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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. Develop new and efficient methodologies for the synthesis of complex molecules having important
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biological activities.

Key Words :

intracellular signal transduction, cell death, bioactive molecule, enzyme inhibitor, protein phosphatase,
ganglioside, 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) biological researches using these
unique molecules as biological probes. Our research interests encompass from transition
metal-catalyzed enantioselective reactions to the design and synthesis of intracellular signal
transduction modulators and their application to cell biology research. Design and synthesis of selective
inhibitors of protein kinases and phosphatases, which are involved in the signal transduction of cell
proliferation, aiming for the clarification of the functions of their target enzymes are of particular
interest. Clarification of the unknown molecular mechanism of cell death (necrosis) by using our
original cell death control molecules is also currently underway. We are also working on the synthesis of
ganglioside analogues and several other natural products having interesting biological activities.

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 have already found that indolylmaleimide (IM) derivatives are selective inhibitors for necrotic cell
death induced by oxidative stress. Moreover, we developed NecroTrigger (NT) derivatives as a novel
inducer of necrosis. Necrosis was found to play an important role in pathological cell death, for example,
in neurodegenerative disorders and ischemia-reperfusion injury. However the molecular basis of
necrosis remains to be elucidated. Therefore, using IM derivatives and NT derivatives as biological tools,
we intended to clarify the molecular mechanism of necrosis.

Clarification of the binding proteins and cellular localization of cell death control molecules is of key
significance in these studies. However, there are various difficulties encountered in their clarification
using traditional methods. We are also planning to develop new chemical methods in order to achieve
more efficient identification of the binding proteins.

1) Analysis of the effects of IM derivatives on mitochondria (Fukuda, Terayama, Fujimoto, Dodo,
Sodeoka; Shimizu (Tokyo Medical and Dental University) )

By using isolated mitochondria, we examined the effects of IM derivatives on mitochondria. As a
result, we found that IM derivatives inhibited mitochondrial dysfunction induced by oxidative stress.

2) Development of novel labeling and purification methods for the identification of binding proteins
and binding sites of bioactive compounds (Ohgane, Hayamizu, Asanuma, Terayama, Dodo, Sodeoka)

We explored the purification methods for the identification of binding proteins and binding sites of
bioactive compounds. We previously succeeded in the purification of alkyne-tagged molecules by using
cobalt-complex-immobilized beads. From the previous fiscal year, we have been investigating the
preparation and reactivity of other metal-complex-immobilized beads. In this year, by using other
combinations of non-alkyne tags and beads-immobilized metal complexes, we succeeded in the
purification of tagged model peptides from the mixture of peptides.

We previously established a new labeling method by using O-NBD unit for the identification of
binding proteins. From previous year, we have been examining the affinity purification based on
NBD-unit. This year, we succeeded in the purification of NBD-labeled model peptides from the mixture
of peptides.

3) Analysis of IM-binding proteins (Asanuma, Fujimoto, Terayama, Dodo, Sodeoka)
By using the novel methods developed in the previous section 2), we analyzed the IM-binding proteins.
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Labeling and purification of labeled peptides were examined, and many problems were found to be

overcome. Considering these problems, we will improve the methods.

4) Development of a novel imaging method for the determination of cellular localization of bioactive
compounds (Dodo, Sodeoka; Ando, Fujita, Kawata (Osaka University); Kinoshita, Murata (Osaka
University); Egoshi, Ueda (Tohoku University))

We planned to develop a novel Raman imaging method for the determination of cellular localization
of bioactive compounds. We previously found the several functional groups, such as alkyne, nitrile, and
deuterium, showed strong Raman scattering in the silent region, in which endogenous molecules
showed negligible Raman peaks. Especially, diyne was found to show very strong Raman signal. This
year, we synthesizd and analyzed diyne-containg probes. As a result, by using sphingomyelin having
diyne, we succeeded in imaging of raft structure in artificial lipid membrane.

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, based on natural products and biomolecules.
Evaluation of their biological activities at both protein and cell levels and analyzing their binding
proteins would contribute to understanding the relationship between the structure of molecules and
their functions.

1) Biological evaluation of sialidase-resistant ganglioside GM3 analogues and development of the
functional probes (Ota, Fukazawa, Oonuma, Koshino, Hirai, Sodeoka; Miyagi (Tohoku
Pharmaceutical University))

We are addressing the development of molecular basis for clarification of molecular functions of
ganglioside GM3, which is thought to be a component of membrane microdomains. This year,
evaluation of synthetic GM3 analogues at the cellular level and development of new methods to identify
binding proteins of GM3 were continuously investigated. Synthetic methodology toward molecular
probes analyzing the metabolism of GM3 was established.

