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Resolution of Racernic Epoxides on G.1.c. Columns Containing Optically 
Active Lanthanoid Complexes 

By BERNARD T. GOLDING,* PHILIP J. SELLARS, and AH KEE WONG 
(Defiartnzent of Molecular Sciences, Uwiveysity of Warwick, Coventry CV4 7AL) 

Sz,zmmary Racemic epoxypropane and 1,2-epoxybutane stationary phase ; (S) -epoxypropane is eluted more 
are resolved on a 2 m g.1.c. column containing the lan- 
thanoid complex (1, R = CF,. M = Eu or Pr) in the 

slowIy than the (I?)-isomer. 
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LANTHANOID shift reagents possessing optically active 
ligands have been used to distinguish proton resonances of 
enantiomers.1 We now report the use of such a complex 
(1, R = CF,, M = Eu or Pr)? as a component of a stationary 
phase for the resolution by g.1.c. of racemic epoxypropane 
and 1,2-epoxybutane. It had been suggested2 that such 

(Dimer) 

(1) 

separations were possible in principle, and indeed columns 
containing (1, R = CF,, M = Pr, Sm, Tb, Er, or IA) have 
been used2 in order to evaluate ‘constants’ for the associa- 
tion of oxygen-donor achiral substrates to lanthanoid tris- 
(p-ketonates) . Recently, resolution of racemic 3-methyl- 
cyclopentene using dicarbonylrhodium(1) S-trifluoro- 
acetyl-( 1R)-camphorate or its enantiomer in the stationary 
phase has been r e p ~ r t e d , ~  although retention times on the 
200 m capillary column used were extremely long (ca. 3 h). 
This extends the work of Gil-Av and his co-workers who 
have reported4 separations of enantiomers (mostly deriva- 
tives of amino-acids) on g.1.c. columns containing dcri- 
vatives of peptides in the stationary phase. 

The stationary phase$ used in our studies consists of a 
0.133 M solution of (1, R = CF,, M = Eu or Pr) in squalene 
deposited (15% w/w) on Chromosorb W HP (100/120 
Mesh) contained in a conventional 2 m x 2.2 mni stainless 
steel column (Perkin-Elmer F- 1 1 instrument). Effective 
separation of the enantiomers of epoxypropane was obtained at 
313 I< in < 10 min (see Figure) using N2 carrier (12.8 ml/ 
min) . To confirm that the two peaks observed corresponded 
to (I?) and (S) forms and not to any possible product 
formed by reaction of epoxypropane with the column 
materials, we have also studied the pure enantiomers of 
(R)- and (S)-epoxypropane.6 Each of these samples 
produced only one peak in the g.1.c. trace, the identity of 
each component in the racemic mixture being confirmed 
by co-injections (cf. Figure). When (1; R = CF,, M = Eu) 
is added to epoxypropane in CCI,, larger shifts are induced 
in the lH n.m.r. spectrum of the (S)-isomer. It is this 
isomer which has the longer retention time on g.1.c. columns 
containing (1, R = CF,, M = Eu or Pr). Racemic 1,2- 
epoxybutane is also resolved on these columns, but we 

have not yet been able to separate racemic 2,3-epoxy- 
butane, 1,2-epoxypentane, or 1,2-epoxyhexane. [ (N.b .  
racemic 2,3-epoxybutane is separated from meso-2,3- 
epoxybutane (relative retention times on the Pr column 
ca. 0 .5 :  l)] .  

FIGURE. G.1.c. trace of racemic epoxypropane: the peak due to 
(R)-epoxypropane appeared 9 min after injection (4) [with E u  
column, conditions as in text]; inset trace (a) was obtained on 
co-injecting racemic epoxypropane + (R) -epoxypropane ; inset 
trace (b) from racemic epoxypropane + ( S )  -epoxypropane. 

The usefulness of complexes (1) as chiral shift reagents 
in n.m.r. spectroscopy is due to the different stabilities of 
diastereoisomeric adducts formed (cf. ref. 1). Lanthanoid 
shift reagents can exist as monomers, dimers, or mixtures of 
oligomers depending on the solvent, radius of metal ion and 
nature of R in (1) .6 By exploiting such features, it may well 
be possible to accentuate energy differences between the 
diastereoisomeric adducts and so produce chromatographic 
systems of great versatility. 
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t Complexes from commercial sources. 
$ To preserve resolving ability, contact of columns with moisture should be avoided. Conditioning-re-activation was carried out 

by heating a column overnight a t  373 K (nitrogen flow rate 3.7 ml/min) and then for 5 min at 433 K. 
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