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ABSTRACT

B-Cyclodextrin and y-cyclodextrin chiral bonded phases were
previously shown to be useful in the separation of enantiomers,
diastereomers and structural isomers. In this work it is
demonstrated that these stationary phases are also useful in
more routine separations. As such, they provide an alternative
to the popular reverse phase packings. Because the selectivity
of cyclodextrin packings is often unique they can be used to
compliment conventional columns, particularly when separating
complex mixtures where peak overlap is a problem. The
separation of several important classes of compounds is used to
demonstrate the general utility of this packing.
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INTRODUCTION

Cyclodextrin bonded phase LC columns have been shown to be
useful in separating enantiomers (1-4), diastereomers (2,5) and
structural disomers (2,5-7). It has also been suggested that
cyclodextrin columns might prove useful as an alternative to
reverse phase columns in a variety of more conventional
separations (1,2). The selectivity of cyclodextrin columns is
often different from that of conventional reverse phase columns
because the separation mechanism is based on inclusion complex
formation (1-10). As a result, there is the possibility that
one can resolve specific peaks from a complex mixture that are
not easily resolved on more conventional packings. In this work
the separation of several mycotoxins, polycyclic aromatic
hydrocarbons (PAH's), quinones and heterocyclic compounds is
examined., Emphasis is placed on the Bg-cyclodextrin packing
(which seems to be the optimum size) although the PAH's are also

separated on the v-cyclodextrin packing.

EXPERIMENTAL
Materials., B-Cyclodextrin columns (4.6 x 100 mm and 4.6 x 250
mm) and y-cyclodextrin columns (4.6 x 100 mm) were obtained from
Advanced Separation Technologies, Inc. HPLC-grade methanol and
water were obtained from Burdick and Jackson, polycyclic
aromatic hydrocarbon standards were from Supelco, mycotoxin
standards were from Sigma, and the quinones and heterocyclic

compounds were from Aldrich,
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Methods: A1l separations were done at room temperature (20°C)
using a Shimadzu Model LC-4A 1liquid chromatograph with a
variable wavelength detector containing a 13 ul flow cell., All
samples were dissolved in methanol prior to injection. Exact

separation conditions are given with each chromatogram.

RESULTS AND DISCUSSION

The separation of mycotoxins is an important problem from
both a military (e.g., yellow rain) and agricultural (e.q.,
fungal growth on grain) point of view (11-14). Stahr and
co-workers have done a considerable amount of work on the
chromatographic separation of these compounds (12-14). Many
mycotoxins are also effectively separated by LC wusing
cyclodextrin packings. Figure 1 shows the gradient LC
separation of T-2 tetraol, verrucurol, T-2 triol, HT-2 toxin,
diacetoxyscirpenol, and T-2 toxin on a 10 c¢m g-cyclodextrin
column, A1l components were baseline resolved. The only
possible difficulty with this separation is that ultraviolet
detection must be at a fairly short wavelength (206 nm). This
results in a slightly increasing baseline when solvent gradients
are used, unless one employes a computer baseline correction as
in Figure 1.

The reverse phase LC separation of polycyclic aromatic
hydrocarbons (PAH's) 1is well documented (15-19)., It has been

noted that there can be considerable differences in selectivity
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with different types and/or lots of reverse phase packing
material (15-19). Overlapping peaks can be a significant
problem 1in separations involving complex mixtures of PAH's,
Consequently two or more columns of different selectivity are
sometimes used to completely resolve all components of a
mixture. Both g- and y-cyclodextrin packings effectively
separate a varjety of PAHs (Figure 2). Not only is the
selectivity different from that of traditional reverse phase
columns, but isomers of compounds such as benzopyrene and
dibenzanthracene are easily separated as well (Figure 2A). In
addition, there are considerable selectivity differences for
some compounds on the g-cyclodextrin packing as compared to the
larger vy-cyclodextrin packing. For example, the selectivity
factor (a) for acenaphthene (relative to benzo(a)pyrene) goes
from 1.3 on the g-cyclodextrin column to 0.45 on the
y-cyclodextrin column (Figure 2).

A particularly interesting separation involves a series of
structurally related compounds, Fluorene, carbazole,
dibenzothiophene, dibenzofuran and biphenyl differ only in the
type or presence of a heterocatom between the two aromatic rings
A1l are easily resolved on a 25 cm g-cyclodextrin column (Figure
3). Figure 4 illustrates the separation of a series of quinones
on the same column,

In conclusion, it has been shown that the effectiveness of
cyclodextrin bonded phase packings is not 1limited to the

separation of enantiomers (as are many other chiral stationary
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Figure - 2. Chromatogram "A" shows (from left to right) the
separation of: (1) benzene, (2) naphthalene, (3) fluorene, (4)
phenanthrene, (5) biphenyl, (6) pyrene, (7) benzo(e)pyrene, (8)
benzo(a)pyrene, (9) 1,2,3,4-dibenzanthracene, (10)
1,2,5,6-dibenzanthracene, and (11} acenaphthene on a 10 cm
g-cyclodextrin column with a gradient going from 40% to 70%
methanol (aq) in 25 min. The flow rate was 1.5 ml/min and the
detection wavelength was 254 nm. Chromatogram "B" shows (from
left to right) the separation of: (1) benzene, (2) naphthalene,
(3) biphenyl, (4) fluorene (5) acenaphthene, (6) phenanthrene,
(7) unknown peak, (8) fluoranthene, (9) pyrene, (10)
benzo(a)anthracene (11) ©benzo(a)pyrene, and (12)
1,2,3,4-dibenzanthracene on a 10 c¢cm y-cyclodextrin column with a
gradient going from 30% to 65% methanol (aq) in 25 min., Other
conditions were as in chromatogram "A",
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Figure 3. An LC chromatogram of (1) carbazole, (2) fluorene,
(3) dibenzothiophene, (4) biphenyl, and (5) dibenzofuran on a 25
cm g-cyclodextrin column. This was an isocratic separation (50%
methanol (aq)). The flow rate was 1.0 ml/min and the
wavelength of detection was 250 nm.
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Figure 4. An LC chromatogram of (1) 1,4-benzoquinone, (2)
2,5-dimethyl-p-benzoquinone, (3) 1,2-naphthaquinone, (4)
1,4-naphthaquinone, and (5) anthraguinone. This isocratic
separation was done on a 25 cm B-cyclodextrin column (45%
methanol (aq)). The flow rate was 1.0 m1/min and the wavelength
of detection was 254 nm.
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phases) or to the separation of diastereomers and structural
isomers. Indeed, it appears to be a generally useful packing in
the "reverse phase mode” and its unusual selectivity makes it a
useful complimentary column for those using traditional reverse

phase packings in the separation of complex mixtures.
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