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ABSTRACTS 
These descriptions are meant to serve as succinct, accurate descriptions of the proposed work when separated from the rest of the application. 
The project objective and technical abstract are used to select reviewers. Do not include proprietary information. The non-technical abstract will be 
used for public information or program promotion, only if funded. Use only single-spaced text; project objective and two abstracts combined 
are limited to one page total.  
 
PROJECT OBJECTIVE: (Provide a 1-2 sentence, non-technical description of the project’s overall objectives and key milestones.)     
 

TECHNICAL ABSTRACT: (State the application’s broad, long-term objectives and specific aims for expert reviewers)  

 

NON-TECHNICAL ABSTRACT: (State in layman's terms the application’s broad, long-term objectives and specific aims, making reference 
to the potential public benefits of the project.)         
 
Project Objective: This project aims to continue development of new catalysts that can be customized to 
assist the faster, cheaper, and safer manufacture of important drugs. Catalyst development will entail the 
design and preparation of molecular scaffolds to hold pairs of metal ions so they may cooperate in the 
strategic delivery of hydrogen to pre-drug molecules to produce challenging products.  
 
Technical Abstract: Selective and enatioselective catalytic transfer hydrogenation of ketones and 
alkenes has great potential for pharmaceutical synthesis particularly in the generation of valuable chiral 
intermediates. The limited success of the Noyori catalyst justified considerable effort to generalize its 
application, but the non-covalent catalyst-substrate interactions that determine the geometry of its outer-
sphere hydrogen transfer have frustrated its practical application. The Kelson group has developed two 
families of inner-sphere transfer hydrogenation catalysts that require substrate coordination which should 
clarify the connection between design and selectivity. Surprisingly, both catalyst families self assemble 
into fragile dimeric intermediates that appear to utilize mixed valence states to achieve the observed 
chemistry. The goal of the proposed work is to prepare scaffold ligands that support the dimeric 
structures, improve catalytic activity and longevity, facilitate direct study of the catalytic species, and 
compare the reactivities of the various ligands in order to inform the basis for designed selectivity. The 
specific aims of this work are:  

• Preparation and characterization of polypyridyl ligands that support the dimeric structures that appear 
responsible for activity in the original ruthenium catalysts. Synthesis will depend on pyridyl coupling 
methodologies developed in the Kelson group.  

• Assembly and characterization of biruthenium complexes of the new ligands. The structural stability 
designed into the new ligands should facilitate isolation and full characterization of these novel 
species.  

• Confirmation of the intended catalytic activity of the new biruthenium complexes. Activity toward 
standard substrates will be surveyed by GC, and catalytic intermediates will be confirmed by ESI-
MS/MSMS of catalytic solutions.  

• Survey and optimization of enantioselectivity of catalysts with chiral versions of the scaffold ligands. 
Straightforward variation of chiral groups will allow design-to-selectivity connections to be explored.  

 
Non-Technical Abstract: Catalysts have promise for improving the manufacture of important drugs and 
are key to their faster, cheaper and safer production. One crucial process in the preparation of many 
pharmaceuticals is a chemical reaction to make substances known as alcohols. The product alcohols can 
be formed as either (or both) of two mirror-image geometries which give rise to two different molecules 
that can exhibit very different pharmaceutical properties. While one of these mirror images is beneficial, the 
other could be a harmful source of undesirable side effects. The reactions that prepare the alcohols 
usually make both mirror-image species in about the same proportions which is undesirable, so catalysts 
are needed to strategically prepare only the desired mirror-image molecule which can eliminate unwanted 
drug side effects.  
 The long-term goal of the Kelson group is to develop catalysts that can selectively deliver only the 
desired product. This innovation would reduce costs, delays, and resins to drug product. In prior work, the 
Kelson group has developed two families of catalysts consisting of pairs of closely spaced ruthenium 
metal atoms supported by organic ligands that successfully carry out the preparation of alcohols in which 
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the desired mirror image molecule is the primary product formed. However, more work is needed to 
develop better catalysts that form the desired product more efficiently and do not break down as readily. 
To advance these new catalysts toward the long-term goal, the proposed work will pursue the following 
specific aims:  

• New supporting ligands will be prepared that will bind ruthenium ions spatially closer so the resulting 
ruthenium-ligand complex will be more stable and carry out the catalytic reaction in greater yield.  

• Ruthenium will be inserted into the new ligands and the resulting compounds will be confirmed.  
• The ruthenium-ligand complexes will be tested as catalysts to confirm that the new ligands improve 

activity and longevity.  
• A family of ligands will be prepared that are designed to carry out the catalysis reaction on specific 

sites in a broad range of ketone pre-drugs.  
 


