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Key Sentences :

1. Create novel bioactive compounds to control intracellular signal transductions.

2. Clarify the molecular mechanism of cell death by using novel cell death control molecules.
3. Create novel transition metal catalysts for the development of catalytic transformations.

Key Words :

intracellular signal transduction, cell death, bioactive molecule, enzyme inhibitor, protein
methyltransferase, fluorine-containing molecule, asymmetric catalysis, organometallic chemistry, total
synthesis of natural product

Outline

Our laboratory focuses on the following research areas based on synthetic organic chemistry: 1)
development of new reactions and methodologies for the efficient synthesis of bioactive molecules, 2)
design and synthesis of molecules having unique biological activity, 3) research using these unique
molecules as biological probes. Our research interests encompass transition metal-catalyzed
enantioselective reactions to the design and synthesis of intracellular signal transduction modulators
and their application to cell biology research.

1. Development and Mechanistic Studies of Novel Cell Death Control Molecules

Cell death is one of the most important events for multicellular organisms to live in healthy conditions
and should be strictly regulated. Abnormal acceleration or suppression of cell death causes various
diseases. In this study, we aim to develop cell death control molecules, by which we try to clarify the
molecular mechanism of cell death related to diseases. We also developed new chemical methods in
order to achieve more efficient identification of the binding proteins/sites and cellular localization of
bioactive compounds, which contribute to mechanistic studies of cell death control molecules.

1) Structural development of novel cell death inhibitors, IM compounds, and their application for
ischemia-reperfusion injury model (Dodo, Terayama, Nakao, Sodeoka)

We previously developed indolylmaleimide (IM) derivatives as selective inhibitors for necrotic cell
death induced by oxidative stress. In this fiscal year, we performed structural development of IM
derivatives and found IM-17 as an IM compound having improved water-solubility and metabolic
stability. Furthermore, IM-17 showed cardioprotective activity in rat ischemia-reperfusion injury
model.

2) Development of novel methods for the identification of binding proteins/sites of bioactive compounds
(Asanuma, Tanaka, Fujiwara, Egoshi, Fukuda, Dodo, Sodeoka)

We previously established the O-NBD method, a turn-ON fluorescent affinity labeling method for

binding proteins. To identify binding proteins/sites of bioactive compounds, we improved the efficiency
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of identification of NBD-labeled peptides and succeeded in identifying the binding proteins/sites of

bioactive compounds from mitochondrial membrane proteins.

3) Analysis of IM-binding proteins in mitochondria (Fukuda, Tanaka, Egoshi, Dodo, Sodeoka; Shimizu
(Tokyo Medical and Dental University))

We examined the effects of IM derivatives on mitochondria. By using the novel methods developed in
the previous section 2), we analyzed the IM-binding proteins in isolated mitochondria.

4) Development of a novel imaging method of bioactive compounds (Egoshi, Dodo, Sodeoka; Fujita
(Osaka University); Ueda (Tohoku University))

We applied alkyne-tag Raman imaging (ATRI) for the determination of cellular localization of
bioactive compounds. This year, we installed a diyne tag into bioactive compounds and analyzed their
localization. Especially, a diyne-tagged coronatine, a virulence factor in plants, revealed that coronatine
is localized at non-nuclear regions, suggesting the existence of novel target proteins different from the
known nuclear protein.

5) Development and mechanistic study of novel cell death control molecules (Terayama, Fukuda,
Tanaka, Asanuma, Dodo, Sodeoka; Tanaka (Tokyo University of Pharmacy and Life Sciences))

Based on the SAR study in the previous fiscal year, we designed and synthesized chemical probes
from novel compounds controlling oxidative-stress-related cell death. Moreover, we successfully
identified their binding proteins.

6) Mechanistic studies of tumor-selective cell death induction by y-linolenic acid (Qonuma, Fujiwara,
Nakao, Dodo, Sodeoka)

y-Linolenic acid (GLA) has been reported to kill tumor cells without affecting normal cells, but the
molecular mechanism has not yet been clarified. We planned to develop new chemical probes to clarify
the molecular mechanism of GLA-induced cell death. This year, we developed a novel assay system
using a coculture system of cancer and normal cells. Moreover, we synthesized GLA derivatives and
found a GLA derivative showing stronger cell death induction than GLA.

2. Synthesis of small molecule modulators of enzymes controlling intracellular signal transduction

This laboratory also focuses on the development of novel biologically-active molecules, especially
regulators of post-translational modifications of proteins, that are based on natural products and
biomolecules. Evaluation of their biological activities at both protein and cell levels and analysis of their
binding proteins would contribute to understanding the relationship between the structure of molecules
and their functions.

