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Key Sentence :
1. Create novel bioactive compounds to control intracellular signal transductions.

2. Clarify the molecular mechanism of apoptosis and necrosis by using novel cell death control
molecules.

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

Key Word :
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intracellular signal transduction, cell death, bioactive molecule, inhibitor, protein kinase, protein
phosphatase, ganglioside, asymmetric catalysis, organometallic chemistry, total synthesis of natural
product

Outline

Our laboratory focuses on the following researches 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 the
unique molecule as a biological probe. Our research interests encompass from transition
metal-catalyzed enantioselective reactions to design and synthesis of intracellular signal transduction
modulators and their application to the 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 at clarification of the functions of their target enzymes are of particular interest.
Clarification of 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
analogs and several other natural products having interesting biological activities.

1. Development and Mechanistic Study 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 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 in the previous fiscal year. Necrosis was found to play an important role in
pathological cell death, for example, in neurodegenerative disorders and ischemia-reperfusion injury.
But the molecular basis of necrosis remains to be elucidated. Therefore, using IM derivatives and NT
derivatives as a biological tool, we intended to clarify the molecular mechanism of necrosis.

As a new subject of cell death study, we focused on the tumor-selective cell death induced by
y-linolenic acid (GLA). GLA was reported to Kill tumor cells without affecting normal cells, but the
molecular mechanism of action was not clarified. We planned to synthesize GLA derivatives
systematically and to find cell death inducer for tumor cells. By using this inducer, we intend to clarify
the molecular mechanisms of GLA-induced cell death.

The identification of binding proteins of cell death control molecules is the most important point in
these studies, but we have various difficulties in it by using popular methods. We also planned to
develop new chemical methods for the more efficient identification of the binding proteins.

@ Identification of IM-binding site using photoaffinity labeling (Kamisuki, Asanuma, Dodo,
Sodeoka)

In the previous fiscal year, we identified some proteins as a direct IM-binding protein by using
photoaffinity labeling. To identify IM-binding site of these proteins, we planned labeling experiments
using purified proteins. By using E. coli, we have succeeded in the expression and purification of
IM-binding proteins without loss of the binding potential to IM derivatives.

(2) Identification of NT-binding proteins (Sato, Dodo, Sodeoka; Hashimoto (IMCB, University of
Tokyo))

By using a fluorescent derivative, we studied the subcellular localization of NT derivatives, which
were developed as a novel necrosis inducer. As a result, NT derivatives were found to localize in
mitochondria, indicating the existence of target proteins in mitochondria. NT derivatives have a
reactive group making a covalent bond with binding proteins. Taking advantage of this property, we
have succeeded in the identification of NT-binding proteins.

3) Validation study of IM and NT target proteins by using genetic technique (Teng, Sato, Dodo,
Sodeoka)

To determine the real target protein which plays a critical role in the necrosis among the IM- and

NT-binding proteins, the knockdown studies of IM- and NT-binding proteins were performed. As a
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result, we have determined some proteins having the effects on necrosis, which were thought to be
target proteins of IM and NT derivatives.
(4) Mechanistic study using isolated mitochondria (luchi, Dodo, Sodeoka)

Both IM and NT derivatives were found to act on mitochondria directly. Therefore, we planned to
investigate the effects of IM and NT derivatives in isolated mitochondria. As a result, mitochondrial
permeability transition (MPT) was found to play an important role in necrosis induction.

(5) Development of novel IL derivatives (Hayamizu, Dodo, Fukami, Sodeoka)

To improve the cell death inhibitory activity, we developed new synthetic route of IL derivatives and
studied the structure-activity relationship (SAR). As a result, SAR of IL derivatives was found to be
different from IM.

(6) Study of tumor-selective cell death induced by GLA (Tamura, Sato, Dodo, Sodeoka)

At first, we planned to establish a new assay system of GLA. As a result, we discovered that GLA
killed cells transformed by SV40 large T antigen, one of well-known oncogenes, without affecting host
cells. Cells with or without SV40 large T antigen are expected as a suitable model for tumor-selective
cell death induced by GLA. Moreover, new synthetic route to obtain metabolites and derivatives of GLA
was established. We plan to examine the cell death inducing activities of these molecules.

(7 Development of novel chemical method for the identification of binding proteins (Egami,
Akindele, Hamashima, Dodo, Sodeoka)

We explored the chemical methods and reactions for the purification or labeling of binding proteins.
As a result, we obtained preliminary results on a new method for purifying the ligand-binding proteins,
and optimization of the conditions for protein purification is currently underway.

