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Chromatographic separation of enantiomeric hydrocarbons presents a number
of difficulties caused by weak and not very selective intermolecular in-
teractions in the common gas and liquid chromatographic systems. The use
of optically active organic stationary phases cannot be realized on the
basis of the "three-point-attachment" of Dalgliesh,' namely hydrocarbon
molecules do not contain any functional groups suitable for forming the
necessary hydrogen bonds for specific attachment of the enantiomer to the
stationary phase. Chiral metal complexes were applied in RP-HPLC?’3 and
GLC* for resolution of chiral olefins into enantiomers; however in this
case T donor - acceptor interactions being possible only for unsaturated
hydrocarbons take place. We have recently discovered that under gas-par-
tition chromatographic conditions, a-cyclodextrin (a-CD) complexation
permits very efficient resolution of some terpencic hydrocarbons (satura-
ted and unsaturated) into enantiomers.® The present paper summarizes our
further systematic studies on enantio- and diastereoselective separation
of o— and B-pinene, and of four stereoisomers of pinane, whose formulae
are shown below:
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The ability of a— and B-CD complexation to modify the gas-partition chro-
matography system for separation of terpenoic hydrocarbons is exemplified
in Fig. 1 for o-pinene.
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Fig. 1. Chromatograms of a nonracemic mixture of a-pinene, obtained at
500C on a column packed with Celite covered by: (a) formamide, (b) 1.23
mol% of a-CD in formamide, (c) 1.18 molZ of B-CD in formamide.

As suggested by the chromatograms in Fig. 1, both a- and 8-CD form
inclusion complexes with G-pinene. Approximative estimation of the stabi-
lity of CD complexes indicates that B-CD complex is much more stable than
that of u-CD (the stability constant of the former complex is by one or-
der greater than that of the latter). However, only a-CD complexation
permits substantial chiral recognition of terpenoic hydrocarbons. This
stereoselectivity originating from specific interactions between 0-CD and
guest molecules in inclusion complexes is markedly influenced by tempera-
ture and nature of the matrix medium.

So far, formamide is found to be the best matrix medium; its proper-
ties can sometimes be improved by addition of ethylene, propylene or te-
tramethylene glycol, or else of some inorganic salts as lithium or potas-
sium nitrate. On the other hand, addition of diethylene or triethylene
glycol or else silver nitrate destroys completely the selectivity of the
column. On the basis of the above-presented results, optimal conditions
were established for more complex mixtures containing enantiomers of B-pi-
nene and stereoisomeric pinanes (Fig. 2).
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Fig. 2. Chromatograms (obtained at 35°C on a column packed with Celite
covered by 0.6 molZ of o~CD in formamide) of mixtures containing: (a) en-
antiomeric B-pinenes (3, 4), (b) four stereoisomeric pinanes (5, 6, 7, 8),
(¢) all six above-mentioned compounds.

The results presented in Fig. 2 led to the conclusion that a-CD can
readily be applied for gas chromatographic monitoring of the stereochemi-
cal course of B-pinene hydrogenation.® An analogous approach has earlier
been successfully applied for monitoring of a-pinene hydrogenation.’

A simple and very convenient method for the determination of enan-
tiomeric purity of chiral hydrocarbons, recently developed at this Labora-
tory,® is another interesting application of chromatographic separation
of enantiomers via inclusion complexes with o-CD.

The present results fully confirm our claim that gas-liquid chroma-
tography systems containing a~CD can be used as an analytical tool for
monitoring stereocontrolled organic reactions. Moreover, the method seems
to be promising for preparative purposes.
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