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Molecular Grids: (2 x 2) grids 



Molecular Grids: (3 x 3) grids 
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Molecular Grids: (4 x 4) grids 
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Molecular Grids: (5 x 5) grids 
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Molecular Grids: Self assemblies and mixtures 
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Molecular Grids: Magnetism 



Molecular Grids: Spin States 
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Molecular Grids: Redox 
C-4 

D-4 



Molecular Grids: Optical properties  
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Rotaxanes and Catenanes 
Interlocking of Molecular Threads 

(2)-Catenane 

Sauvage, Chem. Rev., 1987 

B is a topological isomers of A and B 

If the rings are directed, chiral catenanes 



Rotaxanes and Catenanes 

Sauvage, Chem. Rev., 1987 

In other words, the beauty of some molecules might be independent of shape and rest only 
in its topological properties. We find this especially true for interlocked rings and knots. 



Catenanes: synthesis 
Synthesis of Catenanes by Statistical Threading 

A molecular thread A-B, functionalized on both ends, may enter into a macrocycle of 
adequate size: subsequent cyclization of A-B leads necessarily to two interlocked rings. 
But since the probability that cyclization occurs while the linear molecule a A-B is 
threaded through the macrocycle is very small, one can only expect poor yields in this 
kind of synthesis. 

Sauvage, Chem. Rev., 1987 

The rotaxane 5, obtained with 18.5% yield by statistical threading of a "crown" 
polyether by poly(ethy1ene glycol) 400, leads to the catenane 6 after cyclization 
in high-dilution conditions (14% yield). 

Agam,G.; Graiver,D.; Zilkha,A. J.Am.Chem.Soc.1976, 98, 5206. 



Catenanes: synthesis 
Möbius Strip Approach 

This approach, already considered by Wasserman and Schill is based on a ladder-shaped molecule in 
which the ends are able to twist prior to bimacrocyclization.  

Walba, D. M.; Richards, R. M.; Haltiwanger, R. C. J. Am. Chem. 
Soc. 1982, 104, 3219. 

The statistical probability that the ends of a molecular ladder twist twice before cyclization, 
leading thus to the required single- full-twisted Mobius strip, remains quite small. 



Schill-Lüttringhaus Synthesis Directed Catenane (1964) 
Catenanes: synthesis 

Schill, G.; Luttringhaus, A. Angew. Chem. 
1964, 76, 567. 

Schill, G.; Zollenkopf, H. Liebigs Ann. 
Chem. 1969, 721, 53 

Whatever the precursor used, 17 or 22, the pathways followed 
in the above-described syntheses ensure the formation of 
interlocked rings. Nevertheless, because of the numerous steps 
involved, large-scale preparation of catenanes via the Schill-
Luttringhaus strategy remains a highly difficult task. 



Template Synthesis 
Catenanes: synthesis 

Sauvage, Chem. Rev., 1987 



Template Synthesis 
Catenanes: synthesis 



Template Synthesis 
Catenanes: synthesis 

Strategy B 

Strategy A 



Template Synthesis 
Catenanes: synthesis 
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Catenanes: Molecular Knot 
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Catenanes: Molecular Knot 
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Catenanes: Molecular Knot 
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Catenanes: Molecular Knot 
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Catenanes: Molecular Knot 



Catenanes 



Molecular Machines: Controlling movement 



Molecular Machines: Examples 

Propeller 

Gear 

Turnstile 



Molecular Machines: Controlling rotation 

Takeuchi, M.; Imada, I.; Shinkai, S, Angew. Chem., Int. Ed. 1998, 37, 2096 

Wang, X. B.; Dai, B.; Woo, H. K.; Wang, L. S. Angew. Chem., Int. Ed. 2005, 44, 6022 



Qu, D.-H.; Feringa, B. L. Angew. Chem., Int. Ed. 2010, 49, 1107− 1110. 

Molecular Machines: Controlling movement 



Okuno, E.; Hiraoka, S.; Shionoya, M. A, Dalton Trans. 2010, 39, 4107−4116. 

Molecular Machines: Controlling movement, a molecular crank 



Molecular Machines: Molecular Gate 

Nguyen, T. D.; Tseng, H.-R.; Celestre, P. C.; Flood, A. H.; Liu, Y.; Stoddart, J. 
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Molecular Machines: A Molecular Elevator 

Badjic, J. D.; Balzani, V.; Credi, A.; Silvi, S.; Stoddart, J. F., Science 2004, 303, 1845. 



Molecular Machines: Molecular Valves 

A light-actuated nanovalve based on a mechanosensitive 
channel protein modified with spiropyran photoswitches. 
When ultraviolet light is shone on the protein, the molecular 
switch is converted from its neutral, hydrophobic, form to a 
charged polar form. The change in hydrophobicity in the 
channel results in the channel opening. Visible light reverses 
the process and closes the channel again. 
B. Photochemical allosteric control of a glutamate- sensitive 
protein channel based on the azobenzene molecular switch. In 
this example, the switching unit is not incorporated in the 
channel itself but instead is located on the outside of the 
channel protein. When light is shone on the azobenzene 
switch, the glutamate is brought into contact with a receptor 
site on the outside of the protein. The binding of glutamate to 
this site results in opening of the protein valve. Again, the 
process is reversed by shining light of a different colour on the 
protein, which moves the glutamate away from the control 
site. 

Koçer, A., Walko, M., Meijberg, W. & Feringa B. L. Science, 2005, 309, 75 
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Molecular Machines: Triggering Catalysts 

Blanco, V.; Carlone, A.; Hanni, K. D.; Leigh, D. A.; Lewandowski, B. 
Angew. Chem., Int. Ed. 2012, 51, 5166 













Molecular Machines: Toward Artificial Muscles 
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Molecular Machines: Toward Artificial Muscles 


