescence. Thus, when a lone electron pair is 

located in an orbital of the fluorophore itself or an adjacent molecule and the energyof 

this orbital lies between those of the HOMO and LUMO, efficient electron transfer of 

one electron of the pair to the hole in the HOMO created by light absorption may 

occur, followed by transfer of the initially excited electron to the lone pair orbital. 
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Such PET provides a mechanism for nonradiative deactivation of the excited state 

(Figure 6), leading to a decrease in emission intensity or “quenching” of the 

fluorescence.43-44 

Fluorescence lost as a result of PET may be recovered if it is possible to involve 

the lone pair in a bonding interaction. Thus, protonation or binding of a metal ion 

effectively placesthe electron pair in an orbital of lower energy and inhibits the 

electron-transfer process. The excited-state energy may then again be lost by radiative 

emission. In the case of metal ion binding, this effect is referred to as 

chelation-enhanced fluorescence (CHEF).45 

 

Figure 1.6. Mechanisms for PET (a) and CHEF (b) systems. 

 

Figure 1.7. Mechanisms for (a) ET and (b) ET in systems containing an excited 

fluorophore and a d9 metal ion. 

 

In some cases, complexation of metal ions, Cu(II) and Ni(II), for example,46-47 

does not induce CHEF but causes the fluorescence to be quenched via two 

well-defined mechanisms, electron transfer (eT) and energy transfer (ET) to the metal 

ion, that lead to rapid nonradiative decay. While the ET process (Figure 7) involves 

no formal charge transfer, the eT process does and must therefore be associated with 
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some spatial reorganization of solvating molecules, so that inhibition of their motions 

should cause inhibition of eT. Thus, the two processes can be distinguished by 

comparing the luminescence of liquid and frozen solutions, enhancement of 

luminescence in the latter indicating that eT must be responsible for quenching in the 

liquid solution. It has been shown that eT has a weaker dependence on the 

donoracceptor separation than ET, so that eT tends to dominate for longer separations 

and ET for shorter.48-50 

1.2.3 Excimer formation  

Where aromatic rings are involved in weak interactions (such as π-stacking) 

which bring them within van der Waals contact distances, electronic excitation of one 

ring can cause an enhanced interaction with its neighbor, leading to what is termed an 

excited-state dimer or “excimer”.51-52 In other words, an excimer is a complex formed 

by the interaction of an excited fluorophore with another fluorophore in its ground 

state. Excimer emission typically provides a broad fluorescence band without 

vibrational structure, with the maximum shifted, in the case of most aromatic 

molecules,53 by about 6000 cm‒1 to lower energies compared to that of the 

uncomplexed (“monomer”) fluorophore emission. An excimer may also form from an 

excited monomer if the interaction develops within the lifetime of the latter. Thus, it is 

expected that excimers are more likely to be produced by relatively long-lived 

monomer excited states.54-57 Rates of fluorophore diffusion, especially in viscous 

solvents, are therefore another limit on excimer formation.58-61 Importantly, the 

separation and relative orientation of multiple fluorophore units attached to ligands 

can be controlled by metal ion coordination, so that recognition of a cation can be 

monitored by the monomer/excimer fluorescenceintensity ratio. 

1.2.4 Photoinduced Charge Transfer(PCT)  

Electronic excitation necessarily involves some degree of charge transfer, but in 

fluorophores containing both electronwithdrawing and electron-donating substituents, 

this charge transfer may occur over long distances and be associated with major 

dipole moment changes, making the process particularly sensitive to the 

microenvironment of the fluorophore. Thus, it can be expected that cations or anions 

in close interaction with the donor or the acceptor moiety will change the 

photophysical properties of the fluorophore.62 



8 
 

 

Figure 1.8. PCT system. 

Upon, for example, cation complexation of an electron donor group within a 

fluorophore, the electron-donating character of the donor group will be reduced. The 

resulting reduction of conjugation causes a blue shift of the absorption spectrum 

together with a decrease of the molar absorptive. In contrast, metal ion binding to the 

acceptor group enhances its electron-withdrawing character, and the absorption 

spectrum is thus red-shifted with an increase in molar absorptive (Figure 8).63 The 

fluorescence spectra should be shifted in the same direction as the absorption spectra, 

and in addition to these shifts, changes in the quantum yields and lifetimes can be 

observed. All these photophysical effects are obviously dependent on the charge and 

the size of the cation, and therefore, some selectivity is expected. 

1.2.5 Fluorescence Resonance Energy Transfer (FRET)  

 

Figure 1.9. Fluorescence (Förster) resonance energy transfer system. 

FRET arises from an interaction between a pair of dissimilar fluorophores in 

which one acts as a donor of excited-state energy to the other (acceptor). This returns 

the donor to its electronic ground state, and emission may then occur from the 

acceptor center (Figure 9). FRET is influenced by three factors: the distance between 

the donor and the acceptor, the extent of spectral overlap between the donor emission 

and acceptor absorption spectrum (Figure 10), and the relative orientation of the 
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donor emission dipole moment and acceptor absorption moment.64 

 

 

Figure 1.10. Spectral overlap for FRET. 

1.3 Fluorescent probes based on calixarene  

1.3.1Calixarene-derived sensors for cations 

Figure 11 illustrates all the known modes of cation binding by native and 

functionalized calixarenes exploiting cation–π, induced dipole, or electrostatic 

interactions.65 

 

Figure 1.11. Different ways in which calixarenes interact with cations: (a) metallation 

at the lower rim; (b) exo-cavity (π-metallation); (c) endo-cavity; (d) at the lower rim 

with participation of additional binding sites; (e) at the upper rim by coordinating 

groups; (f) at the lower rim with participation of cation–π interactions. O atoms at the 

lower rim may be O−, OH or OR. 

 

Strictly speaking, only for situations (c)–(f ), we can talk of cation recognition by 

calixarene receptors, whereas in metallation with transition and f-element (situations 

(a) and (b)),66 which are often exploited in anion complexation or catalysis, little 

control is experienced on selectivity.67 Usually, the most important calixarene-based 

cation receptors are obtained by the introduction of chelating units at the lower rather 

than at the upper rim. This ensures a more convergent disposition of the chelating 
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units and the direct involvement of the phenolic O atom in cation binding. In the 

following sections, we highlight the role of the macrocycle size and conformation and 

the nature of binding groups on efficiency and selectivity in cation recognition and 

sensing. 

1.3.1.1 Alkali and alkaline-earth metal ions 

Ni et al. synthesized a novel ditopic receptor possessing two complexation sites and 

bearing 1,3-alternate conformation based on thiacalix[4]arene was prepared.68 The 

binding behaviors with Na+, K+ and Ag+ ions have been examined by 1H NMR 

titration experiment in (CDCl3/CD3CN; 10:1, v/v) solution. The job plots prove 1:1 

complexation of 1,3-alternate-1 with Na+, K+ and Ag+ ions. Although the formation 

of heterogeneous dinuclear complexes was not clearly observed, the exclusive 

formation of mononuclear complexes of 1,3-alternate-1 with metal cations is of 

particular interest with positive/negative allosteric effect in thiacalix[4]arenefamily as 

shown in Figure 1.12. These findings further demonstrate that preorganization, 

suitable conformational changes and affinity have a pronounced effect on the 

complexation process between the two different arms placed at the two edges of the 

thiacalix[4]arene cavity. 

 

Figure 1.12. Plausible binding mode of 1 with Ag+, Na+ or K+. 

Chung et al. synthesized calixarene 2 containing a crown ether and triazoles, as 

metal ion binding sites, from 1,3-alternate calixcrown and 9-(azidomethyl) anthracene. 

The fluorescence of 2 was strongly quenched by Pb2+ ions, while the revival of 

emission from strongly quenched 2·Pb2+ complex could be achieved by the addition 

of K+ ions. The 1H NMR spectra of 2·Pb2+ and 2·K+ complexes showed that the K+ 

ion was bound to the crown-2 ring, whereas the Pb2+ ion was bound to the 

OCH2-triazole unit as shown in Figure 13. Thus, 2 acts as a novel fluorescent off-on 
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switchable chemosensor. 69 

 

Figure 1.13. Structure of compound 2. 

Li groups designed and synthesized triazole-modified calixarene 3 by the 

1,3-dipolar cycloaddition of azide esters with alkynylcalixarene (Figure 1.14). The 

cooperative complexation ability of the triazoles and ester groups towards alkali metal 

ions was investigated. Alkali metal ions were selectivity detected in the presence of 

picrate ions in the aqueous phase as shown by the UV spectra of 3. The percentage 

extraction of alkali metal ions showed that 3 exhibits high selectivity towards Cs+ 

ions.70 

 

Figure 1.14. Structure of compound 3. 

Chung et al. synthesized a bifunctional chromogenic calixarene 4 that exhibited an 

INHIBIT logic gate with a YES logic function using Ca2+ and Fions as the chemical 

inputs. 71 The metal ion binding property of 4 was evaluated with perchlorate salts of 

Li+, Na+, K+, Mg2+, Ca2+, Ba2+, Ag+, Zn2+, Pb2+, Ni2+, Hg2+, Mn2+, and Cr3+ ions. From 

the UV-visible spectra, triazole-azophenol derivative 4, containing triazoles as the 

metal-ligating groups, showed remarkable selectivity toward Ca2+, Pb2+, and Ba2+ ions. 

The color of the solution of 4 changed from green to bright yellow upon adding these 

ions. In addition to the metal ion binding properties, the sensing properties of 4 
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toward anions was studied. The addition of F-, AcO-, and H2PO4- anions resulted in a 

red shift in the UV-visible spectra of 4. Because of different colors produced when 4 

was treated with either Ca2+ or F- ion, the molecular logic gate was possible as shown 

in Figure 1.15. 

 

Figure 1.15. Structure of compound 4. 

 

1.3.1.2 Ammonium, and alkylammonium cations 

Early observations by Gutsche et al. indicated that parent calix[4]arenes interact 

strongly with primary alkyl amines in polar solvents, in consequence of a proton 

transfer. The formation of intracavity endo-complexes of the resulting 

alkylammonium ions was proposed and a selectivity for tert - over sec- and n-alkyl 

amines was observed. Tripodal NH+…O interactions with the phenolic oxygen atoms 

and CH–π interactions were supposed to stabilize the complex. However, it is 

currently accepted that calix[4]arenes usually form exo-complexes with ammonium 

salts, while direct proofs of endo-complexes have been only collected for the larger 

calix[5]-, calix[6]-, and hexahomotrioxacalix[3]arenes. The insertion of cationbinding 

groups (OCH2COX, X = OR, NR2) at the lower rim of calix[6]arenes has the 

beneficial effect of increasing the extraction of NH4
+ and guanidinium (Gua+) salts 

from water to the organic solvents. A remarkable selectivity in the transport of Gua+ 

over alkali salts through SLM was obtained by us with the highly complementary and 

preorganized C3v symmetrical triamide 5.72 On the other hand, rigidification of the 

calixarene cavity by bridging or simply by insertion of bulk alkyl chains at the lower 

rim of calix[5]- and homooxacalix[3]arenes gives receptors with a preorganized 

cavity and high selectivity for alkylammonium salts. 
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Figure 1.16. Structure of compound 5 and 6. 

The calix[5]arene 6, synthesized by Parisi et al., for example, presents a marked 

shape and size selectivity even in ISEs for n-alkyl over iso-, sec-, and 

tert-alkylammonium salts. It was proven that linear n-alkyl ammonium salts form 

endo-complexes with the NH3
+ head group interacting with the phenolic oxygen 

atoms and the alkyl residue with the calixarene cavity, while other branched alkyl 

ammonium salts generally form exo-complexes. 73 

 

Figure 1.17. X-ray crystal structures of [7∙UO2]
− with a cavity-bound cation and 

without a coordinated cation 

Although the simple parent oxacalix[3]arene 7 is able to bind quaternary 

ammonium ions (as described above), several derivatives have also been studied with 

respect to these and other ammonium ions. Extrac tion studies from alkaline aqueous 

picrate solutions into CH2Cl2 indicated that the n-butyl ether derivative 9 showed a 

high affinity for n-BuNH3
+ (82% E) as postulated by the authors, because both host 

and guest possess the same C3-symmetry 74. Ethyl ester 10 was more efficient at 

extracting n-BuNH3
+ picrate from water into CH2Cl2 than its calix[4]arene analogue 

was, in both the cone (77% vs 24% E) and partial-cone (42% vs 6% E) conformers 75. 

In a wider study, Yamato determined extraction data for 10 with n-BuNH3+ picrate 
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(98% E cone vs 93% E partial-cone), iBuNH3
+ picrate (48% E cone vs 37% E 

partial-cone) and t-BuNH3
+ picrate (35% E cone vs 14% E partial-cone). The 

hexaamide derivative 8 bound n-BuNH3+ well, and an anion dependence was 

determined; Kassoc values in CDCl3 were 536 ± 32 M−1 for Cl− and 230 ± 17 M−1 for 

Br−.76 

 

Figure 1.18. Structure of compound 8, 9 and 10. 

Jabin et al. describes the straightforward synthesis of fluorescent 

calix[6]arene-based receptor 11 bearing three pyrenyl subunits and the study of their 

binding properties toward anions and ammonium salts using different spectroscopies. 

It was found that receptor 11 exhibits a remarkable selectivity for the sulfate anion in 

DMSO, enabling its selective sensing by fluorescence spectroscopy. In CDCl3, the 

receptor is able to bind ammonium ions efficiently only in association with the sulfate 

anion. Interestingly, this cooperative binding of ammonium sulfate salts was also 

evidenced in a protic environment. Finally, a cavity-based selectivity in terms of size 

and shape of the guest was observed with receptor 11, opening interesting 

perspectives on the elaboration of fluorescent cavity-based systems for the selective 

sensing of biologically relevant ammonium salts such as neurotransmitters.  

 

Figure 1.19. Structure of compound 11 and 12. 
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One of the more unusual derivatives to have been prepared, 12, incorporates an 

N-pyridinium dye on one of the upper-rim positions, which, in combination with the 

phenolic unit of the macrocycle, forms a proton-ionizable Reichardt dye, illustrated in 

Figure 1.19. 78 The other p-tert-butyl substituted phenols are blocked from ionization, 

as are the methyl ethers. The native oxacalix[3]arene dye is pale green and gives no 

response to benzylamine (BzNH2) or triethylamine (Et3N), but cyclohexylamine 

(c-HexNH2) and n-butylamine (n-BuNH2) bind with a concomitant colour change to 

blue. 

