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1. Introduction 

Supramolecular chemistry plays an important role in several fields. This part of 

science includes macrocyclic chemistry, with crown ethers as a major aspect of it.  

Crown ethers are used widely, for example, as sensor and selector molecules or phase 

transfer catalysts. The principle of the operation of these macrocycles is molecular 

recognition, in which case a host molecule (crown ether) selects a guest molecule from 

the surrounding media (or the surrounding molecules), forming a complex stabilized by 

secondary binding forces. We call this a “host–guest” relationship. 

I began to study the area of macrocycles at the Department of Organic Chemistry 

and Technology of Budapest University of Technology and Economics under the 

supervision of Dr. Péter Bakó. I started my PhD studies in the same Department when I 

joined the research group of Prof. Dr. Péter Huszthy in 2012 in the field of crown 

ethers containing a phosphorus atom.  

During my research work I dealt with the synthesis of achiral and enantiopure, 

lipophilic crown ethers containing a diarylphosphinic acid unit, including the 

preparation of their precursors. I thoroughly investigated the transport ability of the 

synthesized macrocycles. The substituent dependent pKa value analysis of the achiral 

macrocycles was also performed. In my research work I also carried out the synthesis 

of crown ethers containing a trivalent phosphorus atom, using the diarylphosphinic 

ester – phosphanone transformation as the key. These macrocycles – obtained after the 

reduction procedure described in the dissertation – are potential ligands in asymmetric 

homogenous catalytic reactions.  

2. Literature 

Supramolecular chemistry became an important area of research, in which D. J. 

Cram, J. M. Lehn and C. J. Pedersen were the main pioneers. As was mentioned 

earlier, its base is molecular recognition, by whose action the forming complex is 

stabilized by intermolecular secondary binding forces, such as hydrogen bonding, π–π 

interaction, electrostatic attraction, ion–dipole interaction and van der Waals forces. 

This phenomenon had been regarded for a long time as unique to Nature. The 
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antibody–antigen relation, the ion channels in human body, the receptor–hormone 

interaction, or the formation of the DNA double helix are well-known examples.
1
 C. J. 

Pedersen was the first researcher who made it possible to examine the molecular 

recognition of synthetic hosts. He synthesized the first crown ether accidentally 

(dibenzo-18-crown-6 ether) and he also recognized that this kind of macrocycle had 

unusual complexing ability.
2
 

The proton-ionizable crown ethers form an important group among the 

macrocycles. The special characteristic of these molecules is, that after ionization, an 

electrostatic attraction is also established, besides the ion – dipole interaction, which 

enhances selectivity. The literature is rich in examples regarding the synthesis and 

utilization of proton-ionizable macrocycles. These crown ethers can be divided into two 

groups depending on where the proton-ionizable part is located: as a part of the 

macroring or on a side chain.  

Phosphorus atoms can be found in various chemical environments. Inorganic 

and organic phosphorus compounds have been investigated for a relatively long time. 

Because of this it is not surprising that we can find several examples involving 

phosphorus atoms in macrocyclic chemistry. The target of many researchers is to 

synthesize such molecules, where the phosphorus atom has a coordinative role as a 

phosphane derivative and other cases where it appears in the heterocycles as a 

phosphate or phosphoric acid function. 

Studies on the synthesis and properties of crown ethers containing a dialkyl 

hydrogenphosphate or diarylphosphinic moiety was the background of my research 

work.
3,4,5 

The proton-ionizable crown ethers synthesized during my research work can be 

used for studies of the transport of different cations. The term “transport” means when 

                                                 

1
 Lehn, J. M. Supramolecular Chemistry; Wiley-VCH: Weinheim, 1995. 

2
 Pedersen, C. J. Journal of the American Chemical Society 1967, 89, 2495. 

3
 Bradshaw, J. S.; Huszthy, P.; Izatt, R. M. Journal of Heterocyclic Chemistry 1986, 23, 1673. 

4
 Kovács, I.; Huszthy, P.; Bertha, F.; Sziebert, D. Tetrahedron: Asymmetry 2006, 17, 2538. 

5
 Huszthy, P.; Farkas, V.; Tóth, T.; Székely, G.; Hollósi, M. Tetrahedron 2008, 64, 10107. 
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some compound is transferred from a given medium to another, through a membrane. 

