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   Different from studies of pharmaceutical industries that should be productive, achademic medicinal chemistry studies 
should be theoretical, namely, science. From this viewpoint, we have worked on studies based on theoretical design 
of biologically active compounds. In addition, we have developed new reactions and synthetic methods, because “to 
synthesize compounds that we want to obtain”, excellent organic chemistry studies are essential for the medicinal 
chemistry. In this lecture, I would like to introduce our studies summarized below.

1. Three-dimensional diversity-oriented studies based on the structural feature of cyclopropane1)

   Efficient conformational restriction of structurally flexible bioactive compounds can improve the affinity and selectivity 
for the target biomolecule. Thus, we presented a strategy that is “design and synthesis of a series of the cyclopropane 
conformationally restricted analogues with three-dimensional structural diversity provides the analogue having the 
bioactive conformation, even if the structure of the target biomolecule is unknown”. In the strategy, the three structural 
features of cyclopropane, i.e., cis/trans  restriction, cyclopropylic strain, and bisected conformational preference are 
combinationally used. By the strategy, we have developed biologically active compounds for a wide variety of the 
target biomolecules, such as, NMDA receptor antagonists, histamine H3 receptor agonists and antagonists, BASE1 
inhibitors, proteasome inhibitors, resolvin E2 stable equivalents, and membrane permeable cyclic peptides. These results 
demonstrated that the strategy is generally effective for the identification of bioactive compounds for desired target 
biomolecules. 

2. Medicinal chemistry on Ca2+-mobilizing second messengers2)

   We hypothesized that biomolecules in intramolecular signal transduction systems are potential drug targets. Thus, 
we focused on Ca2+-mobilizing second messengers cyclic ADP-ribose (cADPR) and myo-inositol trisphosphate (IP3). 
Because cADPR is chemically and biologically very unstable and its function has not been clarified enough, we 
developed carbocyclic ribose and thioribose analogues of cADPR, i.e., cADPcR and cADPtR lacking the unstable N1-
ribosiyl linkage. cADPcR and cADPtR are biologically and chemically stable and active like cADPR in various cell 
systems. We also developed D-glucose based IP3 mimics with IP3-like Ca2+-mobilizing potency. These compounds 
developed are useful as biotools to investigate the intramolecular signal transduction systems. 

3. Organic chemistry for the medicinal chemistry studies3)

   Organic chemistry is a counterpart for theoretical drug design to practice excellent medicinal chemistry studies. We 
provided methods for preparing various chiral cyclopropanes that were construction of cyclopropane rings, coupling and 
C–H activation reactions on cyclopropane rings, construction of asymmetric carbon centers adjacent to cyclopropane 
rings, and cyclopropane amino acid synthesis. Also radical reactions with silicon tethers for stereo- and regioselective 
introduction of carbon-chains, which have been effectively used in sugar and nucleoside chemistries. Stereoselective 
glycosidations based on the controlling anomeric effect due to conformational restriction of substrates were also 
developed. During these studies, we presented the cyclopropane bisected conformation-based transition state model 
for nucleophilic additions and the penta-valent silicon radical transition state model in radical rearrangement reactions, 
which are effective to understand the reaction mechanisms.
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