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1. Introduction

Metals generally receive electrons from a ligand into their vacant d orbital. By coordination of an anionic
ligand to the metal complex, a metal complex is nucleophilically activated and the HOMO energy level of a metal
complex is increased, resulting in an increase in electron density of the metal center and the ligands. Through this
nucleophilic activation of a metal complex, two important reactivities can be induced. First, the metal center of
the resulting complex has high nucleophilicity, resulting in the high reactivity toward electrophilic species.
Second, ligands also have high nucleophilicity, resulting in the high reactivity of ligands toward electrophilic
species and these sometimes dissociate from the metal complex. These reactivities are effective for difficult
organic transformations such as reactions with low-reactive electrophiles under simple reaction conditions.

Nucleophilic activation is achieved by various nucleophiles, among these, an alkoxide is an important
nucleophile for this purpose. An alkoxide is readily available anionic reagent and versatile structural tuning of the
structure of an alkoxide and relatively lower reactivity of an alkoxide compared to the reactive organometallic
reagents are good feature for nucleophilic activation of a metal complex to control the reactivity of the resulting
metal complex.

Recently, the concept of sustainability is important in modern organic synthesis. Therefore, achieving
difficult organic transformations under simple reaction conditions is desirable. The goal of this thesis is to
demonstrate the potential of nucleophilic activation of a metal complex with an alkoxide for difficult organic

transformations under simple reaction conditions.

2. Iron-Catalyzed Borylation of Aryl Chlorides.

To develop synthetic methods for aryl or heteroarylboronic acid derivatives without reactive
organometallic reagents is still important. Especially the use of inexpensive and readily available aryl chlorides as
an electrophile has been only achieved by palladium, nickel and cobalt catalysis with tailored ligands and special
additives because oxidative addition to aryl chlorides is difficult. To achieve this difficult transformation, I
envisioned using the nucleophilic activation of an iron catalyst with an alkoxide. The key of reaction design is

based on the two considerations: 1) Highly reductive iron-alkoxide complex can transfer electrons to an aryl
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Figure 1. Iron-catalyzed borylation of aryl chlorides”

O’B\O
: 0 0
I found that the selection of an j: /B@OMe FB\ i
alkoxide is important for this 0 ©
46% 52%? 45%°

transformation. The scope of
p “The reaction was performed on 0.4 mmol scale. "Reaction temperature is 150 °C. “3.0

this borylation reaction is equiv of B,Pin, and 3.3 equiv of LiO#-Bu were used.
showed in Figure 1. This
transformation can be carried out on 10 mmol scale. The reaction with a heteroaromatic chloride gave the

borylated product in moderate yield. A simple aryl chloride gave the desired borylated product in lower yield.

Two-fold borylation took place with 3.3 o Fe(acac)s (5 mol %) aryl halide (0.8 equiv) A
) o ) ) B,oPin, (2.0 equiv) ~ Pd(PPhg), (3 mol %) r
equiv of lithium terz-butoxide and 3.0 equiv KOtBu (2.1 equiv) K,COs (1.5 equiv)
. . . 1
of a diboron reagent to give the diborylated OO toluene, toluene/H,0 (2:1), OO M
_ ) ) 130°C, 16 h 110°C, 16 h
compound in moderate yield. The resulting Ar = 9-anthraceny 739%
2-thienyl 62%

aryl boronate underwent in one-pot cross-
coupling reaction in the presence of a palladium catalyst (Eq. 1). I propose two possible catalytic cycles based on
several previous reports. In both cases, nucleophilic activation of an iron catalyst is important to achieve carbon-

chloride bond cleavage.

3. Iron-Mediated Carboamination and Carboalkoxylation of Alkenes with Perfluoroalkyl Halides

Carbofunctionalization of an alkene is an efficient method for rapid construction of two new bonds via
1,2-addition to an alkene. Among these reactions, carboalkoxylation and carboamination of an alkene is a direct
method to create a carbon-nitrogen or a carbon-oxygen bond, concomitantly with a carbon-carbon bond.
Although many intramolecular reactions have been reported to synthesize cyclic amines or ethers, intermolecular
reaction is still underdeveloped because controlling the selectivity and reactivity to suppress the several side
reactions is difficult. To achieve this three-component reaction, I conceived an idea on using the nucleophilic
activation of an iron catalyst. Reaction design is shown below: An electron-rich iron alkoxide complex reduces an
organic halide to give an alkyl radical and a halide anion, followed by addition to an alkene. If the resulting
intermediate can be trapped with nucleophiles, three-component coupling is plausible. Based on this reaction
design, I performed several preliminary experiments and found three-component coupling of functionalized
alkenes, perfluoroalkyl halides and amines or phenols in the presence of an iron salt (Figure 2). In the presence of

an electron-withdrawing group on nucleophiles, reaction efficiency was decreased and starting material was



recovered. Reactive functional groups Figure 2. Iron-mediated carboamination and carboalkoxylation of alkene”
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2). Based on these
experimental results and previous reports, two possible mechanisms are proposed. In both cases, nucleophilic

activation of an iron complex is important to generate perfluoroalkyl radical species.

4. Silylation of Aryl Halides with Monoorganosilanes Activated by Lithium Alkoxide

Diorganosilanes arc important Figure 3. Silylation of aryl halides with monoorganosilanes’
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found silylation of aryl halides with monoorganosilanes proceeded without an iron salt. Based on the related

reports, I hypothesized that nucleophilic activation
Figure 4. Proposed mechanism based on computational study
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reaction mechanism of this intriguing reaction,

several experiments and theoretical study were carried out. Through this study several possible reaction
mechanism was denied and finally, reaction mechanism was proposed based on the theoretical study (Figure 4).
First step is generation of a silicate via nucleophilic activation of a hydrosilane and the hydride ligand attached to
the silicon atom is dissociated from the silicon atom (a). This INT2 can react with aryl halides to give an aryl
anion and a hydrogen halide via halide abstraction (b). Then the aryl anion reacts with in situ-generated silyl
alkoxide to give diorganosilane through TS2, or it reacts with in situ-generated hydrogen halide through TS3 to
give dehalogenated product (¢). Based on this proposed mechanism, several experimental results can be explained.
In this case, nucleophilic activation is important step to generate reactive hydride from stable two reagents to

achieve this intriguing reactivity.

5. Conclusion

In conclusion, three organic transformations were developed utilizing nucleophilic activation of a metal
complex using an alkoxide. Nucleophilic activation induces high nucleophilicity of the metal center and the
ligands. By utilizing high nucleophilicity of the metal center, iron-catalyzed borylation of aryl chlorides and iron-
mediated carboamination and carboalkoxylation of alkene were developed under simple reaction condition. By
utilizing high nucleophilicity of ligands, silylation of aryl halides was developed without a transition metal. These
study offer a unique and a new insight into utilization of nucleophilic activation of a metal complex for difficult

organic transformations under simple reaction condition.