 

Figure 1.20. Plausible binding mode of 13 with alkyldiammonium ions. 

 

Tail-to-tail connection of two cone calix[5]arene moieties by a rigid p-xylyl 

spacer affords the new exoditopic receptor 13 featuring two π-rich cavities 

(assembling cores) in a centrosymmetric divergent arrangement, as established by a 

single-crystal X-ray analysis. 1H NMR complexation studies of 13 with 

alkyldiammonium ions support the formation of discrete bis-endo-cavity complexes 

and/or capsular assemblies along a polymer chain (polycaps), according to the length 

of the connector.79 

 

Figure 1.21. Structure of compound cone-14 and cone-15. 
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Ni et al. synthesized the lower rim functionalized hexahomotrioxacalix[3]arene 

derivatives cone-14 and cone-15 bearing three benzyl and three 

N,N-diethyl-2-aminoethoxy groups.80 Their complexation with 2-(3,4-dihydroxy- 

phenyl)-ethylamine (dopamine), 5-hydroxytryptamine (serotonin), and 

2-phenylethylamine (phenethylamine), which have biologically important activities, 

has been studied by 1H-NMR spectroscopy. The chemical shifts of the aromatic 

protons of the host and guest molecules and the up-field shifts of the ethyl protons of 

the guest molecules strongly suggest the formation of inclusion complexes in solution. 

The formation of the host–guest complexes is assisted by a hydrogen bond and/or an 

electrostatic interaction between the host and ammonium ion (RNH3
+) of the guest.  

1.3.1.3 d-Block and heavy metal ions 

Complexation of d-block metal ions has been exploited in the supramolecular 

chemistry of calixarenes for several purposes including catalysis Owing to the 

vastness of this field, here we briefly survey only the recognition properties of 

calixarene receptors for late transition and heavy metal ions designed for separation 

and detection. For this group of metal ions, in general, selectivity is primarily 

influenced by the number and type of donating atoms arranged around the cation and 

to a much lesser extent by the conformation of the calixarene.81 

 

Figure 1.22. Schematic structures of 16-18. 

Based on calixarene a simple O-methylanthracenyl derivative 16 as shown in 

Figure 1.22, exhibits a low fluorescence enhancement toward some transition metal 

ions. 82 When an imine moiety is introduced into this to result in 17, this starts 

exhibiting some selectivity by showing significant fluorescence enhancement toward 

a few transition ions over the others in the order, Fe2+ ≈ Cu2+ > Zn2+ > other 3d ions, 

but the selectivity is poor. Further, when the arms were derivatized with 2-hydroxy 

naphthalidene moiety 18, exhibits selectivity toward Zn2+ over a number of other ions 
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studied , by showing a large fluorescence enhancement that is sufficient enough to 

detect Zn2+ even at ≤60 ppb in methanol.83 Fluorescence enhancement is attributable 

to the reversal of PET when Zn2+ forms a 1:1 chelate complex with 18, its imine and 

phenolic-OH moieties participate in the complexation and the association constant has 

been found to be 2.3×105 M‒1 in methanol. 

Also, Rao et al, designed and synthesized a calix[4]arene derivative with a lower 

rim linked with triazole, which served as a fluorescence switch for sensing Zn2+ in 

blood serum milieu as shown in Figure 1.23.84 The receptor 19 exhibits very weak 

fluorescence emission owing to photo electron transfer at 450nm when excited at 

380nm in water-methanol mixture (v/v = 1: 4) at pH = 7.4. Titration of this by Zn2+, 

results in the enhancement of fluorescence intensity as a function of added Zn2+ 

concentration as shown in Figure 1.24. While no significant enhancement was 

observed in the presence of other metal ions, thus, 19 was found to be highly selective 

toward Zn2+ ions, 20 was synthesized as reference compound, not calixarene but 

monomeric compound, the fluorescence enhancement was found to be very low even 

when the Zn2+ at 30 equivalents. It informed that the calixarene structure paly an 

important role in this system. 

 

Figure 1.23. Fluorescent chemosensor of 19 and reference compound 20. 
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Figure 1.24. Fluorescence spectra obtained during the titration of 19 (10 mM) with 

Zn2+ in a water-methanol mixture (v/v = 1: 4) at PH = 7.4 (λex = 380 nm). The inset 

shows the relative fluorescence intensity (I/I0) as a function of [Zn2+]/[L] mole ratio 

and visual color change under UV light. 

Cao et al. synthesized compound 21, which can be used as a fluorescent 

chemosensor for Cu2+ and Zn2+ in CH3OH/H2O (9:1, v/v) with pH control. 85 When 

excited at 340 nm, free 21 (Figure 22) shows a weak emission at 408 nm due to the 

PET between the imidazoles and the fluorophore. When protonated, the PET process 

is suppressed to give an increased fluorescence. While Cu(II) coordination could be 

expected to produce a CHEF effect, in its complex with 3 there is an ET between Cu2+ 

and the excited fluorophore which dominates and leads to quenching. As expected, 

the ET pathway is not available for Zn(II), so the CHEF effect operates and the 

emission intensity is greater. Other cations tested gave negligible effects due to their 

weak complexation. The fluorescence changes induced by Cu2+ and Zn2+ are most 

apparent in a medium of pH 10. 

Figure 1.25. Schematic structure of 21 

 

Receptor compounds 22 and 23 (Figure 1.26), containing two pyrene moieties and 
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a pendent primary alkylamine, provide systems where both monomer and excimer 

emissions may be affected by PET. 86 That their weak emission is a consequence of 

PET is confirmed by a comparison with 23, a calixarene having the same structure as 

22 but without an attached amine group, where strong monomer and excimer 

emissions are seen. In the presence of Pb2+, both 22 and 23 in CH3CN exhibit an 

enhanced monomer emission and diminished excimer emission. This CHEF effect can 

be attributed to a conformational change due to the metal binding as well as to the 

coordination of the electron-donor N center. However, upon addition of alkali-metal 

ions to 22 and 23, both monomer and excimer emissions are enhanced, suggesting 

that there is no conformational change involved. A competitive metal ion exchange 

experiment shows that the binding ability of 22 for Pb2+ is much greater than that for 

Li+. 

 

 

Figure 1.26. Schematic structures of 22 and 23 

1.3.1.4 f -Element metal ions 

Complexation of f-element ions has been pursued in calixarene chemistry with 

ambitious aims, such as to separate lanthanides and actinides, 87 to obtain luminescent 

and paramagnetic probes, to study the reactivity of the coordinated metal ion at the 

metal-oxo surface, or to direct the self-assembly of calixarenes in nanostructured 

architectures in the solid state. 
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Figure 1.27. Schematic structures of 24 and 25. 

 

The complexation of Gd(III) ion by synthetic receptors is attracting the interest of 

several research groups as it will potentially allow to prepare new contrast agents for 

magnetic resonance imaging (MRI). A prerequisite for the use of Gd(III) complexes 

in vivo is an extremely high kinetic and thermodynamic stability with log values in 

aqueous solution much higher. The bis-iminodiacetic acid 24 shows a relaxivity 2 

times higher than that of [Gd-DOTA(H2O)]−; this is one of the best MRI contrast 

agents known so far, but with a stability constant as 13.22 To ensure higher stability 

and higher relaxivity, especially at higher magnetic field strength (>1.5 T), where 

traditional contrast agents do not show good performances, two densely packed 

Gdchelates (e.g., 25) based on tetrapropoxycalix[4]arene were recently synthesized.88 

Marcos investigated the lanthanide extraction by both 26 89 and 27 90 using the 

same conditions as described above (Table 1.1). Ketone 27 is a poor phase-transfer 

agent (% E ranges from 5 to 7), while amide 17a clearly discriminates between the 

light and heavy lanthanides. The lower-weight cations, such as Ce3+, Pr3+ and Nd3+ 

(34% E) are preferred over the heavier, such as Er3+ and Yb3+ (13% E). The stability 

constants for the 1:1 complexes with 26 were also determined by UV absorption 

spectrophotometry in methanol at 25 °C, by using chloride salts. The same positive 

discrimination for the light lanthanides was observed (log β = 5.5 and 3.4 for La3+ and 

Yb3+, respectively). 
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Figure 1.28. Schematic structures of 26 and 27. 

 

 
Table 1.1.  Percentage extraction of lanthanide-metal picrates into CH2Cl2. 

1.3.2Calixarene-derived sensors for anion 

Calixarenes, resorcinarenes, and their simple ether derivatives have an 

electron-rich, π-basic cavity, which is able to host cations and neutral molecules but 

not anions, which, therefore, do not form endo-cavity inclusion complexes with these 

receptors. However, directπ-metallation of the exterior of the macrocycles provides a 

vacant cavity with altered electrostatic properties.91  

Indeed, Sessler et al. reported A calix[4]pyrrole, which strapped by a bulky 

calix[4]arene diester locked in its cone conformation.92 On the basis of 1H NMR 

spectroscopic analyses carried out in CDCl3, it is concluded that this hybrid system, 

receptor 28, binds only the fluoride anion and does so with remarkably high affinity 

even in the presence of an excess of various potentially competing environmentally 

and biologically ubiquitous anions (studied as the tetrabutylammonium, cesium, or 

lithium salts). Solid state structural analyses provide support for the notion that 

receptor 28 interacts well with the fluoride anion in the solid state. 
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Figure 1.29. Schematic structures of 28. 

Kim et al. reported an amide-based calix[4]arene derivative bearing pyrene and 

nitrophenylazo moieties (29 and 30) exhibited F‒ recognition as studied by UV_vis 

and fluorescence spectroscopy.93 The interaction of F‒ with 29, 30 has been found to 

be through the amide and the phenolic protons, respectively, Addition of F‒ to 29 in 

CH3CN produces a bimodal response in which initially the excimer emission is 

quenched but then a new species with emission bands at 385 and 460 nm appears. 

This behavior has been rationalized in terms of static pyrene dimer formation in the 

ground state influenced by H-bonding between F‒ and the amide proton. The 

fluorescence of 30 also changes upon addition of F‒ but in a different manner. In this 

case, the presence of a methylene spacer between the pyrene moiety and amide N 

probably forces the two pyrenes to be orthogonal to each other, as in a similar 

compound, thus preventing the interaction which might give a dynamic excimer. 

 

Figure 1.30. Schematic structures of 29 and 30. 
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The anion-recognition properties of receptors 31-33 were found to be dependent 

on the structure of the upper rim of the calix[4]arene.94 For example, in DMSO 

solution, the bis-cobaltocenium receptor 31 shows a greater affinity for acetate (K = 

21000M
−1) and other carboxylate anions over dihydrogen phosphate (K = 3100M

−1), 

whereas for its isomer 32 the trend is reversed and the binding constants are lower for 

all anions. Interestingly, receptor 33, in which the calix[4]arene is bridged by a single 

cobaltocenium moiety, displays significantly greater affinity for the above-mentioned 

anions (K = 41520M
−1 for acetate) despite possessing only one positive charge. This 

selectivity preference was attributed to the upper rim bidentate amide hydrogen bond 

donor cavity of 33 being of complementary topology to bidentate anions such as 

carboxylates. The cobaltocene/cobaltocenium redox couple of 33 was found to 

undergo an anodic shift of 155mV in the presence of acetate anion, which indicates 

that these compounds are very promising as amperometric sensors for anions.  

 

Figure 1.31. Schematic structures of 31, 32 and 33. 

In order to transform simple calixarenes into anion receptors, suitable 

anion-binding groups such as hydrogenbonding donor moieties, positively charged 

groups, or metal ions must be introduced onto the calixarene scaffold. 95-100 As for 

cations, if a reporter group (redox active, fluorophoric, chromophoric, etc.) of the 

molecular recognition event is also incorporated, then we have a useful anion-sensing 

device.101-103 

1.3.3 Heteroditopic receptors for simultaneous cation–anion complexation 

 

In the previous sections, we have discussed the strategies for obtaining efficient 

and selective receptors for cations or anions of a salt, which were studied as single 

ions eliminating the effect of the counterion by using a noncoordinating anion 

(perchlorate, hexafluorophosphate, tetraphenylborate, etc.) or cation (usually 

tetra-alkylammonium), respectively. However, the simultaneous complexation of the 

cation and the anion of an ion pair by bifunctional receptors is quite attractive for 
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several reasons. It can positively affect the extraction of salts in organic media or their 

transport through membranes, influence the selectivity in complexation, or disclose 

interesting allosteric effects. For these reasons, it has become a distinct field of 

investigation in supramolecular chemistry. 104-105 The simultaneous complexation of 

cations and anions by a heteroditopic receptor may lead to three limiting ion pair 

interactions (Figure 35), each having its own advantages and disadvantages in relation 

with the particular objective which is pursued. As calixarenes are endowed with two 

rims, which could, in principle, be functionalized with two different types of binding 

units, one for cations and one for anions, they soon appeared to be quite attractive for 

the design and synthesis of heteroditopic receptors.106 

 

Figure 1.32. Three limiting situations for the complexation of ion pairs by a ditopic 

receptor: (a) contact, (b) solvent bridged, and (c) host separated. 

Addition of Cu(II) to the fluorescent heteroditopic receptor 34 in CH3CN (Figure 

36) causes a reduction of the metal to Cu(I) by the phenolic groups of the 

calix[4]arene and a strong enhancement in fluorescence, which was attributed to a 

rigidification of the receptor in the cationic complex to which acetate (K = 159000 M
−

1) and fluoride (K = 59900 M
−1) anions can be further bound through H-bonding and 

electrostatic interactions, inducing a further increase in fluorescence. No anion 

binding occurs in the absence of copper cation. Receptor 34 probably represents the 

only reported example of a calixarene-based heteroditopic receptor in which Cu(I) is 

directly involved in ion pair complexation.107  
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Figure 1.33. Complexation of copper salts by the heteroditopic receptor 34. 

