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This thesis, entitled "Iron-catalyzed or -Mediated Regio- and Stereoselective Addition of
Aliphatic Grignard Reagents to o,f,y,0-Unsaturated Esters or Amides," consists of the
following 5 chapters.

Chapter 1. "Introduction”

While the conjugate addition of nucleophiles to o,B-unsaturated carbonyl compounds
furnishes basically a single isomer, that to o,f,y,0-unsaturated carbonyl compounds could
give several isomers regarding the position of the addition and the regio- and
stereochemistries of the remaining olefin. In this study, iron-catalyzed selective conjugate
additions of aliphatic Grignard reagents to a.,f3,y,0-unsaturated esters and amides have been
established.

Chapter 2. "Iron-catalyzed Regio- and Stereoselective Addition of Methyl or Cyclopropyl
Grignard Reagents to o,f3,y,0-Unsaturated Esters or Amides"

When fert-butyl (2E,4E)-2,4-hexadienoate (1) was allowed to react with MeMgBr in the
presence of a catalytic amount of FeCl, fert-butyl (Z)-5-methyl-3-hexenoate was obtained as
a single isomer and in good yield. Besides esters or methyl Grignard reagent, amides or
cyclopropyl Grignard reagent was also found good. In these reactions, the intermediate
enolates can be used for a-alkylation of the carbonyl group of the above products.

Chapter 3. "Iron-NHC Complex-catalyzed Regio- and Stereoselective Addition of Aliphatic
Grignard Reagents to o,f3,y,0-Unsaturated Esters or Amides"

The iron catalyst combined with an N-heterocyclic carbene (NHC) ligand surprisingly
effected the d-addition of general alkyl Grignard reagents to o,f3,y,0-unsaturated esters or
amides to give d-alkyl-cis-B,y-unsaturated esters or amides. The intermediate enolates can
be alkylated with alkyl halides, giving homologous cis-olefins. The mechanism of this
reaction has been also proposed.

Chapter 4. "Regio- and Stereoselective Reduction of a,p,y,0-Unsaturated Amides or Esters
with an Iron Salt and Ethyl Grignard Reagent"

Stoichiometric amounts of FeCl, and a phosphine were found useful for the regio- and
stereoselective reduction of a,f,y,0-unsaturated esters or amides with alkyl Grignard reagent
to give cis-f,y-unsaturated esters or amides. The intermediate enolates can be also alkylated
with alkyl halides, which is an advantage over the ordinary hydrogen addition. The
mechanism of this reaction has been also proposed.

Chapter 5. "Conclusion"

The iron-catalyzed selective conjugate additions to a,f3,y,0-unsaturated carbonyl compounds
have been achieved with a wide variety of aliphatic Grignard reagents.
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