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Capillary gas chromatography is a fast and reliable method for the assignment 
of the configurations of optically active compounds. Both the formation of dia- 
stereomeric derivatives and the direct separation of enantiomers on chiral stationary 
phases have been applied in many versions, especially for amino acids, amines, amino 
alcohols and cr-hydroxy acids. 

Most chiral stationary phases have poor thermal stability. This problem was 
overcome by Bayer and co-workers’*’ by synthesizing polysiloxane stationary phases 
with chemically bound chiral constituents. A simpler approach was demonstrated by 
Saeed et aL3*“, who succeeded in modifying commercially available silicone polymers 
with cyano groups in their side-chains such as OV-225 and Siiar-IOC. The cyano 
groups were converted by acid hydrolysis into carboxylic groups and acid chlorides 
and coupled with r_-valine-tert.-butylamide. With these stationary phases they were 
able to separate amino acids and some amino alcohols such as norephedrine. 

In this work we introduced chiral constituents into silicone OV-225 after reduc- 
tion of the cyano groups to amino groups with lithium aluminium hydride (LiAlH,) 
and by coupling benzyloxycarbonyl-r_-valine and -r_-leucine to the amino groups. 

EXPERIMENTAL 

Reduction of 0 V-225 with LiAIH, 
To a suspension of 50 mg of LiAIH, in 5 ml of dry diethyl ether a solution 

of 100 mg of OV-225 (Applied Science Labs., College Station, PA, U.S.A.) in 3 ml of 
diethyl ether was slowly added and the mixture was reguxed for 5 h. Excess of LiAlH, 
was then decomposed with water. After addition of concentrated sodium hydroxide 
solution the phases separated. The organic phase was removed, the aqueous phase 
was extracted three times with diethyl ether and the combined extracts were dried 
over sodium sulphate. After removal of the solvent, completion of the reaction was 
proved by infrared spectroscopy. 

Coupling of Z-L- Val arzd Z-L-Leu to 0 V-225 amine 

Z-Amino acids were prepared according to the procedure described by Grass- 
mann and Wtinsch’ and added in equimolar ratio to the OV-225 amine in chloroform 
solution_ After the addition of a small excess of dicyclohexyl carbodiimide (DCC) 
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the reaction mixture was stirred at room temperature for 12 h. After completion of 
the reaction the solution was washed with 1 N hydrochloric acid, saturated sodium 
hydrogen carbonate solution and water and dried over sodium sulphate. To remove 
dicyclohexylurea the product was chromatographed on a silica column with ethyl 
acetate as eluent. 

Prd?paration of ghs capillary columns 
Pyrex glass capillary columns were drawn on a Nupe and Busch drawing 

machine and coated as described previously6. Gas chromatography with hydrogen as 
the carrier gas was performed on a Carlo Erba Model 2101 gas chromatograph. 

Formation of derivatives 

Samples of 1 mg or less of amines or amino alcohols were dissolved in 200 ~1 of 
dichloromethane and trifluoroacetylated by addition of 50 ~1 of trifluoroacetic an- 
hydride. After 30 min at room temperature the excess of reagent was removed with a 
gentle stream of dry nitrogen and the residue was dissolved in 100 ~1 of dichlorometh- 
ane and used for gas chromatographic investigation. Amino acids were derivatized 
as reported earlier’. 

RESULTS AND DISCUSSION 

Various intermolecular forces participate in the formation of diastereomeric 
complexes between a cbiral solvent and chiral solutes in a gas chromatographic 
system. Amino acid derivatives in many instances have proved to be adequate con- 
stituents of chiral stationary phases for effective separations of enantiomers. It has 
been shown*” that the structure of an acyl, ester or amide moiety of a stationary 
phase derived from amino acids or dipeptides strongly influences enantioselectivity. 
From our recent work’*” on the separation of a-hydroxy acids on mandelic acid 
derivatives as stationary phases we concluded that benzyloxycarbonyl residues may 
support enantiomer separation. It also seemed interesting to compare the properties 
of these new stationary phases with those prepared by Saeed et aL3. 

