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Abstract

The total syntheses of lactonamycins are described. Lactonamycin shows potent
antimicrobial activities against Gram-positive bacteria including MRSA and VRE, as well as
cytotoxicity against various tumor cell lines. Lactonamycin consists of a unique hexacyclic core
structure (A-F rings) whose tertiary alcohol is connected to L-rhodinose. Lactonamycin Z, which
is less potent against Gram-positive bacteria, is a sugar analogue of lactonamycin; glycosylated
by digitoxose instead of rhodinose.

First, aiming at the construction of the densely oxygenated EF-ring system, the racemic
model BCDEF aglycon was synthesized. Starting from a (+)-3-ethynyl-2,3-dihydro-2,3,5-
trihydroxy-2-(hydroxymethyl)-1,4-anthraquinone, a palladium-catalyzed cyclization-
methoxycarbonylation, a stereoselective methanol addition, and a lactonization realized the
synthesis of the model BCDEF aglycon. It was found that the methanol addition was
irreversible under the reaction conditions and the EF-ring was stable under the strong acidic
conditions. The glycosylation of this model aglycon with (2R,5.5,65)-5-((tert-butyldimethylsilyl)-
oxy)-6-methyl-tetrahydro-2 H-pyran-2-yl acetate afforded the lactonamycin model glycoside.

Based on the above results, a synthetic route with a late-stage A-ring (5-membered lactam)
formation for lactonamycins syntheses was adopted, because isoindolinones, in general, tend to
be oxidized under basic conditions and have a solubility problem. As a method of A-ring
formation, the Bischler—Napieralski-type reaction was selected. The dramatic improvement of
this reaction was secured when an alkoxy moiety of carbamates was changed from the methyl to
isopropyl group. Further investigation revealed a new reaction mechanism involving a
carbamoyl cation intermediate.

In a similar way to the synthesis of the model BCDEF aglycon, a new BCDEF intermediate,
having an A-ring foothold, was synthesized via a cycloaddition reaction between the diene
derived from 8-(NV-isopropoxycarbonyl- N>-methyl)aminomethyl-5-methoxyhomophthalic
anhydride and 3-((¢ertbutyldiphenylsilyl)ethynyl)-5-chloro-2-((methoxymethoxy)methyl)-
1,4-benzoquinone. The Bischler—Napieralski—type cyclization of this intermediate afforded
lactonamycinone in high yield. The final glycosylation of lactonamycinone with
(2R,5.5,6.9)-6-methyl-5-((triethylsilyl)oxy)tetrahydro-2 H-pyran-2-yl acetate afforded
lactonamycin after deprotection. Toward the total synthesis of lactonamycin Z,
(69)-6-methyl-3,6-dihydro-2 H-pyran-2-yl 2-methoxyacetate was introduced into
lactonamycinone and the resulting glycoside was subjected to dihydroxylation, giving
lactonamycin Z. The absolute configuration of lactonamycin Z was also revealed by comparison

of lactonamycinones obtained by hydrolysis of the lactonamycins.
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