The switching-on anion binding by the cocomplexation of alkali metal cations is 

even more dramatically shown by receptor 35, reported by Reinhoudt et al. and 

highlighted in several review articles, which exploits urea groups at the calix[4]arene 

upper rim as anion-binding sites (Figure 1.34). The free receptor 35 adopts a flattened 

cone conformation in CDCl3 due to the formation of strong intramolecular hydrogen 

bonding between the urea groups. In this situation, the upper rim cavity is closed, and 

no anion binding takes place when titration experiments are carried out using 

tetrabutylammonium salts. However, when sodium or potassium halides are used, the 

complexation is switched on and these salts are easily solubilized in CDCl3. Evidently, 

the complexation of alkali metal ions to the ester groups at the lower rim causes the 

breaking of the intramolecular hydrogen bonds between the urea units and an opening 

of the calixarene cavity, which can now accommodate the anionic guests by hydrogen 

bonding with the NH groups.108 

 

Figure 1.34. Switching-on anion binding by sodium complexation at the lower rim of 

heteroditopic receptor 35. 
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1.4 Conclusions 

According to the above review of recently development of chemosensor for 

cations, anions and micromolecule based on calixarene scaffold. The synthesis, 

characterization, and ions selectivity recognition properties of receptor focused on 

calixarene would exhibit further interests and challenges to the supramolecular 

chemists, because such scaffold not only provide requisite binding cores but also are 

flexible enough to accommodate various ions and molecular species. Thus, against 

this background, several kinds of heteropolytopic chemosensor or fluorescent 

chemosensors for cation and anions were designed and synthesized based on 

hexahomotrioxacalix[3]arene in this dissertation. 
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Chapter 2 

Synthesis and structures of O-anthrylmethyl 

substituted hexahomotrioxacalix[3]arenes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter focused on the synthesized of lower rim functionalized substituted 

hexahomotrioxacalix[3]arenes (compound 2H2An, compound 3HAn2, cone-4An3 and 

partial-cone-4An3). It is known that the introduction of compound 1H3 was achieved 

through selective alkylation with different equiv. of 9-chloromethyl-anthracene 5 in the 

acetone system to give different compound (compound 2H2An, compound 3HAn2 and 

partial-cone-4An3). On the other hand, the success for synthesizing  the cone-4An3 in a 

acetone /benzene (1: 1 v/ v) mixed solvent system; it suggests that the solvent also can 

control the conformation due to hydrogen bonding between the hydroxyl of calixarene. 

Respectively, the possible reaction routes of cone and partial-cone were discussed. 
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2.1 Introduction  

In the field of supramolecular chemistry, calixarenes and related macrocycles 

have been receiving considerable attention as useful hosts for cations, anions 

and neutral molecules.1–7 The increasing interest in these compounds is 

stimulated by the availability of simple large-scale syntheses and the different 

ways in which they can be selectively functionalized either at the narrow 

(phenolic, lower) rim or at the wide (upper) rim. Molecular recognition is a 

fundamental phenomenon in biology, and tuning the affinity of a receptor for a 

ligand by the environment is key to the regulation of biological processes. This 

has inspired many chemists to design artificial receptors. 8–11  

Hexahomotrioxacalixarenes, a class of synthetic macrocycles having phenolic units 

linked by CH2OCH2 bridges and their trimer, has been widely used as a platform to 

generate versatile hosts for metal cations 12–19, ammonium cations 20–22, and fullerene 

derivatives 23–25. In most cases, the functionalization of hexahomotrioxacalix[3]arene 

has been achieved by O-alkylation of the OH groups at the lower rim. Recently, we 

reported in detail on the influence of O-substituents on the conformational isomerism 

of hexahomotrioxacalix[3]arenes, which selectively recognize primary ammonium 

ions and heavy metal ions 26–30. 

 

Figure 2.1 Two possible conformers of O-alkylated hexahomo- 

trioxacalix[3]arenes 

Introduction of larger alkyl groups on the phenolic oxygens of calix[4]arenes led to 

a situation where the OR groups within a cyclophane ring cannot pass each other by 

oxygen-through-the-annulus rotation 3. Although there exists four possible conforma-

tional isomers in calix[4]arenes; i.e. cone, partial-cone, 1,2-alternate and 
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1,3-alternate, only two different conformational isomers, "cone" and "partial-cone" 

can be clearly obtained in hexahomotrioxacalix[3]arene.  

Shinkai and co-workers have reported the influence of O-substituents on the 

conformational isomerism of hexahomotrioxacalix[3]arenes in detail 22,31,32. They 

have established that interconversion between conformers occurring under 

oxygen-through-the-annulus rotation and it is sterically allowed for methyl, ethyl, and 

propyl groups whereas inhibited for butyl groups. More recently, we found that the 

interconversion is also facile for the propargyl moiety 30. 

In their studies on the conformer distribution of hexahomotrioxacalix[3]arenes, 

Shinkai co-workers reported that the partial-cone is sterically less crowded than the 

cone and therefore formed preferentially, regardless of the O-alkylation conditions. 

On the other hand, the cone results only when a template metal is present in the 

reaction system 32,33; the metal ion interacts strongly with phenolic oxygen atoms 

substituted with groups such as ethoxycarbonylmethyl or N, 

N-diethylaminocarbonylmethyl groups. However, the selective introduction of alkyl 

groups on the lower-rim has not yet been reported. 

In this paper, we describe the selective synthesis of 

tris(anthrylmethyloxy)hexahomo- trioxacalix[3]arenes 4An3, with cone and 

partial-cone conformations, by O-alkylation of hexahomotrioxacalix[3]arene 1H3 in 

the different solvent system and the possible reaction routes of the final products, 

cone-4An3 and partial-cone-4An3 in detail. 

2.2 Results and discussion 

2.2.1 Synthesis  

Hexahomotrioxacalix[3]arene 1H3 was O-alkylated with 9-chloromethylanthracene 

5 (3.3 equiv.) using acetone as solvent in presence of Cs2CO3 or K2CO3 as base, 

exclusively afforded conformational isomer, partial-cone-4An3 in 95 % yield, while 

the other possible isomer cone-4An3 was not observed. On the other hand, when 

Na2CO3 or NaH are employed, only the hexahomotrioxacalix[3]arene 1H3 was 

recovered in 92 %, even when a large excess of Na2CO3 or NaH were used. 

Interestingly, hexahomotrioxacalix[3]arene 1H3 using a acetone/benzene (1:1 v/v) 

mixed solvent system in presence of Cs2CO3, to yield one pure conformational isomer, 

cone-4An3 as a major product (Scheme 2.1). The conformer distribution for the 

reaction of 1H3 and 9-chloromethyl-anthracene 5 are summarized in Table 2.1. 

Cone-4An3 and partial-cone-4An3 were identified by 1H NMR. 
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Scheme 2.1. O-Substitution reaction of  hexahomotrioxaocalix[3]arene 1H3 with 

9-chloromethylanthracene 5 (3.3 equiv.). 

 

Table 2.1  O-Substitution reaction of hexahomotrioxaocalix[3]arene 1 with 

9-chloromethylanthracene 5 (3.3equiv.). 

 
[a]Relative yields determined by 1H NMR.  [b]Isolated yields are shown in 

parentheses. [c]Starting compound 1 was recovered in quantitative yield. 

 

Interestingly, we have succeeded in synthesizing both mono-O-alkylated product 

2H2An and di-O-alkylated product 3HAn2. The synthetic pathway of compounds 

2H2An and 3HAn2 was shown in Scheme 2.2. Selective O-alkylation reaction of 

hexahomotrioxaocalix[3]arene 1H3 with 1 equiv. of 9-chloromethylanthracene 5 was 
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carried out in presence of K2CO3 to afford calixarene 2H2An in 66 % yield. When 2.1 

equiv. of 9-chloromethylanthracene 5 was used, the desired di-substituted product 

partial-cone-3HAn2 was obtained in 71 % yield. 

 

 

Scheme 2.2. O-Substitution reaction of  hexahomotrioxaocalix[3]arene 1 with 

different amount of 9-chloromethylanthracene 5 ( 1.1 equiv., 2.1 equiv ) in the 

presence of K2CO3. 

2.2.2 Structure Assignment 

In the 1H NMR spectrum (CDCl3, 300 MHz) of compound 2H2An, the signals for 

the aromatic protons are supposed to appear as two pairs of singlet at  7.04 and 7.06 

ppm and those for the tert-butyl groups as two singlets at  1.31, 1.22 ppm. 13C NMR 

spectrum (CDCl3, 400 MHz) of 3H2An exhibits four peaks for tert-butyl carbon at  

31.48, 31.52, 33.88 and 34.29 ppm. On the other hand, there are six pairs of doublets 

for bridge protons (ArOCH2O) which show the existence of the intramolecular 

hydrogen bonding between the hydroxyl groups and 9-anthryl groups of cyclic 

structure, which may fix the "cone" conformation. Compound 2H2An is expected to 

have a plane of chirality, because it has two types of substituents which are fixed and 

the C1 symmetrical conformer does not show conformational change at room 

temperature.  
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Figure 2.2. Partial 1H NMR spectra for bridge proton in compound 2H2An in CD3Cl, 

300 MHz. (A) in the absence of Pirkle’s reagent ([2] = 1.5×10-3 M ) and (B) in the 

present of Pirkle’ reagent ( 1.2 times of [2] ). 

Figure 2.3. (a) 1H NMR spectrum of compound 2H2An in CDCl3 at 25 ℃, 300 MHz. 

The 1H NMR spectra in the presence of chiral shift reagents was measured to 

(A)

(B)

Figure 6 Partial 1H-NMR spectra for benzyl protons in 3 in CDCl3, 270 MHz.

 (A) in the absence of Pirkle's reagent ([3] =1.22x 10-2  M) and (B) in the presence 

of Pirkle's reagent (1.2 times of [3]).

5.0 4.5 4.0 ppm

5.0 4.5 4.0 ppm
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confirm that the compound 2H2An consists of one pair of enantiomers 35. The 1H 

NMR spectra of the compound 2H2An in the presence of Pirkle’s reagent 

[(S)-2,2,2-trifluoro-1-(9-anthryl)ethanol] are shown in Figure 2.2. It is reported 21 that 

hydroxyl groups which do not participate in the intramolecular hydrogen bonding are 

necessary for an effective interaction between chiral calix[4]arenes and Pirkle's 

reagent. In the spectrum of compound 2H2An, all peaks of the bridged protons are 

splitted on addition of Pirkle's reagent due to the formation of two diastereomeric 

complexes (Figure 2.2). These findings suggest that one oxygen atom and a hydroxyl 

group of 2H2An play an important role to coordinate with Pirkle's reagent.  

 The 1H NMR spectrum (CDCl3, 300 MHz) of compound 3HAn2 presents two 

singlets for the tert-butyl protons at  1.15 and 1.21 ppm (relative intensity 2:1). 

Furthermore, the resonance for the ArOCH2Ph methylene protons appeared as a pair 

of doublets at  5.54 and 5.77 (JAB = 11.7 Hz) ppm. The rotation of unmodified OH 

group is still allowed, so that two 9-anthryl groups are regarded to be equivalent both 

in a cone and a partial-cone conformation. Therefore, we cannot specify the 

conformation from 1H NMR. 13C NMR spectrum (CDCl3, 400 MHz) of 3HAn2 

exhibits four peaks for tert-butyl carbon at  31.36, 31.56, 33.84, 34.14.  

Figure 2.4. 1H NMR spectrum of compound partial-cone-3HAn2 in CDCl3 at 25 ℃, 

300 MHz. 
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Figure 2.5. Top-view and side-view of X-ray structure of partial-cone-3HAn2. 

Fortunately, we get the crystal structure of partial-cone-3HAn2 (Figure 2.5). Thus, 

the two 9-anthryl groups in the compound point up and down between the calixarene 

ring. Single crystals of 3HAn2 was grown from a mixture of hexane and chloroform 

(1:10), and the structure was investigated by X-ray crystallography to justify the 

conformation. The crystal structure was found to belong to the monoclinic crystal 

system with the space group l 2/a. The crystal structure of 3HAn2 is shown in Figure 

2.5. The X-ray structure also supports the 1H NMR spectrum. It is clear that one 

9-anthryl group is present upper side of calixarene ring and the other 9-anthryl group 

is in the lower side. In contrast, both the 1H NMR spectrum and the single crystal 
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analysis confirmed the partial-cone conformation of 3HAn2.  

Figure 2.6. 1H NMR spectrum of cone-4An3 in CDCl3 at 25 °C, 300 MHz. 

The 1H NMR spectrum of cone-4An3 shows a singlet for the tert-butyl protons at 

 1.01 ppm and a singlet for ArOCH2Ph and the aromatic protons at  5.45 and 6.85 

ppm, respectively indicating a C3-symmetric structure of cone-4An3. The X-ray 

structure of cone-2An3 was shown in Figure 2.8. Within each calixarene is H-bond 

between the chloroform molecules and bridge oxygen atom, another H-bond between 

the chloroform molecules and t-Bu-H. The calixarene molecule adopts a collapsed, or 

squashed conformation to facilitate this H-bond and a π···π interaction between arene 

rings. In the lower rim, the three anthryl rings are close to parallel and overlapping. 

This is achieved by considerable distortion from the potential C3 symmetry and a very 

irregular 18-membered ring, through O, around the center of the calixarene system. 

13C NMR spectrum (CDCl3, 400 MHz) of cone-4An3 exhibits two peaks for tert-butyl 

carbon at  28.98 and 30.14 ppm. In contrast, both the NMR spectrum and single 

crystal analysis confirmed the cone conformation of cone-4An3.center of the 

calixarene system. The intermolecular bonds aren’t found in this unit. 



41 
 

    

 

Figure 2.7. Top-view and side-view of X-ray structure of cone-4An3. 

1H NMR spectrum (CDCl3, 300 MHz) of partial-cone-4An3 exhibits two group 

peaks for anthryl protons at  8.37, 7.91 and 8.35, 7.89 (relative intensity 2:1), two 

singlets for the tert-butyl protons at  0.83, 1.05 ppm (relative intensity 2:1). 

Furthermore, the resonance for the ArOCH2Ph methylene protons appeared as a 

singlet at  5.25 ppm and a pair of doublets at  5.36, 5.54 ppm (JAB = 12.7 Hz). 

Upfield shifts for the inverted 9-anthryl ring protons were observed. 13C NMR 

spectrum (CDCl3, 400 MHz) of partial-cone-4An3 exhibits four peaks for tert-butyl 

carbon at  31.12, 31.33, 33.88, 33.97 ppm. These signals correspond to CS-sym-
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metric structure.  

Figure 2.8 1H NMR spectrum of partial-cone-4An3 in CDCl3 at 25 °C, 300 MHz. 

