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Organofluorine compounds are of considerable interest in both medicinal and agricultural
chemistry owing to the unique properties of the fluorine atom. In particular, stereoselective
synthesis of those compounds having chiral carbon center(s) featuring a fluorine atom, a
trifluoromethyl group, or a perfluoroalkyl substituent is a highly challenging task. Here, I
succeeded in the development of some catalytic methods for the construction of fluorinated and
fluoromethylated chiral stereogenic centers.

1. Catalytic Enantioselective Fluorination of a-Alkyl-B-keto Esters

A number of catalyst systems for the enantioselective fluorination of active methine
compounds have been reported. However, only a few catalysts that can achieve high|
enantioselectivity for both cyclic and acyclic p-keto esters are known to data. Here, I developed
novel optically active 2-(oxazolinyl)pyridine ligand (SPYMOX) having a spiro chiral backbone
and applied it to highly enantioselective fluorination of a-alkyl-p-keto esters. The fluorination
proceeded in a highly enantioselective manner when both cyclic and acyclic substrates were
applied to the reaction. Fluorination of a-alkylmalonates was also performed to afford the
corresponding products in good enantioselectivity.

2. Asymmetric gem-Chlorofluorination of Active Methylene Compounds

In the current study in our research group, we revealed that the a-chloro-a-fluorocarbonyl
compounds are versatile intermediates for the chiral fluorinated molecules. Here, I succeeded in
highly enantioselective gem-chlorofluorination of active methylene compounds by using a
copper(II) complex of SPYMOX. The reaction yielded the desired a-chloro-o-fluoro-p-keto esters
and a-chloro-a-fluoro-B-keto phosphonates with up to 92% ee. The resulting dihalo B-keto esters
were converted into various o-fluoro-a-heteroatom-substituted carbonyl compounds via
nucleophilic substitution without loss of optical purity. A fully protected f-amino acid with a
gem-chlorofluoromethylene function was also synthesized.

3. Construction of Fluoromethylated Stereogenic Center via Diels—Alder Reaction

Diels—Alder reaction using fluoromethylolefins as the dienophile is an attractive approach for the
formation of fluoromethylated stereogenic carbon centers. The resulting fluoromethylcyclohexenes
are pharmaceutically attractive building blocks since the cyclohexene backbone is an important
framework in drug design. However, there is no published report on the enantioselective version
of the Diels—Alder reaction with fluoromethylolefins. Here, I succeeded in highly enantioselective
Diels—Alder reactions of B-fluoromethylacrylates in the presence of a Lewis acid activated chiral
oxazaborolidine catalyst. The reaction yielded fluoromethylated cyclohexenes, including|
trifluomethyl-, difluoromethyl-, and monofluoromethyl cyclohexenes, as nearly pure enantiomers.




4. Practical Synthesis of 4,4,4-Trifluorocrotonaldehyde and Its Application to Organocatalytic
1,4-Addition

During the course of our investigation on the enantioselective synthesis of trifluoromethyl
compounds, I envisaged that 4,4,4-trifluorocrotonaldehyde would be a versatile precursor for the
construction of trifluoromethylated stereogenic centers. However, to the best of our knowledge,
there are only four reports on the synthesis of it, but no report on the isolation of this compound or|
its use in enantioselective transformations, although o,f-enals have been widely used as
precursors in numerous organocatalytic asymmetric transformations. In the present research, I
succeeded in the synthesis of 4,4,4-trifluorocrotonaldehyde by oxidation of 4,4,4-trifluorobutenol
with manganese oxide. This aldehyde could be isolated in nearly pure form by the simple
filteration and subsequent distillation. The resulting 4,4,4-trifluorocrotonaldehyde was applied to
organocatalytic 1,4-addition with several nucleophiles such as heteroaromatics, alkylthiols and|
aldoximes. These reactions afforded the corresponding products, each Dbearing a
trifluoromethylated stereogenic center, with high optical purity. A resulting product was
converted into an MAO-A inhibitor, befloxatone.




