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The Hetero-Ene Reaction
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X=Y : C=C, C=O, C=N, C=S, O=O, N=N

(1) All-carbon ene-reactions: takes place between an olefin
 bearing an allylic hydrogen atom (the carba-ene) and an 
 activated alene or alkyne (the carba-enophile)
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(2) The hetero-ene-reaction: describes a reaction between an ene
or enophile, either of which contains at least one heteroatom
  
  (a) Type I: reaction between all-carba-ene components with
  hetero-enophiles
  (b) Type II: reaction between hetero-ene components and all 
  carba-enophiles
  (c) Type III: reaction between hetero-ene components and 
  hetero-eneophiles



Thermal Carbonyl-Ene Reaction

Houk, K.N. et al J. Am. Chem. Soc. 1987, 109, 6947.
Snider, B.B. et al J. Org. Chem. 1979, 40, 3567.

H H CO2Me

O
+

OH

CO2Me

OH

CO2Me+

7.4 1:

0.6 1:

200oC, 60h

cis-2-butene

trans-2-butene



Thermal vs. LA Promoted Reactions
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Mechanism of the Reaction
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Mechanistic Insights : KIE

Orfanopoulos, M. et al J. Org. Chem. 1981, 46, 2200.
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CONDITIONS 
A : 130oC, 3days
B : SnCl4, 3min, rt

A kH/kD = 3.3
B kH/kD = 1.03

A kH/kD = 3.2
B kH/kD = 1.08

A

B

55% (kH/kD = 3.14),

54% (kH/kD = 1.08),

16% (kH/kD = 3.67),

trace,

29%

46%



Thermal vs. LA Promoted Reactions

Salomon, R.G. et al J. Org. Chem. 1984, 49, 2446.
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Conditions

A : 185 oC
B : SnCl4 (0.1 equiv), 0oC



Mechanistic Insights : KIE Redux

Snider, B.B. J. Am. Chem. Soc. 1985, 107, 8160.



Mechanistic Insights : KIE Reloaded

Singleton, D.A. et al J. Org. Chem.  2000, 65, 895.



Mechanistic Insights : KIE Revolutions

Singleton, D.A. et al J. Org. Chem.  2000, 65, 895.



Regioselectivity of the Reaction

Mikami, K. et al J. Am. Chem. Soc. 1990, 112, 6737.
Mikami, K. et al J. Org. Chem. 1991, 56, 2952.
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Stereoselectivity of the Reaction

Mikami, K. et al J. Org. Chem. 1991, 56, 2952.
Mikami, K. et al J. Am. Chem. Soc. 1990, 112, 6737.
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Diastereoselectivity of the Reaction

Mikami, K. et al J. Am. Chem. Soc. 1990, 112, 6737.
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Diastereoselectivity of the Reaction

Mikami, K. et al Tetrahedron Lett. 1988, 6305.



Diastereoselectivity of the Reaction

Mikami, K. et al Helv. Chim. Acta 2002, 85, 4264.



Asymmetric Catalysis: The Beginning

Whitsell, J.K. et al Tetrahedron, 1986, 42, 2993.
Yamamoto, H. et al Tetrahedron Lett. 1988, 29, 3967.
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Asymmetric Catalysis: Titanium
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OH 1. Ti(OiPr)2Cl2, MS 4A

2. azeotropic removal
of iPrOH
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Asymmetric Catalysis: Titanium NLE

Mikami, K. et al Tetrahedron 1992, 48, 5671.



Asymmetric Catalysis: Titanium

Mikami, K. et al Angew. Chem. Int. Ed. 1997, 36, 2768.
Chavarot, M. et al Tetrahedron Asymm. 1998, 9, 3889.



Asymmetric Catalysis: Titanium TS Model

Corey, E.J. Tetrahedron Lett.  1997, 38, 6513.



Asymmetric Catalysis: Copper HDE vs ENE

Jorgensen, K.A. J. Org. Chem. 1995, 60, 5757.
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Asymmetric Catalysis: Copper

Evans, D.A. J. Am. Chem. Soc. 1998, 120, 5824.
Evans, D.A. et al J. Am. Chem. Soc. 2000, 122, 7936.



Asymmetric Catalysis: Copper

Hillier, I.H. J. Am. Chem. Soc. 2003, 125, 628.

Endo attack is slightly disfavored for R4 = C(CH3)3



Asymmetric Catalysis: Chromium

Jacobsen, E.N. et al J. Am. Chem. Soc. 2002, 124, 2882.



Asymmetric Catalysis: Cobalt

Yamada, T. et al Bull. Chem. Soc. Jpn. 2003, 76, 49.



Conclusions

-The LA catalyzed carbonyl-ene reaction is of great advantage over the thermal
variant, allowing for a control point for modulation of the rate of reaction and 
product distribution.

-Key experiments have been successful at gaining insight into the mechanism 
of the LA catalyzed carbonyl-ene process, but relatively little work has been 
dedicated toward control of the regio- and stereo-selectivity of the reaction. 

-The employment of chiral LAs has provided quite impressive results for
asymmetric induction for the reaction for a number of simple substrates, but
more work on complex systems is required.  


