


 

 

KK+/KNa+ = 105 



Another important natural cation-binding process is the detection and bioaccumulation of the trace element FeIII. 
The majority of iron found in nature is ‘tied up’ within a number of enzymes and proteins that are involved either 
in iron storage or transport. FeIII is virtually insoluble under physiological conditions; the solubility of [Fe(H2O)6]3+ is 
10−18 M−1. For optimum growth to occur, microbes require iron concentrations in the micromolar range. When a 
cell becomes iron-deficient, the organism produces low-molecular-weight organic compounds, called siderophores 
(from the Greek, meaning ‘iron carriers’). The latter are a class of naturally occurring, low-molecular-weight 
compounds that are ferric-ion-specific chelating agents, utilised by many microbes. Siderophores are unique 
ligands that selectively bind FeIII Ka > 1030 M−1 and are able to transport the iron across the cell membrane. 
Many siderophores are three-armed podands that contain hydroxamates or catechol moieties which bind to the 
metal ion. Siderophore iron(III) complexes are high-spin and are highly thermodynamically stable. The iron(III) ion 
is totally enveloped by the catechol arms in a six-coordinate geometry, only the  enantiomer is recognized by cell 
receptors.  



PEDERSEN (Nobel 1987), mutlidentate ligands for vanadium and copper (Dupont, anni ‘60) 
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http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/pedersen.html
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[18]crown-6 Pentaetylenglicol dimeylether 
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OPTIMAL SPATIAL FIT or SIZE-MATCH 



 
[30]crown-10 



Thermodynamic selectivity: ratio of the binding constant for one guest over another: 

 

 H + G1  [HG1]  K1 

 H + G2  [HG2]  K2 

 

  selectivity =  

 

Needs to be calculated at equilibrium in the same conditions (Temperature! Solvent!) 

Size-match o optimal-fit 

K1 

K2 

Kinetic selectivity: preference of a host for the fastest transformation of a substrate 

over another (Michaelis-Menten model) 

-transport 

-catalysis 

-sensing and signaling   

 





SELECTIVITY 

 
Nature of the donor atoms  (O vs N similar VdW radius: hard/soft acid-base theory); 

 

Number and orientation of the donor atoms (more important for transition metal cations than for  alkaly, alkaly 

earth or REM); 

 

Electrostatic charge of the cation: for similar sizes a higher charge density correspond to a higher hydration 

energy  (cfr  Ca2+ vs Na+); 

 

Solvation energy of the Host and the Guest; 

 

Solvent– competition for donor atoms dipoles/dielectric constant/ hydrogen bonds/coordination ability; 

 

Nature of the counterion(s); 

 

Kinetic of Complexation. 



Aza-crown Tio-crown 
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LEHN (Nobel 1987), extension of monocyclic receptors to bicyclic ones  

                                 CORANDS  CRIPTANDS, 1960’s) 
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logK = 2.0 logK = 7.0 logK = 5.4

http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/lehn.html


SELECTIVITY 

 
Size-match o optimal-fit (progressively more important with with incresing degree of pre-organization: 

distance between the donor atoms dipoles and the guest. 



 

  

SPHERANDS - (p-METYLANISOL) 

CRAM (Nobel 1987) - preoganization 

http://nobelprize.org/nobel_prizes/chemistry/laureates/1987/cram.html
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Calix[n]arenes 

CICLOPHANES 



Calix[n]arenes 





   









 



 



 Calix-spherand                        Calix-crown 













• anions are large and require receptors of bigger size than cations - r(F) ≈ 

rK+ 
 

• large diversity of shapes and geometries (spherical, linear, trigonal, 

tetrahedral…) 

 
 

 

 

• high free energies of hydration 

 
 rG°hydr(F

) = 465 kJ.mol-1            rG°hydr(K
+) = 295 kJ.mol-1 

 

 

• anions are sensitive to pH (crucial for recognition on water) 
 

• anions are coordinatively saturated : only weak interactions (H bond,  

electrostatic,  Van der Waals), no strict coordination number 

 
• Lewis bases  





 

Cationic Hosts 

Schmidtchen 



 

Cationic receptors 

 

Zwitter-ionic receptors 

K(Br) = 1020  (H2O)                                                   K (Br ) = 2150 (H2O) 

 

Selectivity  

K(Br ) = 1020 K(I ) = 500 K(Cl) = 50   

 



Pascal 



 

Fabrizzi 



HPLC Separation of oligonuclotides of different 

lenght 

Sessler 



 

poliazamacrocycles 



 



 
pKa = 13.6 



 

Beer 

 



In acetone: Cl  Br  I 

ortho-substituted iodotetrafluroroarenes on to  

trimethylbenzene scaffold 

Taylor 



Berryman 



 







 

Extraction of aa’s with aromatic side chains (Phe, Trp) in CH2Cl2 



   







http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2003/ 

                  Peter Agre        Roderick MacKinnon 

 

The Nobel Prize in Chemistry 2003 was awarded "for 

discoveries concerning channels in cell membranes" jointly 

with one half to Peter Agre "for the discovery of water 

channels" and with one half to Roderick MacKinnon "for 

structural and mechanistic studies of ion channels“.   











 

Calix-tubes 


