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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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Enantioselective Preparation of Mechanically 
Planar Chiral Rotaxanes by Kinetic Resolution 
Strategy

The field of asymmetric synthesis is becoming a mature 
science. On the other hand, asymmetric synthesis of chiral 
mechanically interlocked molecules such as mechanically 
planar chiral rotaxanes and topologically chiral catenanes 
(Figure 1) has been rather unexplored, and their highly 
enantioselective synthesis has been a long-standing dream 
in organic synthesis. Here we report our efforts toward this 
goal. The strategy relies on kinetic resolution of racemic 
mechanically planar chiral rotaxanes by catalytic asym-
metric acylation of the hydroxy group (Figure 2a). An 
expected problem was determining how can such remote 
asymmetric induction be achieved? Methods for acylative 
kinetic resolution of racemic alcohols have been exten-
sively investigated, and efficient discrimination of chirality 

of substrate alcohols has been achieved when the reacting 
center (OH) in the substrate is close to the chiral center 
(Figure 2b). On the other hand, discrimination of the 
chirality of the substrate by acylation of the hydroxy group 
located at the edge of the huge mechanical interlocked 
molecule may not be readily achievable (Figure 2a). How-
ever, use of our original catalyst accomplished the objec-
tive. Kinetic resolution of the racemic rotaxane 1 was per-
formed with catalyst 2 via remote asymmetric acylation 
of a hydroxy group in the axis component to successfully 
provide an unreacted enantiomer in up to >99.9% ee in 
29% yield (Figure 3) (The theoretical maximum yield of 
kinetic resolution of racemate is 50%). While the rotaxane 
molecule is expected to have conformational complexity, 
catalyst 2 enabled to discriminate the mechanical chirality 
of the rotaxanes efficiently with the selectivity factors in up 
to 16 (Nat. Commun. 2021, 12, 404).
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