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Why Bifunctional Catalysis?

* Precise arrangement of 2 (or more) reacting
species for high selectivity

e Simultaneous activation of multiple reactive
species for high activity

e Can be regarded as simplified versions of
enzymes
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Type A Catalysts: Pd-allyl
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More Systems For Pd-allyl

Chemistry
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EpOX|de Opening By Selenides
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Arylation of Aldehydes
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Shibasaki’s Heterobimetallic
System

Shibasaki, M., Yoshikawa, N., Chem. Rev., 2002, 102, 2187



Shibasaki’s System Continued:
Optimization

Mechanistic considerations led to more
active second generation catalyst

Interesting Example of
“Lanthanide Contraction”
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Shibasaki’s System Continued

Extension of LLB to direct ketone aldol reactions
Initially required >20mol% of the catalyst

Catalytic base additives were found to greatly enhance the reactivity
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Mechanistic Evidence
-“LPB” gives racemic pdt.

- ky, kp = 5 for d, ketone

-Coordination of aldehyde
Confirmed by NMR



Shibasaki’s System: More
Reactions
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Shibasaki’s System: Conjugate
Addition of Thiols
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In the second reaction type selectivity comes from asymmetric protonation



Mechanism of Thiol Conjugate
Addition
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A Few More Examples
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Most Recent Example
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Ln-Ln Bimetallic System
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Type B Catalysts: CBS
Reduction
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Dialkylzinc Additions

Q MMe;  £nRz H, JOH

Ar,JL.H * OH Fg/'{‘,qr

N, 9
D-;h n :II:'—AF
za- "M H
=
R= EH;}. GEH:'. n-CeHy s
0 OH

2~y 1.Dialkyl
| piperazine, BuLi
2 2. EtyZn

= —

Et- Enﬂ]*ﬁ@ |
N..O

o

L Li=~ J

Noyori, R., Kitamura, M., Angew. Chem. Int. Ed. Engl., 1991, 30, 49
Niwa, S., Soai, K. J., J. Chem. Soc. Perkin Trans. 1, 1991, 2717



Asymmetric Simmons-Smith
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Synthesis of Isoxazolines
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Cyanosilylation Reactions

O

1.1,9 mol %, HO, CN
HJLH"TMEG“ additive 36 mol % H}‘“H

2 H*

0
Q

Cl-AlIZ

0
Pha{O)P, GG

1

_ R = Ph{CHz)2,
R = Ph{CHz)z, CH3(CHg)s, (CH3)2CH, Fh
additive = BusP(O) or CH3P(O)Ph, CH3(CHz)s, (CH3):CH

P{O)Ph;

Shibasaki, M., et. al., J. Am. Chem. Soc., 1999, 121, 2641
Strecker reaction (not shown): Angew. Chem. Int. Ed. Engl., 2000, 39, 1650
Tetrahedron Lett., 2000, 41, 2405




Another Cyanosilylation
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Conjugate Allylation
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Anti-Markovnikov Hydration
of Alkynes
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B-Lactam Synthesis |
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-Lactam Synthesis 11
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B-Lactam
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- Addition of metal salts does not increase rate

of consumption of SMs
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Ildentifying the Role of the Metal
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Support for A (or C)
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Ruling out Role “B”
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Ruling Out Double Binding of

Enolate
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Final mechanism!
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Type C reactions |
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Proline As a Multifunctional
Catalyst: H as Metal
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“Trifunctional I\/Iatrix”

L* is (DHQD),PHAL

-e.e.s of products shown
are 95-99%!

-yields are 83-94%

Choudary, B. M., et. al., Angew. Chem.
Ed. Engl., 2001, 40, 4619
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Conclusions

o Multifunctional catalysis allows for a great
degree of control over reactivity and
selectivity

* This is an area with a great deal of future
possibilities, especially in “Type C” and
organocatalytic versions.
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