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1. INTRODUCTION 

Fluorescent chemosensors capable of recognizing metal ions and organic cations as well 

as various anions and neutral molecules more and more selectively have gained much 

research interest. These fluorescent ligands can be used as sensor molecules for constructing 

optical sensors. There is a great demand for their application in many fields such as cell 

biology, medical analysis, food industry, process control and environmental protection. The 

selective complexing ability of sensor molecules is based on the phenomenon of molecular 

recognition. Enantiomeric recognition as a special case of the latter is also occurs frequently 

in Nature. One of the most important example for its action is that living organisms can use 

only the either one of the enantiomeric forms of a chiral molecule in their metabolism. Since 

the other enantiomeric form may have a different, but not harmful effect, as well as may be 

inactive or very toxic in worse case, there is a more and more strict requirement in 

pharmaceutical, pesticide, food and perfume industries to use biologically active synthetic 

materials in their enantiopure forms. Thus, the synthesis and studies of selector and sensor 

molecules for the separation of enantiomers and for the determination of enantiomeric 

composition, respectively, have a great importance.   

Professor Dr. Péter Huszthy’s group has been carring out research on development of 

crown ether based selector and sensor molecules at the Department of Organic Chemistry and 

Technology, Budapest University of Technology and Economics. I joined to this research 

group in 2001 as an undergraduate student. I continued my research work as a graduate then 

as a Ph.D. student. My doctoral work is focused on the synthesis and studies of crown ether 

based sensor molecules containing a fluorophore unit. Our aim was to sythesize fluorescent 

azacrown ether based sensor molecules having potential enantiomer and metal ion selectivity, 

respectively, which show fluorescence enhancement upon complexation thereby providing a 

sensitive detection method and which may be suitable for constructing optical sensors. 

Acridinone and BODIPY fluorophores having very advantageous properties were used as 

fluorescent signalling units of the sensor molecules. We wished to investigate the above 

mentioned complexation properties of the synthesized ligands in cooperation with 

Academician Dr. Klára Tóth’ s research group, with Dr. Mihály Kádár research worker and 

Dr. Péter Baranyai research worker (Chemical Research Center, Hungarian Academy of 

Sciences) at the Department of Inorganic and Analytical Chemistry, Budapest University of 

Technology and Economics. 
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2. LITERATURE BACKGROUND 

Among the optical spectroscopic methods used in analytical chemistry, fluorescence 

spectroscopy has an outstanding significance due to its selectivity, sensitivity and versatility. 

Many fluorescent cation sensitive sensor molecules have either a modular structure consisting 

of a fluorophore and a receptor unit separated by a short alkylene, most frequently a 

methylene spacer or a structure wherein the receptor is part of the π-electron system of the 

fluorophore, so they are in direct connection. They work on the basis of photoinduced 

electron transfer (PET) and internal charge transfer (ICT) processes, respectively. In both 

cases the receptor part has an electron donor property, often it contains an amino group (e. g., 

an azacrown ether) and the fluorophore unit plays the role of an electron acceptor. In the case 

of PET type sensor molecules the free ligand shows reduced (near-zero) fluorescence due to 

an efficient intramolecular quenching process (PET) in the excited state. In contrast, 

coordination of a cation increases the fluorescence intensity to a great extent without other 

changes in the absorption and emission spectra. Such controllable off–on characteristics of an 

optical phenomenon such as fluorescence can serve as a basis for designing not only sensor 

molecules but also molecular logic gates usable for constructing molecular digital devices. A 

part of the ICT type sensor molcules also fluoresce poorly in the absence of cations, beause an 

intramolecular quenching process (ICT) takes place in the excited state, too. Complexation 

with a cation enhances the fluorescence intensity with a significant blue-shift of the 

absorption and emission spectra.1  

Recently, several mono- and bis(azacrown ether) type ligands containing different 

fluorophore signalling units and possessing the fluorophore – methylene group – amine recep-

tor modular structure, together with BODIPY linked fluorescent benzo-, aza- and 

azathiacrown ethers have been synthesized and their metal ion selectivity were studied. In the 

case of bis(azacrown ether)  type ligands, among complexes of different structures, the 

formation of a sandwich type complex is also possible depending on the flexibility of the 

molecule and the proximity of the crown ether rings. This complex form can result an 

enhanced selectivity toward large metal ions.1,2,3 

                                                 
1 ade Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J. M.; McCoy, C. P.; Rademacher, J. T.; 

Rice, T. E. Chem. Rev. 1997, 97, 1515–1566. bValeur, B.; Leray, I. Coord. Chem. Rev. 2000, 205, 3–40. cde 

