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Scope of Research
]

The research interests of this laboratory include the development of advanced
molecular transformation, total synthesis of biologically active products, and molecu- KEYWORDS
lar recognition. Programs are active in the following areas: 1) asymmetric alkylation |~ Organocatalysis

« BT . Regioselective Functionalization
of carbonyl compounds based on “memory of chirality”, 2) organocatalysis for fine b ‘c Chiralit
. . i ) . ynamic Chirality

orgjcmlc syI'ltheses, 3') syr?the's1s of unusual amino acids and nitrogen heterocyclgs, 4) Unusual Amino Acid
regioselective functionalization of carbohydrates, and 5) the structural and functional
investigation of heterochiral oligomers.
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Late-stage Functionalization of Natural
Products by Organocatalysis: Site-Selective
Dimerization of 10-Deacetylbaccatin I11

Late-stage site-selective functionalization of biolog-
ically active compounds has been receiving increasing
attention because it enables diversification of biologically
active compounds retaining their original activity. Here,
we report application of our strategy for organocatalytic
site-selective acylation to dimerization of 10-deacetylbac-
catin III. 10-Deacetylbaccatin III is a natural terpenoid
available in a relatively abundant amount and used as a key
intermediate for clinically widely used antitumor agents,
taxol and taxotere. Dimerization of bioactive compounds
is potentially useful strategy toward the discovery of the
agents with improved activity profiles including promising
activity against the native-compound-resistant infections
and cancers. The organocatalytic site-selective acylation of
10-Deacetylbaccatin III with a mixed anhydride prepared
from undecanedioic acid and pivaloyl chloride took place
at C(10)-OH in the presence of an organocatalyst to provide
its dimer as a pure regioisomer in 40% yield. The site-selec-
tivity was assumed to be controlled by the catalyst because
the C(7)-OH has been known to be intrinsically more reac-
tive hydroxy group.
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Asymmetric a-Arylation of a-Amino Acid
Derivatives via Memory of Chirality

We have studied asymmetric synthesis via memory of
chirality (MOC). A salient feature of the MOC strategy
is that asymmetric reactions take place via axially chiral
enolates with limited half-lives of racemization. Because
the rate of enolate-racemization strongly depends on the
reaction temperature, the reactions via MOC are usually
performed at low temperatures to minimize the enolate
racemization. While we have successfully developed sever-
al intermolecular asymmetric reactions and intramolecular
asymmetric a-arylation of a-amino acid derivatives via the
MOC strategy, the development of asymmetric intermo-
lecular a-arylation has been unsuccessful so far. This was
assumed to be because usual methods for a-arylation of

enolates often requires long reaction times at high tempera-
ture, which should cause significant racemization of the
intermediary chiral enolates. We describe here a solution to
this long-standing problem in the MOC study. We employed
arynes as reactive electrophilic aryl species at low tem-
peratures, and successfully developed the target reaction.
Treatment of a solution of the amino acid derivative and
the aryne precursor with potassium hexamethyldisilazide
(KHMDS) followed by phenyl lithium (PhLi) at =78 °C
gave benozocyclobutenones with tetra-substituted carbon
with retention of configuration in up to 99% ee. The reac-
tion was assumed to proceed via intermolecular asymmetric
a-arylation of axially chiral enolate A generated by the
amino acid derivative and KHMDS with arynes generated
by the aryne precursors and PhLi, followed by intramolecu-
lar C-acylation of resulting aryl metallic species B.
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Asymmetric Intramolecular C—H Insertion
Promoted by Dirhodium(II) Carboxylate
Catalyst Bearing Axially Chiral Amino Acid
Derivatives

The asymmetric intramolecular C—H insertion of a rho-
dium carbenoid intermediate has attracted much attention
as a powerful synthetic tool for constructing chiral cyclic
compounds. A dirhodium(Il) carboxylate catalyst bearing
axially chiral amino acid derivatives is prepared. This cat-
alyst is effective in the asymmetric intramolecular C—H
insertion of a-aryl-o-diazoacetates to o-aryl-B-substitut-
ed y-lactones with a reasonable level of diastereo- and
enantioselectivity, especially in the reaction of phenyl and
B-naphthyl substituted substrates.
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