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Scope of Research
The research interests of the laboratory include the development of advanced
molecular transformation, total synthesis of biologically active products, and molecular
recognition. Programs are active in the areas of asymmetric alkylation of carbonyl
compounds based on “memory of chirality”, organocatalysis for fine organic syntheses,
synthesis of unusual amino acids and
nitrogen heterocycles, regioselective
functionalization of carbohydrates, and
the structural and functional investigation of heterochiral oligomers.
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TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES

Topics
The First Example of Nonenzymatic
Geometry-Selective Acylation of
Tetrasubstituted a,a’-Alkenediols
Selective functionalization of hydroxy groups in polyol
substrates is important in organic transformation. Differentiation of hydroxy groups of unsymmetrically substituted 2-alkylidene-1,3-propanediols has been expected to be
difficult due to the similar intrinsic reactivity of the two
primary hydroxy groups. In accordance with the expectation, nonenzymatic methods for geometry-selective
acylation of unsymmetrically trisubstituted 2-alkylidene1,3-propanediols has never been reported, while highly
selective enzymatic acylation of the diols and deacylation of the corresponding diesters have been reported.
However, no methods including enzymatic protocols
for the differentiation of primary hydroxy groups of
tetrasubstituted 2-alkylidene-1,3-propanediols have been
reported. Here we report the first example of the highly
geometry-selective acylation of tetrasubstituted 2-alkylidene1,3-propanediols promoted by artificial catalysts. Highly
E-selective acylation of various tetrasubstituted 2-alkylidene1,3-propanediols was achieved in 96~>99 % selectivity
by treatment of the diol substrates with acetic anhydride
in the presence of 10 mol% of organocatalyst 1.

Figure 1. Geometry-selective acylation of tetrasubstituted α,α’alkenediols promoted by organocatalyst 1.

A Catalytic One-Step Method for
Regioselective Manipulation of Biologically
Active Complex Natural Products
Chemo- and regioselective manipulation of one of the
multiple hydroxy groups of polyol natural products has
been a fundamental challenge in organic synthesis. We
describe here a regiochemical profile of acylaion of a
complex polyol natural product possessing eight free
hydroxy groups, lanatoside C (2), a clinically used cardiac
glycoside, which is composed of a tetrasaccharide containing a terminal glucopyranoside and an aglycon named
digoxigenin. The acylation of 2 was examined with catalyst 3 and DMAP. In the presence of 10 mol% of 3,
acylation took place predominantly at C(4’’’’)-OH in 90%
regioselectivity and 87% yield for monoacylation on treatment of 2 with isobutyric anhydride in CHCl3-THF (9:1)

at –60 °C. On the other hand, DMAP catalyzed acylation
of 2 gave the C(3’’’’)-O-acylate in up to 97% regioselectivity. Thus, diverse regioselective introduction of acyl
groups among eight free hydroxy groups of lanatoside C
was achieved. Various functionalyzed acyl groups were
also regioselectively introduced at C(4’’’’)-OH by employing an mixed anhyride method in the presence of
catalyst 3 and the related organocatalyst.

Figure 2. One-step regioselective introduction of acyl groups into lanatoside C (2) by organocatalysis.

Asymmetric Aldol Reaction via Memory of
Chirality
Asymmetric aldol reaction of α-amino acid derivatives
via memory of chirality has been developed. Although
asymmetric aldol reactions have extensively developed,
the present method has unique characteristics in which
asymmetric induction is controlled solely by the enolate
chirality in the absence of chiral catalysts or chiral auxiliaries. The reaction was assumed to proceed via axially
chiral enolate intermediate A to give the chiral aldolate in
inversion of the configutaion at the newly formed tetrasubstituted carbon center. Chiral oxazolidones were obtained
by intramolecular acylation of the aldolate. Thus, chiral
oxazolidone derivatives with contiguous tetra- and trisubstituted chiral centers were readily obtained from
abundant α-amino acids in a highly diastereoselective and
enantioselective manner. Chiral oxazolidones have been
known to be useful chiral auxiliaries in organic synthesis,
and recently disclosed to be a novel class of antibiotics.
Oxazolidones obtained by the present method are the
structural equivalent to β-hydroxy-α-amino acids with a
tetrasubstituted carbon center, which are the frequently
observed structural subunits in biologically active natural
products.

ICR ANNUAL REPORT, 2012

9

