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The 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 cover
from transition metal-catalyzed enantioselective reactions to design and synthesis of intracellular signal transduction
modulators and their application to the cell biology research. Selective inhibitors of protein kinases and phosphatases,
which are involved in the signal transduction of cell proliferation and death, are of particular interest

1. Development of catalytic asymmetric reactions
(1) Catalytic enantioselective synthesis of chiral nitrogen-containing molecules via palladium enolates

We previously showed that palladium complexes of the type [Pd(ID)(Ligand)(H20)2](X)2 and [PA(IID)(Ligand)(u-OH)]2(X)2
(Ligand = Binap-type, X = OTf or BF4) act as an acid-base catalyst, being applicable to various asymmetric C-C bond
forming reactions of dicarbonyl compounds. Based on our previous results, we have succeeded in developing highly
enantioselective coupling reactions of malonates with acetals, which has rarely been used in asymmetric catalysis. Notably,
the reaction was successfully applied to the highly enantioselective synthesis of chiral tetrahydroisoquinolines. We also
carried out spectroscopic studies to clarify the reaction mechanism. Structural studies of the intermediate
enolate-complexes by single crystal X-ray analyses are being investigated.
(2) Development of the catalytic conjugate reduction with ethanol as a hydride source

Since the conjugate reduction of a,B-unsaturated compounds is extremely useful in synthetic organic chemistry, various
methods have been developed. However, the use of toxic or explosive reducing agents is still the task to be solved. On the
basis of our recent finding that Pd(II)-dppb complex and EtOH react to give a Pd-H species, we developed an efficient
catalytic conjugate reduction of a,B-unsaturated ketones. Importantly, since safe and clean EtOH can be used as a solvent
and a hydride source, this reaction is environmentally advantageous. We also developed an asymmetric version of this
conjugate reduction using chiral Pd-p-hydroxo complex. To confirm the synthetic utility of the reaction, a highly
enantioselective synthesis of warfarin, a clinically important anticoagulant, was successfully demonstrated.
(3) Development of the catalytic asymmetric fluorination reaction using a novel Ni trinary system

Organofluorine compounds are important building blocks in the field of medicinal chemistry, and development of efficient fluorination
reactions is highly desirable. In contrast to reactions of active methine compounds, there had been no example of a-monofluorination
reactions of less reactive ester equivalents. This year, we found a novel Ni-based trinary system is highly effective for the catalytic
asymmetric o.-monofluorination reaction of carboxylic acid derivatives. This reaction proceeds smoothly to give the desired product in good
yield with high enantioselectivity. Further studies to expand the scope of the reaction are in progress in our laboratory.

2. Synthesis of small molecule modulators of enzymes controlling intracellular signal transduction
(1) Development of fluorescent-labeled chemical probes for analyzing the ligand binding of protein kinase C (PKC) C1 domains

Protein kinase C (PKCs) are the phospholipids- and calcium ion-dependent serine/threonine protein kinases. PKCs have two similar C1
domains, Cla and C1b, and the physiological ligand 1,2-diacylglycerol (DAG) and a natural product phorbol ester, known as a powerful
tumor promoter, are known to bind to these C1 domains. Formation of the lipid-ligand-PKC ternary complex, caused by the ligand binding to
C1 domains, is believed to be a key for the activation of this enzyme. To clarify the precise activation mechanism of PKCs, we have
developed a novel type of Cl domain ligands, isobenzofuranone derivatives (IB derivatives). Competitive inhibition of [*H]PDBu
(*H-labeled phorbol ester) binding to PKC is a useful method for evaluating the binding affinity of C1 domain ligands. However, recent
studies showed that phorbol ester preferentially binds to PKCaClb domain, and the assay using [’H]PDBu seemed to provide only the
binding affinity to C1b domain.

We have already discovered that IB derivatives having myo-inositol derivatives (IB-inositol derivatives) at C7 of IB skeleton showed the
remarkable activation ability of PKCa, whereas they have only weak binding affinity toward PKCaClb domain. This fact suggets that



IB-inositol derivatives could preferentially bind to Cla domain of PKCa. To develop a new method for evaluating the binding affinity of the
ligand molecules to Cla domain, we envisioned the development of fluorescent-labeled chemical probes based on the IB-inositol derivatives.
This year, we have been working on the design and synthesis of the IB derivatives with fluorescent tag in inositol moiety of IB-inositol
derivatives, expecting that such tag would interact with phospholipids. An IB derivative and hydrophobic fluorescent tag, BODIPY, was
successfully connected by cross-metathesis reaction.

(2) Development of a new methodology for the comprehensive analysis of protein phosphatases using low-molecular
inhibitors as a biological probe

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 under various
physiological conditions. For this purpose, we intended to develop a new method for labeling a class of phosphatases in full
details using phosphatase inhibitors originally developed by us. This year, many candidates of the probes were prepared,
and their activity to several known phosphatases was evaluated.

