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Annual Research Highlights

(1) “Element replacement strategy: design, expeditous
synthesis, and generation of anti-malarial agents”

Artemisinin (1) and its semi-synthetic derivative
artesunate (2) with improved water solubility, have been
the corner stones of the malaria chemotherapy. Recently,
there are increasing attentions for the application of
artemisinins to cancer and other infectious diseases. Whilst
not a few total syntheses of 1 have been reported, a
synthetic biology approach that integrates fermentation of
a biosynthetic precursor in engineered yeast and chemical
synthesis is regarded as the most promising means for the
production of artemisinins.

In efforts to establish a chemical assembly line capable
of both rapid synthesis and novel structural changes, 6-aza-
artemisinins (3) was designed by replacing a stereogenic
carbon atom at the C6 position of 1 with an amine nitrogen.
This molecular design allowed the deep-seated structural
modification of the hitherto unexplored cyclohexane
moiety (C-ring), while keeping the three-dimensional
structure of artemisinins. Notably, this approach induced
dramatic changes of retrosynthetic transforms that allow
an expeditious catalytic asymmetric synthesis with
generation of substitutional variations at three sites (N6,
C9 and C3) of the 6-aza-artemisinins.
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Fig. 1 Design, concise de novo synthesis, and in vivo anti-
malarial therapeutic effects of 6-aza-artemisinins
1.(1)-1) J. Org. Chem., 85, 9694 (2020).

These de novo synthetic approaches enabled the lead
generation with substantial intensification of the in vivo
activities, which undermine the prevailing notion that the
C-ring of artemisinins appears to be merely a structural
unit but to be a functional area as the anti-malarial
pharmacophore. Furthermore, we unexpectedly found that
racemic 6-aza-artemisinin (3a) exerted exceedingly potent
in vivo efficacies superior to the chiral one and the first-
line drug, artesunate (2). This synthetic approach centers
around molecular design “element replacement” of sp*-
rich natural products instead of mere structural
simplifications.

(2) “Design, self-assembly, and anti-cancer activities of
amphiphilic 6-aza-artemisinins”

Fully synthetic 6-aza-artemisinins allow appendage of
a functional unit on the cyclohexane moierty (C-ring) of 1.
In this study, conjugation of an amphiphilic chain,
composed of sequentially connected hydrophilic
oligoethylene glycol, hydrophobic alkyl chain, urea, and
4,4’ -disubstituted  biphenyl linker, imparted self-
assembling properties. The fully synthetic mid-molecular
weights 6-aza-artemisinin bearing the amphiphilic moiety
formed aggregates (approx. 200 nm) at ambient
temperature and exhibited increased in vitro anti-cancer
activities compared to the N-benzylated derivative.
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Fig. 2 Design, self-assembly, and anti-cancer activities of
amphiphilic 6-aza-artemisinins
1.(1)-2) Org. Biomol. Chem., 18, 5339-5343 (2020).

(3) “Neo-aplysiatoxin A Isolated from Okinawan
Cyanobacterium Moorea producens”

Marine toxins, aplysiatoxin and its derivatives, are
produced by the cyanobacteria and cause severe contact
dermatitis. Aplysiatoxins activate protein kinase C (PKC)
and thereby act as potent tumor promotors. In this study,
we achieved structural determination of a novel analog of
aplysiatoxins, neo-aplysiatoxin A, isolated from a
cyanobacteria collected in Okinawa. Neo-aplysiatoxin A

on composed of a  densely-
substituted cyclohexanone, a
spiro-fused 6-membered ether
ring, and a bromophenol side-
chain, exhibited cytotoxicity and
growth inhibitory activity of
diatom.

Fig. 3 Strutural detemination of neo-aplysiatoxin A
1.(1)-3) Molecules, 25, 457 (2020).
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