Silva, A. P.; McClean, G. D.; Moody, T. S.; Weir, S. M. Handbook of Photochemistry and Photobiology, Nalwa, 

H. S., Ed.; American Scientific: Stevenson Ranch, CA, 2003; Vol. 3, Chapter 5. dMontalti, M.; Prodi, L.; 

Zaccheroni, N. Handbook of Photochemistry and Photobiology, Nalwa, H. S., Ed.; American Scientific: 

Stevenson Ranch, CA, 2003; Vol. 3, Chapter 6. eCallan, J. F.; de Silva, A. P.; Magri, D. C. Tetrahedron 2005, 

61, 8551–8588. 
2 Tsukanov, A. V.; Dubonosov, A. D.; Bren, V. A.; Minkin, V. I. Chem. Heterocycl. Comp. 2008, 44, 899–923. 
3 Fery-Forgues, S.; Al-Ali, F. J. Photochem. Photobiol. C 2004, 5, 139–153.  
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In the past two decades much interest and efforts have been devoted to the development 

of fluorescent chiral chemosensors for the determination of enantiomeric composition of 

optically active organic compounds.4 Among them some crown ether based ones containing 

various fluorescent units have been synthesized, and their enantiomeric recognition ability 

toward the enantiomers of amino acid derivatives, amino alcohols and primary amines (in 

their ammonium salt forms) were studied. Chiral ligands are usually prepared for testing their 

enantiomeric recognition properties, however, it should be noted that the chirality of some 

synthetic receptor molecules may also have noticeable effect on the selectivity toward various 

biologically important metal ions.  

3. EXPERIMENTAL METHODS 

During the syntheses preparative organic chemical methods were used. The progress of 

reactions and the purity of products were checked by thin layer chromatography (TLC). The 

crude products were purified by recrystallization, by distillation at atmospheric or reduced 

pressure and by column chromatography. New compounds were characterized by their 

physical data (melting point, optical rotation), spectroscopic data (IR, 1H NMR, 13C NMR, 

MS) and elemental analysis. Determination of the crystal structure of one of the intermediates 

was performed by X-ray crystallography in cooperation with Dr. Mátyás Czugler and Dr. 

Nikoletta Báthori.   

The complexation properties of the new sensor molecules were studied for different 

metal ions and the enantiomers of some optically active salts by UV–vis and fluorescence 

spectroscopies. The complex stability constants were determined by the Benesi–Hildebrand 

and by the mole-ratio methods or by global nonlinear regression analysis using 

SPECFIT/32TM program based on the data of UV–vis and fluorescence spectroscopic 

titrations. 

4. RESULTS 

4.1. Synthesis of sensor molecules 

Thirteen new mono- and bis(azacrown ether) based ligands, among them seven achiral 

and six chiral ones, containing an acridinone or an N-methylacridinone or a BODIPY 

fluorescent signalling unit [31a–(S,S)-36, 65a–c, (S,S)-76 and (S,S)-77] were prepared [2–4].  

                                                 
4 Pu, L. Chem. Rev. 2004, 104, 1687–1716. 
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Chloromethyl-substituted acridinone 40 used in the N-alkylation reactions was 

synthesized from hydroxymethyl derivative 42 with a modification of the reported procedure. 

We also worked out a synthetic route of four steps starting from hydroxymethyl derivative 42 

for the preparation of N-methyl-chloromethylacridinone 41 [3].  
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Bis(hydroxymethyl)acridinone 67 was prepared in two different ways from the reported 

oxoacridine dicarboxylic acid 68 and bis(bromomethyl)acridinone 70 in two and three steps, 

respectively. Acridinone derivative 67 was converted to acridine derivative 66 containing 

chloromethyl groups and the latter was used in the reactions with azacrown ethers [4]. 

 

Enantiopure azacrown ethers (S,S)-38 and (S,S)-39 containing methyl and isobutyl groups 

at their chiral centers, respectively and serving as receptor units of the chiral ligands were 

prepared in six steps starting from the reported optically active tetraethylene glycols (S,S)-49 

and (S,S)-50 [2]. 
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Derivatives 41 and 66, 45 and 67 are new electrophile and nucleophile reagents, 

respectively, which may be suitable as fluorescent signalling units for constructing 

chemosensors in general. 

X-ray crystallographic studies on 

crystals of the precursor (74) of 

oxoacridine dicarboxy-

lic acid 68 obtained by 

recrystallization from 

ethyl methyl ketone 

then ethyl acetate 

showed that tricarboxylic acid 74 forms a 

2:1:1 inclusion complex with ethyl methyl ketone and ethyl acetate [1]. 

