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Palladium-Catalyzed Decarbonylative Halogenation of Carboxylic Acid Derivatives
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Organic halides, particularly aryl halides, are versatile synthetic building blocks in synthetic organic chemistry and
are fundamental components of organic synthesis. To enhance the efficiency of halogenation methods, exploring
nucleophilic halogenation appears to be a promising approach due to the non-toxicity and cost-effectiveness of
nucleophilic halogenating agents.['! Notably, transition-metal-catalyzed nucleophilic halogenation can significantly
improve the efficiency of this process. However, this transformation has rarely been reported due to two inherent
challenges: 1) the weak nucleophilicity of nucleophilic halogenating agents; and 2) the thermodynamically unfavorable
reductive elimination of C—X bonds.?l To address these intrinsic limitations and develop the desired protocol, the
Author proposes the concept of decarbonylation and hypothesizes that the CO produced during decarbonylation will
render the transition metal center more electron-deficient, which could theoretically enhance the reductive elimination
of C-X bonds, particularly C-I bonds.®) Based on this premise, this PhD Thesis focuses on the palladium-catalyzed
decarbonylative nucleophilic halogenation of carboxylic acid derivatives via the reductive elimination of C—X bonds.
This study aims to efficiently synthesize a variety of aryl iodides, bromides, and chlorides, achieving high atom
utilization and excellent efficiency.

In Chapter 2, the Author presents a practical and versatile method for palladium-catalyzed decarbonylative
nucleophilic halogenation of acyl fluorides and chlorides. Xantphos plays a dual role in this process; it not only
facilitates the challenging reductive elimination of Ar-I, Ar—Br, and Ar—Cl bonds due to its large bite angle, but it also
acts as a non-innocent additive that promotes unique outer-sphere nucleophilic substitutions by forming phosphonium
halides. Excitingly, highly reactive acyl iodides were identified as unique reaction intermediates, enabling the in-situ
generation of acyl iodides from stable acyl fluorides. This approach facilitates indirect unimolecular fragmentation
coupling (UFC) via decarbonylation under mild and practical conditions. Kinetic studies indicate that the rate of acyl
iodide formation is crucial for the success of this transformation; it is expected to occur slowly and gradually, which
helps to effectively prevent catalyst poisoning.

In Chapter 3, the Author explores the use of stable, active, and inexpensive acid anhydrides as substrates for catalytic
decarbonylative halogenation. This approach effectively avoids the issues associated with the instability of acyl
chlorides and the high cost of acyl fluorides. Notably, the Authors enhance reaction efficiency for substrates with
electron-donating groups by allowing potential catalyst poisons to escape through an open system. Additionally, the
unique properties of the anhydride facilitate a reaction with iodide salts, producing antagonistic carboxylate during the
formation of acyl iodides. This process further decreases the formation rate of acyl iodides, ensuring high catalytic
efficiency.

The two projects outlined in this PhD Thesis will significantly enhance the synthesis of aryl halides, particularly aryl
iodides. Additionally, they will lay the groundwork for future research in this area, generate new research ideas, and

accumulate valuable research experience.
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