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ABSTRACT 

The HPLC resolution on a B-cyclodextrin column is reported of thirteen enantiomeric pairs of racemates of the type 6,6’-p-R-E(l,7- 
C B H ) 2 9 102 -~-CO with oxygen, sulphur and nitrogen bridges (E) and with a variety of R substituents differing in size and electronic 
properties along with structural factors influencing the capacity factors, selectivity and resolution of individual compounds. A semi- 
preparative method for chiral separations of these racemates is described and circular dichroism (CD) spectra of several pure 
enantiomers are presented. The CD spectra indicate the same absolute configurations of all enantiomers eluted first or last independent 
of the nature of the bridging atom and the size of the bridge substituting group R. 

INTRODUCTION 

Covalently bonded P-cyclodextrin chiral station- 
ary phases (CSPs) have been widely used for the 
resolution of enantiomers of organic chiral com- 
pounds [l-5]. The separation of several metallocene 
derivatives on this type of CSP has also been de- 
scribed [6]. Both studies of the intercalation com- 
plexes of metallocenes with cyclodextrins [7-91 and 
the investigation of the separation mechanism of 
selected enantiomers on /I-cyclodextrin columns 
[ 1 O-121 suggest that the inclusion process of the sol- 
ute with the cyclodextrin hydrophobic cavity along 
with additional interactions (hydrogen bonding, 
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steric, etc.) with hydroxyl groups on the rim of the 
cyclodextrin cavity are responsible for the 
enantiomer discrimination. 

Recent studies in this laboratory have shown the 
efficiency of covalently linked /3-cyclodextrin CSPs 
for the HPLC resolution of the first eleven 
enantiomeric pairs of chiral deltahedral carborane 
derivatives [ 13,141. In this investigation, of four 
protochiral metallaborane derivatives tested, only 
one pair of enantiomers was successfully resolved. 

Another structural type of metallacarborane 
complex suitable for HPLC resolution of 
enantiomers on B-cyclodextrin columns [15] is the 
monoatomic bridge cobaltacarboranes of the type 
6,6’-p-R-E(1,7-CzBgH1&-~-CO (Fig. 1). The con- 
stitutions of the first two representatives of this se- 
ries have been determined by multinuclear NMR 
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Fig. 6. CD spectra of the first-eluting enantiomers of (dashed 
line) [6,6’+S(1,7- C B H ) -~-CO]- (9), (dotted line) [ 6,6’-p-0 z 9 102 
(1,7- C B H ) 2 9 IO* -~-CO]- (10) and (solid line) 6,6’-p-Me,-N(l,7- 
C B H ) -~-CO. * 9 102 

maximum of the second peak throughout its de- 
scending part contained the second enantiomer in 
9697% purity. The optical purity of the both 
enantiomers was determined by the HPLC method 
under discussion. 

Following this procedure, about 25 pg of each 
enantiomer can be isolated from single injections. 

Circular dichroism spectra 
CD spectra of the first- and second-eluted 

enantiomers of 1,4,5,7,9 and 13 prepared accord- 
ing to the scheme described above, exhibit very sim- 
ilar characteristics. The CD spectra of the 
enantiomers of 1,4,5 and 7 with a substituted sul- 
phur bridge are almost identical, differing only in 
the intensities of the Cotton effects. Fig. 5 exempli- 
fies the CD spectra of the first- and second-eluted 
enantiomers of 5 and 7. Similar patterns of CD 
curves are also exhibited by the parent sulphur- and 
oxygen-bridged anions (9 and 10). CD spectra of 
their first-eluted enantiomers are depicted in Fig. 6 
together with the spectrum of the first-eluting 
enantiomers of the Me2N < -bridged compound. It 
can be seen that the orientations of the Cotton 
curves of these enantiomers are also very similar; 

only the positions of the Cotton effects are shifted 
to lower or higher wavelengths. 

The close similarities of the CD spectra suggest 
the same absolute configurations of the 
enantiomers eluted as the first and second peaks, 
respectively, for all the compounds studied. 

CONCLUSIONS 

P-Cyclodextrin CSPs have proved to be efficient 
for the resolution of enantiomers of a variety of 
deltahedral carborane and metallaborane species, 
as demonstrated by the present study and by the 
results reported previously [13,14,16]. So far, 25 
enantiomeric pairs of boron chiral species have 
been resolved on a /I-cyclodextrin column and 
therefore the number of resolved chiral boranes 
known before their introduction (about 20) [ 181 has 
been more than doubled. 

In addition to the study of the enantiomeric dis- 
crimination of the above species by use of a p-cyclo- 
dextrin HPLC column, the practical application of 
such knowledge for preparative purposes has 
proved possible, enabling us to isolate pure 
enantiomers in amounts sufficient for subsequent 
studies of their properties, e.g., CD measurements 
and possibly for the determination of their struc- 
tures by X-ray diffraction analysis. 
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