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Enantioselective Synthesis of Spiro Compounds and Their Applications to
i SO Asymmetric Catalysis
(= F U F AR R E b EMDER & AEFUS~DRER)
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Chiral catalyst bearing spiro skeleton can provide efficient asymmetric environment because the structural
feature of the two perpendicular rings connected through one carbon could afford a unique chirality and increase
molecular rigidity. The reported spiro type catalysts could exhibit good asymmetric induction in catalytic
reactions. Our group has also investigated chiral spiro compounds which can work as ligands, organocatalyst,
and ionic liquids. However, the unaveoidable optical resolution during preparation of spirp catalysts limits
the development of them in asymmetric catalysis. This thesis describes iwo events: one is exploration of
wapplication of spiro ligand SDP in enantioselective synthesis of chiral heterocyclic compounds (see project
1) the other is exploration of catalytic enantioselective synthesis of spiro compounds with functionality
that can go further transformation, aiming to develop various spiro type catalysts which could be used in

asymmetric reactions (see project 2}.

Project 1: we have applied chiral spiro ligand SDP to Pd-catalyzed enantioselective intramolecular
cyclization of @, e-disubstituted-y-alkynoic acids 1. This 5-excdig cyclization afforded dihydrofuran-2(34)
—-ones 2 bearing a chiral quaternary carbon center in excellent yields with enantioselectivities up to 71%
(Scheme 1).
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Project 2: catalytic enantioselective synthesis of spiro cyclic ketones 4 as key intermediates were conducted
by Pd-catalyzed intramolecular g-arylation of o-substituied cycloketones 3 (Scheme 2). Among our screening
of various chiral ligands such as BINAP, MeO-MOP, DIOP, i-Pr—PHOX and BenzP*, ferrocene type ligand Josiphos
showed best asymmetric induction in this transformation. Under optimized reaction conditions, spiro cyelic

ketones 4 were obtained up to quant. yield with 83% ee.
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The novel spiro ligand b and organocatalysts 6 —8 were designed and synthesized from spiro eyclic ketones
4 m=n =1, R=0Me or 0Bn) (Fig. 1}). Among them, pyrazole ligand 5 could be applied to copper—catalyzed
ene reaction of glyoxylate to give desired product in 56% yield with 22% ee (Eq. 1). Organocatalyst 6 and
7 could catalyze aza—MBH reaction of methyl vinyl ketone with p~chlorophenyl A tosyl imine to give corresponding
products in 59% yield with 10% ee.and 86% yield with 34% ee, respectively (Eq. 2 and 3). The spiro-DMAP catalyst
8 was able to catalyze Betti reaction of p-chlorophenyl Mtosyl imine with 8 -naphthanol to afford adduct
in 88% vield with 10% ee {Eq. 4).
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