2. Synthesis of small molecule modulators of enzymes controlling intracellular signal transduction
(1) Synthesis of TE derivatives and their inhibitory activity against dual-specificity protein
phosphatases (Koyama, Oonuma, Tsuchiya, Hirai, Sodeoka)

RK682 isolated by Osada’s group (Antibiotic Laboratory) is a natural product having highly acidic
3-acyltetronic acid structure and shows potent inhibitory activity against dual-specificity protein
phophatase (DSP) and protein tyrosine phosphatase (PTP) inhibitory activity. We succeeded in
developing non-acidic RK682 enamide derivatives (RE derivatives) as a novel type of DSP inhibitor
based on RK682. This year, we synthesized tetramic acid enamide (TE) derivatives, in which oxygen
atom of lactone-ring in RE derivative was replaced by NH or NMe group. Inhibitory activity of the
synthesized TE derivatives were evaluated for VHR, Cdc25A, and PTP1B, and we found that TE
derivatives showed potent inhibitory activity for VHR and Cdc25A similar to RE derivatives, but not for
PTP1B. These results suggested that enamide structure including two carbonyl groups was important
for selective inhibition for DSPs.

(2) Development of a new methodology for the comprehensive analysis of protein phosphatases using
RE derivatives as a biological probe (Tsuchiya, Hirai, Sodeoka)

Although protein phosphatases are involved in many important biological events, their molecular
mechanism of action has been less well studied. Our final goal is to establish a system for profiling
phosphatase activities in cells under various physiological conditions. For this purpose, we intended to
develop a new method for labeling a class of phosphatases in living cells using phosphatase inhibitors,
RE derivatives, originally developed by us.

We have previously succeeded to develop an irreversible Cdc25A inhibitor “RE20” and to detect the
RE20 derivative-bound proteins by using click chemistry, by which a biotin tag was introduced
specifically to RE20 derivative after covalent bond formation with its target proteins. This year we
synthesized and tested new biotin tag with a chemically cleavable linker, expecting efficient elution of
the biotinylated proteins from affinity beads.

(3) Synthesis of novel ganglioside analogues focused on human sialidase NEUS3 inhibitor (Kato,
Okada, Uchida, Hirai, Sodeoka; Miyagi, Yamaguchi (Miyagi Cancer Center Research Institute))

Human sialidase NEU3 hydrolyzes terminal sialic acid from ganglioside such as GM3 and GMA4.
Recently, it was reported that NEU3 is up-regulated in various cancer cells and promotes the cancer
malignancy through facilitation of motility and infiltration and suppression of apoptosis. But the detail
of the molecular mechanism remains unclear. Based on the substrate selectivity of NEU3, we designed
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“unhydrolyzable” ganglioside analogues as molecular probes for NEU3. We have already established a
synthetic methodology for constructing a-selective C-sialosides and have achieved the synthesis of
ganglioside GM4 analogues possessing CFz-sialoside linkage. This year we examined the
B-glycosylation of CF2-linked sialylgalactose donor with glucose acceptors and succeeded in synthesis of
CF2-linked sialyllactose analogue and CF2z-linked GM3 analogue. To investigate the structure-activity
relationship of GM3 analogues, syntheses of CHF-linked and CH3-linked GM3 analogues are also
examined.

(4) Development of new methods for the synthesis of fluorinated sugar analogs (Tsuchikawa, Hirai,
Sodeoka)

Fluorine-containing compounds, which have quite unique chemical and physical properties, have
been paid profound attention in fine chemical and pharmaceutical fields. However, the intrinsic nature
of fluorine atom does not often allow application of various synthetic methods developed for
nonfluorinated prototypes. Therefore, the synthetic method taking advantage of its reactivity needs to
be developed. This year, we examined novel reaction of various nucleophiles (C, N, O, F, S nucleophiles)
with the compounds having a gem-difluoromethylene group, and succeeded to find appropriate
substrates and reaction conditions.

(5) Development of PKCa inhibitors (Tamura, Hirai, Sodeoka)

Protein kinase C (PKC) is a family of kinases that play important roles in intracellular signal
transduction. We have previously developed a novel type of PKCa inhibitors, isobenzofuranone (IB)
derivatives (IB-6A and IB-15A), which bind to PKCa C1 domain. This year, we evaluated the PKCa
inhibitory activity of IB-derivatives ((R)-1B-6A, (S)-1B-6A, and IB-15A) and known PKC inhibitors
(D-erythro-Sphingosine, safingol, and G66983) in vitro. IB-derivatives inhibited PKCa enzyme, though
inhibitory potency of IB-derivatives was weaker than that of these known PKC inhibitors. SAR study
revealed that the direction and the shape of the hydrophobic alkyl chain on the benzene ring were
important for their PKC inhibitory activity. Moreover, PKCa inhibitory activities of IB-6A and IB-15A
were found to be dependent on the concentration of phosphatidylserine.

