Supramolecular Chemistry--The Next Big Thing
We've been studying macromolecules for almost one year now.  Having finally gained acceptance, are they the wave of the future?  Maybe not.  

Staudinger:  primacy of covalent bonds--lots of 'em in one molecule.

Can lead to large molecules, but how about elegant molecules?

Dendrimers, but….

· Imperfections

· Slow 

· Precious
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7th-generation PAMAM

Since it is a LONG way from the tiny molecules of normal organic chemistry to anything tangible or useful, the question arises:  How can we make large, useful, functional and elegant structures without all the work?
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Learn from the master:  How does nature do it?  (Example of virus)
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[image: image2.jpg]An ear of corn has about as many kemnels as TMV
has protein subunits (ca. 2130). The protein
subunits enfold a spiral-wound strand of RNA which
will encode the next generation. TMV is more
extended than a corncob.




In this lecture, we focus on noncovalent assembly of synthetic molecules into (fairly) large, interesting structures.  We are following the articles on self-assembly by Stang and coworkers, who are molecular artists. 

The photos below were taken from recent articles by Stang; see, for example:  

· Chemical Reviews 100(3), 853-907 (2000).

· Nature 398 (April 29), 796-799 (1999).

· PNAS 97 (4), 1380-1384 (2000).  

They are protected by copyright.  
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[image: image3.png]Fig. 1. Molecular polyhedra by combination of tritopic and ditopic subunits.





Potential applications of supramolecules:

This area, like cave art, has its origins in aesthetics.  But very little separates the beautiful from the practical:  if you can draw a deer, you can also draw a map to the deer!  Here are some potential applications of these beautiful structures.  
· Recognition

· Catalysis

· Molecular Traps

· Synthetic antigens

Feynman (1959):  "I can hardly doubt that when we have some control of the arrangement of things on a small scale we will get an enormously greater range of possible properties that substances can have."  From the talk "There's Plenty of Room at the Bottom", APS, December 29, 1959.  

This quote closes one of Stang's articles.  He is evidently no average organic chemist--but also a reader of Feynman.  

How do we know?  
Everybody just accepts that the structures are as advertised, but is it really true?  We are so accustomed to knowing chemical formulae and structures exactly that we almost don't ask anymore.  In this case, one should ask because it's not so easy to determine if the advertised structure is realistic.  Here are some of the tools one might contemplate and the problems.  

· Membrane & vapor phase osmometry--but sensitivity issues

· TEM--but "is it real" issues

· MS--but complex fragmentation patterns

· PFGNMR, DLS, ETC--OK, but not M

What to do.  

Analytical Ultracentrifugation!
See:  

Self- and Directed Assembly of Hexaruthenium Macrocycles
George R. Newkome, Tae Joon Cho, Charles N. Moorefield, Gregory R. Baker, Randy Cush, Paul S. Russo

Angewandte Chemie International Edition
Volume 38, Issue 24, 1999, pp. 3717-3721
Abstract PDF Full Text (Size: 139K) 
 http://www3.interscience.wiley.com/cgi-bin/fulltext?ID=68502259&PLACEBO=IE.pdf
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Tobacco mosaic virus.  Length is about 300 nm and with about 18 nm.  Like a corncob, each TMV contains many "kernels" of proteins that are not covalently attached, but sself-assembled around a central RNA that spirals through the middle of the TMV.  





Simple, rigid chemicals are connected by the transition metal atoms' -- coordinate or ionic bonds, not covalent bonds.  Stang's website shows some molecules with very high mass--e.g., 40,000 g/mol.  





Filling in the blanks--space filling drawing of a supramolecule.  





Stang seems focused on Platonic and Archimedian polyhedral shapes.  In the former, example at top left, equal faces are assembled into a 3D structure.  In the latter, two different faces may be used.  The truncated Tetrahedron is derived from a tetrahedron by slicing off the points.  





Some of the shapes that one can contemplate and, evidently, construct.
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