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Natural Product-inspired Synthetic Studies Directed toward Development of
Neuroactive Agents
Hiyori Itagaki, Kenji Morokuma, Yuichi Ishikawa, Masato Oikawa
(Graduate School of Nanobioscience, Yokohama City University)

Ionotropic glutamate receptors (iGluRs) play an important role in higher brain
functions such as learning and memory, by mediating the majority of fast excitatory
neurotransmission in the mammalian central nervous system (CNS). iGluRs are also
thought to be fully or partly involved in nociception and closely related to several brain
diseases. Development of selective ligands for iGluRs is thus of importance for
understanding higher brain functions and treatment of neuronal diseases. IKM-159, an
artificial glutamate analog designed from marine-derived natural products, was
developed as a selective inhibitor for AMPA-type iGluR in the CNS. in vivo, IKM-159
also inhibits mice voluntary action upon intracranial injection. For better understanding
of structure-activity relationships, we have studied diverted synthesis of four C-ring
analogs via an advanced intermediate. The in vivo biological studies have allowed us to
develop weakly hypoactive MC-27, and have also showed the importance of the C-ring
for the neuroactivity of IKM-159.

We next studied diverted synthesis of C-ring analogs bearing substituents at the C7
and C9 positions. We found the homoallylic alcohol intermediate shown above
efficiently gives such compound collections by Prins-Ritter reaction, which is the
three-component coupling reaction for construction of the tetrahydropyran skeleton in
one step from aldehyde, homoallylic alcohol, and nitrile mediated by Bronsted acid or
Lewis acid. The Prins-Ritter products were then subjected to hydrolysis to give rise to
nine C-ring analogs, which unfortunately were found to be neuronally inactive in vivo.
The substituent at C9 is now supposed to be responsible to the loss of the activity.

IKM-154, bearing seven-membered ether ring as the C-ring, had been preliminarily
suggested to be excitatory, in marked contrast to the fact that the closely related analogs,
IKM-159 and MC-27, are inhibitory in vivo. Here, we established the asymmetric
synthetic route of IKM-154 used for detailed studies on the pharmacology and the
structural biology. Mice in vivo assays have shown that (2R)-IKM-154 is responsible to
the hyperactivity. Since hypoactive enantiomer is also 2R in the case of IKM-159,
IKM-154 is supposed to share the same binding site of AMPA-type iGluR. The key
molecular interactions of IKM-154 with the iGluR are proposed.

Many of the naturally occurring iGluR ligands typically contain Glu motif fused to
five-membered heterocycle such as tetrahydrofuran and pyrrolidine. Here, we also
planned to synthesize artificial Glu analogs inspired by mushroom-derived lycoperdic
acid (LPA) bearing Glu motif on the y-butyrolactone core which, however, has been
reported to show only weak affinity to iGluRs. We expected the analogs would allow us
to develop a novel ligand for iGluR, and the efficient stereodivergent syntheses have
been developed. The diastereomers of LPA were found to show less potent
hyperactivity as compared to natural LPA.



