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Key Sentences :

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 Words :

intracellular signal transduction, cell death, bioactive molecule, enzyme inhibitor, protein kinase,
protein phosphatase, ganglioside, 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 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.
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.

We are also focusing on cell death induced by natural products and their derivatives. In the previous
fiscal year, analogues of chaetocin, which belongs to a family of mycotoxins isolated from Chaetomium
minutum, were found to have stronger apoptosis-inducing activity than natural chaetocin. We planned
to clarify the mechanism of apoptosis induced by chaetocin analogues. y-Linolenic acid (GLA) has been
reported to kill tumor cells without affecting normal cells, but the molecular mechanism of action has
not yet been clarified. We planned to synthesize GLA derivatives systematically and to find a
tumor-selective cell death inducer. By using this inducer, we intend to clarify the molecular

WFFEAF



mechanisms of GLA-induced cell death.

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) Identification of the IM-binding site (Yamaguchi, Asanuma, Okazaki, Dodo, Sodeoka; Tochio,
Kigawa (NMR Pipeline Methodology Research Team))

By using IM-binding proteins obtained from . coli, we planned to identify the IM-binding site. We
designed and synthesized novel IM derivatives having various reactive functional groups. After their
reaction with IM-binding proteins, we tried to identify the modified amino acids by mass spectrometric
analysis. As a result, we succeeded in the identification of some modified residues. On the other hand,
we tried NMR analysis of the purified proteins complexed with IM derivatives.

2) Analysis of NT-binding sites and proteins (Ando, Asanuma, Okazaki, Sodeoka)

By wusing 2D electrophoresis, we succeeded in the global analysis of NT-binding proteins.
Comparative analysis of some NT compounds revealed the candidate protein mediating necrosis
induced by NT compounds. Moreover, to identify the binding site of NT compounds, we carried out the
mass spectrometric analysis of NT-modified proteins.

3) Functional analysis of IM- and NT-binding proteins (Okazaki, Ando, Iuchi, Dodo, Sodeoka)

By using IM- and NT-binding proteins obtained from £. coli, we analyzed their reported function. As
a result, we were able to confirm that these proteins were functioning normally and are currently
planning to examine the effects of the IM and NT compounds on them.

4) Mechanistic studies using isolated mitochondria (Iuchi, Dodo, Sodeoka; Shimizu (Tokyo Medical
and Dental University))

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, these compounds
were found to affect protein complexes formed on mitochondrial membranes and modify the
permeability of the mitochondrial membrane.

5) Cell death inhibition by chaetocin analogues (Teng, Tuchi, Dodo, Sodeoka)

In the previous fiscal year, we found that ent-chaetocin, an enantiomer of chaetocin, was more
potent for apoptosis induction than naturally occurring chaetocin. To clarify the molecular mechanism
of apoptosis induced by ent-chaetocin, we examined its effects on various cellular factors. As a result,
ent-chaetocin was found to reduce cellular ROS.

6) Synthesis and evaluation of GLA-related compounds (Sato, Tamura, Dodo, Sodeoka; Hashimoto
(IMCB, University of Tokyo); Makishima (Nihon University of Medicine))

In the previous fiscal year, we succeeded in the synthesis of hypothetical GLA metabolites designed
from the metabolites of arachidonic acid. This year, we examined the activities of these compounds in
cells, and some compounds were found to have the cell-death-inducing activity. Moreover, we obtained
some compounds having agonistic activities against peroxisome proliferator-activated receptors

(PPARs) .

7) Development of novel chemical methods for the identification of binding proteins and binding sites
of bioactive compounds (Asanuma, Yamaguchi, Ando, Miyazaki, Hayamizu, Egami, Dodo, Sodeoka)

We explored the chemical methods for the purification or labeling of binding proteins of small
molecules. As a result, we established a new method for the purification of alkyne-containing molecules
by cobalt-complex-immobilized beads. We are currently synthesizing a model peptide in order to apply
this method for the purification of labeled peptides. Future work will involve use of this peptide to
conduct optimization studies. Moreover, to detect the modified peptides, we succeeded in establishing a
new HPLC system.

8) Development of a novel imaging method for the determination of cellular localization of bioactive
compounds (Yamakoshi, Ando, Dodo, Sodeoka; Okada, Palonpon, Fujita, Kawata (Osaka
University))

We planned to develop a novel Raman imaging method for the determination of cellular localization
of bioactive compounds. By using a Raman microscope, the alkyne group was found to have strong
Raman scattering in the silent region, in which endogenous molecules showed no Raman peaks.

SRk 28 A



Moreover, EAU (5-ethynyl-2'-deoxyuridine), a mimic of a DNA component having an alkyne group, was
successfully detected in live cells.

