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Voltage-gated sodium channels (Nay) are transmembrane proteins that provide inward
current carried by sodium ions, and they contribute to the control of membrane excitability, as well
as the propagation of action potentials along axons. To date, nine subtypes of Navs have been
identified, which are closely related to vital activity such as a sense of pain, a heartbeat, muscle
expansion and contraction. Since each of these subtypes has unique properties, subtype selective
ligand is required for controlling and elucidation of these functions.

Saxitoxin (STX) and its natural analogs are known as one of Nay inhibitors. Among its
analogs, zetekitoxin AB (ZTX) shows quite potent Nay inhibitory activity against TTX-sensifive as
well as TTX-resistance subtypes of Navs, which are related to several diseases such as pain and
arrhythmia. ZTX has a characteristic macrocyclic lactam structure with C-C bond at C11 in STX
skeleton. In this paper, we approach the development of TTX-r Nay selective modulators from two
perspectives.

In chapter 2, structure-activity relationship (SAR) studies of ZTX focusing on Cl1, with the
aim of developing TTX-r Nay selective modulators. We have successfully synthesized new STX
analogs of 73b-f bearing benzylidene substituents at C11, and their inhibitory activity of Nay were
examined. As a result, 1l-benzylidene STX and Il-nitrobenzylidene STX showed potent
inhibitory activity against TTX-r subtype of TTX-r Nay, and may be a good lead compound for the
development of TTX-r Nay selective modulators. In addition, 11-fluorobenzylidene STX showed
potent and selective inhibitory activity against Nay1.2. Therefore, we found that C-C bond at C11
in STX skeleton may be involved in the Nay subtype selectivity.

Furthermore, in chapter 3, we approached TTX-r Nay selective modulators from SAR studies
of the unique skeleton of ZTX, which shows potent inhibitory activity against TTX-r Nay. We
suggested novel method for functionalization at C11 position using regio- and stereoselective
1,3-dipolar cycloaddition. Furthermore, we synthesized amine bearing STX skeleton including the
C11 quaternary carbon, and it serves as a basis of SAR studies of Z'1'X skeleton.






