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Introduction

Chapter 1. Silver-Catalyzed Direct Addition of Nucleophiles and Pronucleophiles to ortho-Alkynylaryl Aldimines
Leading to 1,2-Dihydroisoquinolines

Chapter 2. Rhodium-Catalyzed Addition of Pronucleophiles to ortho-Alkenylaryl Aldimines Leading to
Tetrahydroisoquinolines Derivatives

Chapter 3. Palladium-Catalyzed Ring Expansion Reactions

Chapter 4. Palladium-Catalyzed Intramolecular Ene Reactions of Unactivated Imines
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Chapter 1: The Lewis acid and/or transition metal-catalyzed addition of carbon nucleophiles to imines is one of the
most important methods for the preparation of nitrogen-containing compounds. In particular, the direct addition of
carbon pronucleophiles to imines in the presence of catalysts is highly desirable as it represents an atom economical
approach. Previously Yamamoto reported the first example of metal-catalyzed direct addition of malononitrile
derivatives and simple ketones, such as acetone, to activated imines. This transformation is useful for synthesizing
amines and amino acid derivatives. However activated imines that bear an electron withdrawing group on the imine
nitrogen atom have to be used as a substrate to induce the addition of pronucleophiles. Although direct Mannich-type
reactions of activated ketone and malonate and direct nitro-Mannich (aza-Henry) reaction catalyzed by metals and
Bronsted acids were also reported recently, activated imines were also required in these cases. In this chapter, the
synthetic method of the functionalized

1,2-dihydroisoquinoline skeletons through the direct addition of various carbon pronucleophiles to ortho-




alkynylaryl aldimines is reported. Without using the ordinary activated imines bearing an electron-withdrawing
group, the addition to imine proceeded well probably due to the in situ formation of the reactive isoquinolinium
intermediate. In general the construction of 1,2-dihydroisoquinoline framework can be achieved by the nucleophilic
addition to the isoquinolinium salt, which are derived from the corresponding isoquinolines using acylating or
alkylating agents. Obviously, the present reaction proceeded without such activation and the current transformation
provides an alternative method for the construction of 1,2-dihydroisoquinolines.

Chapter 2: Since tetrahydroisoquinolines, 1,2-dihydroisoquinolines and their derivatives are compounds of great
interest due to their biological and pharmaceutical properties, development of efficient synthetic methods of these
compounds has been the subject of great interest. The preparation of tetrahydroisoquinoline can be performed in
many ways, but ultimately the majority of the methods involve reaction of classical method like Pictet-Spengler,
Bischler-Napieralski, and Pomeran-Fritsch reactions. For ring closure, they normally require strong acidic condition
and/or some activation through an introduction of electron-donating groups in benzene ring, such as an alkoxy
group. Although the cyclization of ortho-alkenyl-benzylamines is also known as a preparation method of
tetrahydroisoquinoline, the reaction should be conducted under severe basic condition. Besides the formation of
tetrahydroisoquinoline skeleton, an efficient method for introduction of carbon unit at the C-1 position has recently
been explored since many of useful isoquinolines have subtituents at that position. Alkylation or acetylation of
nitrogen atom of 3,4-dihydroisoquinoline and isoquinoline compounds, followed by nucleophilic attack of certain
nucleophiles to the resulting iminium part is well known. In this chapter, the development of new synthetic method
for multisubtituted tetrahydroisoquinoline derivatives by using transition metal catalysts, such as RhCI(PPh;); and
Pd.(dba);.CHCI;, via the tandem C-N and C-C bond formation using ortho-alkenylaryl aldimines and
pronucleophiles is reported. Any strong acids or bases are not required and the reaction proceeds under nearly
neutral condition. The current transformation provides an alternative method for the construction of
tetrahydroisoquinoline, which can be used as building blocks of bioactive tetrahydroisoquinoline alkaloids.

Chapter 3: Ring expansion is one of the most useful methodologies for the synthesis of medium sized rings, which
are commonly found in many natural products. It is well known that the cycloaddition of electron rich olefins, such
as enamines and enol ethers, with dimethyl acetylenedicarboxylate gives cyclobutene intermediates, which undergo
electrocyclic ring opening to afford medium sized rings. In this chapter, the synthetic method of the pyran
derivatives, fused with medium and large rings (7-10 and 14), via the palladium catalyzed reaction of enynals with
dimethyl acetylenedicarboxylate is reported. The reaction proceeds through the cycloaddition of dimethyl
acetylenedicarboxylate to an electron rich olefin, derived from the intramolecular cyclization of enynals., and
subsequent ring expansion. It was found that the combination of Pd(OAc), and cyclooctadiene is a suitable catalytic
system for the present reaction.

Chapter 4: The imino-ene reaction is a powerful synthetic method of functionalized amine compounds in organic
synthesis. Although Lewis acids have been often used as activating agents, it was essential to use stoichiometric
amounts of Lewis acids and there is no report of the Lewis acid-catalyzed reaction. {t was known that reactions were
catalyzed by transition metal complexes. However, it was necessary to use activated imines, having electron-
withdrawing groups on the nitrogen atom. In this chapter, it is reported that the palladium-catalyzed intramolecular
imino-ene reaction with unactivated imine compounds takes place. When ortho-alkenylarylaldimines were treated
with a catalytic amount of Pd.(ally]).Cl; in 1,4-dioxane at 100 “C, the intramolecular imino-ene reaction proceeded to
give amino indene derivatives in good to high yields. Analogous palladium-catalyzed ene reaction of ortho-

alkenylbenzaldehydes also proceeded to give indenols in good to high yields.
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