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General introduction of Nickel 

Important event of Nickel:

• Nickel was isolated in 1751

• In 1890s, Mond synthesized Ni(CO)4

• Sabatier performed the first hydrogenation

of ethylene using Nickel in1912

• Wilke Synthesized Ni(cod)2

Advantage of Nickel:

Ni: $ 1.2/mmol

Pd: $ 1500/mmol

Two major Nickel catalysts:

Ni(cod)2 Ni(acac)2



Nickel catalyzed coupling reactions

Nickel        vs Palladium



General introduction of reductive coupling
McMurry type coupling:

Nickel catalyzed reductive coupling

Montgomery, J. Angew. Chem. Int. Ed. 2004, 43, 3890 – 3908;
Young, I, S. Baran group meeting  3/11/2009 



Possible mechanism for reductive coupling



Couplings of Alkenes with Alkynes

Montgomery, J. J. Am. Chem.Soc. 1997, 119, 4911
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Couplings of Alkenes with Alkynes

Montgomery, J. J. Am. Chem.Soc. 1997, 119, 4911



Intermolecular reductive coupling

Sato, Y. J. Am. Chem.Soc. 1994, 116, 5975



Proposed mechanism for enone-alkyne coupling

Sato, Y. J. Am. Chem.Soc. 1994, 116, 5975



Asymmetric intermolecular reductive coupling

Sato, Y. J. Org. Chem. 1996, 61, 8248



Coupling of allyl halides or acetates

Sato, Y. J. Org. Chem. 1994, 59, 6877
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Mechanism study



Construction of the framework of isogeissoschizine

Montgomery, J. Org. Lett. 2002, 4, 615



Coupling of Two Alkenes

Montgomery, J. J. Org. Chem. 1996, 61, 1562



Coupling of Two Alkenes

Montgomery, J. J. Org. Chem. 1996, 61, 1562



Intermolecular coupling of an electron-deficient 

olefin with a strained olefin

Ikeda, S. J. Org. Chem. 1996, 61, 1562



Coupling of two alkynes

Tamao, K. J. Am. Chem.Soc. 1989, 111, 6478



Coupling of Carbonyl Compounds with Alkynes

Montgomery, J. J. Am. Chem. Soc. 1997, 119, 9065



Coupling of Carbonyl Compounds with Alkynes

Montgomery, J. J. Am. Chem. Soc. 1997, 119, 9065



Regiocontrol in reductive coupling reactions

Montgomery, J. J. Am. Chem. Soc. 2010, 132, 6304



Regiocontrol in reductive coupling reactions



Regiocontrol in reductive coupling reactions

Montgomery, J. J. Am. Chem. Soc. 2008, 130, 469



Reductive coupling of alkynes and CO2

Mori, M. Org. Lett. 2001, 3, 3345



Addition of Alkenyl zirconium complexes to 

aldehydes and alkynes

Montgomery, J. Org. Lett. 2002, 4, 1743



Key step in the total synthesis of isodomoic acid G

Montgomery, J. Org. Lett. 2003, 5, 3771



Using triethylsilane as the reductive agent

Montgomery, J. J. Am. Chem. Soc. 1999, 121, 6098



Intermolecular coupling of imines with Alkynes

Jamison, F. Angew. Chem. Int. Ed. 2003, 42, 1364



Intermolecular coupling of imines with Alkynes

Jamison, F. Angew. Chem. Int. Ed. 2003, 42, 1364



Couplings of Carbonyls with Dienes

Mori, M. J. Am. Chem. Soc. 2000, 122, 1264



Couplings of Carbonyls with Dienes

Mori, M. J. Am. Chem. Soc. 2000, 122, 1264



Diene-CO2 coupling

44%

Mori, M. J. Am. Chem. Soc. 2001, 123, 2895



Coupling of Alkenes or Carbonyl Compounds with 

Allenes

Montgomery, J. Angew. Chem. Int. Ed. 2004, 43, 3890 – 3908



Key step in the total synthesis of kainic acid and 

allokainic acid

Montgomery, J. J. Am. Chem. Soc. 1999, 121, 11139



Key step in the total synthesis of kainic acid and 
allokainic acid

Montgomery, J. J. Am. Chem. Soc. 1999, 121, 11139



Nickel-Catalyzed Reductive Coupling of Alkynes and Epoxides

Jamison, F. J. Am. Chem. Soc. 2003, 125, 8076



Nickel-Catalyzed Reductive Coupling of Alkynes and Epoxides



Combinations and Domino Reactions

Montgomery, J. J. Am. Chem. Soc. 2002, 124, 2106



Combinations and Domino Reactions

100% 200%

10%

240%

Tamaru, Y. Angew. Chem. Int. Ed. 2002, 41, 2784



Combinations and Domino Reactions

2a 82%

Mori, M. J. Am. Chem. Soc. 2002, 124, 10008



NiBr2 Catalyzed Reductive Coupling

Jamison, F. Org. Lett. 2011, 13, 4140



Summary
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Ni: Ni(cod)2, Ni(acac)2, NiBr2

Reducing agent: R2Zn, R3Al, HSiR3, BR3..



Thanks!