We synthesized new compounds which were designed to make a covalent bond with dual-specificity protein phosphatases
(DSPs) based on RK-682, a natural product isolated from Streptomyces sp. Among them, the enamide derivative RE20 was
found to inhibit Cdc25, which is one of the members of DSPs, through a covalent bond with cysteine residue located at the
active site of the enzyme. Furthermore, RE20 did not show any inhibitory activity to both tyrosine phosphatase PTP1B and
serine/threonine phosphatase PP2A. These results indicated that RE20 is a DSP-specific inhibitor. Therefore, we
synthesized a fluorescence-labeled RE20 derivative and carried out the comprehensive labeling of target proteins of RE20
in living cells. Gratifyingly, we found that a number of proteins were labeled in human leukemia HL-60 cells treated with
the fluorescence-labeled RE20.

(3) Development of PP2B-selective inhibitors
Protein serine/threonine phosphatase 2B (calcineurin) plays important roles in intracellular signal transductions. The
immunosuppressant drugs FK506 and cyclosporine A have been known to block activation of the transcription factors, such
as NF-AT, in T-lymphocytes. These drugs bind to immunophilin (cyclophilin and FKBP) and form a complex that binds to
PP2B and inhibits its phosphatase activity. Remarkably, these immunosuppressants cannot directly inhibit PP2B; the
formation of immunophirin complex is essential. Thus, it is of interest to find a direct and selective inhibitor of PP2B that
does not involve the immunophilins as a biological tool for studies of PP2B and also as a candidate therapeutic agent. Last
year, we found 1,5-di-substituted cantharidin derivatives NCA-31 as an isozyme-selective inhibitor of PP2B, but its
inhibitory activity was not sufficient. In this year, to address this issue, we designed and synthesized more sophisticated
derivatives on the basis of docking models of the compounds with the active site of PP2B.

(4) Synthesis of novel ganglioside analogues focused on human sialidase (Neu3) inhibitor
Human sialidase Neu3 localized in plasma membrane hydrolyzes terminal sialic acids from ganglioside such as GM3 and
GM4. Although Neu3 has been implicated to be involved in the progression of cancers and diabetes, the molecular
mechanism remains unclear. Neu3 inhibitor is expected to be useful for not only the clarification of Neu3 function but also
the treatment for diseases. Based on the substrate selectivity of Neu3, we designed “unhydrolyzable” ganglioside analogues.
In this year, we achieved the synthesis of the several compounds designed as sialylgalactose analogues, in which sugars are
linked with one carbon unit in place of the naturally occurring glycosyl bond. In addition, the synthesis of glycoconjugate
with C20-ceramides was also achieved.

3. Development and Mechanistic Study of Novel Cell Death Inhibitors

Cell death signaling is currently one of the hottest topics in biological research. We have already found that
indolylmaleimide derivatives (IM derivatives) are selective inhibitors for necrotic cell death induced by oxidative stress.
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
as a biological tool, we intended to clarify the signaling pathway of necrosis. IM derivative are also expected to be a lead
compound for therapeutic agents.

(1) Subcellular localization of a fluorescent IM derivative
To identify the target site of IM derivatives, we synthesized a fluorescent IM derivative and examined the subcellular
localization by confocal microscopy. As a result, IM was found to localize in mitochondria.

(2) Identification of IM-binding protein by using affinity gel
To identify the target protein of IM derivatives, we synthesized various kinds of IM-derivative-immobilized affinity gel.
Using the affinity gel, IM-binding proteins were purified from isolated mitochondria and some candidates for the target
protein were identified.

(3) Development of new derivatives
To improve the cell death inhibitory activity, we tried to modify the core structure of IM derivatives. As a result, we
obtained some derivatives having more potent activities than IM derivatives.

(4) Establishment of new cell systems.
HL-60 cells, which are used for the cell death inhibition assay, have some problems for the mechanistic study, such as the
difficulty in gene transfection. Therefore, we explored other cell lines applicable to the mechanistic study. As a result, rat
pheochromocytoma PC12 cells were found to be useful for the mechanistic studies.

4. Development of a new methodology for the global analysis of ATP-binding proteins

Reflecting the importance of ATP binding proteins in living cells, it is of great interest to develop an efficient system for
the global analysis of ATP-binding proteins. For this purpose, we planned to use non-hydrolyzable ATP mimics bearing
versatile amino-linker for the analysis of ATP-binding proteins.



Since the ATP mimics are considered to be unstable under basic or acidic conditions, the synthesis needs to be carried out
using adequate combination of protecting groups which can be cleaved under the neutral conditions. We chose protecting
groups removable by hydrogenolysis. In only 10 steps starting from inosine, we synthesized desired nucleoside derivatives
bearing azide group in the amino-linker part, which is potentially applicable to the click chemistry. The resulting
nucleoside derivatives were coupled with triphosphate analogs, which were prepared from hypophosphorous acid by our
original method, affording protected ATP mimics. Finally, using the deprotection conditions established in our group, we
successfully completed the synthesis of the designed ATP mimic in excellent yield.

