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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
biological activities.

Key Words :

intracellular signal transduction, cell death, bioactive molecule, enzyme inhibitor, protein phosphatase,
protein methyltransferase, 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 molecular mechanism of cell death, especially 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. By using IM derivatives and NT
derivatives as biological tools, we intended to clarify the molecular mechanism of necrosis.

Clarification of the binding proteins/sites 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 also developed new chemical methods in order to achieve
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more efficient identification of the binding proteins/sites and cellular localization of bioactive

compounds.

1) Development of novel methods for the identification of binding proteins/sites of bioactive compounds
(Asanuma, Ohgane, Hayamizu, Terayama, Zhao, Dodo, Sodeoka; Ando, Fujita (Osaka University))

We explored small tags and purification/labeling methods for the identification of binding
proteins/sites of bioactive compounds. We previously succeeded in the purification of alkyne-tagged
molecules by using cobalt-complex-immobilized beads. In this fiscal year, we also developed a novel
method for the identification of binding sites, named as Alkyne-tag Raman Screening (ATRaS). In this
method, binding proteins are labeled with alkyne-tagged compounds and digested into peptide mixture,
and then labeled peptides are detected by Raman analysis leading to the identification of binding sites.
By using this method, we succeeded in identifying binding sites of a cathepsin B inhibitor.

We have established the O-NBD method, a Turn-ON fluorescent affinity labeling method for binding
proteins. From the previous fiscal year, we have been applying this method for the identification of
binding sites. This year, we succeeded in identifying the binding sites of mitochondrial membrane
proteins. In addition, we also started to develop novel labeling probe for tumor imaging.

2) Analysis of IM-binding proteins in mitochondria (Egoshi, Fukuda, Asanuma, 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 1), we analyzed the IM-binding proteins in isolated mitochondria.

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

We have 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 Raman silent region in live cells, in which
endogenous molecules showed negligible Raman peaks. Especially, diyne was found to show very strong
Raman signal. This year, we synthesized and analyzed diyne-tagged coronatine, a virulence factor in
plants. As a result, we revealed that coronatine localized at non-nuclear region, suggesting the
existence of novel target protein different from the known nuclear protein.

4) Development of novel cell death control molecules (Terayama, Dodo, Sodeoka; Tanaka (Tokyo
University of Pharmacy and Life Sciences))

We found novel compounds controlling oxidative-stress-related cell death, and we successfully
improved the activity of the seed compound through the structure-activity relationship study. Based on
this compound, we next planned to develop chemical probes to identify the target molecule.

5) Mechanistic studies of tumor-selective cell death induction by y-linolenic acid (Fukushima, Hirai,
Oonuma, 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 synthesized GLA derivatives having
an alkyne tag and examined their cell-death-inducing activity. As a result, we successfully obtained
alkyne-tagged derivatives showing the same cell death induction as 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, 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 for analysis of functions of sialidases (Fukazawa, Oonuma, Hirai, Sodeoka)

For clarification of molecular functions of ganglioside GM3, which is thought to be a component of
membrane microdomains, we have developed sialidase-resistant GM3 analogues. This year, evaluation
of synthetic GM3 analogues at the cellular level was continuously investigated. Probe molecules for
analyzing functions of sialidases were designed based on new concept and synthesized.
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2) Development of novel biologically-active molecules based on physalins (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.

3) Synthetic studies of a novel SUMOylation inhibitor, spectomycin B1 (Sekine, Hirai, Sodeoka)

We are investigating the structure-activity relationship study of spectomycins, promising candidates
as protein SUMOylation inhibitors. This year, the synthesis of dimeric structure of spectomycin B1 was
examined.

4) 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 and iodoacetamide-type compounds were
investigated.

5) Development of new photo-reactive group for photo-affinity labeling (Ota, Oonuma, Hirai, Sodeoka)

Photo-affinity-labeling is one of the most important methodology to identify binding proteins of
bioactive molecules. Although several useful photo-reactive groups have been developed so far, they are
relatively bulky and hydrophobic, which can cause decrease of biological activities or nonspecific
binding to unrelated proteins. This year, the use of compact and less hydrophobic a-ketocarboxylic acid
derivatives as new photo-reactive groups was investigated.

