NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Skeletal protein protection: the mode of action of
an anti-osteoporotic marine alkaloid,
norzoanthamine”

Bone is composed of mineralized collagen fibrils. A
marine alkaloid, norzoanthamine, accelerates the
formation of a collagen—hydroxyapatite composite and
enhances collagen release from an immobilized matrix
vesicle model. Norzoanthamine recognizes a peptide
chain nonspecifically and stabilizes its secondary
structure, and collagen has polyvalent binding sites for
norzoanthamine. This collagen—norzoanthamine
supramolecular association is considered to be one of the
most significant modes of action for enhancement of bone
formation. The facts that norzoanthamine is nontoxic and
that it has a collagen protective activity indicate that it
may provide significant therapeutic benefits. In particular,
it may be a promising drug candidate for osteoporosis
treatment and prevention. Interestingly, norzoanthamine
suppressed the proteolysis of not only collagen but also
elastin and bovine serum albumin, so it apparently has a
universal protective effect of guarding extracellular
matrix proteins from degradation. This result suggests
that norzoanthamine protect skeletal proteins in the host
animal body from external stresses and possibly enhance
survival.

Fig. 1 Structures of norzoanthamine and zoanthamine.

15%

0.4- t

Turbidity [Abs]
(=]
M

o 10 20 30 40
Reaction Time [min]
Fig. 2 Acceleration of type 1 collagen-hydroxyapatite

composites formation in the presence of norzoanthamine (filled
diamond, 0 uM,; filled triangle, 1 uM; filled squre, 10 uM).
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(2) “Total synthesis of a new marine cyclic ether
alkaloid, brevisamide via Suzuki-Miyaura cross
coupling”

A cyclic ether alkaloid named brevisamide (1) was
isolated from the cultures of Karenia brevis. Compound 1
consists only of a single tetrahydropyran ring furnished
with a methyl and a hydroxyl substituents, a
3,4-dimethylhepta-2,4-dienal ~ side-chain, and an
acetylated terminal amine. This ether amide is the first
N-containing cyclic ether from K. brevis and can be
regarded as a truncated analog of brevenal containing the
A-ring portion and the dienal side chain. It has been
suggested that 1 is assembled by a PKS/NRPS hybrid
pathway in which glycine serves as a biosynthetic starter
unit of 1 and hence may provide important biogenetic
clues to the origin and biosynthetic assembly of
polyethers in general.

The first total synthesis of 1 has been accomplished in
the longest 21 linear steps starting from
cis-but-2-ene-1,4-diol. The cyclic ether core was
constructed in a stereocontrolled manner including chiral
induction via organoborane, and the amino group was
introduced by means of the Curtius rearrangement.
Geometry-controlled  synthesis of the left-hand
multi-substituted dienal side chain was achieved by
methylalumination-iodination of an enynol substrate.
Finally, both fragments were coupled by Suzuki-Miyaura
cross coupling. This result confirmed the structure of
brevisamide.

Fig. 3 Sturcuture of brevisamide (1) and retrosynthetic analysis
of brevisamide.
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