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

(1) Synthesis and biological evaluation of reveromycin A and spirofungin A derivatives
Reveromycin A is a 6,6-spiroacetal antibiotic isolated from the genus Streptomyces and shows strong biological activities
that makes it potentially useful as an antitumor drug based on inhibition of isoleucyl-tRNA synthetase. Reveromycin A is
also expected as a therapeutic agent for hypercalcemia and bone disease. The 2,3-dihydroreveromycin A and
4-hydroxyreveromycin A were synthesized and found to strongly inhibit both the isoleucyl-tRNA synthetase activity and
the cell death inducing activity to mature osteoclasts. The succinates of the tertiary alcohols were conveniently constructed
by oxidative cleavage of the dihydropyran obtained via the Negishi coupling using zinc homoenolate.

(2) Synthetic studies of himeic acid A, a new ubiquitin-activating enzyme inhibitor
Himeic acid A is a new ubiquitin-activating enzyme (E1) inhibitor isolated from a culture of marine-derived fungus,
Aspergillus sp. Himeic acid A is a 2,5-disubstituted 4-pyrone derivative which includes a 3-substituted dienone attached to
a linear fatty acid and Msuccinyl amide group. We have synthesized the 2,5-disubstituted 4-pyrone from the
4-hydroxy-2-pyrone and the 4-pyrone functional groups were modified.

(3) Research on the development of an anti-obesity and a new lead chemical for medicine
The mode of action of the hypolipidemic effect of 5-campestenone, a derivative of campesterol, was investigated.
Sprague-Dawley rats were fed on the 0.2% 5-campestenone-added feed for 14 days. Lipid balance in the liver was examined
using a liver perfusion system. Dietary 5-campestenone markedly elevated hepatic ketone body production, while
cumulative secretion of triglyceride (TG) cholesterol, and phospholipid were all significantly lowered; the extent of the
reduction was more prominent in the secretion of TG than other lipid components. In addition, the reduction of TG
secretion was accompanied by the reduced incorporation of both exogenous and endogenous fatty acids into this lipid
molecule. These results suggest that dietary 5-campestenone exerts its hypolipidemic effect through an enhanced
metabolism of fatty acid to oxidation and the reduced synthesis and secretion of esterified lipids, especially TG, in rat liver.

(4) Synthetic studies of physalin B and F
Physalin B and F are the steroidal constituents of Physalis plants possessing a novel 13,14-seco-16,24-cycloergostane
skeleton. They possess antitumor activity and inhibitory activities on NF-«B cascade, which make them potentially useful
as a therapeutic drug for inflammatory dieses. This year, we aimed at the establishment of synthetic methodology for
construction of a unique right fragment of physalins, and we achieved the synthesis of a key intermediate via Diels-Alder
reaction.

Staff

Head
Dr. Mikiko SODEOKA

Members

Dr. Takeshi SHIMIZU

Ms. Hiroko MATSUKURA
Dr. Go HIRAI

Dr. Yoshitaka HAMASHIMA
Ms. Kumiko HARATA

Dr. Kosuke DODO*!

Dr. Mamoru SHIMIZU *!
Dr. Yuko OTANI*2

Dr. Yasunori MORI*2

Dr. Yasunori TSUCHIYA*2
Dr. Thomas SEIDEL*2

Dr. Tadashi SHIMIZU™*3
Dr. Ayako TSUCHIYA™*3
Dr. Christian DUBS™*3

*1Special Postdoctoral Researcher ~ *2 Contract Researcher  *3Visiting Scientist

in collaboration with

Dr. Hiroyuki OSADA (Antibiotics Laboratory)
Dr. Takeo USUI (Antibiotics Laboratory)

Dr. Makoto KAWATANI (Antibiotics Laboratory)

Visiting Members



Ms. Fumie OHNUMA (Science Service)

Dr. Toshiro SUENAGA (Sankyo Kasei Kogyou)
Dr. Kazuo NAGASAWA (Tokyo Univ. Agri. Teck.)
Dr. Sayoko HIRANUMA (Technoflora Co.)

Mr. Yasunobu KANEKO (Technoflora Co.)

Dr. Rie KONNO (Technoflora Co.)

Dr. Kunio SUZUKI (Technoflora Co.)

Trainees

Mr. Toshiaki SUZUKI (Fac. Eng., Tohoku Univ.)

Mr. Toru WATANABE (Fac. Eng., Tohoku Univ.)

Mr. Megumi OHKUBO (Fac. Eng., Tohoku Univ.)

Mr. Katsunori MURAKOSHI (Fac. Eng., Tokyo Denki Univ.)

Ms. Natsuko UMEBAYASHI (Fac. Eng., Tohoku Univ.)

Ms. Christine BEEMELMANNS (Fac. Chem., RWTH, Aachen Univ. Tech.)
Mr. Yusuke KOYAMA (Fac. Eng., Tokyo Univ. Sci.)

Mr. Kohei MATSUSHIGE (Fac. Eng., Tokyo Denki Univ.)



