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Development of immobilized chiral stationary phases, and studies on their
applications to chiral and achiral separations and on their molecular
recognition mechanisms
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FECERN “Chiral selector” is defined as an asymmetric chemical structure or a molecule, which
enables to separate a pair of other enantiomers to each enantiomer through the non-equivalent
interaction between its asymmetric structure and one of the enantiomers. “Chiral stationary phase
(CSP)” is defined as a stationary phase for chromatography, in which a chiral selector is coated or
immobilized on a support such as silica gel. “Chiral separation” is defined as a chromatographic
separation of a pair of enantiomers. “Achiral separation” is defined as a chromatographic separation
of molecules other than a pair of enantiomers, which is commonly recognized as an ordinary
chromatographic separation. This dissertation deals with chiral and achiral separations by CSPs with
a chiral selector, such as a cellulose derivative, an amylose derivative, and a crown ether. To summarize,
in this dissertation, CSPs with immobilized chiral selectors were developed by cross-linking technique.
The improved cross-linking technique resulted in improved resistance of CSPs to a wide range of
solvents while sacrificing the chromatographic separation factor (o) to a limited degree compared to
the conventional CSPs prepared by the coating technique; 94% of enantiomers investigated were
successfully resolved by the immobilized CSPs. Computational chemistry such as quantum chemical

calculations gained insights to the molecular recognition mechanisms by chiral selectors.
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Table 1. Chromatographic separation factor ¢ for CSPs with
cellulose tris(3,5-dimthylphenylcarbamate) as chiral selector.

Convertisnsl Immobilized Immobilized
CSP Type > CSP, CSP,
CSp
Prototype Improved

Immobilization

No immobilization

Cross-linking,

Cross-linking,

Technique (Coating) pending optimization  after optimization
Enantiomers | 2.6 1.0 1.9
Enantiomers 2 3.1 1.9 2.4

_ Enantiomers 3 1.7 11 1.2

SCE&I‘S:(IOH Enantiomers 4 1.6 1.2 1.4
a;or Enantiomers 5 1.4 1.1 1.3
Enantiomers 6 1.3 1.1 1.1
Enantiomers 7 1:3 1.8 1.5
Enantiomers 8 1.2 1.1 1.0
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= tl lo . tg: retention time of non-retained component. t; and t,: retention times of enantiomers.
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Figure 2. Models predicted in silico for the association of cellulose
tris(4-methylbenzoate with naphthacene (left) and triphenylene (right),
respectively.
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(b) 3-methylaniline

(a) 2-methylaniline (most stable structure) (c) 4-methylaniline

Figure 3. Models predicted in silico for the association of crown ether ligand and anilines.
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