2.2.3 Partial-cone and cone conformation   

Shinkai et. al. reported that conformer distribution of calixarene can be affected by 

metal cation in base. 19 It is shown that template metal cations such as Na+ which 

strongly interacts with calix[4]arenes, suppressing the rotation of phenyl units and 

giving rise to less-rotated conformers (such as cone and partial-cone) whereas 

nontemplate metal cations such as Cs+ which scarcely interact with calix[4]arenes 

cannot suppress the rotation of phenyl units, giving rise to rotated conformer (such as 

1,2- and 1, 3-alternate). Here, we can use this result in the used base on the conformer 

distribution of partial-cone-4An3. 
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Figure 2.9.  Possible reaction pathway of cone-4An3. 

 

Table 2.2  O-Substitution reaction of hexahomotrioxaocalix[3]arene 1 with 

9-chloromethylanthracene 5 (3.3equiv.) in different ratio of acetone and benzene.  

 

[a]Relative yields determined by 1H NMR.  [b]Isolated yields are shown in 

parentheses. [c]Starting compound 1 was recovered in quantitative yield. 

On the other hand, the possible reaction route from lH3 to cone-4An3 can be 

illustrated as in Figure 2.9. Table 2.2 reveals that the success  for synthesizing  the 

cone-4An3 in the presence of Cs2CO3 in a acetone /benzene (1: 1 v/ v) mixed solvent 

system gives cone-4An3 in 95% selectivity. shinkai et. al. reported that template metal 

cations could strongly interact with calixarenes, suppressing the rotation of phenyl 

units and giving rise to cone conformer. 20 But, in this solvent system, it can suppose 

that there are hydrogen bonding between the hydroxyl of calixarene. Hydrogen bonds 
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can have different lengths, strengths, and geometries. A strong hydrogen bond can 

resemble a covalent bond with respect to the energy required to break the interaction, 

while the energy of a weak hydrogen bond will be closer to a van der Waals force. 21 

The influencing factor of hydrogen bonds contain solvent polarity; some significant 

cooperative effect can enhance the strength of hydrogen bonds. The acetone is an 

polar solvent. The hydrogen bond between solvent and hexahomotrioxacalix[3]arene 

forms more easily which can destroy intramolecular hydrogen bond in the molecule. 

But in presence of benzene which is non-polar solvent, strong intramolecular 

hydrogen bonds are observed for the molecule in which hydrogen bond formation is 

very difficult. Strong hydrogen bond favorably forms between three phenolic oxygens 

arranged in the same side in the presence of benzene whereas weak hydrogen bond 

favorably form three phenolic oxygens across the ring in the presence of acetone.  

 

Scheme 2.3. O-Substitution reaction of compound 2H2An with 9-chloromethyl 

anthracene 5 in the presence of Cs2CO3. 

To confirm the reaction path of cone-4An3, mono-substituted compound 2H2An 

was O-alkylated with 9-chloromethylanthracene 5 (2.3 equiv.) in a acetone /benzene 

(1: 1 v/ v) mixed solvent system which was showed in Scheme 2.3 in the presence of 

Cs2CO3 in the solvent of acetone/ benzene (v/ v = 1:1). The product was separated by 

column; 1H NMR spectroscopy established that there are the cone-4An3 derivatives. 

Respectively, it can be used to prove the reaction path of cone-4An3 as from 

compound 2H2An to cone-4An3. 
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Figure 2.10.  Reaction pathway from compound 1H3 to compound 4An3. 

From what I have mentioned above, the isolable conformational isomer exists in 

compound 2H2An, compound 3HAn2, cone-4An3 and partial-cone-4An3. The reaction 

route from lH3 to 4An3 can be illustrated as in Figure 2.10. In compound 3HAn2, in 

contrast, cone-3HAn2 and partial-cone-3HAn2 can exist and cone-4An3 results only 

from cone-3HAn2 whereas partial-cone-3HAn2 results from both cone-3HAn2 and 

partial-cone-3HAn2. In other words, cone-4An3 can’t be found unless compound 3 

contains the cone conformer.The 1H NMR analysis of 3HAn2 indicated that in the 

reaction mixture obrained in acetone system or acetone /benzene (1: 1 v/ v) mixed 

solvent system a peak for partial-cone-3HAn2 is detectable but a peak for 

cone-3HAn2 is not. The result indicates that the conformation to yield 

partial-cone-4An3 already determined when the second 9-anthryl groups enters and 

the path from compound 2H2An to cone-3HAn2, then, partial-cone-4An3 scarcely 

contributes to the formation of partial-cone-4An3. In the reaction mixture obtained in 

the acetone system or acetone /benzene (1: 1 v/ v) mixed solvent system, we could 

detect a small peak attributable to cone-3HAn2, this suggests that the formation of 

cone-4An3 be rationalized in relation to the role of benzene in the step from 

compound 2H2An to compound cone-3HAn2. These conformational preferences well 

explain the final conformer distribution in 4An3. 

2.3 Conclusions 

In conclusion, We have succeeded to synthesize the lower rim functionalized 

hexahomotrioxacalix[3]arene (compound 2H2An, compound 3HAn2, cone-4An3 and 
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partial-cone-4An3.), and these were confirmed by 1H NMR, 13C NMR, IR, MS 

spectroscopy and X-ray analysis. It is known that The introduction of compound 1 

was achieved through selective alkylation with different equiv. of 

9-chloromethyl-anthracene 5 in the acetone system to give different compound 

(compound 2H2An, compound 3HAn2 and partial-cone-4An3). Fortunately, 

mono-substituted hexahomotrioxacalix[3]arene compound 2H2An was isolated for the 

first time. On the other hand, the success  for synthesizing  the cone-4An3 in a 

acetone /benzene (1: 1 v/ v) mixed solvent system, it suggests that the solvent also can 

control the conformation due to hydrogen bonding between the hydroxyl of calixarene. 

Respectively, the possible reaction routes, the relative stability of the final products, 

interconversion between cone and partial-cone, etc. in detail. 

2.4 Experimental Section  

 General 

All melting points (Yanagimoto MP-S1) are uncorrected.1H NMR and 13C NMR 

spectra were recorded on a Nippon Denshi JEOL FT-300 NMR spectrometer and 

Varian-400MR-vnmrs400 with SiMe4 as an internal reference: J-values are given in 

Hz. IR spectra were measured for samples as KBr pellets on a Nippon Denshi 

JIR-AQ2OM spectrophotometer. Mass spectra were obtained with a Nippon Denshi 

JMS-HX110A Ultrahigh Performance mass spectrometer at 75 eV by using a 

direct-inlet system. UV-vis spectra were recorded using a Shimadzu UV- 

3150UV-vis-NIR spectrophotometer. Elemental analyses were performed by a Yanaco 

MT-5. 

2.4.1. Synthesis of mono- substituted hexahomotrioxacalix[3]arenes (2H2An) 

A mixture of 1H3 (700 mg, 1.22 mmol) and potassium carbonate (3.55 g, 10.9 

mmol) in dry acetone (20 ml) was heated at reflux for 1 h under N2. Then 

9-chloromethylanthracene 5 (310 mg, 1.35 mmol) was added and the mixture heated 

at reflux for an additional 17 h. After cooling to room temperature, the mixture was 

filtered. The filtrate was concentrated to give a yellow oil, which was 

chromatographer over silica gel (Wako, C-300; 100 g) with hexane as eluent to give a 

colourless solid of which 1H NMR analyses was accord with its being compound 

2H2An. This solid was washed with methanol (20 ml) to give 845 mg (66%) of 
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2H2An as a pale yellow solid. Recrystallization from hexane afforded 

cone-7,15,23-Tri-tert-butyl-25-(9-anthrylmethyl)-26,27-dihydroxy-2,3,10,11,18,19-he

xahomo-3,11,19-trioxacalix[3]-arene (2) as a pale yellow prisms. Pale yellow prisms, 

m.p. 208 °C. IR (KBr): max = 3415, 2951, 2904, 2865, 1481, 1362, 1195, 1070, 883 

cm-1. 1H NMR (CDCl3):  = 1.22 (18H, s, t-Bu), 1.31 (9H, s, t-Bu), 4.08 (2H, d, J = 

10.5 Hz, ArCH2OCH2Ar), 4.21 (2H, d, J = 10.5 Hz, ArCH2OCH2Ar), 4.38 (2H, d, J 

=10.5 Hz, ArCH2OCH2Ar), 4.50 (2H, d, J = 10.5 Hz, ArCH2OCH2Ar), 4.61 (2H, d, J 

= 10.5 Hz, ArCH2OCH2Ar), 4.82 (2H, d, J = 10.5 Hz, ArCH2OCH2Ar), 6.00 (2H, s, 

ArOCH2An), 7.04 (2H, d, J = 2.4 Hz, Ar-H ), 7.06 (2H, d, J =2. 4 Hz, Ar-H), 7.24–

7.43 (4H, m, An-H), 7.81(2H, s, OH), 7.97 (2H, d, J = 10.0 Hz, Ar-H), 8.26 (2H, d, J 

= 9.0 Hz, An-H), 8.45 (1H, s, An-H). 13C NMR (400 MHz, CDCl3, 25 C):  = 31.48, 

31.52, 33.88, 34.29, 68.24, 68.83, 69.20, 71.53, 123.49, 123.67, 124.62, 124.91, 

126.15, 126.50, 126.90, 127.75, 128.82, 130.24, 131.10, 141.48, 146.33, 153.69, 

155.78 ppm; EI-MS: m/z: = 766.28 [M+]. C66H67O6

 

(767.00): calcd. C 82.90, H 7.06; 

found C 82.75, H 7.13. 

2.4.2 Synthesis of di-anthrylmethyl substituted hexahomotrioxacalix[3]arenes 

(3HAn2) 

A mixture of 1H3 (700 mg, 1.22 mmol) and potassium carbonate (3.55 g, 10.9 

mmol) in dry acetone (70 mL) was heated at reflux for 1 h under N2. Then 

9-chloromethylanthracene  5 (690 mg, 2.55 mmol) was added and the mixture heated 

at reflux for an additional 17 h. After cooling to room temperature, the mixture was 

filtered. The filtrate was concentrated to give a yellow oil, which was 

chromatographer over silica gel (Wako, C-300; 100 g) with hexane as eluent to give a 

colourless solid of which 1H NMR analyses was accord with its being a mixture of the 

starting compound 1H3 and partial-cone-3HAn2 in the ratio of 5:95. This solid was 

washed with methanol (20 ml) to give 845 mg (71%) of partial-cone-3HAn2 as a pale 

yellow solid. Recrystallization from hexane afforded 

partial-cone-7,15,23-tri-tert-butyl-25,26-bis(9-anthrylmethyl)-27-hydroxy-2,3,10,11,1

8,19-hexahomo-3,11,19- tri-oxacalix[3]arene (partial-cone-3) as a pale yellow prisms, 

m.p. 126–127 °C; IR (KBr): max = 3415, 2951, 2904, 2865, 1481, 1362, 1195, 1070, 

883 cm-1.  1H NMR (CDCl3):  = 1.15 (18H, s, t-Bu), 1.22 (9H, s, t-Bu), 3.71 (2H, d, 

J = 11.7 Hz, ArCH2OCH2Ar), 3.90 (2H, d, J = 10.5 Hz, ArCH2OCH2Ar), 4.24 (2H, d, 
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J =11.5 Hz, ArCH2OCH2Ar), 4.40 (2H, d, J = 9.2 Hz, ArCH2OCH2Ar), 4.44 (2H, d, J 

= 10.5 Hz, ArCH2OCH2Ar ), 5.14 (2H, d, J = 11.7 Hz, ArCH2OCH2Ar), 5.54 (2 H, d, 

J = 11.7 Hz, ArOCH2An), 5.77 (2 H, d, J = 11.7 Hz, ArOCH2An), 7.01 (4 H, s, Ar-H ), 

7.10 (2 H, d, J =2. 4 Hz, Ar-H), 7.15–7.32 (8 H, m, An-H), 7.48 (1 H, s, OH), 7.88 (4 

H, d, J = 8.25 Hz, Ar-H), 8.09 (4H, d, J = 9.0 Hz, An-H), 8.35 (1H, s, An-H). 13C 

NMR (400 MHz, CDCl3, 25 C):  = 31.36, 31.56, 33.84, 34.14, 65.58, 67.29, 68.24, 

68.85, 123.54, 124.72, 124.88, 125.73, 126.68, 127.62, 128.47, 128.64, 130.43, 

130.74, 131.21, 140.99, 146.10, 153.77, 155.36. ppm; EI-MS: m/z: = 955.28 [M+]; 

C66H67O6 (956.27): calcd. C 82.90, H 7.06; found C 82.75, H 7.13. 

2.4.3 Synthesis of tri-anthrylmethyl substituted hexahomotrioxacalix[3]arenes (4An3) 

2.4.3.1 Synthesis of cone-4An3 

A mixture of 1H3 (200 mg, 0.347 mmol) and potassium carbonate (2.27 g, 6.94 

mmol) in dry acetone/ benzene (1:1) (15 ml) was heated at reflux for 1 h under N2. 

Then 9-chloromethylanthracene 5 (310 mg, 1.15 mmol) was added and the mixture 

heated at reflux for an additional 40 h. After cooling to room temperature, the mixture 

was filtered. The filtrate was concentrated to give a yellow oil, which 1H NMR 

spectrum was accord with being cone-4An3. The residue was chromatographed over 

silica gel (Wako, C-300; 100 g) with hexane as eluent to give a yellow solid. This 

solid was washed with hexane to give 108 mg (69%) of cone-4An3 as a pale yellow 

solid. Recrystallization from hexane afforded cone-4An3, 

15,23-tri-tert-butyl-25,26,27-tris(9-anthrylmethyl)-2,3,10,11,18,19-hexahomo-3,11,19

-trioxacalix[3]arene (cone-4An3) as a yellow prisms. m.p.: 257–258 C; IR (KBr): max 

= 3410, 3058, 2988, 2920, 2897, 1760, 1480, 1455, 1377, 1200, 1199, 1094, 1058 

cm-1; 1H NMR (300 MHz, CDCl3, 25 C):  = 1.02 (s, 27 H, tBu), 4.21 (6H, d, J = 

13.4 Hz, ArCH2OCH2Ar), 4.30 (6H, d, J = 13.4 Hz, ArCH2OCH2Ar), 5.43 (6H, s, 

ArOCH2An), 6.83 (6H, s, Ar-H), 7.10–7.15 (6H, m, An-H), 7.20–7.28 (6H, m, Ar-H), 

7.85 (6H, d, J = 8.3 Hz, An-H), 7.89 (6H, d, J = 8.3 Hz, An-H), 8.34 (3H, s, An-H) 

ppm; 13C NMR (400 MHz, CDCl3, 25 C):  = 28.98, 30.14, 64.79, 67.05, 68.48, 

122.40, 123.47, 124.00, 125.06, 126.28, 126.73, 127.82, 128.26, 129.57, 144.34, 

152.54. ppm; EI-MS: m/z: 1146.65 [M+]; Elemental analysis calcd (%) for 

C55H48O5 (1147.52): (1147.52): C 84.78, H 6.85; found C 84.92, H 7.05. 

