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Research Summary
Organic Chemistry

The ability to synthesize molecules is of fundamental importance and at the core of advances in 
every technological field. We seek to advance the synthetic art and to solve chemical problems in 
areas such as materials science and biology. Current focus areas include:

Engineering organic crystals. Non-covalent interactions are of universal importance in chemistry, 
materials science, and biology. Using a family of piperazinedione-containing molecules, we have 
demonstrated that the three-dimensional order of an organic crystal can be controlled by 
incorporation of three linearly independent molecular recognition elements (Figure 1). In this way 
we have produced bulk materials that exhibit liquid crystal properties (e.g., compound 1) or non-
linear optical properties (e.g., compound 2). We are currently examining the effects of alterations 
of the arene substitution pattern on crystal packing and bulk properties. 

Figure 1. Design of a piperazinedione for liquid crystal applications.
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Development of Multivalent Constructs. We are developing scaffolds for the display of multiple 
ligands, imaging agents, and/or pro-drug moieties which may find applications in cancer imaging, 
diagnosis, and therapy. Scaffolds of current interest include terpene-derived scaffold 3 and 
sucrose-derived scaffold 4.  
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