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Among natural products, dimerization is one of nature’s strategies in order to increase
molecular diversity and complexity. In view of potential biological relevance and the synthetic
challenge, dual-connected dimeric pyranonaphthoquinone antibiotics, such as B-naphthocyclinone,
was focused and dimerization reactions were attempted to construct the unique
bicyclo[3.2.1]octadienone core. In this thesis, synthetic study of the doubly connected dimeric

naphthoquinone antibiotics was described.

In chapter 1, asymmetric total syntheses of engelharquinone and its epoxide are described.
These antituberculoutic compounds were recently isolated from Taiwan plant, Engelhardia
roxburghiana, and possess unusual bicyclic skeleton by assembly of two naphthoquinones through
two bonds. The synthetic methodology toward the asymmetric total synthesis of these natural products
was accomplished by the Rh-mediated asymmetric 1,4-addition of arylboronic acid ester to enone and
the thiolate-mediated reductive cyclization of keto-enone. First of all, the Rh-mediated 1,4-addition of
boronic acid ester to enone was attempted, and turned out that the substituent group in both coupling
partners, arylboronic acid ester and enone, affects decisively in the reactivity. In the same way, the
asymmetric 1,4-addition using the chiral diene—rhodium complex was conducted to give 1,4-adduct in
82% yield with a perfect enantioselectivity (>99% ee). Following thiolate-mediated reductive
cyclization of enone, which is prepared from asymmetric 1,4-addition, the enantiomeric pure bicyclic
compound was obtained in good yield using sodium ethanethiolate. Finally, after several steps of
transformations, asymmetric total syntheses of (+)-engelharquinone and (+)-engelharquinone epoxide

were achieved.

In chapter 2, synthetic study for f-naphthocyclinone is described. Since
B-naphthocyclinone is one of the doubly connected pyranonaphthoquinone dimers bearing
bicyclo[3.2.1]octadienone structure, previous knowledge was applied in design of the common
intermediate. After several examinations, both enone, a Michael acceptor, and boronic acid ester, a
Michael donor, were synthesized from this intermediate. Having coupling partners in hand, their union

was studied by Rh catalyzed 1,4-addition, and worked well with pyranonaphthalene derivatives.

In chapter 3, generalization of thiolate-mediated reductive cyclization for the bicycle
structure is described. Several substrates were synthesized. As a results, cyclization progressed

smoothly, to obtain benzobicyclo[3.2.1]octane and benzobicyclo[2.2.2]octane skeleton, opening an




access to construct various bicyclic compound.

In conclusion, the first total syntheses of (+)-engelharquinone and its epoxide have been
accomplished via the Rh-mediated enantioselective 1,4-addition and thiolate-mediated stereospecific
reductive cyclization toward bicyclo[3.2.1]octadienone framework. In addition, the generalization of
thiolate-mediated reductive cyclization for the bicyclic structure was studied and applied to synthesis
of P-naphthocyclinone, bearing same bicyclic skeleton as engelharquinone. The precursor for
reductive cyclization was obtained in good yield by the couping of Michael acceptor and Michael

donor using Rh catalyst. Further synthetic study toward -naphthocyclinone is in progress.
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