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Design and Synthesis of Calixarenes: nomenclature 



Design and Synthesis of Calixarenes: conformations 

Gutsche, C. D. et al., J. Am. Chem. Soc., 1985, 107, 6052 



Design and Synthesis of Calixarenes: conformations 
Gutsche, C. D. et al., J. Am. Chem. Soc., 1985, 107, 6052 



Design and Synthesis of Calixarenes: conformations 

Lee et al., Tetrahedron Lett., 2006, 47, 4373 Cone 1,3-alternate 

Substituents in lower and upper rims 

(i) K2CO3, NaI, CH3CN, N2 

Cone 1,3-alternate 



Design and Synthesis of Calixarenes: conformations 

Arena et al., Tetrahedron Lett., 1997, 38, 1999 

Kim et al., Inorg. Chem., 2005, 44, 1846 

Cone 

1,3-alternate 

Reaction conditions 



Calixarenes: Applications  

-  Biologic applications (therapeutic and vectorization) See next lecture  
-  Environmental applications (nuclear wastes) 

See lecture on environmental application 

-  Molecular recognition 



Calixarenes: Molecular recognition 
Baldini et al., Calixarenes in Molecular Recognition 



Calixarenes: Molecular recognition 
Baldini et al., Calixarenes in Molecular Recognition 

Reinaud et al., Chem. Soc. Rev., 2015, 44, 467  



Calixarenes: Molecular recognition, an example 

Reinaud et al., J. Am. Chem. Soc., 2000, 122, 6183  



Reinaud et al., J. Am. Chem. Soc., 2000, 122, 6183  

Calixarenes: Molecular recognition, an example 

(i)  The tris(imidazole) donor set that wraps the metal 
center, thereby capping the cone of the 
calix[6]arene, 

(ii)  The neutral environment that exacerbates the 
acidic character of Zn2+, 

(iii)  The hydrophobic calixarene cavity, which controls 
the exchange processes at the metal center, and 

(iv)  The presence of hydrogen- bond acceptors that 
can stabilize an acidic guest.  



Dendrimers: History 

Introduced in 1985 by D. A. Tomalia and G. R. Newkome  

Dendrimers are globular, size monodisperse macromolecules in 
which all bonds emerge radially from a central focal point or core 
with a regular branching pattern and with repeat units that each 
contribute a branch point. 

The first inspiration for synthesizing such molecular 
level treelike structures evolved from a lifetime hobby 
enjoyed by Donald Tomalia 

Concept of repetitive Grow with branching was 
reported in 1978 by Buhleier 



Dendrimers: History 

Najwade et al., European Journal of Pharmaceutical Sciences, 
2009, 38, 185 

(polyamidoamine)	
  



Dendrimers: Synthesis 

In divergent synthesis, the dendrimer 
molecule grows outwards from the core. 
The first generation of the molecule is 
created through the reaction between the 
core molecule and molecules containing 
one reactive and two dormant groups. 
More branches are formed as reactions 
occur, eventually resulting in the 
formation of generations.  

The divergent method of 
synthesis is useful when 
creating large amounts of 
dendrimers. However, there 
are cons, which include side 
and incomplete reactions at 
end groups. To prevent these 
occurrences, a large excess of 
reagents is needed, which 
make purification of the final 
product much more difficult. 



Dendrimers: Synthesis 

The creation of convergent synthesis 
was a response to defects surrounding 
the divergent synthesis method. This 
method is the complete opposite of 
the divergent method, because it 
grows molecules from the outside 
inwards. Branches grow larger as they 
progress towards the core, and 
eventually attach themselves to the 
cen te r. Convergen t syn thes i s 
addresses many problems of divergent 
synthesis. For example, it is easy to 
purify the product, and there are 
minimal structural defects. However, 
it is not perfect, as high generation 
dendrimers cannot be formed. 



Dendrimers: Covalent dendrimers 
Unimolecular Micelle 

Fréchet, J. M. J. J. Controlled Release, 2000, 65, 121 



Dendrimers: Self Assembly  
Hydrogen bond mediated Self-Assembly 

Fréchet 

Zimmerman, PNAS, 2001 



Dendrimers: Self Assembly  
Metal Complexation Mediated Self-Assembly 

Newkome, J.	
  Chem.	
  Soc.,	
  
Chem.	
  Commun.	
  1993,	
  925	
  	
  



Dendrimers: Self Assembly  
Metal Complexation Mediated Self-Assembly 

Astruc, Angew.	
  Chem.,	
  Int.	
  Ed.	
  Engl.	
  
1993,	
  32,	
  1075.	
  	
  



Dendrimers: Self Assembly  
Metal Complexation Mediated Self-Assembly 

Balzani, Gazz.	
  Chim.	
  Ital.	
  1994,	
  124,	
  
423	
  	
  



Dendrimers: Self Assembly  
Metal Complexation Mediated Self-Assembly 



Dendrimers: Self Organization  

Chem Eur J 2000, 6, 1258 
Angew. Chem. Int. Ed. 2000, l39,1598 
J. Am. Chem. Soc. 2000, 122, 4249 
J. Am. Chem. Soc. 2000, 122, 1684 
J Am Chem Soc 2000, 122, 10273 

Percec 



Dendrimers: Self Organization  
Monolayers for the formation of nanorods 

Müllen K, Chem. Commun, 2000, 1169 



Dendrimers: Self Organization  

Percec, Nature, 2002 



Dendrimers: Host-Guest Chemistry 

Oligoethyleneoxy-functionalized PPI 
Dendrimer with Rose Bengal

Dendrimer Containing Electron-Acceptor 
Viologen Units with Eosin 

Cheng, Chem. Rev., 2012, 112, 3856  



Dendrimers: Host-Guest Chemistry 

Octacationic Dendrimer with 
Pd(II) Complex 



Dendrimers and calixarenes 

Cheriaa N, Abidi R, Vicens J. Calixarene-
based dendrimers. Second generation of a 
calix[4]-dendrimer with a ‘tren’ as core. 
Tetrahedron Lett 2005;46:1533e6. 



Other examples: 



Cyclodextrines 



Cyclodextrines 

Chu et al., Acc. Chem. Res. 2014, 47, 2017 



Cyclodextrines: self assembly and gold isolation 

Fraser Stoddart, Nature Commun., 2013 



Fraser Stoddart, Nature Commun., 2013 

Cyclodextrines: self assembly and gold isolation 



Curcurbituril 



Curcurbituril 



Curcurbituril 



Cyclophanes Ramaiah et al., Chem. Soc. Rev., 2010, 39, 4158 



Cyclophanes: molecular recognition D. Ramaiah, Org. Lett., 2005, 7, 5765 


