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Stereoselective Construction of All-Carbon Quaternary Stereocenters by Allylboration and

its Application to the Synthetic Studies of Callophycoic Acid A

This dissertation describes the stereoselective construction of all-carbon quaternary stereocenters by

allylboration and its application to the synthetic studies of callophycoic acid A.

Introduction describes briefly the importance of methods for constructing an all-carbon quaternary
stereocenter and the characteristics of callophycoic acid A. An outline of this dissertation is also included.

Chapter 1 of Results and Discussion describes the stereoselective construction of all-carbon quaternary
stereocenters by allylboration. First, the previous studies of carbonyl allylation reactions for constructing an
all-carbon quaternary stereocenter are illustrated. Next, allylborations of sugar-derived chiral aldehydes
using 3,3-disubstituted allylboronic acid ester are described. The reactions stereoselectively provided
homoallylic alcohols containing all-carbon quaternary stereocenters. The stercoselectivity for allylboration
was improved by changing the glycol protecting group of allylboronic acid. This method was applied to the
synthesis of a fragment of (+)-vibsanin A.

In Chapter 2, the synthetic studies of callophycoic acid A using the developed allylboration are described.
At the beginning of this chapter, the meroditerpenoids, which were isolated from red algae of the genus
Callophycus, are briefly introduced. In addition, the structure, biosynthetic hypothesis, and biological
activities of callophycoic acid A are illustrated. Next, the synthesis of the tricyclic skeleton of callophycoic
acid A starting from D-glyceraldehyde derivative is described. An all-carbon quaternary stereocenter was
stereoselectively constructed by allylboration of D-glyceraldehyde derivative. After the introduction of the
benzoic acid moiety, the cyclohexane ring bearing three contiguous stereogenic centers was formed by
radical cyclization. A stereoselective synthesis of the key tricyclic core was accomplished via allylic
oxidation followed by intramolecular etheration. Finally, the synthesis of the tricyclic skeleton of
callophycoic acid A starting from D-xylose derivative is described. Through the construction of the
all-carbon quaternary stereocenter by allylboration and the introduction of the benzoic acid moiety, the
substrate for cyclization was synthesized. Palladium-catalyzed reductive cyclization of the enyne afforded
the densely functionalized cyclohexane derivative as a single isomer in excellent yield. The seven-membered
ether ring was constructed by intramolecular Sy2” reaction to furnish the tricyclic compound. In conclusion,
two stereocontrolled routes to the tricyclic core of callophycoic acid A were developed by using

stereoselective allylboration and radical- or palladium-induced reductive cyclization.




