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A G S H Chiral organocatalysts for asymmetric Michael addition derived from 1,3-diamines
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A chiral 1,3-diamine derived from cis-(1S,2R)-2-benzamidocyclohexanecarboxylic acid has been utilized for
development of new organocatalysts for asymmetric Michael addition. Chiral bifunctional amino thioureas and
ammonium ionic-liquid-supported (IL-supported) prolinamides have been designed and synthesized from the
1,3-diamine. These amino thioureas and the IL-supported prolinamides have been applied in catalytic asymmetric
Michael addition of aldehydes to nitroolefins with high activity and stereoselectivity.
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Bifunctional thioureas IL-supported prolinamides

A series of novel chiral 1,3-diamines has been synthesized from commercially available cis-(1S,2R)-2-
benzamidocyclohexanecarboxylic acid, trans-(1S,2S)-2-benzamidocyclohexanecarboxylic acid, and (1S,2S,3R,4R)-
3-benzamidobicyclo[2.2.1]heptane-2-carboxylic acid. The 1,3-diamines were reacted with various isothiocyanates to
give diverse of chiral bifunctional amino thioureas. The amino thioureas have been applied as co-catalysts of proline
in asymmetric Michael addition of aldehydes to nitroolefins in less-polar solvents. The self-assembled L-proline amino
thioureas have been demonstrated to be efficient organocatalysts for the asymmetric Michael addition, requiring a
catalyst loading of only 10 mol% and small excess of aldehydes (3 equiv). Significantly improved reaction rate (up to
98% yield for 18h) and enantioselectivity (up to 94% ee) have been achieved.



On the other hand, two chiral ammonium IL-supported prolinamides have been newly designed and synthesized
from a 1,3-diamine derived from cis-(1S,2R)-2- benzamidocyclohexanecarboxylic acid. The prolinamides have been
proved to be efficient organocatalysts for asymmetric Michael addition of aldehydes to nitroolefins with excellent
yields (up to 99%), high enantioselectivities (up to 90% ee) and modest to high diastereoselectivities (syn/anti ratio up
to 99/1). The IL-supported organocatalysts can be reused twice with almost constant enantioselectivity despite a little

loss of catalytic activity.
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Based on our studies of NMR experiments and theoretical calculations, the mechanisms of two catalytic systems
were proposed, respectively.
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This work consists two parts concerning with the synthesis of two kinds of organic catalysts and their
application to catalytic asymmetric Michael addition. That is, a chiral 1,3-diamine derived from cis-(1S,2R)-2-
benzamidocyclohexanecarboxylic acid has been utilized for development of new organocatalysts for asymmetric
Michael addition. Chiral bifunctional amino thioureas and ammonium ionic-liquid-supported (IL-supported)
prolinamides have been designed and synthesized from the 1,3-diamine. These amino thioureas and the IL-supported
prolinamides have been applied in catalytic asymmetric Michael addition of aldehydes to nitroolefins with high

activity and stereoselectivity.
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Bifunctional thioureas IL-supported prolinamides

A series of novel chiral 1,3-diamines has been synthesized from commercially available cis-(1S,2R)-2-
benzamidocyclohexanecarboxylic acid, trans-(1S,2S)-2-benzamidocyclohexanecarboxylic acid, and (1S,2S,3R,4R)-3-
benzamidobicyclo[2.2.1]heptane-2-carboxylic acid. The 1,3-diamines were reacted with various isothiocyanates to
give diverse of chiral bifunctional amino thioureas. The amino thioureas have been applied as co-catalysts of proline
in asymmetric Michael addition of aldehydes to nitroolefins in less-polar solvents. The self-assembled L-proline
amino thioureas have been demonstrated to be efficient organocatalysts for the asymmetric Michael addition,
requiring a catalyst loading of only 5-10 mol% and small excess of aldehydes (3 equiv). Significantly improved
reaction rate (up to 98% yield for 18h) and enantioselectivity (up to 94% ee) have been achieved.
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On the other hand, two chiral ammonium IL-supported prolinamides have been newly designed and synthesized

from a 1,3-diamine derived from cis-(1S,2R)-2- benzamidocyclohexanecarboxylic acid. The prolinamides have been
proved to be efficient organocatalysts for asymmetric Michael addition of aldehydes to nitroolefins with excellent
yields (up to 99%), high enantioselectivities (up to 90% ee) and modest to high diastereoselectivities (syn/anti ratio up
to 99/1). The IL-supported organocatalysts can be reused twice with almost constant enantioselectivity despite a little
loss of catalytic activity.
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Based on our studies of NMR experiments and theoretical calculations, the mechanisms of two catalytic

systems were proposed, respectively.
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