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Chapter 1. Introduction

Enantioselective reactions using organocatalyst has been actively investigated during the past decades. Among
various kinds of organocatalysts, BINOL-derived phosphoric acids and derivatives have been widely utilized as
the most representative chiral Brgnsted acid catalyst. Although a number of enantioselective reactions have been
successfully established by using these catalysts, there still remain many unresolved challenges in the chiral
Brgnsted acid catalysis. In order to further expand the scope of enantioselective transformations using chiral
Bransted acid, the development of new catalytic reaction systems and novel catalysts is highly desirable.

In this work, we envisioned (1) a new strategy to achieve enantioselective allylic substitution reaction which is
still a formidable challenge and (2) the development of novel chiral bis-phosphoric acids derived from BINOL

dimer.
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Chapter 2. Development of Enantioselective Allylic Substitution Reaction

Nucleophilic allylic substitution reaction is one of the most versatile reactions in organic synthesis. Particularly,
asymmetric allylic alkylation reaction is an efficient method for the synthesis of optically active allylic compounds.
Whereas the field has been dominated by transition metal catalysis involving chiral r-allyl-metal intermediate,
organocatalytic asymmetric transformations utilizing Sn2' process have still rarely been explored. Especially, the
intermolecular version represents a formidable challenge. In this context, we envisioned that chiral Brgnsted acid
catalyst could accelerate the intermolecular asymmetric allylic substitution reaction through activation of a leaving
group, affording chiral allyl compound. The major difficulty in the development of the intermolecular allylic
substitution is not only the control of the enantioselectivity but also prevents the Sn2 reaction providing the achiral
linear compound. The reaction of allyl ether having 3-nitro-2-pyridyl moiety as a leaving group with N-methyl
indole was investigated in the presence of chiral Brensted acid catalyst. As a result, we found that corresponding

3-allyllated indoles were obtained in an enantio-enriched form.

Chapter 3. Design and Development of Chiral Bis-Phosphoric Acid

The development of strong chiral Brensted acids is crucial to broaden the scope of enantioselective
transformations due to the fact that strong acid catalysts would expand the scope of electrophilic species employed.
Previously our laboratory developed chiral bis-phosphoric acids (BISPA) having a single BINOL backbone to
enhance the acidity by virtue of the intramolecular hydrogen bonding interaction between the two phosphoric acid
units. In our continuous effort to develop chiral Brgnsted acid catalysts having high acidity, we developed
structurally altered bis-phosphoric acids, which are derived from a BINOL dimer as a chiral backbone. The
catalytic performance of developed catalyst was confirmed in the Diels-Alder reaction of acrolein with
1,3-dien-1-ylcarbamate. A detailed structural analysis of the newly developed BISPA was also conducted to
evaluate the importance of the dihedral angle around the axial chirality in determining the stereochemical outcome
of the product.

Chapter 4. Conclusion

In this doctor’s thesis entitled “Design and Development of Chiral Bis-Phosphoric Acids and Enantioselective
Allylic Substitution Reaction”, we aimed at the development of a new strategy for a metal-free enantioselective
allylic substitution reaction was envisioned based on the simultaneous activation of leaving group and nucleophile
by chiral Brgnsted acid catalyst using the intermolecular Sn2' reaction. The desired alkylated indole was obtained
with the induction of enantioselectivity and moderate regioselectivity. In another work, a highly acidic structurally
altered Bis-Phosphoric Acid catalyst derived from the BINOL dimer was developed based on rigid axial chirality
and its catalytic efficiency was confirmed in enantioselective Diels-Alder reaction. A detailed structural analysis
was done to evaluate the important factors inflectional on the stereochemical outcome of the product. Due to
bulkiness and high acidity, we aimed that further application of this newly developed catalyst will be of great

interest and it will broaden the scope of enantioselective transformations.
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