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- or hydride-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) Synthetic methodologies to produce optically active fluorinated compounds (Nagi, Kitamura,
Hamashima, Sodeoka)

Organofluorine compounds are important building blocks in the field of medicinal chemistry as well
as material sciences, and the development of efficient fluorination reactions is highly desirable. We
already developed various catalytic asymmetric fluorination reactions by using a novel Ni-based trinary
catalytic system and palladium p-hydroxo complexes. This year, we further examined the generality of
the developed conditions, and we found a mild catalytic system that is applicable to enantioselective
mono-fluorination reaction of 1,2-ketoesters. We believe that this allows easy access to unique
fluorinated compounds that are difficult to synthesize using conventional methods. According to these
successes, we also succeeded in developing a new asymmetric chlorination reaction.

(2) Transition metal-catalyzed C-C bond-forming reactions and their applications (Nakamura,
Lectard, Hamashima, Sodeoka)

We previously showed that cationic palladium complexes act as an acid-base catalyst, being
applicable to various asymmetric C—C bond forming reactions. In order to expand our concept, we
synthesized chiral Cu and Ni complexes as a mild acid—base catalyst. The use of the Ni complex enabled
the catalytic activation of unexploited compounds as a useful nucleophile, and a novel catalytic C-C
bond-forming reactions with nitroalkenes were achieved. Our reaction is distinct from other reported
reactions in that high catalytic performance is feasible in alcoholic solvents which basically deactivate
Lewis acid complexes, and that the stereochemistry of our reaction is complementary to the related
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known reactions. This novel reaction was successfully applied to the asymmetric synthesis of powerful
glutamate receptor agonist.

(3) Development of the catalytic reactions using Pd-hydride intermediates (Hamashima, Sodeoka).

We already reported that Pd(l1)-bisphosphine complexes can transfer a hydrogen atom from ethanol,
being applicable to asymmetric conjugate reduction of enones. Based on our previous result, we
attempted asymmetric isomerization of allylic alcohols. The Pd complex was found to be quite active,
allowing the reaction to complete at ambient temperature within a few hours. To improve the chemical
yield, we examined the effect of bisphosphine ligands. We will continue to examine other bisphosphine
ligands.

4. Total synthesis of biologically active natural products and their derivatives for structure-activity
relationship studies

(1) Synthesis and biological evaluation of reveromycin A derivatives (Yasui, Shimizu, Sodeoka;
Kawatani, Osada (Antibiotics Laboratory))

Reveromycin A is a 6,6-spiroketal antibiotic isolated from the genus Streptomyces and shows strong
biological activities based on the inhibition of isoleucyl-tRNA synthetase. Reveromycin A is also
expected as a therapeutic agent for hypercalcemia and bone diseases. We have developed a novel
method for the preparation of the succinates of tertiary alcohol by oxidative cleavage of the
dihydrofuran prepared via the palladium-catalyzed coupling of the ketene acetal triflates derived from
y-lactone with zinc homoenolate. For the total synthesis of reveromycin A, we have synthesized
tetrahydropyranes with y-lactone via Noyori's asymmetric reduction and Smlz-induced reductive
cyclyzation of B-alkoxy acrylate.

(2) Synthetic studies of physalin B and F (Morita, Hirai, Sodeoka)

Physalin B and F are the steroidal constituents of Physalis plants possessing a novel
13,14-seco-16,24-cycloergostane skeleton. They show antitumor activity and inhibitory activities on
NF-kB cascade, which make them potentially useful as a therapeutic drug for inflammatory diseases.
Recently, physalin B and F were also reported as potent inhibitors for hedgehog singnaling pathway.
Therefore we intended to clarify the relationship between unique structural features of physalins and
their biological activities. This year, we have focused on the construction of E-ring through the chemo-
and stereoselective alkylation as a key reaction. Moreover, we succeeded in developing an efficient
method for the preparation of a key intermediate of the synthesis of DFGH-ring system as an
enantiopure form by using enzymatic optical resolution.

(3) Total synthesis of histone methyltransferase inhibitor Chaetocin (Iwasa, Fujishiro, Hamahsima,
Sodeoka)

Since histone methylation plays an important role in controlling gene expression patterns, potent
inhibitors of histone methyltransferases would be extremely useful for clarifying the mechanism of
cellular differentiation and cancer progression. Chaetocin, which belongs to a family of mycotoxins
isolated from chaetomium minutum, was recently reported to be a potent inhibitor of lysine-specific
histone methyltransferases. Although its isolation and structure determination was reported near 40
years ago, total synthesis of chetocin was not achieved. Therefore we planed to establish an efficient
methodology for the synthesis of chaetocin and its derivatives for the structure-activity relationship
study. This year, we further continued to examine the synthetic study starting from amino acids, and
we have recently accomplished the total synthesis of (+)-chaetocin. Additionally, we synthesized the
antipode of the natural chaetocin. The inhibitory activity of the synthetic chaetocin against the
methyltransferase was tested and confirmed by Molecular Ligand Discovery Research Team. We plan
to synthesize various other derivatives for SAR study.
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