4.2. Studies on sensor molecules 

We found that the fluorescence quantum yields of mono(azacrown ether) type ligands 

containing the acridinone unit [31a–c, (S,S)-33 and (S,S)-35] show a strong solvent 

dependence, namely, these ligands have large fluorescence quantum yields in 

dichloromethane and considerably lower values in methanol. The explanation for this is the 

presence of a strong intramolecular H-bond formed between the acridinone NH proton and the 

nitrogen atom of the crown ether in dichloromethane inhibiting the quenching (PET) process, 

the strength of which decreases significantly in methanol. Based on the fluorescence quantum 

yields of ligands 31a–c determined in methanol, it was also found that the strength of 

intramolecular H-bonds depends on the cavity 

size of crown ethers, too which was confirmed 

by the determination of pKa values of these 

ligands as well. The N-methyl analogues [32, 

(S,S)-34 and (S,S)-36] showed poor 

fluorescence in both solvents mentioned above 

[3]. We investigated the complexation 

properties of ligands 31c, 32, (S,S)-35 and 

(S,S)-36 toward different metal ions (Na+, K+, 

Ag+, Mg2+, Ca2+, Zn2+, Cu2+, Pb2+, Cd2+) in 

methanol [3]. Coordination of cations caused fluorescence intensity enhancement without 

other significant spectral changes, which is typical for PET sensor molecules. Ligand (S,S)-35 

showed the best selectivity toward Cu2+ upon titration with which almost 10-fold fluorescence 

enhancement could be measured (log β1:1=3,59). Ligand (S,S)-36 also exhibited good 

selectivity toward Cu2+ and Pb2+ causing about 5-fold fluorescence enhancement upon 

complexation (log β1:1=4,88, illetve 4,44). The complex formation of ligands (S,S)-35 and 
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(S,S)-36 with the enantiomers of α-(1-naphthyl)ethylammonium perchlorate (NEA) and 

potassium mandelate was also studied in dichloromethane–methanol (97:3) and acetonitrile–

water (97.5:2.5), respectively. Based on the fluorescence enhancement and stability constant 

values obtained, however, no enantiomeric recognition could be observed [3]. 

We studied the complexation properties of bis(azacrown ether) type ligand containing the 

acridinone unit and two monoaza-18-crown-6 ether receptors (65c) toward different metal 

ions (Li+, Na+, K+, Ag+, Mg2+, Ca2+, Zn2+, Cu2+, Pb2+, Cd2+) in methanol and acetonitrile [4]. 

Upon complexation with metal ions, spectral shifts were also observed besides the expected 

fluorescence intensity enhancement, which is untypical in the case of PET sensor molecules. 

This can be attributed to the ability of chemosensor 65c to form two types of complex having 

1:1 and 1:2 metal ion to ligand ratios with 

different emission spectra. The spectrum of the 

1:2 complex is similar to the spectra of 

mono(azacrown ether) analogue 31c and its 

complexed form. The spectral difference of the 

1:1 and 1:2 complexes can be explained by 

that the acridinone unit undergoes structural 

changes in the 1:1 complex, which is assumed 

to be a sandwich type one. The latter changes 

can be attributed to the acridinone–9-

hydroxyacridine tautomerism or the deprotonation of the acridinone NH. Since the absorption 

spectrum was unchanged upon complexation (with the exception of Ag+ in methanol), these 

structural changes could take place only in the excited singlet state. The presence of the 1:2 

stoichiometric complex besides the 1:1 one during the titration experiments was much more 

pronounced in acetonitrile than methanol. Ligand 65c formed stronger complexes with the 

metal ions examined than its mono(azacrown ether) analogue 31c. In the case of chemosensor 

65c, the possible formation of complexes with two types of stoichiometry and different 
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emission spectra made it difficult to compare the effects of metal ions. No sufficient 

selectivity among the metal ions examined could be observed [4]. 

The complexation properties of ligands (S,S)-76 and (S,S)-77 toward different metal ions 

(Li+, Na+, K+, Ag+, Mg2+, Ca2+, Zn2+, Cu2+, Pb2+, Cd2+, Hg2+, Fe3+) and NH4
+ were studied in 

acetonitrile and compared to those of the reported achiral analogue 29. In the case of the 

latter, we extended our investigations to the metal ions listed above also [2]. The ligands 

showed fluorescence enhancement upon complexation with a blue-shift of their absorption 

and emission spectra, which is typical for ICT type sensor molecules. In the case of all the 

three ligands, Ca2+ and Pb2+ ions caused the most significant effects, even one equivalent of 

the latter ions induced more than a 10-fold fluorescence intensity enhancement as well as a 

blue-shift of both the absorption and the emission bands by about 20–30 nm. Chemosensor 

