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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 [Pd(ID)(Ligand)(u-OH)]2(X)2
(Ligand = Binap-type, X = TfO" or BFs) act as an acid-base catalyst, being applicable to various asymmetric C-C bond
forming reactions of dicarbonyl compounds. Considering the unique property of Pd enolates generated under acidic
conditions, we examined reactions with acetals, which are considered to be hard to react under basic conditions. It was
found that dicarbonyl compounds underwent catalytic asymmetric aldol-type reaction with acetals, which is unprecedented
in the literature. Also, we carried out the mechanistic studies on our recently reported Mannich-type reaction with
N, O-acetals of dihydroisoquinolines. Based on these results, we devised a novel oxidative Mannich-type reaction, where
reactive iminium ion intermediates were generated using a chemical oxidant. Notably, this reaction can be carried out
starting from the corresponding amines, and the imines, which is normally tedious to prepare, is no longer necessary.
Additionally, this reaction was successfully applied to the synthesis of a core structure of many bioactive compounds.
(2) Development of the catalytic asymmetric conjugate reduction with EtOH as a hydride source.

Last year, we reported a novel catalytic asymmetric conjugate reduction of enones using a Pd-H species as the key
intermediate based on the observation that Pd(I)-BINAP complex can transfer a hydrogen atom from ethanol. The main
drawback of this reaction is the narrow scope of the substrate, and a,B-unsaturated esters were not available. To address
this issue, we examined various phosphine ligands, focusing on the electron density of the phosphorous atom. A Pd(II)
complex having an electron-rich trialkylphosphine displayed higher reactivity, and the reaction of unsaturated esters
proceeded smoothly. In these reactions, the addition of molecular sieves facilitated the reaction, which might be important
for the in situ generation of the Pd-p-OH complex. Importantly, since safe and clean EtOH can be used as a solvent and a
hydride source, this reaction is environmentally advantageous. We also found that this new Pd complex was able to



promote asymmetric isomerization of allylic alcohols. Further investigation on this isomerization reaction is under way.
(3) Development of efficient asymmetric fluorination reactions

Organofluorine compounds are important building blocks in the field of medicinal chemistry, and development of efficient
fluorination reactions is highly desirable. Last year, we reported the first example of asymmetric mono-fluorination of aryl
acetic acid derivatives using a novel Ni-based trinary catalytic system. This year, we further examined various conditions
to improve the scope of the reaction. We also carried out mechanistic studies on this Ni-catalyzed reaction. As for the
Pd-catalyzed reactions, the scope of the substrates has been limited to only 1,3-dicarbonyl compounds. But we recently
found that ester-activated ketones also underwent the mono-fluorination reaction. This reaction can produce optically
active mono-fluorinated compounds that are not accessible using the Ni-catalyzed reaction. Further study on this reaction
and its application to the synthesis of the drug candidates is under investigation in our laboratory.

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

(1) Synthesis of RE derivatives and their inhibitory activity against protein phosphatase and HL60 proliferation
RK682 isolated by Osada’s group is a natural product having highly acidic 3-acyltetronic acid structure and shows potent
dual-specificity protein phophatase (DSP) and protein tyrosine phosphatase (PTP) inhibitory activity. We succeeded to
develop non-acidic RK682 enamide derivatives (RE derivatives) as a novel type of DSP inhibitor based on RK682. This
year, we established the synthetic methodology for large scale-preparation of RE derivatives. Moreover, various RE
derivatives were synthesized, and their inhibitory activity against Cdc25A, which is one of the most famous DSP, and HL.60
proliferation were evaluated. We found that some compounds showed remarkable inhibition for both Cdc25A and HL60
proliferation.

(2) Development of a new methodology for the comprehensive analysis of protein phosphatases using RE derivatives 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, RE derivatives, originally developed by us.
We have succeeded to develop a RE derivative RE20, which showed potent Cdc25A inhibitory activity and was able to bind
covalently to Cdc25A. This year fluorescent labeled RE20 derivatives were synthesized, and covalent bond formation of
these derivatives with target proteins in cells were confirmed. Moreover, we found that the position of fluorescent tag of the
RE derivatives affected the pattern of the binding proteins. This fact suggested that group of RE-bound proteins could be
altered by changing the substituents of RE derivatives. Next, subcellular localization of the fluorescent labeled RE
derivatives was examined and we found labeled derivatives localized in cytosol around the outside of nuclei. Identification
of RE-binding proteins is now in progress.

(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.
Recntly, we found optically active 1,5-di-substituted cantharidin derivatives NCA-01 as an isozyme-selective inhibitor of
PP2B, but its inhibitory activity was not sufficient in cell assay. This year, to address this issue, we developed
cell-permeable derivatives NCA-01-DME, which showed inhibitory activity against PHA-induced IL-2 production.

(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. Based on the substrate selectivity of Neu3, we designed “unhydrolyzable” ganglioside
analogues for molecular probes of Neu3. We have already established the synthetic methodology for construction
o-selective (rsialoside and achieved synthesis of ganglioside GM4 analogues possessing CF2-sialoside linkage. This year
inhibitory activity of GM4 analogue for human sialidase Neul, Neu2, Neu3, and Neu4 were evaluated, and GM4 analogue
was found to show inhibitory activities against sialidase Nue2, Neu3 and Neu4, which can hydrolyze terminal sialic acids
from ganglioside. This compound also showed inhibitory activity for proliferation of human lymphocyte as same as a native
GM4. These results suggested that CFs-linked GM4 analogue would be a mimic for ganglioside GM4.

