NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Design and synthesis of 14 and 15-membered
nitrogen containing macrocycles as o-helix mimetic
scaffolds”

Protein-protein interactions (PPIs) responsible for the
transcriptional regulation often involve o-helix forming
short consensus sequences known as the nuclear receptor
box. The consensus sequences, such as LxxLL, LLxxL,
and FxxLF, are rich in variations and typically contain
hydrophobic hot-spot residues. Given the structural
diversity and conformational fluctuation of the a-helices at
the hydrophobic interface of PPIs, we designed alkaloidal
macrocyclic scaffolds inspired by the privileged molecular
skeletons of the 14- and 15-membered antibiotics. Our
synthetic approach enabled concise and divergent access to
the conformationally constrained macrocyclic scaffolds, in
which three hydrophobic sidechains were projected on
each of the nitrogen-containing scaffolds.
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Fig. 1. (a) Schematic illustration of the PPIs in the HIF-1
transcriptional machinery. (b) Structure for the complex HIF-1a
and CBP (PDB: 1L8C). (c) A plausible binding mode of 1 to CBP
with superimposition on the a-helical region bearing the LLxxL
sequence in HIF-1a.

1. (1)-1) Bioorg. Med. Chem., 30, 115949 (2021).

Several 14-membered alkaloidal macrocycles actually
inhibited hypoxia-inducible factor (HIF)-1a
transcriptional activities (ICso: 8.7~ 10 uM). The 14-
membered 1 that incorporated a tertiary amino group of
proline unit exhibited the most potent in vitro
antiproliferative activities against HCT116 colon cancer
cell line. Molecular modelling study suggested that 1 was
assumed to imitate the LLxxL motif in HIF-1a and thereby
disrupt the HIF-1o/CBP-mediated gene transcription, in
which the three sidechains can mimic the spatial
arrangements of the protein hot-spot residues. Unlike most
of the stapled peptides, the 14-membered alkaloidal
scaffolds are of a similar size to the a-helix backbone and

does not require additional atoms to induce a-helix
mimetic structure. The relatively unexplored synthetic
approach exploiting macrocyclic alkaloidal scaffolds could
provide a versatile platform for the development of non-
peptidyl a-helix mimetics that have flexibly customizable
skeletal, stereochemical, substitutional, and
conformational properties.

(2) “Metal-free one-pot synthesis of functionalized
dihydropyridines and pyrroles via domino reactions”

Reaction of 2 with an ethynyl sulfone 3 allowed metal-
free divergent synthesis of 1,6-dihydropyridines (DHPs) 4
and 3,5-disubstituted pyrroles 5 in one-pot. This facile
atom-economical domino process involves hetero-
conjugate addition and subsequent propargyl aza-Claisen-
type rearrangement, followed by either 6mn-aza-
electrocyclization or 5-exo-dig cyclization. This approach
enabled the simple and solvent-dependent divergent
syntheses of 4 and 5 at ambient temperature.
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Fig. 2. One-pot metal-free domino reaction of 2 and 3 that
allowed solvent-dependent divergent synthesis of 1,6-DHP 4 and
3,5-disubstituted pyrrole 5.
1. (1)-2) Tetrahedron Lett., 78, 153238 (2021).

(3) “Aplysiadione and aplysiaenal: truncated
biosynthetic intermediates of aplysiatoxins from a
cyanobacterium”

Two polyketides, aplysiadione (6) and aplysiaenal (7),
were isolated from a marine cyanobacterium collected in
Okinawa. Aplysiadione (6) corresponds to a
decarboxylated analog of the proposed biosynthetic
intermediate of aplysiatoxins. Aplysiaenal (7) is a
truncated analog of the linear biosynthetic intermediate.
The isolation of 6 strongly supports the proposed
biosynthetic intermediates and ring formation mechanisms
for the aplysiatoxins, and 6 and 7 are rare examples of

biosynthetic intermediates of polyketide secondary
metabolites from marine cyanobacteria.
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Fig. 3. Structures of new polyketides from a cyanobacterium
1. (1)-5) Results in Chemistry, 3, 100206 (2021)
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