2.4.3.2 Synthesis of partial-cone-4An3 
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A mixture of 1H3 (200 mg, 0.347 mmol) and potassium carbonate (2.63 g, 6.94 

mmol) in dry acetone (20 ml) was heated at reflux for 1 h under N2. Then 

9-chloromethylanthracene 5 (310 mg, 1.15 mmol) was added and the mixture heated 

at reflux for an additional 17 h. After cooling to room temperature, the mixture was 

filtered. The filtrate was concentrated to give a yellow oil, which 1H NMR spectrum 

was accord with being only partial-cone-4An3. The residue was chromatographer 

over silica gel (Wako, C-300; 100 g) with hexane as eluent to give a yellow solid. 

This solid was washed with hexane to give 126 mg (75%) of partial-cone-4An3 as a 

pale yellow solid. Recrystallization from hexane afforded 

partial-cone-7,15,23-tri-tert-butyl-25,26,27- 

tris(9-anthrylmethyl)-2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix[3]arene 

(partial-cone-4An3) as a yellow prisms. m.p.: 257–258 C;  IR (KBr): max= 3400, 

2975, 2915, 2867, 1758, 1483, 1456, 1363, 1234, 1199, 1094, 1058 cm-1; 1H NMR 

(300 MHz, CDCl3, 25 C):  = 0.85 (18H, s, tBu), 1.05 (9H, s, tBu), 3.87 (2H, d, J = 

11.7 Hz, ArCH2OCH2Ar), 3.89 (2H, d, J = 11.2 Hz, ArCH2OCH2Ar), 3.99 (2H, d, J = 

11.7 Hz, ArCH2OCH2Ar), 4.00 (2H, d, J = 11.2 Hz, ArCH2OCH2Ar), 4.23 (2H, d, J = 

11.7 Hz, ArCH2OCH2Ar), 4.31 (2H, d, J = 11.2 Hz, ArCH2OCH2Ar ), 5.25 (2H, s, 

ArOCH2An), 5.36 (2H, d, J = 12.7 Hz, ArOCH2An), 5.54 (2H, d, J = 12.7 Hz, 

ArOCH2An),  6.86 (2H, d, J = 2.4 Hz, Ar-H),  6.99 (2H, d, J = 2.4 Hz, Ar-H), 7.10 

(2H, s, Ar-H), 7.14–7.40 (12H, m, Ar-H), 7.82 (2H, d, J = 8.3 Hz, An-H), 7.89 (4H, d, 

J = 8.3 Hz, An-H), 7.91 (6H, m, An-H), 8.35 (1 H, s, An-H), 8.37 (2H, s, An-H) ppm; 

13C NMR (400 MHz, CDCl3, 25 C):  = 31.12, 31.33, 33.88, 33.97, 64.71, 66.59, 

67.97, 68.48, 69.63, 68.81, 124.46, 124.69, 124.72, 124.76, 125.78, 125.84, 125.91, 

128.30, 128.38, 128.41, 128.57, 128.86, 129.68, 129.84, 130.90, 131.00, 131.15, 

145.86, 152.96, 154.14, 157.34 ppm; EI-MS: m/z: 1146.72 [M+]; Elemental analysis 

calcd (%) for C55H48O5 (1147.52): C 84.78, H 6.96; found C 84.99, H 7.06. 

2.4.4 Crystallographic analysis of partial-cone-3HAn2 and cone-4An3. 

Data were processed using the CrysAlisPro-CCD and –RED16 programs. The 

structure was determined by the direct methods routines in the SHELXS program17 

and refined by full-matrix least-squares methods, on F2's, in SHELXL21. The 

non-hydrogen atoms were refined with anisotropic thermal parameters (but from a 

rather limited data-set, some thermal parameters appeared barely acceptable). 
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Hydrogen atoms were included in idealised positions and their Uiso values were set to 

ride on the Ueq values of the parent carbon atoms. 

Table 2.4 Summary of crystal data for partial-cone-3HAn2 and cone-4An3.
a,b 

 

parameter cone-4An3 partial-cone-3HAn2 

Formula C81 H78 O6 C70 H75 O6 

Formula weight 1266.80 957.20 

Space group P2(1)/n I2/a 

a [Å] 17.8903(4) 30.303(2) 

b [Å] 16.8621(4) 14.1499(10) 

c [Å] 21.6293(5) 30.774(2) 

 90 90 

 90.561(12) 115.729(2) 

 90 90 

Volume (Å3) 6524.6 (3) 11887.2 (14) 

Z 4 8 

D(calc) [g.m-3] 1.290 1.167 

Temperature [K] 120 K 150 K 

Unique reflns 11466 10449 

Obsd reflns 2680.0 4472.0 

Parameters 866 656 

Rint [mm-1] 0.197 0.075 

R[I>2(I)]a 0.0845 0.0596 

wR[I>2(I)]b 0.2216 0.1687 

GOF on F2 1.036 1.085 

 

a Conventional R on Fhkl: Σ||Fo| – |Fc||/|Fo|. 
b Weighted R on |Fhkl|

2: Σ[w(Fo
2 – Fc

2)2]/ Σ[w(Fo
2)2]1/2 
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Chapter 3 

Synthesis and evaluation of a novel fluorescent 

sensors based on hexahomotrioxacalix[3]arene for 

Zn2+ and Cd2+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter focused on a novel type of selective and sensitive fluorescent sensor 

having triazole rings as the binding sites on the lower rim of a 

hexahomotrioxacalix[3]arene scaffold in a cone conformation. This sensor has 

desirable properties for practical applications, including selectivity for detecting 

Zn2+ and Cd2+ in the presence of excess competing metal ions at low ion 

concentration or as a fluorescence enhancement type chemosensor due to the 

cavity of calixarene changed from a “flattened-cone” to a more-upright form and 

inhibition of PET. In contrast, the results suggested that receptor 1 is highly 

sensitive and selective for Cu2+ and Fe3+ as a fluorescence quenching type 

chemosensor due to the photoinduced electron transfer (PET) or heavy atom effect 
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3.1 Introduction 

Owing to their simplicity, high sensitivity, and low detection limits for trace 

chemicals in chemistry, biology, and the environment,1,2 fluorescent chemosensors 

have received much attention in the field of supramolecular chemistry. Generally, an 

effective fluorescent chemosensor consists of an ion recognition unit and a 

fluorogenic unit, which converts the actuating signal from the ionophore unit into a 

light signal. Amongst the different fluorogenic units, anthracene derivatives are key 

species in the design of fluorescent chemosensors materials, which have found wide 

utilization in lasers, phosphors, and light-emitting devices.3 Although a tremendous 

number of anthracene-based organic materials have been investigated with the aim of 

potential applications as photoluminescence (PL) and/or electroluminescence (EL) 

devices in films and the solid state, the practical development of PL and EL devices is 

in fact restricted, usually owing to their poor stability. In contrast, strongly 

luminescent anthracene-based inorganic–organic hybrid materials with higher 

stability could be a class of promising candidates for light-emitting as well as EL 

applications.4  

    Calixarenes and their derivatives are attractive compounds for use in host–guest 

and supramolecular chemistry. In particular, hexahomotrioxacalix[3]arene derivatives 

with C3-symmetry can selectively bind ammonium ions which play important roles in 

both chemistry and biology.5,6 Furthermore, the incorporation of two types of 

recognition sites via the introduction of different ionophores on the 

hexahomotrioxacalix[3]arene will create potential hetero-ditopic receptors with the 

capability of binding cations and anions, e.g. ammonium ions and halides. Therefore, 

many fluorescent chemosensors based on calixarenes, which show highly selective 

recognition of metal cations,7 ammonium cations,8 and fullerene derivatives, have 

been reported.9  

Additionally, the use of Click chemistry10 has seen a significant growth in the 

derivatization of calixarenes owing to its reliability, specificity, biocompatibility, and 

efficiency. It has been proven to be a promising strategy for the chemical modification 

of calixarenes. In 2005, Zhao and co-workers11 applied Click chemistry to the 

synthesis of water soluble calixarenes, which laid a solid foundation for this 

methodology. Click chemistry has also been used to synthesize calixarene conjugates 

of chromophores and bioactive molecules such as glycosides,12 sialoclusters,13 and 

amino acids.14 Because of the highly selective nature of the alkyne-azide 

cycloaddition, the Click reaction is a general method to introduce various functional 

groups/moieties at the upper or lower rim of calixarenes. Therefore, we hypothesized 

that suitably arranged functionalized groups containing nitrogen atoms attached to a 

http://onlinelibrary.wiley.com/doi/10.1002/chem.200600514/full?wol1URL=/doi/10.1002/chem.200600514/full&regionCode=JP-41&identityKey=2251ecdf-48a4-45e0-ab53-ed2221975a59#bib1
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hexahomotrioxacalix[3]arene should be a good receptor candidate for cations. 

Therefore, with this in mind, we have synthesized chemosensor L and studied its 

cation-binding affinity. 

 

Scheme 3.1. Synthetic pathway for compounds L and L1. (a) CuI in THF and water, 

reflux, 20 h. 

 

Fig. 3.1 (a) 1H NMR spectrum of compound L in CDCl3 at 25°C on a 400 MHz 

spectrometer. 
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3.2. Results and discussion 

The synthesis of L was carried out as shown in Scheme 1. We first synthesized 6 in 

55 % yield by the reaction of hexahomotri-oxacalix[3]arene and propargyl bromide in 

the presence of Cs2CO3 in dry acetone solution. The 1H NMR spectroscopic results 

suggested that 6 adopts a partial-cone structure.15 Accordingly, fluorescent compound 

L can be obtained from the reaction of 6 with 9-azidomethylanthracene under 

standard conditions for Click chemistry. The coupling of 6 with 

9-azidomethyl-anthracene afforded cone conformation compound L in 75 % yield. 1H 

NMR spectrum of L shows a singlet for the tert-butyl protons at δ 0.94 ppm, and a 

doublet at δ 4.03 ppm for the bridge protons, and 13C NMR spectrum of L exhibits 

two peaks for the methyl and the quaternary carbon atoms of the t-Bu groups at  

31.32, 34.04 ppm, three peaks for methylene carbon at 45.51, 66.94, 68.87 ppm and 

14 peaks for aromatic carbon. respectively, indicating a C3–symmetric structure for 

sensor L. The same procedure was also employed in the synthesis of L1 from 

4-tert-butyl-2,6-dimethylphenol (Scheme 3.1). Compound L contains both the 

calixarene and the triazole groups as metal ion binding sites, whereas L1 contains 

only a triazole for metal ion binding. Compare to compound L, 1H NMR spectrum of 

the reference compound L1 shows that the protons on the anthracene ring appeared at 

the lower magnetic fields at around δ 7.52–8.60 ppm (∆δ 0.05–0.2 ppm), and the 

proton on the triazole ring also appeared at the lower magnetic field at δ 7.08 ppm (∆δ 

0.11ppm) (Figure 3.2). These findings strongly indicate the anthracene moieties 

appended on L were sterically-fixed to be in close proximity to allow the formation of 

π–π stacking between the anthracene moieties. 

 

Figure 3.2. Partial 1H NMR spectra of L (4.0 mM) and L1 (4.0 mM) in CDCl3: 

CD3CN (10:1, v/v). (a) Compound L; (b) Compound L1. 
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3.2.1 Fluorescent spectroscopy studies 

Solutions giving concentrations of L (10 μM) in CH3CN were prepared as follows. 

Test solutions were prepared by taking 70 mL of the calixarene stock solution in a 10 

mL volumetric flask, adding 0, 0.2, 0.4, 0.6, 0.8 and 1.0 mL of stock solution, and 

making up to the volume with CH3CN. The fluorescence spectrum of L (10 μM) in 

CH3CN exhibits a characteristic monomer emission of anthracene. The fluorescence 

emission of the solutions was measured at an excitation wavelength of 365 nm, and 

the emission intensities were measured at 418 nm. Measurements were repeated a 

minimum of three times for each addition. At high concentrations, emission 

quenching was observed, suggesting the formation of intermolecular associates of L. 

 

Figure 3.3. Fluorescence spectra of L (10 μM) and L1 (30 μM) in CH3CN. 

However, under dilute conditions, emission quenching was not observed. The 

critical association concentration value determined from the concentration-variable 

emission spectra was determined to be 10 μM. To remove effects of the 

inter-molecular associates, absorption and fluorescence measurements were carried 

out under critical association concentration. A similar procedure for the fluorescence 

measurements of L1 was conducted. The fluorescence emission of the solutions was 

measured at an excitation wavelength of 365 nm, and the emission intensities were 

measured at 418 nm. More interestingly, compared to L1, the fluorescence intensity 

of L is obviously different from reference compound L1 at the concentration (30 μM). 

The fluorescence spectra of L and L1 under the same solutions are shown in Figure 

3.3. When L1 was excited at 365 nm, strong emission peaks near 400–500 nm were 

observed, which were assigned as emission from single anthracene moiety, 
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respectively. In contrast, when L was excited at 365 nm, the emission peaks were 

weak. These observations indicated that the formation of π–π stacking between the 

anthracene moieties appended on L can quench the fluorescence. 

 

Figure 3.4. Fluorescence spectra of L (10 μM) in CH3CN in the presence of different 

metal ions (10 equiv.). Metal ions include K+, Na+, Li+, Ca2+, Cr3+, Ni2+, Cu2+, Zn2+, 

Ag+, Cd2+, Hg2+, Fe3+, Fe2+ and Pb2+. Excitation was performed at 365 nm. 

