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ABSTRACT

Many biologically active compounds, including pharmaceuticals, are optically active. Often,
only one of the enantiomers is required because the enantiomers display different in vivo activities. In
pharmaceuticals in particular, differences in the absolute configuration can affect not only the
pharmacological activity but also the toxicity. Catalytic asymmetric synthesis, in which a low amount
of a chiral molecular catalyst theoretically enables infinite production of an optically active
compounds, is among the most important current challenges in organic synthetic chemistry; it is also
important in terms of energy saving and environmental friendliness. Environmental effects now have
to be considered in chemical syntheses, and environmentally benign organic syntheses have been
receiving attention. The chiral catalysts used in catalytic asymmetric syntheses can be divided into two
categories: organometallic catalysts and metal-free chiral organocatalysts. Particularly,
organocatalysts are stable in air, easy to handle, and inexpensive, so they are being focused on as next-
generation, environmentally friendly catalysts.

Author aimed to develop the new hybrid type squaramide fused amino alcohol (SFAA)
organocatalysts. This SFAA organocatalyst was successfully prepared from commercially available
amino esters by using simple organic transformations and the catalytic activity were demonstrated in
the enantioselective (1) nitroaldol, (2) Diels-Alder and (3) domino Michael addition cyclization
reactions.

(1) The enantioselective nitroaldol reaction was established with various isatins and nitromethanes
using SFAA organocatalysts. This protocol provides chiral 3-substituted 3-hydroxyoxindoles in
excellent chemical vyields and high enantioselectivities. The obtained 3-substituted 3-
hydroxyoxindoles are important synthetic precursors for many biological active and natural
compounds such as donaxaridine (anti-cancer drug).

(2) The enantioselective Diels-Alder reaction was established with 3-hydroxy-2-pyridones and
maleimides using SFAA organocatalysts. This protocol provides the chiral 4-
hydroxyisoquinnuclidines in both excellent chemical yields and enantioselectivities. The obtained
chiral 4-hydroxyisoquinnuclidines are synthetic intermediates for many biological active compounds
such as oseltamivir phosphate (anti-influenza drug).

(3) The enantioselective domino Michael addition cyclization reaction was established with 3-
dicyano-2-indanones and 1,3-cyclic carbonyl compounds using SFAA organocatalysts. This protocol
provides the chiral spiro-conjugated 2-aminopyrans in both excellent chemical yields and
enantioselectivities. The obtained chiral spiro-conjugated 2-aminopyrans are significant synthetic
intermediates for many biological compounds such as 2-amino-tetrahydrochromene (anti-
leishmaniasis).

In this study, author revealed that the new explored new hybrid type squaramide fused amino
alcohol (SFAA) organocatalyst having both three hydro-bonding sites and a basic site in the compound



with a substrate shows satisfactory catalytic activity in the enantioselective (1) nitroaldol, (2) Diels-
Alder and (3) domino Michael addition cyclization reactions. It is expected that this result might be
able to greatly contribute the development of new drug and its related compounds.
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