One of the modes of making this process possible is using transporter ligands. Such 

examples can be found in Nature, like the transport of sodium or potassium ions in cells 

and many other carrier-facilitated transports in the human body. Much research is 

directed to the study of these processes and the scientists have been working on 

artificial transport systems and the synthesis of transporting ligands for a long time. 

By the transformation of the phosphinic acid or alkyl phosphinate functional 

groups, we can obtain pentavalent phosphanone and trivalent phosphane compounds. 

Trivalent phosphanes have been important tools for organic chemical investigations, as 

they have good and diverse complex formation abilities. Their coordination with 

different metals is especially important, thus they are widely used as catalyst precursors 

in homogenous catalytic reactions such as hydrogenation. Although the phosphane 

ligands are extensively examined compounds, there are just a few examples in the 

literature of crown ethers containing a trivalent phosphorus atom, and this is attributed 

to synthetic difficulties.
6
 

3. Experimental methods 

During the synthetic work preparative organic chemical methods were used. 

The reactions were monitored by TLC. The crude products were purified by column 

chromatography, flash chromatography, PLC, recrystallization or trituration. The 

products were analyzed by TLC, melting points, optical rotations or HPLC. The 

structures of the products were determined by spectroscopic methods (IR, 
1
H, 

13
C and 

31
P NMR, MS, HRMS) and elemental analyses. The transport experiments were carried 

out using an earlier reported method and the results were analyzed by weight 

measurement, optical rotations, GC and HPLC.  

4. Results 

4.1 Synthesis of new proton-ionizable crown ethers 

The aim of my PhD research was the synthesis of enantiopure, lipophilic crown 

ethers containing a diarylphosphininc acid unit, and the examination of the possibility 

of using them as transporting ligands [1–4]. In the case of transports controlled by the 

                                                 

6
 Van Zon, A.; Torny, G. J.; Frijns, J. H. G. Recl Trav Chim Pays-Bas 1983, 102, 326. 
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pH of the media, the pKa value of the carrier molecules is a very important factor. 

Keeping this in mind we decided to synthesize the parent achiral crown ethers as well. 

As they are less lipophilic, their pKa values can be determined more precisely. In these 

experiments the substitution of the aromatic rings was widely varied. During the pKa 

determination we faced an anomaly, which we have solved by synthetic and 

computational chemistry methods [5, 6]. 

The possibility of the transformation of the phosphorus center in the proton-

ionizable crown ethers to a trivalent derivative was examined. A method was developed 

for the synthesis of crown ethers containing a triphenylphosphane moiety [3, 7, 8]. 

Besides the new enantiopure macrocycles (S,S)-160 – (R,R)-164, we have 

synthesized the achiral ones 154 – 159, and we also prepared the reported crown ether 

74 (Figure 1.) with a better yield by modifying the synthesis. After analyzing the pKa 

values of the achiral crown ethers, the anomaly was solved, and the serious effect of the 

secondary intramolecular interactions in the macrocycles was discovered [5, 6]. 

 

Figure 1. Proton-ionizable crown ethers containing a diarylphosphinic acid unit 

The starting material for the synthesis of the chiral compounds was the 

commercially available rac-1,2-epoxidodecane. Each enantiomer of the dodecanediol 

derivative [(R)- and (S)-128] was obtained with high enantiomeric purity using a 

hydrolytic kinetic resolution method
7
 (HKR), then they were successfully transformed 

                                                 

7
 Schaus, S. E.; Brandes, B. D.; Larrow, J. F.; Tokunaga, M.; Hansen, K. B.; Gould, A. E.; 

Furrow, M. E.; Jacobsen, E. N. Journal of the American Chemical Society 2002, 124, 1307. 
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to the desired oligoethylene glycols keeping the chiral centers intact and we finally 

obtained the ethyl diarylphosphinates (S,S)-143 – (R,R)-153 (Scheme 1.). During the 

ester hydrolyses the previously reported aqueous HCl – dioxane method was used 

because of the sensitivity of some derivatives, but in most cases the basic hydrolysis 

developed by us was applied, which is faster and gives the products with higher yields 

[1–4]. 

