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� Small chiral organic molecules act as catalytic species.

� Metal-free, relatively nontoxic, air stable and readily available.

� Capability of promoting several types of reactions through different
activation modes.

� Avoids

– time-consuming and costly protection/ deprotection processes. 

– purification of intermediates.

� Excellent stereoselectivities.

� High catalyst loading  e.g. 10-20 mol%.
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Catalytic Mode

Reactions                

:

:

Iminium-Enamine

Michael / Aldol

3 new stereocenters

2 new bonds

Efficiency   :
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Catalytic Mode

Reactions                

:

:

Iminium-Enamine

Michael / Michael

3 new stereocenters

2 new bonds

Efficiency   :
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• Quaternary Center C3a

• Diastereocontrol C3a-C3a′

• Enantioselective Catalysis
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MacMillan, Unpublised results





More than 300 patented structures 
containing a 3-methyl cyclohexylamine

moiety

Cl

Anti-inflammatory, analgesic
and ulcerogenic activities

A promising scaffold for
selective MRP1 modulation
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List, B.; Zhou, J. J. Am. Chem. Soc. 2007, 129, 7498
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Reactions                : Michael/ Henry 4 new stereocenters

2 new bonds

Efficiency   :
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The preferred approach of two prochiral centers:

1. with staggering of all bonds around the newly formed bond;

2. in a gauche arrangement of the donor (C=D)-bond between the

(C-A)- and the (C-H)-bonds of the acceptor;

A = Acceptor
D = Donor

4. if the components exists in (E/Z) (anti/syn)-isomeric forms,the

actual donor and acceptor atoms are situated close to each

other. (Coulomb attraction i.e. minimalization of the charge

separation holding A and D or Y together)

* Steric Repulsion between D/Y and R2 push R2 in anti position

Seebach, D.; Golinski, J. Helv. Chim. Acta, 1981, 64,1413

3. with the H-atom, the smaller substituent on the donor atom

component, in an anti position with respect to the (C=A)-bond
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Hong, B.; Wu, M.; Tseng, H.; Liao, J. Org. Lett., 2006, 8, 2217

Catalytic Mode

Reactions                

:

:

Iminium-Enamine

Michael / Aldol

2 new stereocenters

2 new bonds

Efficiency   :
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Catalytic Mode

Reactions                

:

:

Enamine-Iminium-Enamine

Michael/ Michael/ Aldol

4 new stereocenters , 3 new bondsEfficiency           :

Enders, D.; Huttl, M. R. M.; Raabe, G.; Grondal, C. Nature  2006, 441, 861
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(-)-8,15-diisocyano-11, 20-amphilectene (-)-8-isocyano-10,14-amphilectadieneHainanolide(-)-8,15-diisocyano-11, 20-amphilectene (-)-8-isocyano-10,14-amphilectadieneHainanolide

Isolation:
Wratten et.al. Tet. Lett. 1978, 4345

Isolation:
Wratten et.al. Tet. Lett. 1978, 4345

Isolation:
Buta et.al. JOC. 1978,1002

Biological Activity:
Antiviral properties
Antitumor properties

Biological Activity:
Antimicrobial properties

Biological Activity:
Antimicrobial properties

Previous Sythesis:
Edward et.al. JOC, 1989, 1483

Previous Sythesis:
Edward et.al. Tet. Lett. 1993, 5791

Previous Sythesis:
Mander et.al. JACS 1998, 1914
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Edward et.al. Tet. Lett. 1993, 5791

Previous Sythesis:
Mander et.al. JACS 1998, 1914
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Enders, D.; Huttl, M. R. M.; Raabe, G.; Wendt, B. Angew. Chem. Int. Ed. 2007, 46, 467

Catalytic Mode

Reactions                :

Enamine-Iminium-Enamine

Michael/ Michael/ Aldol/ IMDA

8 new stereocenters, 5 new bondsEfficiency      :

:

DE
Michael

(1) (2)
Michael

Others    : High enantioselectivities (>99%)
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(-)-8,15-diisocyano-11, 20-amphilectene (-)-8-isocyano-10,14-amphilectadieneHainanolide
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H
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(-)-8,15-diisocyano-11, 20-amphilectene (-)-8-isocyano-10,14-amphilectadieneHainanolide

Previous Sythesis:

Edward et.al. JOC, 1989, 1483

More than18 steps

Previous Sythesis:

Edward et.al. Tet. Lett. 1993,

5791

More than12 steps

Previous Sythesis:

Mander et.al. JACS 1998,

1914

More than16 steps



Jørgensen. K. A.; Carlone, A.; Cabera, S.; Marigo, M. Angew. Chem. Int. Ed. 2007, 46, 1101

Catalytic Mode

Reactions                

:
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Iminium-Iminium-Enamine

Michael/ Michael/ Aldol

2-3 new stereocenters , 3 new bondsEfficiency           :
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How about taking two different α,β-unsaturated aldehydes ? 