(S,S)-77 showed the best selectivity toward Ca2+ and Pb2+ forming complexes of 2:1 ligand to 

metal ion ratios with the latter ions (log β2:1=11,92 and 14,61, respectively). We revealed that 

the presence of isobutyl groups in the latter ligand has a significant influence on the 

complexation properties compared to the achiral analogue 29 by causing conformational 

changes in the crown ether.  The complex formation of ligands (S,S)-76 and (S,S)-77 with the 

enantiomers of α-phenylethylammonium perchlorate (PEA) and α-(1-naphthyl)-

ethylammonium perchlorate (NEA) was also studied in dichloromethane–methanol (99:1). 

Crown ether (S,S)-77 showed moderate enantioselectivity toward the enantiomers of α-

phenylethylammonium perchlorate (PEA) (log β1:1(R)=4,23 and log β1:1(S)=4,09) [2].  

In our opinion, the low enantioselectivity or the lack of it may be attributed to the 

relatively high flexibility of ligands (S,S)-35, (S,S)-36, (S,S)-76 and (S,S)-77 [2, 3].  
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5. THESES 

1. Thirteen new mono- and bis(azacrown ether) based chemosensors, among them seven 

achiral and six chiral ones, containing an acridinone or an N-methylacridinone or a 

BODIPY fluorescent signalling unit were prepared. [2–4]  

2. As precursors for the latter ligands, nine new acridinone and acridine derivatives were 

synthesized, among them two electrophile and two nucleophile reagents which may be 

useful as fluorescent signalling units for constructing chemosensors in general. [3, 4]  

3. Based on single-crystal X-ray analysis, it was proved that the 2-[(2-

carboxyphenyl)amino]isophtalic acid forms a 2:1:1 inclusion complex with ethyl methyl 

ketone and ethyl acetate. [1] 

4. We worked out a synthetic route of six steps starting from the reported optically active 

tetraethylene glycols for the preparation of enantiopure azacrown ethers containing 

methyl and isobutyl groups at their chiral centers, respectively, which served as receptor 

parts of the chiral ligands containing the acridinone or the N-methyacridinone or the 

BODIPY unit [2].  

5. The fluorescence quantum yields of mono(azacrown ether) type ligands containing the 

acridinone unit show a strong solvent dependence. It was found that the reason for this is 

the presence of a strong intramolecular H-bond formed between the acridinone NH pro-

ton and the nitrogen atom of the crown ether inhibiting the quenching (PET) process, the 

strength of which depends on the type of solvent. [3] 

6. We proved that the achiral and chiral mono(azacrown ether) type ligands studied 

containing the acridinone or the N-methylacridinone unit behave as PET type sensor 

molecules, since they show significant fluorescence intensity enhancement in the 

presence of cations without other considerable spectral changes. The ligand containing 

the acridinone unit and isobutyl groups in the crown ether ring shows the best selectiviy 

toward Cu2+. Its N-methyl analogue has good selectivity toward Cu2+ and Pb2+. [3] 

7. We found that the bis(azacrown ether) type ligand containing the acridinone unit and two 

monoaza-18-crown-6 ether receptors shows fluorescence enhancement upon 

complexation with metal ions and it is able to form two types of complex with 1:1 and 

1:2 ligand to metal ion ratios and different emission spectra. [4] 

8. It was found that BODIPY linked fluorescent achiral and chiral azacrown ethers showed 

significant fluorescence enhancement and a blue-shift in their absorption and emission 

spectra in the presence of different metal ions, especially in the case of Ca2+ and Pb2+, 

showing an ICT type behaviour. The ligand containing isobutyl groups in the crown ether 

ring shows the best selectivity toward Ca2+ and Pb2+. We revealed that the presence of 
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isobutyl groups has a significant influence on the complexation properties compared to 

the achiral analogue. We found that the latter ligand shows moderate enantioselectivity 

toward the enantiomers of α-phenylethylammonium perchlorate. [2] 

6. POSSIBLE APPLICATIONS 

Ligands (S,S)-35, (S,S)-36 and (S,S)-77 having a considerable selectivity toward Cu2+, 

Cu2+ and Pb2+, Ca2+ and Pb2+, respectively, may be good candidates for incorporating them 

into optode membranes with the aim of developing optical sensors. It is also advantageous 

that the isobutyl groups in the crown ether ring enhance the lipophilicity of the ligands, 

thereby decreasing the risk of their leaching from the membrane. 
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