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Abstract

Chiral 1,1'-bi-2-naphthol (BINOL) and its derivatives (BINOLS) are a class of very important axial
chiral compounds, which are present in natural products and bioactive pharmaceutical molecules, and are
also used as chiral catalysts or ligands. In particular, Co-symmetric chiral binaphthols (BINOL) and their
derivatives have been widely used in asymmetric catalysis, including chiral phosphine ligands (BINAP),
chiral phosphoric acids (CPA), chiral carbonyl catalysts, etc. In addition, Ci-symmetric chiral binaphthols
with different substituents at the 3,3’-positions have also been proven to exhibit excellent asymmetric
catalytic effects, and even in some reactions, their chiral induction ability is superior to that of C,-symmetric
BINOLs. However, in the past, there has been little attention paid to the species derived from Ci-symmetric
BINOLSs, mainly due to the lack of effective preparation methods. Currently, some achievements have been
made in the synthesis of these Ci-symmetric BINOLs and Cz-symmetric chiral binaphthols (BINOL), but the
research on these diversely substituted chiral binaphthols (BINOL) still poses great challenges. Therefore,
this thesis focuses on the synthesis of these diversely substituted BINOLSs and carries out the following two
parts of research work:

In the first part of the research work, we designed and synthesized a series of chiral amide ligands using
amino acids as the chiral source, and coordinated them in situ with copper salts to catalyze the asymmetric
oxidative coupling reaction of 3-hydroxy-2-naphthoate esters. Through the screening and modification of the
chiral amide ligands, as well as the optimization of conditions such as copper salts, solvents, catalyst
equivalents, oxidants, additives, and reaction temperature, the optimal reaction conditions were obtained, that
is: 5 mol% of cuprous chloride as the catalyst, 5 mol% of 1-L3 as the chiral ligand, 5 mol% of TEMPO and
oxygen as the oxidants, dichloromethane as the solvent, and the reaction temperature at 40 <C. Under the
optimal reaction conditions, we obtained a series of C,-symmetric chiral BINOL compounds with good yield
(up to 87%) and enantioselectivity (up to 97:3 er). This catalytic system provides a new method for the
synthesis of Co-symmetric chiral binaphthol (BINOL).

In the second part of the research work, we developed an efficient method for the synthesis of C;-
symmetric BINOLSs using 3-hydroxy-2-naphthoic acid derivatives and 2-naphthol as raw materials. After a
series of investigations on copper salts, ligands, solvents, temperature, etc., the optimal reaction conditions
were obtained: using 10 mol% of cuprous chloride as the catalyst, 10 mol% of 2,2-dimethyl-1,3-
propanediamine 2-L8 as the ligand, and carrying out the reaction at 50 <C using 2 mL of methanol or
isopropanol as the solvent. Under the optimal reaction conditions, 33 kinds of Ci-symmetric BINOLS
compounds were obtained with yields of 35-93%. In addition, the cross-coupling of the model reaction

between methyl 3-hydroxy-2-naphthoate and 2-naphthol can be easily scaled up to the gram scale, with a



yield of up to 93%. Through control experiments, it was shown that in this catalytic system, the self-coupling
reaction of 2-naphthol derivatives hardly occurs, and the proportion of self-coupling of 3-hydroxy-2-
naphthoic acid derivatives does not exceed 10%, showing high chemical selectivity. Finally, based on the
research work of Kozlowski and Roithovaand high-resolution mass spectrometry analysis, we proposed a
possible reaction mechanism. Although we did not obtain chiral Ci-symmetric BINOL, this method laid the
foundation for our subsequent research on the asymmetric synthesis method of Ci-symmetric BINOL.

Key words: BINOLS; Copper catalyst; Amine ligands; Asymmetric catalysis; Oxidative coupling reaction
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Figure 1-14 Chiral a-Amino phosphonates as Ligands
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