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Iron-Catalyzed Selective Cross-Coupling Reactions: Fundamentals to Application

Masaharu NAKAMURA

Using combinations of an iron salt with either bisphosphine ligand or NHC (N-Heterocyclic Carbene) ligand

as a catalyst allows for highly selective cross-coupling reactions of alkyl chloride, aryl chloride and other such

electrophilic substrate and various organometallic reagents. The unique reactivity and selectivity exhibited by

the catalyst towards alkyl halide can be understood with the reaction mechanism based on the formation of alkyl

radical intermediate. Furthermore, cross-coupling reactions of aryl chlorides also proceed with aryl and alkyl

Grignard reagents devoid of 3 hydrogen, and magnesium amides, providing the corresponding biaryl compounds

and triarylamine compounds. These reactions are thought to be new reactions proceeding via an iron(IV)

intermediate. This paper accounts the authors’ fundamental reaction development aiming at “precise control of

organometallic reactions using iron catalysts” mainly with a particular emphasis on application-oriented research.
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Scheme 1  Corey's Iron-Catalyzed Enantioselective Diels-Alder Reaction
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Scheme 2 Iron-Catalyzed Enantioselective Carbometalation Reaction
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Scheme 3 Iron-Catalyzed Alkyl Halide Coupling Reaction
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Scheme 4 Iron-Catalyzed Alkyl Halide Coupling with Organozinc Reagent
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Scheme 5 Iron-Catalyzed Stereospecific Coupling of Alkenylzinc Reagent
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Scheme 6 Iron-Catalyzed Cross Coupling of Alkyl Tosylate with Arylzinc Reagent
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Scheme 7 Industrial Application to Gemilukast Synthesis
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Scheme 8 Radical Probe Experiment: Reaction of Fe"Mes:(tmeda) with Cyclopropylmethyl Bromide
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space filling model of FeCl,(SciOPP)
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Iron-Bisphosphine Complex-Catalyzed Cross Coupling of Alkyl Halides
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Scheme 10  Iron-Bisphosphine Complex-Catalyzed “Sonogashira” Coupling
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T. Hatakeyama, et al., J. Am. Chem. Soc., 132, 10674 (2010)
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Scheme 11 Iron-Bisphosphine Complex-Catalyzed “Suzuki-Miyaura” Coupling
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T. Hatakeyama, et al., J. Am. Chem. Soc., 131, 11949 (2009)
T. Hatakeyama, et al., J. Am. Chem. Soc., 129, 9844 (2007)

Scheme 12 Iron Group Metal-Catalyzed Selective Biaryl Cross Coupling
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Scheme 14 Radical Probe Experiment
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Scheme 15 Iron-Catalyzed Enantioselective Cross Coupling
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Scheme 16 Iron-Catalyzed “Buchwald-Hartwig” Amination
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Scheme 17 Iron-Catalyzed C-H Amination for Aromatic Amine Synthesis
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