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Lewis Base Catalysis: Iminium Catalysis
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Iminium Catalyzed cycloadditions

Diels–Alder Reactions Catalyzed by Primary Amines

·  The limitation of secondary amine catalysts: The catalytically active nitrogen atom is located in a sterically hindered 
environment, imposing strict demands on the structure of the substrate aldehyde or ketone. (e.g., a-substituted a,b-
unsaturated aldehydes and an isopropyl-substituted ketone as dienophiles)
· Novel primary amine organocatalyst has overcome this problem
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Catalyst 1 (2.5-20 mol%)

C6F5SO3H (6.9-55 mol%)
THF or EtNO2, 0 or 23 °C

Catalyst 1
81-99% yield

79-92% ee
exo:endo 6.7:1-99:1

Ishihara, K.  Adv. Synth. Catal.  2006, 348, 2457.
Ishihara, K.  J. Am. Chem. Soc. 2005, 127 , 10504.
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Iminium Catalyzed cycloadditions
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48-95% yield
exo/endo 91:9-94:6

86-94% ee

Ishihara, K. Org. Lett. 2006, 8, 2229.
Ishihara, K.  Adv. Synth. Catal.  2006, 348, 2457.
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Enolendo Aldolizations
Hajos-Parrish-Eder-Sauer-Wiechert Reactions
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(47 mol%)
1N HClO4

MeCN, 80 °C, 25 h
(83% yield)

Hajos, Z. G.; Parrish, D. R. German Patent DE 2102623, 1971.
Eder, U.; Sauer, G. R.; Wiechert, R. German Patent DE 2014757, 1971.
Hajos, Z. G.; Parrish, D. R.  J. Org. Chem.  1974, 39, 1615.
Houk, K. N. J. Am. Chem. Soc. 2001, 123 , 12911.
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Danishefsky, S. J. J. Am. Chem. Soc.  1976,  98, 4975
Agami, C. Tetrahedron  1984,  40, 1031.

Phenylalanine Catalyzed Intramolecular Aldolizations
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Iwabuchi, Y. Org. Lett.  2005, 7, 4185.
Enders, D. Synlett 2006, 3399.
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Direct Catalytic Asymmetric syn-Aldol Reactions
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*Electronic factors operating in both the p and s frameworks result
in a "push-pull" synergistic effect to stabilize the carbene.

*p donation into the carbene from the out-of-plane p orbital of 
heteroatoms stabilizes electrophilic reactivity of carbenes.

*The electronegative heteroatoms adjacent to C-2 provide additional 
stability through the framework of s bonds.

* The combined effect is to increase the singlet-triplet gap and stablize 
the singlet-state carbene over the more reactive triplet-state carbene.

Scheidt, K. A. Aldrichimica Act. 2009, 42, 55.
Bertrand, G. Chem. Rev.  2000, 100 , 39.































Additive Effect
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76%, 97% ee 43%, 72% ee
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10%, 92% ee
23%, 87% ee

Shan, Z. J. Org. Chem.  2006, 71, 9510.








