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Abstract of Thesis

Since the landmark introduction of BINAP-type chiral phosphine ligands for asymmetric hydrogenation,
chiral organophosphorus species have become fundamental in the realm of asymmetric synthesis, enabling high
enantioselectivity in catalytic transformations. Phosphorus(III) species, such as chiral phosphines and
phosphites, predominantly act as chiral ligands coordinating to transition metals. In contrast, phosphorus(V)
compounds—such as phosphates and chiral phosphoric acids—typically operate as Lewis bases or Bronsted acids,
functioning as organocatalysts. However, it can be observed that a large number of chiral phosphorus compounds
possess Ce-symmetric frameworks, and they are still widely employed in recent studies on asymmetric catalysis.
The well-established research strategies still have concentrated on modifying existing C>-symmetric frameworks,
whereas investigations into chiral phosphorus compounds with higher symmetry such as C3-symmetric remain
insufficient. In the research group I belong to, a variety of cage-shaped Lewis acid compounds featuring
Cs-symmetric have been developed. With the controllable (5-symmetric cage-shaped skeleton, cage-shaped borate
and aluminum complexes exhibit diverse functionalities on fields of chemoselectivity reaction and tuning the
Lewis acidity. Driven by the desire to overcome the structural in chiral phosphorus compounds, and inspired by
the promising progress of C3-symmetric Lewis acid compounds for catalytic applications, this study seeks to
explore phosphorus-centered Lewis base that incorporate (3-symmetric chiral cage-shaped frameworks.

In Chapter 1, synthetic methods for constructing two types of Cs3-symmetric chiral cage-shaped phosphites
bearing three homochiral binaphthyl units were established. Experimental and theoretical studies demonstrated
that the Lewis basicity and Cs-symmetric chiral environment could be modulated by the tethered groups (C—H or
Si-Me) within the cage-shaped framework. Variations in the chiral environment of each phosphite led to
differences in reactivity and enantioselectivity in asymmetric Rh-catalyzed conjugate addition reactions. These
Cs-symmetric phosphite ligands effectively promoted the reaction, achieving excellent enantioselectivity and
enabling the synthesis of valuable chiral pharmaceutical intermediates.

In Chapter 2, two (3-symmetric chiral cage-shaped phosphates were synthesized and employed as Lewis basic
organocatalysts in asymmetric iodolactonization reactions. These catalysts exhibited complementary reactivity
and enantioselectivity: the C—H tethered phosphate was more effective for the formation of five-membered
lactones, whereas the Si—Me tethered analogue was better suited for six-membered lactones. This structural
tuning enabled control over the chiral environment and contributed to broadening the substrate scope of
asymmetric iodolactonization.

In Chapter 3, the development of a new chiral shift reagent for measuring the enantiopurity of chiral amino
acids and carboxylic acids was accomplished using (3-symmetric chiral cage-shaped phosphates. The NMR
experimental results of acid substrates suggest the importance of m—m interactions and hydrogen bonding
interactions with C—H tethered chiral cage-shaped phosphates. Further examination of other chiral phosphorus
compounds as chiral shift reagents revealed that the ring current effect from the homochiral
binaphthyl-containing cage-shaped molecule plays an important role in this system.

As mentioned above, this study demonstrates that (3-symmetric chiral cage-shaped phosphorus compounds
serve as effective catalysts or reagents for both asymmetric catalysis and chiral recognition. It highlights the
promising utility C3-symmetric of in developing highly enantioselective catalytic systems and precise chiral
recognition technologies, owing to their controllable chiral environments, and structural rigidity derived from

Cs-symmetric cage-shaped framework.
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