1) Development of chemical strategies to analyze protein methylation (Akakabe, Sohtome, Sodeoka;
Shimazu, Shinkai (Cellular memory laboratory))

Focusing on S'adenosylmethionine (SAM), which is used as a methyl source in protein methylation
reaction, we have been working on the development of a chemical methodology to detect and analyze
protein methylations by utilizing SAM analogues that can transfer bioorthogonal reactive groups. This
year, we have investigated a new strategy to improve the efficiency of the previously developed
detection methodology.

2) Exploring protein methyltransferase inhibiters (Sohtome, Akakabe, Sodeoka; Shimazu, Shinkai
(Cellular memory laboratory))

We have recently focused on application of the developed random visualization strategy using SAM
analogs to evaluate the protein methylation inhibitory activity of small molecules within cell lysate.
This approach provides an efficient platform to evaluate the inhibitory activity of small molecules towards a
large number of poorly characterized protein methyltransferases (PMTs). This year, we evaluated the
biological activities of our epidithiodiketopiperazine-type inhibitors, which were identified using
chemical methylome analysis, at both protein and cell levels.

3) Synthetic studies of paramagnetic probes for in-cell NMR (Natori, Hirai, Sodeoka; Ito, Mishima
(Tokyo Metropolitan University))

We developed a modified paramagnetic NMR probe molecule having a DOTA scaffold for in-cell NMR.
This year, synthetic methods for new iodoacetamide-type compounds were investigated.

4) Synthesis of RK460 derivatives (Mikame, Hirai, Sodeoka; Yoshida, Osada (RIKEN-CSRS);
Nagasawa (TAT)
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Synthesis of derivatives of RK460, which has been identified as a new abscisic acid receptor
antagonist, was performed.

3. Development of novel catalytic reactions and synthetic transformations for the synthesis of bioactive
molecules

Reflecting the growing importance of environmentally friendly chemical processes, catalytic reactions
with high atom-economy have attracted much attention in modern organic chemistry. We have been
working on the development of unexplored metal-catalyzed organic reactions, particularly focusing on
atom-economical proton-transfer reactions as well as novel reactions for the synthesis of organofluorine
compounds, as useful organic transformations for the synthesis of complex bioactive molecules. We
have also focused on exploring new strategies for synthetic derivatizations of highly fictionalized
products that can be obtained by our original catalytic reactions.

1) Development of novel synthetic methods for fluorinated compounds (Kawamura, Valverde-Murrilo,

Murakami, Sekine, Henderson, Sodeoka)

Fluorine-containing compounds are often found in recently developed drugs and agrochemicals, and
fluoroalkylated compounds have particularly attracted much attention. Our group has been developing
practical fluoroalkylation reactions directed toward construction of a compound library containing
fluoroalkylated compounds, which would contribute to explorations of novel bioactive compounds. In
this fiscal year, efficient synthetic methods, using alkenes as the starting materials, for a diverse array
of perfluoroalkyl group-containing MN-heterocycles were developed, including oxazolines, aziridines,
pyrrolidines, and benzothiazinane dioxides.

2) Transition metal-catalyzed novel cyclizations (Sohtome, Sodeoka; Bartlett, Johnson (University of

North Carolina))

We have recently developed the catalytic asymmetric [3+2] cycloaddition of (Z)-nitrones with
o-ketoesters to construct contiguous stereocenters. This year, we focused on the catalytic asymmetric
[3+2] cycloaddition of nitrile oxides with o-ketoesters. Our optimization study revealed that the use of
Cu(OAc)2—diamine in 2-propanol is a key to promote the desired [3+2] cycloaddition, providing a wide
variety of isoxazolines having two contiguous stereocenters with high chemo-, diastereo-, and
enantioselectivity.

3) Synthetic methodologies for oxidative functionalization of small molecules using transition metal
catalysts (Piinner, Yamaguchi, Sugawara, Sohtome, Sodeoka)

This year, we have developed a new oxidative cyclization using molecular oxygen to construct two
contiguous tetra-substituted carbons. We have also focused on controlling the potent multiple reaction
pathways regulated by radical intermediates for the selective synthesis of two distinct compounds.
These investigations revealed that the regioselectivity of the hetero-coupling reaction of tert-carbon
radicals with catechols can be switched by tuning the reaction conditions.

4) Synthetic methodologies for construction of contiguous all-carbon quaternary centers (Sugawara,

Ohnishi, Sohtome, Sodeoka)

Molecules containing vicinal all-carbon quaternary centers are found in many biologically active
compounds. We have recently developed the hetero-coupling reaction of a stable carbon radical, which
can be generated from an N-Boc oxindole, with azo-compounds. This year, we focused on expanding the
substrate scope of the stable carbon radical.
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