Requirement: Controling the reaction sequence

• R1- aldehyde to be unreactive enough in cycle II so that Cycle I
would be completed prior to the beginning of the formation of C.

• R2- aldehyde could be subsequently added and enter Cycle II
together with B.together with B.

Jørgensen. K. A.; Carlone, A.; Cabera, S.; Marigo, M. Angew. Chem. Int. Ed. 2007, 46, 1101



Requirement: Controling the reaction sequence

• R1- aldehyde to be unreactive enough in cycle II so that Cycle I
would be completed prior to the beginning of the formation of C.

• R2- aldehyde could be subsequently added and enter Cycle II
together with B.

How about taking two different α,β-unsaturated aldehydes ? 

together with B.

Jørgensen. K. A.; Carlone, A.; Cabera, S.; Marigo, M. Angew. Chem. Int. Ed. 2007, 46, 1101



Better diastereo-control by increasing size of ester group

Jørgensen. K. A.; Carlone, A.; Cabera, S.; Marigo, M. Angew. Chem. Int. Ed. 2007, 46, 1101



" MacMillan says that his group has now done a (as yet
unpublished) quadruple organocascade in the lab, and isunpublished) quadruple organocascade in the lab, and is

working on a cascade of five. But it isn’t easy "

http://www.rsc.org/chemistryworld/restricted/2007/August/Atthetopofthecascade.asp



� Generation of  new C-C bonds and more than 3 stereocenters in one pot .

� Shortest route to reach structural complexity from simple starting materials &
catalysts.

� High diastereoselectivity and high enantioselectivity.

� High catalyst loading  e.g. 10-20 mol%.

‘One of my goals for the next few years is to try to convince the community that this

is a reasonable thing, and we should be doing it. Once we make

three, four, hopefully five natural products, I think then everyone will say that this is

an exciting way to go.’

: MacMillan
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The carboxylic acid functionality appears to be key to the dehydration step

Barbas, C. F.; Bui, T. Tetrahedron  Lett. 2000, 41, 6951





MacMillan, D. W. C.; Huang, Y.; Walji, A. M.; Larsen, C. H. J. Am. Chem. Soc. 2005, 127, 15051



A

S

H

OH

H

Ph

O

R

H

A B B

S

O

H

H

Ph OH

H

R

C D

S

H

H

O

Ph O

H

R

H

chair-chair

S

O

O

H

H

Ph

H

R

H

boat-chair

C D

Axial Equatorial

Humble, S.; Bouquant, J.; Portella, C.; Bouillon, J.  J. Org. Chem. 2000, 65, 5823

Evans, D. G.; Boeyens, J. C. Acta. Cryst. 1990, 46, 524



O

Austin. J. F., PhD Thesis, 2005, California Institute of Technology

L

M

S

H



Austin. J. F., PhD Thesis, 2005, California Institute of Technology

N

BocHN

Allyl

H

Vs



Austin. J. F., PhD Thesis, 2005, California Institute of Technology





(1) MsCl
(2) NO2PhSeCN

H2O2
89%

N
NBoc

H
prenyl

Br

MacMillan et.al., PNAS, 2004, 101, 5482.



OH

OH

N
H

OH

N

Ph

Cl

OH

OH

OMe

OMe

MeI
K2CO3

acetone

Wipf, P.; Jung, J. K. J. Org. Chem. 2000, 65, 6319

OMe

OMe

B(OH)2

B(OH)2

1. n-BuLi
TMEDA
Et2O

2. (EtO)3B

3. HCl

1. ArX
Pd(PPh3)4
Ba(OH)2

2. BBr3

OH

OH

Ar

Ar

POCl3

Pyridine

Ar

Ar

O

O

P

O

OH

(R)



List, B.; Zhou, J. J. Am. Chem. Soc. 2007, 129, 7498



List et.al., JACS, 2007, 129, 7498.



List et.al., JACS, 2007, 129, 7498.



OH

Me

OAc



Hong, B.; Wu, M.; Tseng, H.; Liao, J. Org. Lett., 2006, 8, 2217
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Individual Asymmetric Reactions

9 180% ee
9 1

However, you combine them..
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