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Development of stereoselective reactions of dipolar molecules using metal/acid
hybrid catalyst system

Suga, Hiroyuki

3,300,000

1,3-

DFT

We have developed highly stereoselective asymmetric 1,3-dipolar
cycloaddition reactions of cyclic carbonyl ylides using the metal complex/chiral Lewis acid hybrid
catalyst system. Our goal of this research is to expand scope of the hybrid catalyst system for
other 1,3-dipoles and reactants. As a result of investigations, we successfully expanded the scope
of 1,3-dipoles to cyclic azomethine ylides and the scope of reactants to alcohols in the reaction of

cyclic carbonyl ylides. Although asymmetric cycloadditions of acyclic carbonyl ylides using the
hybrid catalyst system did not show satisfactorily results in terms of enantioselectivity, chiral
Lewis acid-catalyzed cycloadditions of acyclic carbonyl ylides generated from donor-acceptor
oxiranes with aldehydes and N-benzylindoles afforded high enantioselectivities. DFT calculations
also convincingly explained the high levels of asymmetric induction.
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Figure 1. Previous work.
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Figure 2. This work.
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Scheme 1. Asymmetric cyclic azomethine ylide cycloadditions using hybrid systems.
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Scheme 2. Scope of O-methyloximes.
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Scheme 3. Reactions using diazo oxazolidinones as cyclic carbonyl ylide precursors.
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Scheme 4. Alcohol addition reactions to a cyclic carbonyl ylides using hybrid systems.
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Scheme 5. Chiral Lewis acid-catalyzed enantioselective protonation of cyclic carbonyl ylides.
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Scheme 6. Asymmetric cycloaddition reactions of acycl ic carbonyl ylides with aldehydes.
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SMD(CH,Cl,)-M06/6-311+G(d,p) + SDD(Ni)/B3LYP-D3/6-31G(d) + LanL2DZ(Ni).

Figure 3. Transition-state 3D modelsfor cycloaddition generated by DFT calculations. Relative Gibbs
free energies (kcal mol) are shown in parentheses. Atomic distance is shown in A.
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