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[Abstract] Chiral Bransted acid catalysts are useful for a wide variety of enantioselective
transformations. Among them, a chiral phosphoric acid (CPA) derived from binaphthol
(BINOL) is the most frequently used catalyst for a number of enantioselective reactions. The
major drawback of CPA is the lengthy, laborious, and expensive protocol required for its
synthesis. Recently, a fundamentally new strategy on the design of chiral Brgnsted acid
catalysts was reported by Lambert and co-workers. The new catalyst class is based on
1,2,3,4,5-pentacarboxycyclopentadiene 1 (PCCP), which is readily prepared in one step using
naturally occurring (-)-menthol as a chiral pool compound. PCCP catalyzes the addition of
silyl ketene acetal 4 to imine 3 in ethyl acetate at —78°C in 1 hour to give an optically active
product 5 in 97% vyield and 97% enantiomeric excess. In this study, we performed a
systematic conformational search of the stereo-controlling transition states for the reaction to
uncover the origin of the enantioselectivity.
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Fig. 1. Enantioselective Mukaiyama—Mannich Reaction Catalyzed by PCCP.

Table 1. Low energy conformations for enantioselective Mukaiyama—Mannich reaction catalyzed by PCCP

energy of catalyst energy of substrate interaction
Conf. major/minor total energy part part energy
1 major 0.00 0.00 0.00 0.00
2 major 1.61 -1.02 -0.53 3.16
3 major 1.85 -0.88 -0.73 3.45
4 major 2.43 2.69 -0.45 0.19
5 minor 3.79 3.71 -1.00 1.08
6 minor 3.86 1.73 -0.62 2.76
7 major 4.01 2.76 -0.66 1.91
8 minor 4.01 4.70 -0.31 -0.38
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