2) Synthetic methodology for SCFs-linked molecules utilizing the unique Sx2’ reaction (Sakai, Hirai,
Sodeoka)

Methodology toward construction of SCFe-linked molecules was established through Sn2’ reaction
with difluoromethylene functionality. Synthesis of CFe-linked disaccharide unit was completed.

3) Functional group transformation utilizing reactivity of bromofluoroepoxide (Kakumoto, Morita,
Hirai, Sodeoka)

Transformation to a-bromoacid derivatives or pyperazine-2-one derivatives was realized by utilizing
unique reactivity of bromofluoroepoxide, which was discovered by ourselves.

4) Development of novel biologically-active molecules based on physalins and study of their
mode-of-action (Morita, Hirai, Sodeoka)

We have shown that right side partial structure of physalins played an important role both in potency
of compounds and determination of the mode-of-action, which was clarified by natural and synthetic
molecules. This year, development of more potent compounds was continuously investigated.

5) Synthetic studies of a novel SUMOylation inhibitor, spectomycin B1 (Nomura, Hirai, Sodeoka)

We planned to examine structure-activity relationship study of spectomycins, promising candidates
as protein SUMOylation inhibitors. This year, we finally completed the synthesis of all possible
stereo-isomers of spectomycin Al and A2, and structure-activity relationship studies were investigated.
6) Synthetic studies of paramagnetic probes for In-cell NMR (Natori, Hirai, Sodeoka; Ito, Mishima

(Tokyo Metropolitan University))

Last year, we developed a modified paramagnetic NMR probe molecule having DOTA scaffold for
in-cell NMR. This year, the synthetic method for azide-type compound was investigated.

7) Discovery and application of new photo-reaction of a-ketocarboxylic acid derivatives (Ota, Mikame,
Hirai, Sodeoka)

It is well-known that Norrish-type II process occurs in photo-chemical reaction of a-ketocarboxylic acid

derivatives. This year, we found a new reaction process producing cyclopropanols, by photo-irradiation

of a-ketoamide derivatives, which do not undergo Norrish-type II reaction.

8) Development of chemical strategies to analyze protein methylation (Akakabe, Terayama, Sohtome,
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Sodeoka)

We have continued to develop a chemical methodology to detect and analyze protein methylations by
utilizing Sadenosylmethionine (SAM) analogues that can transfer bioorthogonal reactive groups using
protein methyl transferase. This year, we successfully improved the synthetic schemes and purification
procedure to provide new SAM analogues.

9) Exploring histone methyltransferase inhibiters (Sohtome, Akakabe, Dodo, Sodeoka)

We have recently identified that (+)-PS-ETP-1, which was designed from naturally occurring
chaetocin, was a potent G9a inhibitor with reduced acute cytotoxicity. This year, we have examined the
biological activities of the newly developed chiral ETPs.

3. Development of novel catalytic reactions 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.

1) Development of novel synthetic methods for fluorinated compounds (Kawamura, Dosei,
Valverde-Murillo, Sodeoka)

We have developed copper-catalyzed difunctionalizing trifluoromethylation reactions to date. In this
fiscal year, we examined the mechanism of a reaction previously reported by us. Our results indicated
that the reaction proceeds via formation of a hypervalent iodine intermediate activated by copper
catalyst as a Lewis acid. Notably, it was different from the mechanism involving CFs radical as the
reactive species which was proposed by many groups. In addition, we achieved metal-free
difunctionalizing trifluoromethylation of simple olefins by using hypervalent iodine reagent.

2) Transition metal-catalyzed novel cyclizations (Sawamura, Bartlett, Basmadjian, Sohtome, Sodeoka)

We have developed the formal [3+2] cycloaddition reaction of a-keto esters with (£)-nitrones, leading
to identification of a new chiral nickel complex that involves the metal-chirality and distortion. This
year, in order to gain insight into the unique electronic nature, we have examined the electron-density
map analysis and DFT calculations.

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

In order to efficiently increase the molecular complexity via bond-forming processes, we have recently

studied on the development of a new methodology for the oxidative functionalization of small molecules

under aerobic conditions. This year, we have found a new catalytic oxidative cyclization reaction that

triggered by molecular oxygen in the presence of catalytic amount of the metal salt. We also

investigated the development of a new catalytic hydroxylation reaction.

4) Discovery of unique feathers of palladium enolates and their application for catalytic asymmetric
reactions (Hayamizu, Terayama, Dodo, Sodeoka)

In this fiscal year, we succeeded in the isolation and structural analysis of the palladium enolate
derived from B-diketone and palladium catalyst, and the obtained structure supported our hypothesis.
Moreover, as a new substrate, B-ketoamide was also examined. As a result, B-ketoamide-derived
palladium enolate showed different structure and reactivity from pB-diketone. By using unique reactivity
of B-ketoamide-derived palladium enolates, we developed novel catalytic asymmetric reactions.
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