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The research interests of this laboratory include the development of advanced 
 molecular transformation, total synthesis of biologically active products, and molecular 
recognition. Programs are active in the following areas: 1) asymmetric  alkylation of 
carbonyl compounds based on “memory of chirality”, 2) organocatalysis for fine 
 organic syntheses, 3)  synthesis of unusual amino acids and nitrogen heterocycles, 4) 
regioselective functionalization of carbohydrates, and 5) the structural and functional 
investigation of heterochiral oligomers.
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Synthesis of 4-Deoxy Pyranosides via 
 Catalyst-Controlled Site-Selective Acylation 
Followed by SmI2-Mediated Deacyloxylation

Deoxysugars have attracted increasing attention because 
of their biological importance. Their preparation usually 
required multi-step protection/deprotection sequences, 
starting from naturally abundant sugars because of the lack 
of the direct and site-selective manipulation of one of the 
multiple hydroxy groups of sugar derivatives. We have de-
veloped the catalyst which promotes site-selective acyla-
tion of the secondary C(4)-OH of glucopyranosides in the 
presence of the intrinsically more reactive primary C(6)-
OH. The site-selectivity was controlled by the catalyst in-
dependent from intrinsic reactivity of the substrates; i.e., 
catalyst-controlled site-selectivity. We report here concise 
synthesis of 4-deoxy pyranosides by reductive deacyloxyl-
ation of the 4-O-toluoylpyranoses obtained by catalyst- 
controlled site-selective introduction of the toluoyl group 
into pyranosides. A representative example of the pres-
ent protocol includes the synthesis of a 4-deoxy-N- 
acetylglucosamine derivative, possessing inhibitory activity 
of vascularization, from naturally abundant glucosamine.

Direct Asymmetric Synthesis of α-Deuterated 
Amino Acid Derivatives via Memory of 
Chirality

α-Deuterated amino acids have been receiving increasing 
interests because they play critical roles in mechanistic 
studies of enzymatic actions and the studies on metabolism 
of medicinally important compounds. While various 
methods have been reported for their asymmetric synthesis, 
there have been no methods reported, in which the parent 
α-amino acids are employed as the sole source of chirality 
for the asymmetric induction. In the course of our study on 
asymmetric synthesis via memory of chirality (MOC), we 
found that optically active α-deuterated amino acids could 
be obtained directly from naturally abundant readily avail-

able parent amino acids. Treatment of N-MOM-N-Boc- 
substituted l-amino acid derivatives with potassium 
hexamethyldisilazide (KHMDS) at –78°C for 30 min, 
 followed by addition of D2O as a D source gave α-deuterated 
l-amino acid derivatives in retention of the configuration 
and in high ee with ~90% D incorporation. The asym-
metric α-deuteration was expected to proceed via axially 
chiral enolates with aS configuration.

Intermolecular Chemo- and Regioselective 
C-H Amination of Alkoxyarenes Promoted by 
Dirhodium Nitrenoids

Arylamine motifs are privileged structural units for the 
development of functional materials and bioactive mole-
cules. One of the most straightforward methods for their 
synthesis would involve C(sp2)-H amination of the parent 
aromatics. We report here intermolecular C(sp2)-H amina-
tion mediated by dirhodium nitrenoids. The reaction pro-
ceeded with oxygen-substituted arenes in a chemo- and 
regioselective manner. The aromatic C(sp2)-H amination 
took place at the para position of the oxygen substituent, 
even in the presence of otherwise more reactive benzylic 
C(sp3)-H bonds. The present method was successfully ap-
plied to the direct functionalization of calixarene derivative 
with multiple reactive C(sp3)-H bonds.