 

Figure 3.5. Fluorescence responses of receptor L (10 μM) to 100 μM various tested 

ions in CH3CN. I0 is the fluorescence emission intensity at 418 nm for free receptor L, 

and I is the fluorescent intensity after adding ions at 298 K. λex = 365 nm. 
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To get an insight into the binding properties of chemosensor L toward metal 

cations, we first investigated the fluorescence changes upon addition of a wide range 

of metal cations including K+, Na+, Mg2+, Ca2+, Mn2+, Cr3+, Fe2+, Ni2+, Sr2+, Ag+, Hg2+, 

Pb2+, Cu2+, Fe3+, Zn2+ and Cd2+. The fluorescence changes are depicted in Figure 3.4 

and Figure 3.5. Addition of Zn2+ and Cd2+ to the solution of L induced obvious 

ratiometric changes, where the emission increases. By contrast, no significant spectral 

changes were observed upon addition of most of the other metal cations apart from 

Cu2+ and Fe3+ where quenching was observed. These results suggest that 

complexations between L and Cu2+, Fe3+, Zn2+ and Cd2+ ions through intermolecular 

interaction might be proposed. 
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Figure 3.6. Fluorescence spectra of L1 (0.01 mM) in CH3CN in the presence of 

different metal ions (10 equiv.). Metal ions include K+, Na+, Li+, Ca2+, Cr3+, Ni2+, Cu2+, 

Zn2+, Ag+, Cd2+, Hg2+, Fe3+, Fe2+ and Pb2+. Excitation was performed at 365 nm. 
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Figure 3.7 Percentage fluorescence intensity of L1 (0.01 mM) by the addition of 10 

equiv. of various metal perchlorates (K+, Na+, Li+, Ca2+, Co2+, Ni2+, Cu2+, Zn2+, Ag+, 

Cd2+, Hg2+, Fe3+, Fe2+ and Pb2+) in CH3CN. Excitation wavelength was 365 nm. 
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In contrast to chemosensor L, chemosensor L1 exhibited a strong emission at 418 

nm, and similar experiment was carried out. The fluorescence intensity changes of 2 

upon addition of different metal ions are shown in Figure 3.6 and Figure 3.7. Addition 

of Cu2+ and Fe3+ caused a strong and medium fluorescence quenching, respectively. 

 

Figure 3.8. Changes in fluorescence emission spectra of L (10 μM) upon titration by 

Zn2+ (from 0 – 30 μM) in CH3CN (excitation at 365 nm). Inset is molar ratio plot. 
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Figure 3.9. Job’s plot showing the 1:1 binding of L to Zn2+ ion. 

Upon addition of Zn2+, the fluorescence intensity of solution L increased gradually 

(Figure 3.6). The saturation behavior of the fluorescence intensity after adding 2 

equivalents of Zn2+ reveals that a 1:1 stoichiometry best describes the binding mode 
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of Zn2+ and L, which is also supported by the Job’s plot data (Figure 3.9). According 

to the 1:1 model, the association constant of Zn2+, calculated from the 

Benesi-Hildebrand equation,16 was found to be 1.44 × 104 M–1. As a result, 1 can be 

regarded as being highly sensitive to the Zn2+ ion, especially given the large 

fluorescence dynamic range and the low detection limit of 3.79 × 10–7 M. The 

quantum yield of L is Ф = 0.11.  
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Figure 3.10. The binding constants of L with Zn2+ in different concentrations. The Ka 

of Zn2+ was calculated to be 1.44 × 104. 

0.0 0.2 0.4 0.6 0.8 1.0

50

100

150

200

250

[Zn2+] (0.01 mM)

I-
 I

0

Slope = 230.278

Intercept = 43.268

R2 = 0.9695

 
Figure 3.11 Linear concentration range of Zn2+ with L. The detection limit of Zn2+ 

was calculated to be 3.79 × 10-7 M by the formula (3σ/K). 
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Figure 3.12. Changes in fluorescence emission spectra of L (10 μM) upon titration by 

Cd2+ (from 0 – 30 μM) in CH3CN (excitation at 365 nm). Inset is molar ratio plot. 
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Figure 3.13. Job’s plot showing the 1:1 binding of L to Cd2+ ion. 

To further study the sensitivity of L toward Cd2+, fluorescence titration experiments 

were carried out (Figure 3.12). Upon addition of Cd2+, the fluorescence intensity of 

solution L increased gradually. A Job’s plot binding between L and Cd2+ ion reveals a 

1:1 stoichiometry (Figure 3.13), while the association constant (Ka value) for the 

complexation with Cd2+ ion by L was determined to be 4.06 × 104 M–1 as observed by 

the fluorescence titration experiments in CH3CN.  
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Figure 3.14 The binding constants of L with Cd2+ in different concentrations. The Ka 

of Cd2+ was calculated to be 4.06 × 104. 
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Figure 3.15 Linear concentration range of Cd2+ with 1. The detection limit of Cd2+ 

was calculated to be 1.28 × 10-7 M by the formula (3σ/K). 

Upon addition of Cu2+, the fluorescence intensity of solution L quenching gradually 

(Figure 3.16). The saturation behavior of the fluorescence intensity after adding 2 

equivalents of Cu2+ reveals that a 1:1 stoichiometry best describes the binding mode 

of Cu2+ and L, which is also supported by the Job’s plot data (Figure 3.17). while the 

association constant of Cu2+, calculated from the Benesi-Hildebrand equation,16 was 

found to be 5.79 × 105 M–1. 
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Figure 3.16 Changes in fluorescence emission spectra of L (0.01 mM) upon titration 

by Cu2+ (from 0- 0.03 mM) in CH3CN (excitation at 365 nm). 
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Figure 3.17. Job’s plot showing the 1:1 binding of L to Cu2+ ion. 

On the other hand, Upon addition of Cu2+ and Fe3+, the fluorescence intensity of 

solution L1 quenching gradually (Figure 3.18 and Figure 3.19). The saturation 

behavior of the fluorescence intensity after adding 2 equivalents of Cu2+ and Fe3+ 
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reveal that a 1:1 stoichiometry best describes the binding mode of Cu2+ and Fe3+ and 

L1, which is also supported by the Job’s plot data. 

400 450 500 550 600
0

100

200

300

400

500

0.0 0.5 1.0 1.5 2.0 2.5 3.0
200

250

300

350

400

450

In
te

n
s
it

y
 (

a
t 

4
1
8
n

m
)

[Guest]/ [Host]

F
lu

o
re

n
se

n
ce

 I
n

te
n

si
ty

 (
a

u
)

Wavelength (nm)
 

Figure 3.18 Changes in fluorescence emission spectra of L1 (0.01 mM) upon titration 

by Cu2+ (from 0- 0.03 mM) in CH3CN (excitation at 365 nm). Inset is molar ratio plot. 
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Figure 3.19. Changes in fluorescence emission spectra of L1 (0.01 mM) upon 

titration by Fe3+ (from 0- 0.03 mM) in CH3CN (excitation at 365 nm). Inset is molar 

ratio plot. 
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3.2.3 HPLC spectroscopy studies 

The compound L, L •Cu2+ and L •Zn2+ mixtures were also analyzed by HPLC 

(Figure 3.20). A chromatographic peak of derivative L appeared at 8.40 min. After 

the addition of Cu2+and Zn2+, the intensity of the peak at 8.40 min decreased, 

accompanied by the emergence of a new peaks at 6.30 min and 14.50 min, 

respectively; these results demonstrate clearly the formation of new products (L •Cu2+ 

and L •Zn2 complexes).  

 

Figure 3.20. HPLC chromatograms of derivative L and complex (a) 0.3 mM of L; (b) 

0.3 mM of L with 6 mM of Cu2+ is added; (c) 0.3 mM of L with 6 mM of Zn2+ is 

added. 

3.2.4 1H NMR titration studies 

To confirm the binding mechanism, 1H NMR spectra of the L and L •Zn2+ complex 

were measured in a mixture of CDCl3 /CD3CN (10:1, v/v). As shown in Figure 3.21B, 

upon gradual addition of Zn2+ salt (0.5 equiv.) to a solution of L, the resonances 

corresponding to the protons of receptor L were split into two sets of signals. After 

addition of 1 equiv. Zn2+ in receptor L the original proton signals disappeared. This 

result suggests the presence of the complexed form between L   Zn2+ and the 

uncomplexed form of free L. The signal for proton Ha on the triazole ring undergoes a 

downfield shift from δ 7.16 ppm to 7.70 ppm (∆δH = 0.64 ppm), and the 

OCH2-triazole linked proton of Hd is shifted from δ 4.06 ppm to 5.13 ppm (Figure 

3.21B). These spectral changes suggested that the Zn2+ ion is selectively bound by the 

nitrogen atoms on the triazole rings. Moreover, the signal for the proton on the 

anthracene moiety revealed a down-field shift, which indicated that the anthracene 

moieties appended on L were alienated by Zn2+ to prohibit the formation of π–π 

stacking between the anthracene moiety. On the other hand, it is noted that the proton 
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Hb on the phenyl of hexahomotrioxacalix[3]arene also experienced a downfield shift 

from δ 6.60 to 6.81 ppm, and the ∆δH value for Hax and Heq of the ArCH2O methylene 

protons changed to 0.58 ppm (Figure 3.21B), respectively. The large ∆δH value for 

Hax and Heq indicated that the phenol groups in the complex are positioned in a 

more-upright form, the calix cavity changed from a “flattened-cone” to a 

more-upright form that is similar to the previously reported examples.17,18  

 

 

Figure 3.21. (A) Binding mode of L upon complexation with Zn2+ ion as perchlorate 

salt. (B) Partial 1H NMR spectra of L (4.0 mM) in CDCl3: CD3CN (10:1, v/v) upon 

addition of Zn2+ ion at 298 K. (a) Free L, (b) L   Zn2+ (0.5 equiv.), and (c) L   

Zn2+ (1.0 equiv.). 
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The concept of Zn2+ complexation by the host chemosensor L is shown in Figure 

3.21A. From this above discussion, the binding mode of L•Zn2+ explore that the 

phenol groups in the complex are situated as an upright form and also the anthracene 

moieties are far apart from each other to reduce the π–π stacking in presence of Zn2+ 

which results the fluorescence enhancement. 

On the other hand, the peaks of Ha, Hb, Hc and Hd completely disappeared and the 

signals of the anthracene ring protons and benzyl protons were blurred, which 

attributed to both the conformation changes and the paramagnetic effect of the Cu2+. 

Once the Cu2+ was captured by the nitrogen, the protons adjacent to Cu2+ were 

strongly affected by the Cu2+ due to inherent paramagnetism of Cu2+. Thus, the 

complexation between the heavy metal ions and sensor L led to the quenching of the 

fluorescence emission through the heavy metal ion effect, and/or the reversed PET 

that is similar to the previously reported examples.19 

3.3. Conclusions 

In summary, we have synthesized a new type of selective and sensitive fluorescent 

sensor having triazole rings as the binding sites at the lower rim of a 

hexahomotrioxacalix[3]arene scaffold in a cone conformation. The selective binding 

behaviour of chemosensor L has been evaluated by fluorescence spectra and 1H NMR 

spectroscopic analysis. This sensor has desirable properties for practical applications, 

including selectivity for detecting Zn2+ and Cd2+ in the presence of excess competing 

metal ions at low ion concentration or as a fluorescence enhancement type 

chemosensor due to the cavity of calixarene changed from a “flattened-cone” to a 

more-upright form and inhibition of photoinduced electron transfer (PET). In contrast, 

the results suggested that receptor L is highly sensitive and selective for Cu2+ and Fe3+ 

as a fluorescence quenching type chemosensor due to the photoinduced electron 

transfer (PET) or heavy atom effect. 

Further studies on the synthesis of tritopic receptors based on the 

hexahomotrioxacalix[3]arene are also underway in our laboratory. 

3.4. Experimental section 

3.4.1. General 

All melting points (Yanagimoto MP-S1) are uncorrected. 1H NMR and 13C NMR 

spectra were recorded on a Nippon Denshi JEOL FT-300 NMR spectrometer and 

Varian-400MR-vnmrs400 with SiMe4 as AQ2OM spectrophotometer. Mass spectra 

were obtained with a Nippon Denshi JMS-HX110A Ultrahigh Performance mass 

spectrometer at 75 eV by using a direct-inlet system. UV-vis spectra were recorded 
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using a Shimadzu UV-3150 UV-vis-NIR spectrophotometer. Elemental analyses were 

performed by a Yanaco MT-5. Fluorescence quantum yields were recorded in solution 

(Hamamatsu Photonics K. K. Quantaurus-QY A10094) using the integrated sphere 

absolute PL quantum yield measurement method. 

3.4.2. Materials 

Compounds 6 and 7 were synthesized according to our previous report.15 

3.4.2.1. Synthesis of receptor L. Copper iodide (20 mg) was added to a solution of 

compound 6 (200 mg, 0.28 mmol) and 9-azidomethylanthracene (210 mg, 0.90 mmol) 

in 20 mL THF/H2O (4:1) and the mixture was heated at 65 °C for 24 h. The resulting 

solution was cooled and diluted with water and extracted thrice with CH2Cl2. The 

organic layer was separated and dried (MgSO4) and evaporated to give the solid crude 

product. The residue was eluted from a column chromatography of silica gel with 

hexane/ethyl acetate (v/v = 4:1) to give the desired product cone- L (290 mg, 75 %) as 

colorless prisms. Mp 154–156 °C. 1H NMR (400 MHz, CDCl3): δ 0.94 (27H, s, 

C(CH3)3), 4.03 (12H, d, OCH2O, J = 4.0 Hz), 4.10 (6H, s, –OCH2), 6.29 (6H, s, An–

CH2), 6.68 (6H, s, Ar–H), 7.08 (3H, s, triazole–H), 7.39−7.43 (6H, m, An–H), 

7.47−7.51 (6H, m, An–H), 7.94 (6H, d, J = 8.4 Hz, An–H), 8.28 (6H, d, J = 8.4 Hz, 

An–H) and 8.42 (3H, s, An–H) ppm. 13C NMR (75 MHz, CDCl3): δ 31.32, 34.12, 

45.51, 66.94, 68.87, 122.71, 123.29, 124.42, 125.45, 125.77, 127.64, 129.42, 129.74, 

130.77, 130.86, 131.43, 144.27, 146.23 and 151.78 ppm. IR: νmax (KBr)/cm-1: 3310, 

2960, 1575, 1436, 1367, 1268, 1090 and 1002. FABMS: m/z: 1389.58 (M+). Anal. 

Calcd for C90H87O6N9 (1389.12): C, 77.73; H, 6.31. Found: C, 77.90; H, 6.37. 

