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Phase transfer catalysis (PTC) has now been recognized as a practical methodology for
organic synthesis due to its operational simplicity, high yield processes, mild reaction
conditions, use of safe and inexpensive reagents and solvents, safety considerations,
environmental concerns, and possibility to conduct reactions on large scale. Furthermore,
since phase transfer catalysis will increase the reaction rate and replace, reduce or eliminate
solvents, it gas a wide industrial application especially in pharmaceutical and argochemical
manufacturing as well as perfumes, flavors and dyes industry. Thus, phase transfer catalysis
in general has now become a standard method in synthesis.

In contrast, the progress of asymmetric synthesis by use of chiral non-racemic phase transfer
catalysts gad been slow compared to the ordinary phase transfer catalysis. However, recent
achievements in this particular area are noteworthy and efficient asymmetric phase transfer
catalysis has been increasingly explored.' Especially, the quaternary ammonium slat derived
from cinchona alkaloids now occupy the central position in designing the chiral non-racemic
phase transfer catalysts because they have various functional groups easily derivatized and are
commercially available with cheap price. As shown in Fig. 1, the exact relationship between
the onium salts derived from cinchonine (or qiunidine) and cinchonidine (or quinine) is
diasteromeric, but their amino alcohol parts, the key parts for asymmetric induction, are
enantiomeric, but their amino alcohol parts, the key parts for asymmetric induction, are
enantiomeric. Thus, the relationship between 1 and 3 (2 and 4) is called "pseudoenantiomeric”.
Typically, if one family of catalysts gives (S)-enantiomer as the major product, the other family

yields the antipodal (R)-enantiomer in excess.
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Fig. 1
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Utilizing these salts as catalysts, we have developed the following asymmetric pahse transfer
reactions: asymmetric alkylation of a-flucrotetralone, asymmetric aldol reaction of silyl enol
ethers, asymmetric cyclopropanation, asymmetric Darzens reaction, asymmetric epoxidation,
asymmetric a-hydroxylation of cyclic ketones, and asymmetric isomerization of alkynes to
allenes. Some representative examples are shown in the following. In this talk, the recent

results developed by our group in this area will be presented.

1. C-Alkylation
0 ArCHaBr
F 1 (R=2,3,4,5,6-MesCg, X=Br) F Ar=2-MeCgHy: 60%, 84% ee
(omol%) \ a Ar=4-BrCeHq: 83%, 78% o
KOH, PhMe, -10°C, 24 h ' Ar=2,3,45,6-MesCs: 44%, 91% ee

2. Sityl-Aldo! Aeaction: The First Preparation and Use of Chiral Ammonium Fluorides
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3. Cyclopropanation (70% ee) (20% ee)

"NCCH,C0O5Bn
2 (R=2,4-(CF3)y, X=Br}
Br {10 mol %) N n=1:74%, 45% ee
= / = :'5!'."’4:t
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, 2
PhMe or PhCI, rt H
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4. Darzens Reaction
1 (R=4-CFj, X=Br)

0
(10 mot %) /@j\ R=Et, 32%, 79% ee
RCHO + C'\)L — o f o
Ph LIOH+H,0, Bu,,0, 4°C Ph  R=Bu, 73%, 69% ee
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5. Epoxydation
Yield

1 {R=l, X=Br <
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R A Bus0, 4°C T R R 3-MeCgH,y Ph 100 92
’ Ph 4-MeCgH, 95 89

6. Hydroxylation

® 02,1 (R=4-CF3, X=Br) (5 mol %)

50% NaOH, Phive
(EtO);P, rt, 5 h

95%, 79% ee

7. isomerization of Alkynes to Allenes

2 {R=213)415:6'F5, X:Br)
(10 mol %) H ~Ph
/g\ 0 - H
KOH (1 eg}, tol
8 P (nﬁ}an nene B 71%, 35% ee

References

1. T. Shioiri and S. Arai, Asymmetric Phase Transfer Catalysis in "Stimulating Concepts in

Chemistry” ed. M. Shibasaki, J.F. Stoddart, F. Vogtle, WILEY-VCH, Weinheim, 123-143
(2000).

65



