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Studies on low-valent iron-phosphine complex-catalyzed hydroarylation reactions of carbon—carbon

unsaturated bonds via C—H bond cleavage of aromatic compounds

Thesis Summary

This doctoral thesis describes the development of low-valent iron-phosphine complex-catalyzed
hydroarylation reactions of carbon—carbon unsaturated bonds via cleavage of carbon—hydrogen (C—H) bonds in
aromatic compounds.

In the introduction, I mentioned the synthetic significance and some arising issues of
transition-metal-catalyzed C—H functionalizations and the importance of utilization of base metals as a catalyst,
especially iron, the most abundant transition metal. Two major strategies for utilizing iron catalysts have been
developed. One is the utilization of in-situ generated low-valent iron complex by a reaction of iron salts and
organometal reagents. The other strategy involves the utilization of molecular iron complexes as a catalyst. In the
former case, reactive, nucleophilic organometallic reagents are essential. Some studies have been reported in the
latter case, but the scope of these reactions is still limited. I also described our previous studies of the molecular
iron-complex-catalyzed reaction of aromatic ketones with alkenes and methylenecyclopropanes, giving ortho
alkylation and homoallylation products, respectively. While such C—H functionalization catalytic systems can be
applied to various aromatic ketones, the applicable carbon—carbon unsaturated bonds as coupling partners have
been limited to double bonds. Based on the background of this research area, I initiated research to enable the use
of carbon—carbon triple bonds in inert C—H bond functionalization reactions with low-valent iron catalyst systems.

In Chapter 1, I described an iron-catalyzed ortho C—H/alkyne coupling reaction of aromatic ketones using
internal alkynes. I achieved regio- and stereoselective ortho C—H alkenylation of pivalophenone derivatives using
a catalytic amount of Fe(PMe3)s and a bulky and electron-rich P’‘Bus. The NMR experiments suggested that an
iron-alkyne complex was a resting state in the catalytic cycle.

In Chapter 2, I discussed the hydroarylative cycloaddition reaction of enynes with aromatic ketones via C—H
bond cleavage. In Chapter 1, I revealed that an alkyne coordinates to the iron center prior to C—H cleavage. I
envisioned that if enynes, instead of alkynes, are utilized as a reagent, hydroarylative cyclization of enynes could
be achieved. The reaction of aromatic ketones with enynes using Fe(PMes)s catalyst gave hydroarylative
cyclization products where a hydro and aryl groups were introduced onto the alkyne and alkene moieties of
enyne, respectively. Compared to alkenylation with alkynes via reductive elimination between an alkenyl and aryl
carbons, in the case of the reaction using enynes, the reductive elimination between an alkyl and aryl groups
became facile, and the scope of applicable ketone substrates was broad. Deuterium labeling experiments
suggested that the C—H bond cleavage step was the rate-determining step.

In Chapter 3, I described the synthesis of new zero-valent iron complexes with a diene or enone as a ligand.
In Chapter 2, I found that the reaction of Fe(PMes)4 with 1,6-enynes generated intermediates bearing a 1,3-diene.
Based on this finding, I successfully synthesized the diene complex without using Fe(PMes)s as a precursor. I also

demonstrated that a similar complex could be obtained when an enone was used as a substrate.




