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In the study of the direct separation of optical isomers by gas chromatography 
(GC), it is well established that it is sufficient for a chiral stationary phase to contain 
an amide group and an asymmetric carbon atom, attached to the nitrogen or carbon 
atom, in order to display selectivity in its interaction with the enantiomers of amides 
such as N-acyl amino acid esters, N-acyl amines and a-substituted carboxylic acid 
amides. Recently K&rig and Sievers’ reported that a second chiral constituent in the 
stationary phase does not necessarily improve but may influence the separation. 

During the course of our research to examine influences on enantioselectivity 
where it has been verifkd that the structure of the stationary phase contains two 
asymmetric carbon atoms attached to both nitrogen and carbon atoms of the amide 

group, we have found that N-( 1 R,3R)-tra-ans-chrysanthemoyl (R)-l-(a- 
naphthyl)ethylamine (phase I) shows excellent enantioselectivity compared to that of 
N-( 1 R,3R)-trans-chrysanthemoyl laurylamine’ (phase II) or N-lauroyl (R)-I-(cl- 
naphthyl)ethylamine (phase III) both of which contain only one asymmetric center. 

EXPERIMENTAL 

Synthesis of stationary phases 
Phase I was obtained by coupling (1 R,3R)-trans-chrysanthemic acid (0.006 

mole) with (R)-1-(a-naphthyl)ethylamine (0.006 mole) in dry tetrahydrofuran in the 
presence of equimolar l,l’-carbonyldiimidaole at room temperature for 3 h. The 
solvent was removed under reduced pressure at 50°C. The crude product was dis- 
solved in 40 ml of chloroform. The solution was washed successively with 1 N hydro- 
chloric acid and with water. After drying over sodium sulfate and evaporation, the 
amide was purified by column chromatography on silica gel. The fraction eluting with 

.ethyl acetate-n-hexane (5:95) was the desired compound as demonstrated by nuclear 
magnetic resonance spectrometry (m-p. 11 l-l 14°C). Elemental analysis: found, C 
81.3x, H S-6%, N 4.2%; calculated for Cz2H,,N0, C 82.2%, H 8.5x, N 4.4”/;, 
[c&5: 16.5” (C = 0.31 o/0 in chloroform). Phase III was prepared according to the 
procedure of Weinstein et aL3. Phase II was prepared as described previously’. 
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140 NOTES 

Gas chromatography 
The experiments were carried out with a Shimadzu GC-7A gas chromatograph 

equipped with a flame ionization detector. The glass capillary columns (40 m x 0.25 
mm I.D. and 20 m x 0.25 mm I.D.) were coated with a 5 ok solution of the stationary 
phase in chloroform. 

RESULTS AND DISCUSSION 

The GC results are given in Table I. It is notable that phase I shows higher 
separation factors (01) than II or III in the separation of racemic N-tritluoroacetyl 
(TFA) ammo acid esters, N-TFA-amines and a-substituted carboxylic acid amides 
except in the case of racemic N-TFA-2-octylamine and cis-chrysanthemic acid tert.- 
butylamide. These results indicate that the second chiral constituent improves the 
enantioselectivity of phase I. 

It is of some interest that phase I separates enantiomers of some chiral car- 
boxylic acid esters, nitriles and alcohols in spite of the fact that these enantiomers could 
not be resolved with phase II or III. Three typical chromatograms are shown in Figs. 
l-3. 

M 

AL Jlc 
130 140 150 160 70 75 80 85 

RETENTIOK TIME (MINI RETENTION TIME (MINI 
Fig. 1. Gas chromatogram of racemic 2-(4-&lorophenyl)isovarelonitrile. Cohmm: glass capillary column 
(40 m x 0.25 mm I.D.) coated with N-(lR,3R)-trans-chrysanthemoyl (R)-l-(a-naphthyt)ethyIamine. Tem- 
perature: 80°C. Carrier gas (helium) flow-rate: : .O ml/min. 

Fig. 2. Gas chromatogram of racemic ethyl ck&rysanthemate. Chromatographic conditions as in Fig. 1. 

80 90 100 110 

RETENTION TIME (MINI 

kg. 3. Gas chromatogram of racemic menthol. Chromatographic conditions as in Fig. 1. 



NOTES 141 

To our knowledge, this is the first separation of enantiomeric nitriles. Although 
it is known that enantiomers of N-acylamino acid esters”, c+hydroxy carboxylic acid 
esters’ and their 0-acyl derivatives’ can be resolved on some chiral phases, the sepa- 
ration of alkylcarboxylic acid ester enantiomers has never been reported. We have 
already accomplished the frrst successful direct separation of some alcohol enan- 
tiomers6”, but racemic menthol could not be resolved. 

We consider that these results suggest that a direct separation of enantiomers 
of other alkylcarboxylic acid esters, nitriles and alcohols may be possible with some 
chiral carboxylic acid amides if their steric structures are composed of sufficiently 
energetically different diastereomeric complexes_ 
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