For these reasons we introduced chiral constituents into the silicone polymer 
OV-225 by reduction of the cyano groups to aminomethylene groups and by coupling 
Z-L-Val and Z-L-Leu to the newly formed amino groups with DCC as condensing 
agent (Fig. 1). As can be seen from the a-values in Table I, both the Z-L-Val and the 
Z-L-Leu phases give only poor separations of amino acid enantiomers. However, the 
separation factors for amino alcohols and amines are surprisingly high. Amino al- 
cohols have repeatedly been identitied as constituents of peptide antibiotics12*13 and 
the determination of their cotiguration on a microgram scale has been difficult. The 
separation of trifuoroacetylated aliphatic amino a!cohols and amines is not possible or 
very poor on such widely used chiral stationary phases as N-dodecanoyl-L-Val-tert.- 
butylamide14, N-trifluoroacetyl-L-Val-r_-Va!-O-cyclohexyl esterI and Chirasil-Val’. 
Aliphatic, cyclic and aromatic amines were separated by Gil-Av and co-workers16*17 
on stationary phases derived from chiral aromatic amines and on carbonylbis(N-r_- 
valine isopropyl ester) . Is Good separation of the N,O-bis-trifluoroacetyl derivatives 
of DL-alaninol and DL-valinol was obtained on (O-benzyloxycarbonyl)-S-mandeloyl- 
L-valine-tert.-butylamide’. 
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Fig. 1. Synthetic pathway for the preparation of chiral stationary phases. 

TABLE I 
a VALUES FOR CHIRAL STATIONARY PHASES 

Racenlate Z-L- Val-0 V-225 z+Lt?u-0 v-225 

a value Column 
tempemture (“C) 

a value COlUnUr 
temperature (“C) 

D,L-&UIiUe 

D,L-Valine 

D,L-afIO-&OleUChe 

D,L-kOleUCiIIe 

D,L-.kUtie 

R,S-2-Aminopentane 
R,S-2-Amino-3-methylpentane 

R,S-24minohexane 
R,S-2-Amino-S-methylhexane 
~s-2-Alllilloheptane 
RS-2-Amixm&methylheptane 
&S-2-Ammooctane 
R,S-Phenylethylamine 
D&-Alanin 
D,L-kIliIIObUtanOl 
D,L-Valinol 
D,L-Norvalinol 
D,L-J_eucinol 
D,L-Norleucinol 
D,L-Norephedrine 
D,L-Mandelic acid 

1.00 70 
1.026 80 
1.011 80 
1.022 80 
1.017 80 
1.009 80 
1.007 80 
1.010 80 
1.015 80 
1.019 80 
1.017 80 
1.017 80 
1.020 80 
1.028 100 
1.00 SO 
- - 

1.008 80 
1.018 80 
1.025 80 
1.023 80 
_ - 

1.006 90 

1.013 80 
1.015 80 
1.00 80 
1.009 80 
1.00 80 
1.00 80 
l.cKJ 80 
1.005 80 
1.010 80 
1.011 80 
1.012 80 
1.012 80 
1.015 80 
1.023 loo 
1.00 lot 
1.011 loo 
1.018 100 
1.017 100 
1.022 100 
1.019 100 
1.013 130 
1.007 90 

Chiral amino alcohols could also be separated as N-trifluoroacetyl-0-acyl de- 
rivativeslg*“’ with propionyl, isobutyryl or pivaloyl as acyl residues. However, the 
procedure reported for the formation of derivatives does not seem to be easily ap- 
plicable on a microgram scale. 

As a peculiarity of the new chiral stationary phases the order of elution of 
amino acid enantiomers is not consistent. On the Z-L-Val phase the derivatives of D- 

Val, D-I!e and D-alfo-Ile have longer retention times than the corresponding L-enan- 
tiomers. 

With the Z-Leu-OV-225 stationary phase the derivatives of ~-Ala but D-Val are 
retarded. Similar observations have been made with carbonylbis(N-L-valine iso- 
propyl ester) as stationary phase’r. With the amino alcohols (Fig. 2) the D-enan- 
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Fig. 2. Separation of N-trifluoroace@amines on a Carlo Erba 2101 gas chromatograph with a 35 m x 0.2 
mm I.D. Pyrex glass capillary coated with Z-L-Val-OV-225. Column temperature, 80°C; carrier gas, hydro- 
gen (0.7 bar). 

Fig. 3. Separation of NO-bistrinuoroacetylamino alcoholson a Carlo Erba 2101 gas cbromatograph with 
a 35 m x 0.2 mm I.D. Pyrex glass capillary coated with Z-L-Leu-OV-225. Column temperature, 100°C; 
carrier gas, hydrogen (0.7 bar). 

tiomers consistently have longer retention times than the corresponding L-forms on 
both the Z-Val and Z-Leu phases. For the amines (Fig. 3) the S-enantiomers have 
longer retention timesin thecaseof 2aminopentaneand phenylethylamine. The other 2- 
aminoalkanes were available only as racemates. 

The major advantage of polymeric stationary phases over low-molecular- 
weight phases is their higher thermal stability. In this instance the limit of thermal 
stability has not yet been tested, but operation of the column at up to 130°C for 
several weeks did not decrease its separation efhciency. It is expected that further 
interesting results will be obtained by connecting other chiral compounds to func- 
tionalized silicone polymers. 
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