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

Protein phosphorylations are well recognized as one of the most important post-translational
modification for regulating intracellular signal transduction. Many kinds of molecules are involved in
protein phosphorylations, and protein kinases and protein phosphatases act as key central enzymes for
tuning the phosphorylation signals. Numerous efforts have been made by means of molecular biology and
biochemistry for analyzing the function of protein phosphorylation. However, due to the complexity of the
network systems in protein phosphorylations, there still remains space for further research towards the
clarification of the precise roles of molecules regulating protein phosphorylation. In this study, we are
focusing on the development of novel types of lipid-like molecules having unique functions based on
natural products and bio-molecules. Moreover, biological activities of all new compounds at both protein
and cell levels are tested. Analysis of their binding proteins is also conducted. In these ways, we aim for
not only contributing to the clarification of the function of the proteins involved in protein
phosphorylations, but for also understanding the relationship between the structure of molecules and
their functions.

1) Structural evolution of dual-specificity protein phosphatase inhibitors, RE derivatives, for
improvement of their inhibitory activity (Uchida, Thuaud, Oonuma, Hirai, Sodeoka)

We have developed novel types of cell-permeable dual-specificity protein phosphatase inhibitors, RE
derivatives, which have a neutral core structure. Last year, in order to improve the inhibitory activity of
RE12 at the cell level as well as its physical property, replacement of the long hydrophobic alkyl chain
of RE12 with other hydrophobic functionalities was investigated. Continuous investigation on the
structure-activity relationship of this side chain revealed that the change of the side chain structure
affected the inhibitory activity for VHR and resulted in the new derivatives showing similar inhibitory
potency with RE12 but having the ClogP lowered by a value of two relative to RE12. For the CDC25B
inhibitor RE44, analyzing the inhibition pattern by LB plotting and inhibition potency in the presence
of detergents was investigated.

2) Synthesis of the (S)-CHF-linked sialylgalactose derivative (Nishizawa, Kato, Hirai, Sodeoka)

Ganglioside GM3 is thought to be involved in the suppression of cell proliferations through the
interaction with EGFR and inhibition of auto-phosphorylation. On the other hand, human sialidase
NEUS3 hydrolyzes terminal sialic acids in gangliosides such as GM3. It was reported that NEU3 is
up-regulated in the plasma membrane of various cancers, and promotes the cancer malignancy through
enhancements of motility, invasion of tumor cells as well as suppression of apoptosis. But the precise
molecular mechanism is not fully understood. Focusing on the substrate selectivity of NEU3, we
designed “unhydrolyzable” ganglioside analogues as molecular probes for the clarification of the
relationship between the metabolism of GM3 by NEU3 and the function of NEU3. We have already
established a synthetic methodology for constructing a-selective C-sialosides and have achieved the
synthesis of sialylgalactose analogues possessing CF2-sialoside, CHz-sialoside, and (£)-CHF-sialoside
linkages. To synthesize the remaining (5)-CHF-sialoside linkage, galactose derivatives having the
(Z)-fluoromethylene unit should be prepared stereoselectively. This year, we examined the key
bromofluoromethylenation reaction for the galactose derivatives and found that this methodology
afforded the desired compound in high yield and stereoselectivity. During the course of this examination,
we also found the characteristic effect of the neighboring silyl protective group on the stereoselectivity
in bromofluoromethylenation. We also found a new simple method for the bromofluoromethylenation
reaction of aldehydes.

3) Synthesis of novel ganglioside analogues focused on the clarification of human sialidase NEU3
function (Kato, Nishizawa, Oonuma, Hirai, Sodeoka; Miyagi (Tohoku pharmaceutical University))
We have already completed the synthesis and the evaluation on the inhibitory activity for NEU3 of
GM3 analogues possessing the CFz-sialoside linkage. This year, we succeeded in the first synthesis of
the CHe-linked and the two diastereomers of CHF-linked GM3 analogues. The preliminary results on
the effect of synthesized GM3 analogues suggested that these GM3 analogues showed remarkable
inhibitory effect for the EGF-receptor tyrosine auto-phosphorylations.
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4) Synthesis of the CFo-linked disaccharide unit utilizing the unique Sn2’ reaction arising from the
sugar structure (Sakai, Hirai, Sodeoka)

We have estabilished methodologies to construct the CFe-linked disaccharide unit through the SN2’
reaction. This year, we started to examine the transformation of the CFe-linked disaccharide unit.

5) Studies on the molecular mechanism of PKCo inhibition by novel isobenzofuranone derivatives
(Sakai, Tamura, Hirai, Sodeoka)

Protein kinase C (PKC) is a family of kinases that play important roles in intracellular signal
transduction. Last year, structure-activity relationship studies of the amide functionality in the new
PKCa inhibitor IB-15A, which was originally developed in this laboratory, revealed that a larger
substituent on the a-position of the amide group weakened their PKCa inhibitory activity. This year,
we continued the structure-activity relationship studies and found unexpectedly that
monomethoxy-acetamide (IB-26A) and dimethoxy-acetamide (IB-27A) shows weak inhibitory activity
for PKCa. To analyze the binding site of IB-15A towards PKCa, synthesis of electrophilic formyl
derivative (IB-24A) and the diazo-acetamide derivative (IB-28A), which are expected to be used for the
photo-affinity labeling method, was achieved. Currently the inhibitory activity of these compounds is
under investigation.