6) Synthesis of all-possible stereoisomers of RK-460 (Mikame, Hirai, Sodeoka; Yoshida, Osada
(RIKEN-CSRS); Nagasawa (TAT)
Synthesis and evaluation of all possible stereoisomers of RK-460, which has been identified as a
new abscisic acid antagonist, was performed.

7) Synthesis of GIcADG (Wang, Hirai, Sodeoka)
We completed the total synthesis of GlcADG, glycolipids obtained from plants.

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

We have working on the development of a chemical methodology to detect and analyze protein
methylations by utilizing Sadenosylmethionine (SAM) analogues that can transfer bioorthogonal
reactive groups using protein methyl transferases (PMTs). This year, we have continued the structural
development of SAM analogues on the basis of the previously established procedures for the synthesis
and purification.

9) Exploring protein methyltransferase inhibiters (Sohtome, Akakabe, Sodeoka)

High-throughput screening using a set of purified enzyme/protein (or peptide) is the most widely used
technologies to search the hit compounds that possess the potent PMT inhibitory activity. In contrast,
this year, we applied the developed random visualization strategy using the SAM analog to evaluate the
PMT inhibitory activity of small molecules with the cell lysate. This investigation led us to identify the
new protein substrates, which are effectively suppressed the PMT-catalyzed methylation by the
addition of epidithiodiketopiperazine-type methylation inhibitor.

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,

Sekine, Henderson, Sodeoka)

Fluorine-containing compounds are often found in recently developed drugs and agrochemicals, and
perfluoroalkylated compounds have been particularly attracted much attention. Our group has been
developed synthetic methods for perfluoroalkylated compounds by the aid of a hypervalent iodine
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perfluoroalkylating reagent. Although this reagent shows excellent reactivity and selectivity toward
perfluoroalkylation reactions of olefins, its high cost and reported explosibility restrict practical
applications to synthesis of bioactive compounds. In this fiscal year, we focused on development of
practical perfluoroalkylations. And we succeeded to use perfluoro acid anhydrides, which are
inexpensive and commonly used in organic synthesis, as perfluoroalkyl sources in alkene
perfluoroalkylations.

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

North Carolina))

Aiming at expanding the substrate scope of the developed catalytic asymmetric [3+2] cycloaddition of
o-keto esters, we have focused on the use of the nitrile oxide as a 1,3-dipole. Due to the instability of the
nitrile oxide, the combination of a-keto ester and nitrile oxide potentially cause multiple side reactions.
In sharp contrast, we uncovered that Cu(OAc)s—diamine complex is extraordinary effective to
selectively promote the catalytic asymmetric [3+2] cycloaddition of a-keto esters with nitrile oxides.

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

In order to efficiently increase the molecular complexity via bond-forming processes, we have studied
on the development of methodologies for -catalytic hydroxylation and catalytic oxidative
functionalization under aerobic conditions. This year, we have focused on the aerobic oxidative
cyclization of readily available B,y—unsaturated hydrazones, enabling to produce two distinct classes of
pyrazoles depending on the solvent. For example, Cu(OAc)2/EtOH gave 1,3,5-trisubstituted products
with ketone functionality. On the other hand, when Cu(OAc)2/HFIP (hexafluoroisopropanol) was used,
the C—C bond-cleavage occurred to selectively afford 1,3-disubstituted pyrazoles.

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

Sohtome, Sodeoka)

Molecules containing vicinal all-carbon quaternary centers are found in many biologically active
compounds. This year, we have developed a new synthetic methodology to construct the molecular
framework having vicinal all-carbon quaternary centers starting from the N-Boc oxindole dimer, which
can be easily prepared from corresponding monomer by oxidation reaction. First, on the basis of X-ray
and solution state analyses together with DFT calculation, we revealed that C(3)—C(3’) bond of the
dimer is labile to easily generate the corresponding monomeric carbon radical species. Second, we have
successfully trapped the monomeric carbon radical species using azo compounds, facilitating to provide
the functionalized molecules that bear two distinct vicinal all-carbon quaternary centers.
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