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Summary: New stationary phases composed of cyclodextrin-oligosiloxane copolymers for open tubular column
supercritical fluid chromatography have been developed. These phases allow the separation of enantiomers of a
variety of chiral organic solutes.

The analytical chromatographic separation of enantiomers has become extremely important in light of the more
stringent requirements for the enantiomeric purity of drugs.! Direct chromatographic separation using chirat stationary
phases (CSPs) is the most convenient and reliable method to determine enantiomeric purity.2

We have recently reported new chiral stationary phases composed of copolymers of chiral organic and
dimethyloligosiloxane units for open tubular column supercritical fluid chromatography (SFC).3 These materials
provide complete separation of a variety of chiral organic solutes. In view of the superior ability of the cyclodextrins
to separate chiral molecules,* we have prepared cyclodextrin-oligosiloxane copolymeric stationary phases for open
tubular column SFC. Two of these novel phases (5 in Scheme I and 6) exhibit noteworthy enantiomeric separation

of a variety of chiral organic solutes (see Figure 1).
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Scheme 1. Preparation of B-Cyclodextrin-dimethylsiloxane Copolymer
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Figure 1. SFC separation of the enantiomers of diethyl tartrate (A) and ¢-2-phenylcyclohexanol (B), on phase § and
ibuprofen (C) on phase 6. Conditions are given in the text.

Copolymer § was prepared by the multi-step sequence shown in Scheme I. Heptakis(2,3-di-O-methyl)-3-
cyclodextrin (1) was prepared as reported,5 except that ammonium fluoride was used to remove the silyl protecting
gl'oups6 rather than tetrabutylammonium fluoride. Bissulfonate ester 2 was prepared using p,p'-
methylenebis(benzenesulfonyl chloride) as was reported for B-cyclodextrin."'8 Compound 2 was reacted with an
excess of sodium p-allyloxyphenoxide to give the bis(p-allyloxyphenoxy)-substituted heptakis(2,3-di-O-methyl)-8-
cyclodextrin (3). We have previously found that the allyloxyphenyl group is one of the best alkenes for the
hydrosilylation reaction.3? Allyloxy-substituted 3 was further methylated to give permethylated diene 4.8 Copolymer
S was prepared by the hydrosilylation of 4 with dodecamethylhexasiloxane in a manner similar to that reported.3®
Copolymer 6 was prepared in the same manner as § except one part dihexyldimethylsiloxane and three parts
dodecamethylhexasiloxane were used, giving a polymer with some hexyl substituents.

Copolymers 5 and 6 were coated on 5-M x 50-uM i.d. fused silica columns with a film thickness of about 0.25
uM as reported.>® Preliminary testing of these phases has been done using SFC at 60°C (polymer §) and 65°C
(polymer 6) with CO, as the carrier. The columns were density programmed from 0.30 g mL-! at 0.010 g mL!
min’! after a 1-min isopycnic period (5) or from 0.40 g mL-1 at 0.005 g mL"! min™! after a 1-min isopycnic period
(6). Enantiomer separations were observed for chiral diols and monoalcohols, ketones and carboxylic acids containing
aromatic substituents. For example, Figure 1 shows the separations of diethyl tartrate (A) and #-2-phenylcyclohexanol
(B) using phase 5 and 2-(p-isobutylphenyl)propanoic acid (ibuprofen) (C) using phase 6. Numerous other enantiomeric
pairs have been resolved using these phases,? indicating a significantly broader application range than observed using
the more conventional three-point interactive phases.

Cyclodextrin-based stationary phases have been used in liquid chromatography (LC), gas chromatography (GC),
and SFC.10 It is believed that in aqueous media, as is often used in LC, the predominating mechanism for chiral

recognition is the formation of molecular inclusion complexes of the enantiomeric solutes in the cyclodextrin cavity.!!



82

The recognition mechanism in GC and SFC columns, where relatively nonpolar mobile phases are used, is not well
established.12 Inclusion complexation is possible in GC since the carrier gas does not compete with the sample solutes
for complexation in the cyclodextrin cavity.13 Regarding the relative roles of different types of forces on inclusion
complexation and recognition, Schiirig and co-workers and Armstrong and co-workers suggested that both weak and
strong interactions might be involved and that chiral recognition might even take place on the outer surface of the
cyclodextrin toroid. 1914 From this study, it is believed that in SFC when carbon dioxide is used as the mobile phase,
solute inclusion in combination with dipolar interactions with the ether groups of the CD are involved in the

recognition process.
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