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Abstract

Racemic benzylidene cyclohexane derivatives and related compounds were successfully resolved into their
enantiomers by HPLC using cellulose and amylose stationary phases. The effect of polar modifiers in the mobile
phase on optical resolution on Chiralcel OD-H was studied. Hexane alone as the eluent provided excellent results
in many cases; addition of small amounts of alcohols reduced the efficiency drastically. The influence of structural
differences of interconvertible enantiomers on the chromatographic resolution was studied.
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1. Introduction

Chromatographic methods are particularly
useful for checking the optical purity of com-
pounds prepared by asymmetric synthesis. Owing
to the development of a wide variety of chiral
stationary phases, many of which are now com-
mercially available, a large number of substrates
of different structures and compositions have
been made accessible for chiral analysis. En-
antiomeric resolution of some benzylidene cyclo-
hexane derivatives by gas chromatography has,
for example, been achieved using an octakis(6-
O-methyl-2,3-di-O-pentyl)-y-cyclodextrin phase
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[1]; cellulose-based materials as stationary phases
are more or less generally suitable for the en-
antiomeric resolution of a broad range of com-
pounds by HPLC.

2. Experimental

The experiments were performed with a
Model 1090 Series II liquid chromatograph,
equipped with a diode-array detector (Hewlett-
Packard) and a Chiralyser (IBZ Messtechnik,
Hannover, Germany). Separations were carried
out on Chiralcel OD-H, Chiralcel OB, Chiralcel
OF and Chiralpak AD analytical columns (250 X
4.6 mm 1.D.) (Daicel). Cellulose tribenzoate (10-
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Fig. 1. Structures of the compounds studied.

20 pm) was purchased from Riedel-de Haén and
packed into a stainless-steel column (250 X 8 mm
I.D.) by the slurry technique in methanol. Hex-
ane, fert.-butyl methyl ether and alcohols were
purchased from Merck.

3. Results and discussion

Substrates la—¢ and 3 with axial chirality and
the isomers 2a and ¢ (see Fig. 1) with centres of
asymmetry were subjected to chiral resolutions
using several HPLC systems.

Compounds 1-3 have phenyl groups as sub-
stituents, but no polar functional groups by
which asymmetric interactions may be effected.
We therefore utilized chiral stationary phases
(CSPs) whose effectiveness in many cases arises
in part from interactions of the substrate with its
carbamate or ester groups, but also from the
chiral polymeric structure itself. Currently the
chiral efficiencies of large number of cellulose
and amylose derivatives, bound on silica gel, are

under investigation by many groups; Okamoto
and Kaida have collected the most important
results in a recent review [2].

In addition to microcrystalline cellulose tri-
benzoate, we utilized several CSPs, as developed
by Okamoto et al. [3], which contain cellulose
and amylose derivatives bound on macroporous
silica-gel, and compounds 1-3 as substrates.

Table 1 gives the capacity factors (k') of the
first-eluted enantiomers, relative retentions a
(ky/k7) and resolution factors Ry {1.18[t, —1t,/
Wiy T Wi} for the CSPs of the Okamoto
type with hexane as eluent; in the case of
cellulose tribenzoate, methanol was used as the
eluent.

The axially chiral compounds la and ¢ are,
with all CSPs, better resolved than 2a and ¢
having centres of asymmetry. All CSPs show
enantioselectivity towards 1l¢ and 3; only
Chiralcel OF [cellulose tris(4-chloro-
phenylcarbamate)] is reluctant to separate the
enantiomers of la and only Chiralcel OD-H
[cellulose tris(3,5-dimethylphenyl carbamate)]
and cellulose tribenzoate were found to be suit-
able to separate 1b. The heterocycle 3 is more
polar than 1b (which also has a tert.-butyl group
as substituent), and hence more easily resolved
by Chiralcel OB (cellulose tribenzoate on silica
gel) and Chiralpak AD [amylose tris(3,5-di-
methylphenyl carbamate)]; separation by means
of Chiralcel OD-H works well with both sub-
strates (Fig. 2).