3.4.2.2. Synthesis of receptor L1. Copper iodide (20 mg) was added to a solution of 

compound 7 (100 mg, 0.47 mmol) and 9-azidomethylanthracene (340 mg, 1.45 mmol) 

in 20 mL THF/H2O (4:1) and the mixture was heated at 65 °C for 24 h. The resulting 

solution was cooled and diluted with water and extracted thrice with CH2Cl2. The 

organic layer was separated and dried (MgSO4) and evaporated to give the solid crude 

product. The residue was eluted from a column chromatography of silica gel with 

hexane/ethyl acetate (v/v = 4:1) to give the desired product L1 (170 mg, 81 %) as 

colorless prisms. Mp 194–196 oC. 1H NMR (300 MHz, CDCl3) δ 1.22 (s, 9H, 

C(CH3)3), 2.10 (s, 6H, Ar–CH3), 4.78 (s, 2H, –OCH2), 6.57 (s, 2H, An–CH2), 6.89 (s, 

2H, Ar–H), 7.19 (s, 1H, trizole–H), 7.52−7.64 (m, 4H, An–H), 8.09 (d, 2H, J = 6.0 Hz, 

An–H), 8.33 (d, 2H, J = 6.0 Hz, An–H), 8.60 (s, 1H, An–H). 13C NMR (CDCl3, 75 

MHz, CDCl3): δ 31.6, 34.2, 37.4, 46.7, 49.85, 62.2, 114.3, 122.5, 123.1,123.8, 125.6, 

126.3, 127.9, 129.7, 130.1, 130.9, 131.6, 144.0, 144.5, 156.0. IR: νmax (KBr)/cm-1: 



71 
 

3019, 1966. FABMS: m/z: 449.78 (M+). Anal. Calcd for C30H31ON3 (449.25): C, 

80.14; H, 6.95. Found: C, 80.38; H, 7.03. 
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Chapter 4 

Ratiometric fluorescent receptor for both Zn2+ and 

ammonium ions: based on a anthryl-linked 

triazole-modified homooxacalix[3]arene 

 

 

 

 

 

 

 

 

 

 

 

 

 
This chapter focused on the structure and complexation behavior of chemosensor L. 

which displayed ratiometric selectivity for linear-chain ammonium ions and Zn2+ 

ions in neutral solution. It possesses a high affinity and selectivity for linear-chain 

ammonium ions and Zn2+ ions by enhancement of fluorescence intensity in organic 

solution, and L can distinguish between linear-chain and branched-chain 

ammonium guest ions. Interestingly, upon addition of Zn2+ to this system, 

chemosensor L can be capable of binding a metal ions and alkylammonium cations 

simultaneously through positive allosteric effect. The successful performance of 

these probes suggested chemosensing ensemble method had great advantage and 

should play more roles in sensor design. 
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4.1 Introduction 

Alkylammonium and ammonium ions play an important role in nature. Ammonium 

ions has appreciable effect on the health of consumers, and its presence in water is an 

indicator of pollution. In recent years, ammonium ions concentration, in certain 

surface water is much higher than the permissible standard, as a large extent of 

industrial and municipal wastewater has been discharged into nearby aquatic sources1. 

Therefore, ammonium ion sensor is a useful tool in environmental pollution control, 2 

food and clinical analyses 3 and other industry applications. 4  

On the other hand, calixarenes have attracted tremendous attention for several 

decades and calixarene chemistry has become an indispensable part of supramolecular 

science.5 they can provide useful building blocks for host-guest type receptors through 

appropriate modification. For example, calix[4]arene derivatives incorporating crown 

ethers, amides, esters, and carboxylic acid groups have been shown to selectively 

extract metal ions.6 The hexahomotrioxacalix[3]arene which are structurally related to 

the calixarenes and the crown ethers, have a three dimensionalcavity with a 

potentially C3-symmetric structure, and are intriguing ligands for metal cations,7 

ammonium cations,8 and fullerene derivatives.9  

Cations recognition by artificial receptors has attracted increasing attention because 

of the important roles played by ions in both environment and biological systems.10 all 

the known modes of cation binding by native and functionalized calixarenes 

exploiting cation-π, induced dipole, or electrostatic interactions.11 the most important 

calixarene-based cation receptors are obtained by the introduction of chelating units at 

the lower rather than at the upper rim. For example, Calixarenes fully functionalized 

at the lower rim with ether groups show a affinity for alkali metal ions,12 Shinkai et al. 

reported a series of calix[4]arene-crown-4 derivatives among which the partial cone 

derivative exhibits an exceptional Na+/K+ selectivity, as determined by ion-selective 

electrodes (ISEs). we also have developed a series of triazole-derived chemosensors 

for selective binding of heavy metal ions based on calixarene scaffolds.13 For example, 

chemosensors derived from hexahomotrioxacalix[3]arene exhibited a highly selective 

affinity for the Pb2+ cation through enhancement of the monomer emission of pyrene 

in both organic and organic-aqueous solution. 

On the other hand, Hexahomotrioxacalix[3]arene derivatives with C3 symmetry can 

selectively bind ammonium ions, which play an important role in both chemistry and 

biology. The formation of intracavity endo-complexes of the resulting ammonium 

ions was observed, tripodal NH+···O interactions with the phenolic oxygen atoms and 

CH-π interactions were supposed to stabilize the complex.14 Recently, our group 

reported the construction of C3 symmetrically functionalized 
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hexahomotrioxacalix[3]arenes, which selectively recognized primary ammonium 

ions.15 

Additionally, click chemistry has attracted considerable attention recently and has 

been applied in a wide range of fields for its efficiency, region selectivity, and 

compatibility with reaction conditions.16,17 For example, Rao groups designed and 

synthesized a lower rim triazole-linked Schiff base calixarene as the primary 

fluorescence switch-on chemosensor for Zn2+ ions.18 Therefore, we hypothesized that 

suitably arranged functionalized ligand moieties containing nitrogen atoms attached to 

homooxacalix[3]arene should be a good receptor candidate for metal cations or 

ammonium cations. Therefore, with this in mind, we have synthesized compound L 

and studied their cation-binding affinity. 

4.2 Result and discussion  

 

Scheme 4.1 

The synthesis of L was carried out as shown in Scheme 4.1 which was discussed in 

chapter 3. fluorescent compound L can be obtained from the reaction of 6 with 

9-azidomethylanthracene under standard conditions for Click chemistry. The coupling 

of 3 with 9-azidomethyl-anthracene afforded cone conformation compound L in 75 % 

yield. 1H NMR spectrum of L shows a singlet for the tert-butyl protons at δ 0.94 ppm, 

and a doublet at δ 4.03 ppm for the bridge protons, and 13C NMR spectrum of L  

exhibits two peaks for the methyl and the quaternary carbon atoms of the t-Bu groups 

at  31.32, 34.04 ppm, three peaks for methylene carbon at 45.51, 66.94, 68.87 ppm 

and 14 peaks for aromatic carbon. respectively, indicating a C3–symmetric structure 

for sensor L. And the anthracene moieties appended on L were sterically-fixed to be 

in close proximity to allow the formation of π–π stacking between the anthracene 

moieties. 

4.2.1 Fluorescent Receptor for Ammonium Ions 

Dilution experiments at different concentrations of L were prepared as follows. Test 
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solutions were prepared by taking 70 mL of the calixarene stock solution in a 10 mL 

volumetric flask, adding 0, 0.2, 0.4, 0.6, 0.8 and 1.0 mL of stock solution, and making 

up to the volume with CH3CN. On the basis of these observations, the fluorescent 

behaviors of L toward ions were studied in an organic solution CH3CN. 

 

Scheme 4.2 
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Figure 4.1. Fluorescence intensity changes of receptors L (0.1 mM) in CH3CN at 298 

K upon addition of various ammonium guest ions G1-G8 (10 equiv.) 

A preliminary screening of the binding affinity of L for the picrate salts of 

ammonium guest ions (G1 – G8, Scheme 4.2) using the fluorescence. Figure 4.1 

shows the fluorescence intensity changes of the emission for receptors L in the 

presence of various ammonium guest ions. There was minor variation in the 

fluorescence intensity of branched-chain ammonium guest ions after adding 10-fold 
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relative to receptors L, and the relative standard deviation was less than 5%. 

Interestingly, when adding linear-chain ammonium guest ions to the solution of 

receptors L, it led to a fluorescence enhancement under the same conditions. The 

significantly different spectral change in the receptors L solution upon addition of 

either linear-chain and branched-chain ammonium guest ions indicates that receptors L 

is a sensitive functional chemosensor for ammonium guest ions, and L can distinguish 

between linear-chain and branched-chain ammonium guest ions. 

 

Figure 4.2. Fluorescence spectra of receptor L (0.01 mM) upon addition of increasing 

concentrations of n-BuNH3
+in CH3CN. λex = 365 nm 
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Figure 4.3. Job’s plot showing the 1:1 binding of L to n-BuNH3
+ ion. 
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Figure 4.4. Linear concentration range of n-BuNH3
+ with L. The detection limit of n-BuNH3

+ 

was calculated to be 2.90 × 10-7 M by the formula (3σ/K). 
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Figure 4.5. The binding constants of L with n-BuNH3
+ in different concentrations. The Ka of 

n-BuNH3
+ was calculated to be 4.91 × 103. 

Figure 4.2 shows the fluorescence spectra of receptor L by the addition of 

increasing concentrations of n-BuNH3
+. Upon addition of n-BuNH3

+, the fluorescence 

intensity of the receptor L solution increased gradually. The saturation behavior of the 
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fluorescence intensity after adding 2 equivalents of n-BuNH3
+ reveals that a 1:1 

stoichiometry is best for the binding mode of n-BuNH3
+ and L, which is also 

supported by the Job’s plot data (Figure 4.3). According to the 1:1 model, the stability 

constant (Ka) of L with n-BuNH3
+ was calculated to be 4.91 × 103 M−1 (error < 10%), 

the low detection limit of 2.90 × 10-7 M and the quantum yield of L is Ф = 0.15. And 

the same phenomenon has been found in the case of EtNH3
+ (Figure 4.6). 
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Figure 4.6. Fluorescence spectra of receptor L (0.01 mM) upon addition of increasing 

concentrations of EtNH3
+in CH3CN. λex = 365 nm 
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Figure 4.7. Fluorescence spectra of receptor L (0.01 mM) upon addition of increasing 

concentrations of t-BuNH3
+ in CH3CN. λex = 365 nm 
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Figure 4.8. Linear concentration range of t-BuNH3

+ with L. The detection limit of 

t-BuNH3
+ was calculated to be 1.05 × 10-6 M by the formula (3σ/K). 

0 20000 40000 60000 80000 100000

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1/ [t-BuNH3
+

]

1
/ 

(I
- 

I 0
)

Intercept = 0.0906

Slope = 1.0442 * 10
-5

 

Figure 4.9. The binding constants of L with t-BuNH3
+ in different concentrations. 

The Ka of t-BuNH3
+ was calculated to be 8.6 × 103. 

On the other hand, Figure 4.7 shows the fluorescence spectra of receptor L by the 

addition of increasing concentrations of t-BuNH3
+. Upon addition of t-BuNH3

+, the 

fluorescence intensity of the receptor L solution increased gradually. The saturation 
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behavior of the fluorescence intensity after adding 2 equivalents of t-BuNH3
+ reveals 

that a 1:1 stoichiometry is best for the binding mode of t-BuNH3
+ and L. According to 

the 1:1 model, the stability constant (Ka) of L with t-BuNH3
+ was calculated to be 8.6 

× 103 M−1 (error < 10%), the low detection limit of 1.05 × 10-6 M. And the same 

phenomenon has been found in the case of G3, G4, and G6 (Figure 4.10). 
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           (a)                    (b)                       (c)  

Figure 4.10. Fluorescence spectra of L (0.01 mM) upon addition of increasing 

concentrations of G3 (a), G4 (b), G6 (c) in CH3CN. λex = 365 nm. 
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Figure 4.11. Fluorescence spectra of L (0.01 mM) upon addition of increasing 

concentrations of G1 (a), G3 (b), G4 (c) and G5 (d) in CH3CN. λex = 365 nm. 

In the case of G7 (phenethylamine) and G8 (dopamine), Upon addition of G7 and 

G8, the fluorescence intensity of the receptor L solution increased gradually (Figure 

4.11). The saturation behavior of the fluorescence intensity after adding 2 equivalents 

of G7 and G8 reveals that a 1:1 stoichiometry is best for the binding mode of G7, G8 

and L. 

 

Figure 4.12. Plausible complexation of L for n-BuNH3
+ ion, and partial 1H NMR 

spectra of L in CDCl3/CD3CN (10:1, v/v) upon addition of n-BuNH3+ at 298 K. (a) 

Free L, (b) L   n-BuNH3
+ (0.5 equiv.), and (c) L   n-BuNH3

+ (1.0 equiv.). 

To confirm the binding mechanism, 1H NMR spectra of the L, L•n-BuNH3
+ 

complex were measured in a mixture of CDCl3 /CD3CN (10:1, v/v). As shown in 

Figure 4.12, upon gradual addition of n-BuNH3
+ salt (0.5 equiv.) to a solution of L, 
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the resonances corresponding to the protons of receptor L were split into two sets of 

signals. After addition of 1 equiv. n-BuNH3
+ in receptor L the original proton signals 

disappeared. This result suggests the presence of the complexed form between 

L•n-BuNH3
+ and the uncomplexed form of free L. Moreover, the ∆δH value for Hax 

and Heq of the ArCH2O methylene protons changed to 0.12 ppm, the large ∆δH value 

for Hax and Heq indicated that the phenol groups in the complex are positioned in a 

more-upright form, the calix cavity changed from a “flattened-cone” to a 

more-upright form that is similar to the previously reported examples. 19 

 

 

Figure 4.13. Plausible complexation of L for t-BuNH3
+ ion, and partial 1H NMR 
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spectra of L in CDCl3/CD3CN (10:1, v/v) upon addition of t-BuNH3
+ at 298 K. (a) 

Free L, (b) L   t-BuNH3
+ (0.5 equiv.), and (c) L   t-BuNH3

+ (1.0 equiv.). 