 

Scheme 1. Synthesis of the enantiopure crown ethers 

4.2 Transport studies 

A suitable method was developed for the study of the transport ability of the 

enantiopure lipophilic crown ethers. The transport of several metals and achiral and 

chiral ammonium ions was investigated in the transport apparatus shown in Figure 2.  
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Figure 2. The transport apparatus  

(a – source phase, b – receiving phase, c – lipophilic membrane, d – magnetic stirring 

bar) 

According to the results, the lipophilic proton-ionizable crown ethers transport 

the ammonium ions much faster than the metal ions. In the case of the investigated 

chiral ammonium ions, a low degree of enantiomer selectivity was observed. The effect 

of the conditions on the transport was examined thoroughly, such as: the effect of time, 

temperature, membrane, the source or the receiving phase, and the substituents on the 

carrier. In the case of the enantiomer selective transports, the homochiral complex 

formation was preferred for the two investigated protonated chiral amines. The 

existence of the pH gradient driven transport was demonstrated and the total amount of 

one of the model compounds was carried from the source phase to the receiving phase. 

The kinetics of the process followed a saturation-like curve (Figure 3.) [1–4]. 

 

Figure 3. Time dependence of the transport of protonated benzyl amine 
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4.3 Synthesis of crown ethers containing a triphenylphosphane unit 

The triphenylphosphane or triphenylphosphanone unit was incorporated into the 

macroring. There was only one example in the literature of this type of crown ether, 

this being attributed to the synthetic difficulties. A procedure was successfully adopted
8
 

for the incorporation of a phenyl group via a phosphinyl chloride starting from an ethyl 

phosphinate unit. The procedure gave phosphanones 169, (R,R)-170, (S,S)-174 and 

(S,S)-175 with good yields. Triphenylphosphanone – triphenylphosphane 

transformation was used as a model reaction for the development of the reduction of 

pentavalent phosphanones. Trimethoxy or triethoxy silane without any additives had 

not been used for this kind of reduction according to the literature. After successful 

model reactions, the procedure was also applied efficiently in the case of the crown 

ethers, giving the phosphanes [117, (R,R)-180, (S,S)-181 and (S,S)-182] with good 

yields (Scheme 2.) [3, 7, 8].  

 

Scheme 2. The synthesis of crown ethers containing a triphenylphosphanone or a 

triphenylphosphane unit 

 

 

                                                 

8
 Keglevich, G.; Kovács, A.; Tőke, L.; Újszászy, K.; Argay, G.; Czugler, M.; Kálmán, A. 

Heteroatom Chemistry 1993, 4, 329. 
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5. Theses 

1. Nine new enantiopure lipophilic crown ethers containing an ethyl 

diarylphosphinate unit and seven new enantiopure lipophilic crown ethers 

containing a diarylphosphinic acid unit were synthesized.[1–4] 

2. A new efficient method was developed for the basic hydrolysis of crown ethers 

containing an ethyl diarylphosphinate unit as well as crown ethers containing a 

diarylphosphinic acid unit. [1–4] 

3. Six new achiral crown ethers containing an ethyl diarylphosphinate unit and six 

new achiral crown ethers containing a diarylphosphinic acid unit were 

synthesized. It was shown using model compounds, that the pKa values of the 

crown ethers containing a diarylphosphinic acid unit are significantly influenced 

by the macroring of the crown ether and the substituents of the aromatic rings. 

[3,5,6] 

4. The occurrence of the enantiomer-selective active transport of chiral amines 

assisted by enantiopure lipophilic crown ethers containing a diarylphosphinic 

acid unit in an aqueous source phase (lipophilic liquid membrane – aqueous 

receiving phase) system was shown, which had not been reported in the 

literature before, although the obtained enantiomer-selectivity was rather low in 

the case of the investigated amines. [2,3] 

5. It was shown that the lipophilic proton-ionizable crown ethers transport the 

protonated amines faster than the metal ions. [1,3,4] 

6. The synthesis of three new crown ethers containing a triphenylphosphanone and 

three new crown ethers containing a triphenylphosphane unit was performed. 

[3,7,8] 

7. A new and simple method was developed for the reduction of phosphanones to 

phosphanes using trialkoxy silanes. [3,7,8] 

6. Possible applications 

The synthesized lipophilic enantiopure proton-ionizable crown ethers can be 

used for the selective transport of several guest molecules. With the developed method 

new macrocycles having similar structures can be synthesized, which could have better 
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transport abilities than the known ones.  

The newly synthesized crown ethers containing a triphenylphosphane unit could 

be used as catalysts in homogenous catalytic transformations. There are preliminary 

studies in progress. 
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