Chiralcel OD-H, having electron-donating
methyl groups on the phenyl substituents, is the
best CSP to separate 1b and 1¢; 1a is most
readily separated by Chiralcel OB. Chiralcel OF,
having electron-withdrawing chlorine sub-
stituents on the phenyl groups, shows only a low
efficiency towards 1c and 3; the other substrates
remain unresolved.

Microcrystalline cellulose tribenzoate is effi-
cient towards almost all substrates. Compound
1a is particularly well separated whereas with 1b
we observed no baseline separation. Heterocycle
3, however, is readily separated, thus showing the
effect of a more polar molecular structure. The
retention time with this CSP, however, are very
long in all cases.
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Fig. 2. Enantiomeric resolution of 1b and 3 on different CSPs.
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3.1. Effect of composition of the mobile phase
on optical resolution on Chiralcel OD-H

In the case of Chiralcel OD-H, mixtures of
hexane with smaller amounts of alcohols are
usually applied as eluents. We studied the in-
fluence of the addition of different alcohols in
various amounts to hexane on the retention
times and chiral efficiencies. When separating a
series of more than 35 substrates at Chiralcel
OD, Dingenen [4] observed, on varying the
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Fig. 3. (a) Influence of tert.-butyl methyl ether addition to
hexane eluent on a-values {(compounds 1a—¢). (b) Influence
of ethanol addition to hexane—tert.-butyl methyl ether
(98.5:1.5, v/v) eluent on k' values of 1lc. (¢) Influence of
2-propanol addition to hexane eluent on a-values (com-
pounds la—c).

concentrations of polar modifiers (i.e., alcohols)
between 5 and 30%, a lowering of the k&’ values,
but only small changes in the a-values. The
values listed in Table 1 for Chiralcel OD-H refer
to experiments with pure hexane as the eluent.
The retention times may be shortened by addi-
tion of tert.-butyl methyl ether to hexane, an
eluent which has been used, e.g., by Huffer and
Schreier [5] for the enantiomeric separation of
v-lactones on a chiral polyacrylamide phase. As
Fig. 3a shows, the a values for 1b and ¢ change
only slightly and, in case of 1a, become smaller.

Addition of small amounts of ethanol to a
hexane-tert.-butyl methyl ether (98.5:1.5, v/v)
eluent causes (for compounds la—¢) the com-
plete loss of enantioselectivity of the Chiralcel
OD-H CSP. Fig. 3b shows the effect of very small
amounts of ethanol on the k' values of 1lec.
Likewise, even very small amounts of 1- or 2-
propanol when added to hexane as the eluent
cause a drastic decrease in enantioselectivity. As
indicated in Fig. 3c, hexane-2-propanol (99:1,
v/v) is completely ineffective for the separation
of 1a—c. This may be explained by the binding of
the alcohols to the active centres of the CSP, thus
preventing their interaction with the substrates.

3.2. Separation of thermally interconvertible
enantiomers

Thermal enantiomeric interconversions of
compounds have been studied by several groups.
e.g., by Mannschreck [6] and Cuyegkeng and
Mannschreck [7] by HPLC and Jung and Schurig
[8] and Konig et al. [9] by gas chromatography.
We investigated compounds 4 by HPLC on
Chiralcel OD-H at temperatures from —30 to
+60°C. All species of type 4 (see Fig. 1) show the
typical chromatographic behavior of compounds
with thermal interconversion (Fig. 4).

If R remains unchanged, and the seven-mem-
bered ring of 4a is benzo-annellated with a
further benzene ring as in 5, an enhanced stabili-
ty of the enantiomers results and below 60°C no
interconversion could be observed. If, instead,
the double bond of the seven-membered ring of
4a is changed to a single bond as in 6, a lowering
of the barrier of interconversion is observed, i.e.,
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even at —30°C the chromatographic curve con-
sists of only one peak (Fig. 4).
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