On the other hand, addition of n-BuNH3
+ to L resulted in the formation of 

endo-cavity inclusion complexes, unambiguously confirmed by the appearance of 

high-field resonances (δ = 0.91 to 0.20 and –0.32 to –0.81 ppm, respectively), for the 

methylene hydrogen atoms of the included alkylammonium guest ions experiencing 

the shielding effects of the calixarene aromatic units. Similar 1H NMR titration 

experiments were carried out for L•t-BuNH3
+ (Figure 4.13). The guest proton of 

t-BuNH3
+ is shifted to δ –0.76 ppm, it is strongly suggesting the formation of 

endo-cavity inclusion complexes. 
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Figure 4.14. Fluorescence intensity changes ((I – I0)/I0 × 100%) of L•n-BuNH3
+ (0.01 

mM) in CH3CN at 298 K upon addition of various metal perchlorates (10 equiv.). Io is 

fluorescence emission intensity at 418 nm for L•n-BuNH3
+, and I is the fluorescent 

intensity after adding metal ions. λex = 365 nm. 

4.2.2 Fluorescent receptor for both Zn2+ and ammonium ions 

 

Interestingly, the fluorescence intensity changes of the emissions of L•n-BuNH3
+ 

([L]/ [ n-BuNH3
+] = 1:1, [L] = 0.1 mM) upon addition of metal ions, such as K+, Na+, 

Ca2+, Mn2+, Ni2+, Sr2+, Ag+, Cu2+, Cd2+ and Zn2+ (1.0 mm), determined as their 

perchlorate salts in CD3CN, are summarized in Figure 4.14. We found that upon 

excitation at 365 nm, enhancement of the fluorescence intensity was observed upon 
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addition of about 10 equiv. of Zn2+ and Cd2+ compared to that of only complex 

L•n-BuNH3
+. These results suggested that complex L•n-BuNH3

+ has a high 

selectivity for the Zn2+ ion by enhancement of fluorescence intensity.  
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Figure 4.15. Fluorescence spectra of receptor L (0.01 mM) (a) in CH3CN at 298 K 

upon addition of n-BuNH3
+, t-BuNH3

+ and Zn2+. λex = 365 nm. 
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Figure 4.16. Percentage fluorescence intensity of L (0.01 mM) by the addition of 10 

equiv. of various ions. Bule bars, L   2 equiv. of various ammonium guest ions (G1 

– G8); yellow bars, L    2 equiv. of various ammonium guest ions (G1 – G8)    

10 equiv. of Zinc ion. Excitation wavelength was 365 nm. 
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Similar fluorescence experiments were carried out for L•(G1-G8) (Figure 4.15 and 

Figure 4.16). In the case of linear-chain ammonium guest ions, the addition of Zn2+ 

caused fluorescence emission spectra similar with L•n-BuNH3
+•Zn2+. The result 

indicated L possesses a high affinity and selectivity for linear-chain ammonium guest 

ions and Zn2+ ions by enhancement of fluorescence intensity in organic solution. In 

the case of branched-chain ammonium guest ions, the addition of Zn2+ caused 

fluorescence emission spectra similar with L•Zn2+. The result indicated L possesses a 

high affinity and selectivity for linear-chain ammonium ions and Zn2+ ions by 

enhancement of fluorescence intensity in organic solution, and L can distinguish 

between linear-chain and branched-chain ammonium guest ions. 
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Figure 4.17. Fluorescence spectra of L•n-BuNH3
+ ([L]/ [ n-BuNH3

+] = 1:2, [L] = 0.1 

mM) upon addition of increasing concentrations of Zn2+ in CH3CN. λex = 365 nm. 

 

Figure 4.17 illustrates the fluorescence titration experiments of receptor 

L•n-BuNH3
+ with the Zn2+ ion in neutral solution. No shift of the maximum of 

emissions was observed upon the addition of Zn2+ ion with excitation wavelength at 

365 nm, However, when increasing concentrations of Zn2+ were added to the solution 

of L•n-BuNH3
+, the fluorescence intensity gradually increased and reached a plateau 

upon adding about 10 equiv. of Zn2+ ion. The association constant of L•n-BuNH3
+ 

with Zn2+ was calculated to be 7.0 ×103 M−1 (error < 10%). And the same 

phenomenon has been found in the case of G3, G4, and G6. 
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Figure 4.18. The binding constants of L•n-BuNH3
+ with Zn2+ in different 

concentrations. The Ka of Zn2+ was calculated to be 7.0× 103. 

On the other hand, Figure 4.19 illustrates the fluorescence titration experiments of 

receptor L• Zn2+ with the n-BuNH3
+ ion in neutral solution. No shift of the maximum 

of emissions was observed upon the addition of n-BuNH3
+ ion with excitation 

wavelength at 365 nm, However, when increasing concentrations of n-BuNH3
+ were 

added to the solution of L• Zn2+, the fluorescence intensity gradually increased and 

reached a plateau upon adding about 10 equiv. of n-BuNH3
+ ion. Similar fluorescence 

experiments were carried out for n-BuNH3
+, Cd2+ and L (Figure 4.20 and 4.21). 
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Figure 4.19. Fluorescence spectra of L• Zn2+ ([L]/ [ Zn2+] = 1:2, [L] = 0.01 mM) upon 

addition of increasing concentrations of n-BuNH3
+ in CH3CN. λex = 365 nm. 
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Figure 4.20. Fluorescence spectra of L•n-BuNH3
+ ([L]/ [ n-BuNH3

+] = 1:2, [L] = 0.01 

mM) upon addition of increasing concentrations of Cd2+ in CH3CN. λex = 365 nm. 
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Figure 4.21. Fluorescence spectra of L• Cd2+ ([L]/ [ Cd2+] = 1:2, [L] = 0.01 mM) upon 

addition of increasing concentrations of n-BuNH3
+ in CH3CN. λex = 365 nm 
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In an effort to gain more detailed information on the interactions between 

L•n-BuNH3
+ and Zn2+ ion, 1HNMR spectroscopic studies were carried out in 

CDCl3/CD3CN (10:1, v/v). The spectral differences are shown in Figure 4.22. the 

peak of the proton Ha on the triazole ring is shifted downfield from δ 7.47 to 7.54 ppm, 

whereas the OCH2-triazole linker proton Hd and the Hc proton proximal to the 

anthracene moiety are shifted down-field by 0.76 ppm and 0.53 ppm. These spectral 

changes suggested that the Zn2+ ion is selectively bound by the nitrogen atoms on the 

triazole rings.  

 

 

Figure 4.22. Partial 1H NMR spectra of L•n-BuNH3
+ in CDCl3/CD3CN (10:1, v/v) 

upon addition of Zn2+ at 298 K. (a) L   n-BuNH3
+ (1.0 equiv.), and (b) L   

n-BuNH3
+ (1.0 equiv.)    Zn2+ (1.0 equiv.  

Table 4.1. Selected proton chemical shifts (δ, ppm) (300 MHz, CDCl3:CD3CN, 10:1 

v/v, 27 oC) of L. 

 

On the other hand, the signal for the proton on the anthracene moiety revealed a 

down-field shift and the ∆δH value for Hax and Heq of the ArCH2O methylene protons 
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changed from 0.12 ppm to 0.26 ppm, the binding mode of L•n-BuNH3
+ with Zn2+ 

explore that the phenol groups in the complex are situated as an upright form and also 

the anthracene moieties are distant apart from each other to weaken the π–π stacking 

in presence of Zn2+ which results the fluorescence enhancement. On the other hand, 

because of the formation of endo-cavity inclusion complexes, the protons of guest still 

appeared at high-field resonances (δ = 0.91 to 0.20 and –0.32 to –0.81 ppm, 

respectively, Table 4.1). Based on the above results, a plausible binding mode of 

L•n-BuNH3
+ with Zn2+ is therefore depicted in Figure 4.23. 

     

Figure 4.23. Plausible complexation of L•n-BuNH3
+ for Zn2+ ion. 

4.3. Conclusions 

In summary, we have prepared a new type of chemosensing ensemble probes based 

on homooxacalix[3]arene with a C3 symmetric structure, which displayed ratiometric 

selectivity for linear-chain ammonium ions and Zn2+ ions in neutral solution. It 

possesses a high affinity and selectivity for linear-chain ammonium ions and Zn2+ 

ions by enhancement of fluorescence intensity in organic solution, and L can 

distinguish between linear-chain and branched-chain ammonium guest ions. 

Interestingly, upon addition of Zn2+ to this system, chemosensor L can be capable of 

binding a metal ions and alkylammonium cations simultaneously through positive 

allosteric effect. The successful performance of these probes suggested chemosensing 

ensemble method had great advantage and should play more roles in sensor design. 
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Summary 

Calixarenes are an important class of macrocyclic compounds and are ideal 

platforms for the development of cation, anion, and neutral molecule recognition. 

Calixarenes and their derivatives are also attractive compounds for use in host–guest 

and supramolecular chemistry. In particular, hexahomotrioxacalix[3]arene derivatives 

with C3-symmetry can selectively bind ammonium ions which play important roles in 

both chemistry and biology. Furthermore, the incorporation of two types of 

recognition sites via the introduction of different ionophores on the 

hexahomotrioxacalix[3]arene will create potential hetero-ditopic receptors with the 

capability of binding cations and anions, e.g. ammonium ions and halides. Therefore, 

many fluorescent chemosensors based on calixarenes, which show highly selective 

recognition of metal cations, ammonium cations, and fullerene derivatives, have been 

reported. Many approaches such as atomic absorption, ICP atomic emission, UV-vis 

absorption, and fluorescence spectroscopy have been employed to detect low limits. 

Among these methods, fluorescence spectroscopy is widely used because of its high 

sensitivity, facile operation, and low cost. 

Click chemistry has attracted considerable attention recently and has been applied 

in a wide range of fields for its efficiency, regioselectivity, compatibility with reaction 

conditions and especially for its ions binding ability. Click chemistry has also been 

used to synthesize calixarene conjugates of chromophores and bioactive molecules 

such as glycosides,12 sialoclusters,13 and amino acids.14 Because of the highly 

selective nature of the alkyne-azide cycloaddition, the Click reaction is a general 

method to introduce various functional groups/moieties at the upper or lower rim of 

calixarenes. Recently, heteroditopic chemosensors have received much interests and 

design, synthesis of heteroploytopic chemosensors will open a new gate for metal ions 

recognition. 

Thus, against this background, several kinds of heteropolytopic chemosensors or 

fluorescent chemosensors for metal ions and ammonium cations were designed and 

synthesized based on hexahomotrioxacalix[3]arene in this dissertation. The sensitivity 

and selectivity properties of these receptors to the target analytes were carefully 

evaluated. 

In chapter 1, a shortly review of the recently development of fluorescent receptors 

for cations and anions based on calixarene, fluorescent recognition for cations: Zn2+, 

Cu2+, Ag+, alkali metal, ammonium ions and anions: Cl‒, Br‒, H2PO4‒ and so on. 

Many coupling methods have been reported such as Click chemistry reactions 

forming triazo rings that can bind to metal ions and act aschromophore. In this part, 
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we also introduce the reported works about recognition of amino acids and anions by 

the metal ions complexes.  

In chapter 2, O-alkylation of 7,15,23-tri-tert-butyl-25,26,27-trihydroxy- 

2,3,10,11,18,19-hexahomo-3,11,19-trioxacalix[3]arene (1H3) with 9-chloromethyl- 

anthracene 5 was carried out under the different reaction conditions. The number of 

anthrylmethyl group introduced to the phenolic oxygen of hexahomo- 

trioxacalix[3]arene 1H3 was achieved through selective O-alkylation with 

stoichiometric amounts of 9-chloromethylanthracene 5 in the acetone system to give 

mono-O-alkylated product 2H2An, di-O-alkylated product 3HAn2 and tri-O-alkylated 

product partial-cone-4An3, and their structures were confirmed by 1H NMR, 13C 

NMR, IR, MS spectroscopy and X-ray analysis. Interestingly, 2H2An, 3HAn2, and 

partial-cone-4An3 was synthesized from compound 1H3 through selective alkylation 

in the acetone system whereas by using acetone /benzene (1: 1 v /v) mixed solvent 

system, the cone-4An3 was produced. These results suggest that the solvent can also 

control the conformation of the O-alkylation products, the solvent effects on this 

reaction in aprotic solvents has revealed hydrogen bond donor and acceptor abilities 

and polarity of solvent. The possible reaction routes of the cone-4An3 and 

partial-cone-4An3 were also discussed. 

However, it should be noted that there are relativity few example of receptors for 

ammonium ions with ratiometric fluorescence sensor. Because of the conformation 

can decide the binding ability to ammonium ions.   

In chapter 3, a new type of selective and sensitive fluorescent sensor having triazole 

rings as the binding sites at the lower rim of a hexahomotrioxacalix[3]arene scaffold 

in a cone conformation was synthesized. The selective binding behaviour of 

chemosensor L has been evaluated by fluorescence spectra and 1H NMR 

spectroscopic analysis. This sensor has desirable properties for practical applications, 

including selectivity for detecting Zn2+ and Cd2+ in the presence of excess competing 

metal ions at low ion concentration or as a fluorescence enhancement type 

chemosensor due to the cavity of calixarene changed from a “flattened-cone” to a 

more-upright form and inhibition of photoinduced electron transfer (PET). In contrast, 

the results suggested that receptor L is highly sensitive and selective for Cu2+ and Fe3+ 

as a fluorescence quenching type chemosensor due to the photoinduced electron 

transfer (PET) or heavy atom effect. 

In chapter 4, chemosensor L displayed ratiometric selectivity for linear-chain 

ammonium ions and Zn2+ ions in neutral solution. It possesses a high affinity and 

selectivity for linear-chain ammonium ions and Zn2+ ions by enhancement of 

fluorescence intensity in organic solution, and L can distinguish between linear-chain 
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and branched-chain ammonium guest ions. Interestingly, upon addition of Zn2+ to this 

system, chemosensor L can be capable of binding a metal ions and alkylammonium 

cations simultaneously through positive allosteric effect. The successful performance 

of these probes suggested chemosensing ensemble method had great advantage and 

should play more roles in sensor design. 

In summary, homooxacalix[3]arene have two conformation isomers, and the cone 

results can formed when a template metal is present in the reaction system or using 

solvent effect. Chemosensor L in cone conformation were designed and synthesized 

based on hexahomotrioxacalix[3]arene, Click chemistry. It has been use to recognize 

metal cation and ammonium cations. In these research fields, there are relativity few 

example and will open a gate for chemical research on chemosensors based on 

calixarene. 
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