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Outline:

• Organocatalytic Reactions (D.W.C.McMillan’s
research group)

• Metal-Catalyzed Reactions (research groups of
K.A.Jorgensen, Y.Tang, and D.A.Evans)



Generalized Alkylation Reaction
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Why This Reaction?
• Friedel-Crafts reaction is a very well studied

reaction, catalyzed by Lewis acids. Surprisingly
enough, no asymmetric version of this reaction
were reported till 2001

• Over 3000 natural isolates and 40 medicinal agents
contain indole framework

• Over 5000 natural isolates and many therapeutic
agents (e.g. Zoloft, Paxil, Detrol) contain benzylic
carbon stereocenter



1. First Example - McMillan
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R = Me, Pr, iPr, Ph, CH2OBn, CO2Me yield 72-90%, ee 87-93%
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D.W.C. MacMillan et. al., JACS 2001, 123, 4370 - 4371



Structures of Catalysts
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HX checked: NCCH2COOH, Cl2CHCOOH, Cl3COOH, TFA
Conditions of choise  - TFA at low temperatures
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Proposed Structure of Catalytic
Complex



2. Indoles Alkylation - McMillan

D.W.C. MacMillan et. al., JACS 2002, 124, 1172 - 1173



Indoles Alkylation Continued



3. First Metal Used - JØrgensen
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yields 65 - 98%
ee 88 - 99.5 %

K.A.Jorgensen et. al., Angew. Chem. 2001, 40, #1, 160 - 163



4. Malonates Addition - Tang
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Y.Tang et. al., JACS 2002, 124, 9030-9031



Proposed Active Intermediate -
Tang’s Catalyst



Solvent Controlled Selectivity
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5. Phosphonates Addition - Evans
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for R4 = Ph    ee 80%

N
O

N N

O

Sc

OTf
TfO OTf

Evans' catalyst

D.A. Evans et. al., JACS 2003, 125, 10780 - 10781



6. Hydroxy Enones Addition -
Palomo
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C.Palomo et. al., JACS 2005, 127, 4154-4155



Possible Derivatization
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Conclusions

• Friedel-Crafts reaction of indoles and pyrroles
can be performed enantioselectively using both
metal-based and organic catalysts

• Yields of these reactions are generally high,
enantioselectivities are excellent


