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1. Synthesis of small molecule modulators of en-
zymes controlling intracellular signal transduction

(1) Synthesis of protein kinase C (PKC) modulators
and evaluation of their biological activities

Protein kinase C (PKC) is a family of enzymes that play
important roles in intracellular signal transduction. We
designed a series of novel PKC ligands having an isoben-
zofuranone template, based on the proposed interaction of
DAG (1, 2-diacyl-sn-glycerol), a physiological PKC ligand,
with the PKCJC1B ligand-binding domain. We have de-
veloped an efficient synthetic route to the isobenzofranone
derivatives using the Stille coupling reaction and asym-
metric dihydroxylation as key steps. Since interaction of
the hydrophobic alkyl chain of the isobenzofuranon deriva-
tives with the lipid membrane is expected to be critical for
PKC activation, we were interested in the synthesis of the
isobenzofuranone derivatives having the hydrophobic alkyl
chain at various positions of the benzene ring. All four re-
gioisomers were synthesized, and their activities as PKC
ligands were evaluated. The isobenzofuranone derivatives
having a 7-or 6-alkyl group bound to PKCaClb domain
strongly, on the other hand, 5-or 4-substituted derivative
showed lower affinity toward PKCaC1lb domain. Effects
of these synthetic ligands on the PKCa phosohorylation
activity were also examined. While the 7-or 6-substituted
derivative was found to be a strong activator of PKCa, the
5-substituted derivative activated PKCa only weakly. Sur-
prisingly, the 4-substitued derivative showed no activation
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of PKCa even at high concentration at which significant
binding to PKCa was observed. These results suggest that
position of the hydrophobic chain is critical for the PKC
activation.

(2) Construction of a library focused on protein tyrosine
phosphatase inhibitors

Aiming at developing PTP (protein tyrosine phos-
phatase) /DSP (dual-specificity phosphatase)-selective in-
hibitors, a library of compounds having a “core” struc-
ture that can interact with the conserved catalytic site
of PTP/DSP as a phosphate mimic and having “various”
substituents that may interact with the unique region of
each enzyme was synthesized. Construction of a new li-
brary having L-ascorbic acid as a “core” structure was ex-
amined. We have already developed an efficient method
for carbamate synthesis using a polymer-supported N-
hydroxysuccinimide (NHS). Using this method an ascorbic
acid-carbamate library was synthesized. The carbamate
derivatives were prepared either from 6-amino-ascorbic
acid and various alcohols, or from 5-dehydroxy-ascorbic
acid and various amines. The inhibitory activity of these
compounds (about 80 compounds) toward PTP1B (PTP)
were tested, and several compounds showed the moderate
inhibitory activity.

(3) Development of VHR-selective inhibitors

RK-682 was isolated as an inhibitor of a dual speci-
ficity protein phosphatase VHR, but this compound also
showed inhibition to several other enzymes such as a pro-
tein tyrosine phosphatase CD45. We have already exam-
ined structure-activity relationships of RK-682 derivatives,
and the 3-acyltetronic acid anion structure was found to be
critical for the inhibition of VHR. However, the highly an-
ionic character of the 3-acyl-tetronic acid structure in RK-
682 might prevent penetration of the cell membrane, and
also contribute to the non-selective interaction with other
enzymes. Thus, to create a more specific inhibitor which
can be effectively incorporated into cells, further structural
modification of RK-682 was performed. We found that a
non-anionic derivative of RK-682 strongly inhibited VHR
but not PTP1B.

(4) Development of PP2B-selective inhibitors

The immunosuppressant drugs FK506 and cyclosporine
A bind to immunophilins, and these complexes selectively
inhibit PP2B (serine/threonine phosphatase), leading to
the suppression of T-cell proliferation. Thus, it is of in-
terest 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. We have already developed a selective inhibitor
having a norcantharidin skeleton. For further structure-
activity relationship studies, this year we focused on the
improvement of the synthetic route to the norcantharidin
derivatives. Using this synthetic route, new derivatives
were efficiently prepared.

(5) Synthesis of a novel ganglioside analogue for human
sialidase (Neu3) inhibitor

Human sialidase Neu3 is implicated as a key enzyme
in several serious diseases such as certain cancers and di-
abetes. Neu3 is a plasma membrane silaidase that se-
lectively hydrolyzes a terminal a-sialoside in ganglioside.
Since a virus sialidase inhibitor such as 5AcNue2en, a tran-
sition state analogue, was not effective for inhibition of
Neu3, we envisioned the synthesis of a substrate mimic-
type inhibitor of Neu3. Design and synthesis of a novel
ganglioside analogue was examined.

2. Development of novel cell death inhibitors

BRI 724 4

Cell death signaling is currently one of the hottest top-
ics in biological research. We have already found the in-
dolylmaleimide derivatives (IM derivatives) as selective in-
hibitors for necrotic cell death. The new various IM deriva-
tives were synthesized and their inhibitory activity was
tested using an assay protocol developed in our labora-
tory. IM-54 was found to be the most potent inhibitor to
the necrotic cell death, and it is expected to be a powerful
bioprobe for clarifying the unique signaling pathway of the
necrotic cell death.

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

(1) Synthetic studies of spirofungin A

The 6,6-spiroacetal of spirofungin A, an antifungal an-
tibiotic isolated from the genus Streptomyces, was effec-
tively prepared via a common intermediate which was eas-
ily prepared. The several side-chain units were also pre-
pared.

(2) Synthesis of reveromycin A derivatives and their
biological activities

The 2,3-dihydro-and  5-silyloxy  derivatives of
reveromycin A, an inhibitor of isoleucyl-tRNA synthetase,
were prepared and their inhibitory activities assayed.

(3) Research on the physiological effect of phytostenone

To examine the development of the functional food of 5-
campestenone, a phytostenone mixture of which the major
component was 5-campestenone was manufactured from
the fermentation method. When the pharmacological ef-
fect of this material on ICR mice was investigated, de-
creased action in serum lipid, body fat and body weight
was recognized.
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