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) Cellular site of action of IM derivatives
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 derivatives were found to localize in mitochondria. To examine the effect
of IM derivatives on mitochondria, we monitored the mitochondrial membrane potential and cellular ATP level as a marker
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of mitochondrial function. IM derivatives were found to inhibit necrosis by maintaining the mitochondrial function.

(2) Identification of target protein of IM derivatives 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. To determine the target protein of IM derivatives from IM-binding proteins, the knockdown and
overexpression of IM-binding proteins were performed.

(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 experiment using new cell lines.
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, some
cell lines 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.

This year, we synthesized non-hydrolyzable ATP mimic bearing versatile amino-linker at the 2’-O position of ribose ring.
To investigate the effect of amino-linker, we also synthesized same ATP mimic without amino-linker. Then, we have
examined inhibitory activity toward various kinases using these synthesized ATP mimics.

During this study, we have also succeeded in developing a novel reagents for the preparation of carbamates, carbonates,
and thiocarbonates. Newly developed NT reagents, which contain 3-nitro-1,2,4-triazole (NT) as a basic skeleton, have the
following advantages: (1) They are highly stable and can be stored for long periods without decomposition; (2) Since they
are nonhygroscopic crystalline materials, they are easy to handle and weigh accurately even on a milligram scale; (3) The
reactions can be carried out even in an open flask; (4) The co-product NT can be recycled; (5) Generally, carbamate
formation proceeds quickly (within 5 min) under neutral conditions; (6) in most cases, highly pure carbamates were
obtained without tedious column chromatographic purification.

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

(1) Synthesis and biological evaluation of reveromycin A derivatives
Reveromycin A is a 6,6-spiroketal 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. We have developed a novel method for the
preparation of the succinates of tertiary alcohols for the synthesis of reveromycin A. 3-Butyn-1-ol was converted into a
lactone in eleven steps. Oxidative cleavage of the dihydropyrans prepared via the palladium-catalyzed coupling of the
ketene acetal triflates and zinc homoenolate with OsO4 - Pb(OAc)s gave the succinates of tertiary alcohols. Then, the
succinates were converted into the 6,6-spiketal via the coupling with an alkyne.

(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 4-pyrone which substitutes o,0-carboxyl alkenyl group at the C2 position and aw-carboxyl
imide group at the C5 position. We have synthesized the 5-carboxylated 4-pyrone from the 4-hydroxy-2-pyrone via the
formylation at the C3 position. The C5 carboxyl group was converted into the imide group and the C2 methyl group was
modified for the synthesis of himeic acid A.

(3) Research on the development of anti-obesity drugs and new lead compounds
The agonist activity of 5-campestenone (campest-5-en-3-one) for the peroxisomal proliferator-activated receptora(PPARa)
that is a transcriptional regulator of lipid was evaluated using a 3D quantitative structure-activity relationship analysis.
First, the docking poses of campest-5-en-3-one and synthetic agonist GW409544 (GlaxoSmithKline) on the ligand binding
domein (LBD) of human PPARa whose 3D structure is already-known were obtained by the Glide program. Subsequently,
protein-ligand interactions on each complex model of the PPARa-LBD-agonist were compared based on the Glide score, F
score and free energy, respectively. Results suggest that campest-5-en-3-one shifts in the ligand pocket of PPARa as a
similar distribution as GW409544 though its interaction is weaker than that of GW409544.

(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. Recently, physalin B and F was also isolated as potent inhibitors for
hedgehog singnaling pathway, therefore we aim clarifying the relationship between unique structural features of physalins
and their biological activities. This year, we envisioned that establishment of synthetic methodology for construction of a
unique right fragment DEFGH-ring moiety of physalins, and we achieved the stereo-controlled synthesis of EF-ring moiety
in which all stereocenters of most functionalized E-ring in physalins was regulated by such as Diels-Alder reaction and
addition of CeCls-lithium acetylide. Construction of DGH-ring moiety is now under investigated.

(5) Synthetic study of chaetocin
Chaetocin, which belongs to a family of mycotoxins isolated from chaetomium minutum, is the first inhibitor of a
lysine-specific histone methyltransferase. Since histone methylation plays an important role in gene expression,
development of effective inhibitors of histone methyltransferases would be extremely useful for clarifying the mechanism of
action of cellular differentiation and cancer progression. Our goal is the establishment of an efficient methodology for the
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synthesis of chaetocin and its derivatives to clarify the structure-activity relationship and the discovery of a strong
inhibitor. This year, according to the retro-synthetic analysis, we synthesized a 2,5-diketopiperazine starting from L-serine
and L-tryptophan. A ring closing reaction of the 2,5-diketopiperazine gave the desired tetracyclic compound in good yield,
although the stereoselectivity should be improved. The dimerization of the obtained compound to synthesize the core

structure of chaetocin is under intensive investigation.
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