6) Synthetic studies of physalins (Morita, Hirai, Sodeoka)

Physalins are highly-oxygenated steroidal constituents of the Physalis plants possessing a novel
13,14-seco-16,24-cycloergostane skeleton. As they show antitumor and inhibitory activities on the
NF-kB cascade, we launched a synthetic study of physalins to elucidate the relationship between their
unique structural features and biological activities. This year, we examined methodologies to create the
connection between the DEFGH-ring unit and the C-ring unit towards the total synthesis of physalins.
7) Library construction of highly-oxygenated steroids from physalis plants (Ozawa, Oonuma, Hirai,

Sodeoka)

To further pursue research regarding the identification of the target protein and the molecular
mechanism of physalins, we constructed a library of physalin derivatives from the world-famous
Physalis plants. This year, phytochemical investigations of ornamental Hozuki (Physalis alkekengi var.
francheti) and edible Hozuki (Physalis peruviana) resulted in the isolation of physalins and
withanolides, respectively. Inhibitory activities of library compounds including synthetic intermediates
from the synthetic studies of physalins, towards NF-kB activation were investigated.

8) Synthetic studies of a novel SUMOylation inhibitor, spectomycin B1 (Thuaud, Cruchter, Hirai,
Sodeoka)

Spectomycins (A1, A2 and the dimeric structure B1) are natural products isolated from bacteria in
1994 by Rinehart and collaborators. Recently, Yoshida and co-workers (chemical genetics laboratory)
showed that spectomycin B1 exhibits inhibitory activity for protein SUMOylation. To obtain the
spectomycin derivatives and investigate the structure-activity relationships, we started research
towards the total synthesis of spectomycins. We planned to synthesize the core structure of
spectomycins with a diastereoselective pinacolic coupling.

9) Synthetic studies of maitotoxin (T. Saito, Sodeoka)

Maitotoxin, isolated in 1993, is the most toxic and largest natural product known so far, apart from
biopolymers, such as proteins or polysaccharides. Furthermore, the amphiphilic nature of maitotoxin,
which contains two uneven polar domains are each expected to contribute differently to the onset of
toxicity. This year, we investigated a new coupling strategy for the construction of the most challenging
B’- ring, based on the cross coupling reaction.

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) Synthetic methodologies to produce optically active fluorinated compounds (Shimizu, Egami,
Lectard, Sodeoka)
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Organofluorine compounds are important building blocks in the field of medicinal chemistry as well
as material sciences. Therefore, the development of new methodologies for the construction of
fluorinated compounds is highly desirable. Trifluoromethylation has recently attracted attention as a
useful method for introducing fluorine atoms into the organic framework. Development of new
trifluoromethylation reactions having higher applicability is required, because the methodology has
been rather limited. This year, we examined the trifluoromethylation of allylsilane derivatives and
succeeded in developing the desired reaction catalyzed by copper salt. Interestingly enough, product
switching was observed, and the product outcome was dependent on structure of the substrate. In
addition, we succeeded in finding novel and unique reactions using these trifluoromethylated products.

The catalytic enantioselective mono-fluorinations of a-ketoesters have also been achieved. The
obtained B-fluoro-a-keto esters can be converted to the corresponding B-fluoro-a-hydroxy esters in an
either antr or symselective manner. Furthermore, both antr and syn-B-fluoro-a-hydroxy esters have
also been successfully transformed to the corresponding B-fluoro-a-amino esters without loss of their
diastereoselectivity.

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

o-Ketoesters have often been utilized as an electrophile owing to their high reactivity of the ketone

moiety. In sharp contrast, we have recently developed an efficient strategy for the selective formation of

transition metal enolates from a-ketoesters, facilitating the catalytic asymmetric conjugate addition of

o-ketoesters to nitroalkenes. In order to extend this strategy, we searched other electrophiles for the

development of a new variant of conjugate addition of a-ketoesters, leading to find several classes of

C—C bond-forming reactions that enable access to structurally complex molecules having multiple

contiguous stereocenters.

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

We have developed a variety of catalytic asymmetric reactions by exploiting transition metal
complexes that can act as an acid-base catalyst. To further expand this concept, we focused on the
development of a new methodology for the oxidative functionalization of small molecules by utilizing
transition metal catalysts. This year, we examined the feasibility to activate molecular oxygen by
utilizing transition metal catalysts developed in our group.

4) Design and synthesis of new dinuclear complexes (Egami, Sodeoka)

Many enzymes which have the ability to introduce oxidative transformations of organic compounds
contain ubiquitous metals, such as iron and copper in its active center. However, many difficulties are
encountered when an artificial catalyst is used in the place of enzymes. To overcome this situation, we
designed and synthesized some new complexes this year.
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