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SUMMARY 

A novel chiral stationary phase has been synthesized by grafting L-valine- 
tert.-butylamide on to mod&xl polycyanopropylmethyl phenylmethyl &cone 
(OV-225). 

This chiral phase can be used for the separation of ammo acid enantiomers at 
temperatures ranging from 60” to 230”_ This allows the separation of the protein 
ammo acid enantiomers in one run. The elution properties of six derivatives (O-iso- 
propyi, 0-n-butyl, N-trifIuoroacety1, N-pentafluoropropionyl, N-heptafluorobutyryl) 
on the new chiral phase are compared. 

INTRODUCTION 

The gas chromatographic (CC) separation of optically active compounds, 
particuiarly amino acids, has received much attention in recent years. This technique- 
is especially interesting for the quantitative determination of amino acids by enan- 
tiomer labelling’. 

The separation of enantiomers can be achieved by two different methods: 
conversion of the enantiomers into diastereoisomeric derivatives followed by GC on 
conventional stationary phas&-5 or by direct enantiomer separation on optically 
active stationary phass. To improve the resolution, both techniques can be combined 
in the analysis of the formed diastereoisomers on optically active phas&. 

Of these methods, direct separation on optically active phases has proved to 
be the most reliable. This method was first introduced by Gil-Av and coworkers’-‘, 
who synthesized the dipeptide phase, N-trifhxoroacetyl (JTFA)-L-valyl-L-vahne cyclo- 
hexyl ester. Since this pioneering work, a number of different dipeptide and diamide 
phases have been prepared and evaluated 1c--18. The separation of D,L-isomers has been 
attributed to triple hydrogen bond formation of different strengths between the 
enantiomeric solutes and the chiral solvent lg. Other molecular interactions (dipole- 
dipole interactions, dispersion forces) must also be considered, howeve@. 

The prerequisites for a chromatographic system that is capable of separating 
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ail naturdiy occurring amino acid enantiomers in one run are high selectivity, high 
efficiency and high temperature stability. The highest efficiency for amino acid 
enantiomer separations is obtained on diamide phases with the structure RCONHCH 
(i-I%) CONHR’, where R is unbranched and R’ is a tertiary group’“. The drawback 
to tbcsc phases is their low temperature stability. Therefore, the diamide part is better 
introduced in a polymer matrix with high temperature stability. Finally, high effi- 
ciency can be achieved with glass capillary column GC. The only opticaIl;r active 
stationary phase reported so far that meets these requirements was described by 
Frank et OZ.““. The phase was synthesized by coupling L-vahne-te~&butyIamide to a 
copolymer of dimethyisiioxane and carboxyalkylmethylsiloxane. 

In this paper, a new approach for achieving a thcrmostabIe chiral phase is 
described. It is based on the incorporation of L-valine-rer?.-butyiamide in a modified 
form of the well known GC stationary phase poiycyanopropyhnethyl phenyimethyi 
silicone (OV-225). Some parts in this phase (diamide and the silicone matrix) are 
the same as in the phase described by Frank et QZ.“. There are, however, structural 
differences, e.g., propyl link instead of ethyl link to the cbiral centre and -the presence 
of phenyi groups on the silicone matrii. The two phass are therefore chromatographi- 
caliy not identical as will be shown in the Discussion part of this paper_ 

ExPEzRlhENTAL 

Synthesis of the chiral phase 
The synthetic pathway is shown in Fig. I. 

Fig_ 1. synthet.iz pathway for ths ChiTal stationary pIlz3se. 

The cyan0 group (I) of OV-225 is hydroiysed to the carboxylic function (u). 
By conversion to the acid chloride (III), a site is created for reaction with r;-valine- 
tert.-butylamide. The latter compound (IVd) is synthesized by coupling carbobenzoxy- 
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~-dine (?iVb) and tert.-butylamine (NC). The protecting group is removed and the 
amide is linked to the polymer. Details of the synthesis are given below. 

Synthesis of chZofopfopionybnethy1 phenylmerhyi silicone_ OV-225 (l-10 g) is 
dkdved in diethyl ether and the cyan0 group is converted into the carboxylic func- 
tion by acid hydrolysis. The reaction is followed by infrared (IR) spectroscopy. The 
total conversion of the cyan0 group (IR band 2250 cm-‘) to the carboxyiic group 
(IR band 1730 cm-‘) marks the completion of the reaction. A l-g amount of the acid 
thus obtained is dissolved in 50 ml of dry benzene. The mixture is cooled in an ice-salt 
bath and 3 ml of freshly distilled oxalyl chloride are added dropwise with constant 
stirring. After the evohrtion of hydrogen chloride gas, the mixture is refluxed for 1 h. 
The acid group is quantitatively converted to the acid chloride function as can be 
fohowed by IR spectroscopy (the 1730 cm- r IR band shifts to 1815 cmvf). Benzene 
and residual oxalyl chloride are removed on a rotary evaporator and the acid chloride 
is immediately dissolved in dry diethyl ether_ 

Synthesis of L-vQ~j~e-?eft.-betide. To a solution of 0.01 mole (1.17 g) of 
L-valine in 20 ml of water, 0.1 N sodium hydroxide solution is added until the pH of 
the solution is 10. The mixture is cooled in an ice-salt bath and 0.01 mole (1.7 g) of 
carbobenzoxy chloride, dissolved in 10 ml of diethyl ether, is added dropwise. During 
the reaction, the pH of the mixture is maintained at 10 by adding 0.1 N sodium 
hydroxide solution. Stirring is continued until the pH remains constant. Unreacted 
carbobenzoxy chloride is extracted with diethyl ether. The aqueous layer is acidified 
to pH 2 and extracted with diethyl ether. The ether extract is washed with water, 
dried over magnesium sulphate and the solvent removed. The dried derivatized or 
Z-amino acid is dissolved in dry tetrahydrofuran (THF) (20 ml). One equivalent 
(2.47 g) of N-ethoxycarbonyl-2-ethoxy-1,2-&hydroquinoline (EEDQ) is added and 
the mixture is stirred for 1 h at room temperature. Thereafter one equivalent (0.73 g) 
of tert.-butylamine is added; the mixture is stirred for 30 min at room temperature 
and then refluxed for 2-3 h until the precipitate dissolves completely. The reaction 
mixture is cooled and washed three times with 0.1 N hydrochloric acid and with 
water to remove unreacted amine and quinoline. The solvent is evaporated and the 
compound crystahixed from n-pentane-chloroform (9 : 1). The blocked L-vahne-tert.- 
butylamide is dissolved in absolute methanol (30 ml). A few drops of glacial acetic 
acid are added and the mixture is stirred with 1 g of 10% Pd/C for 3 h at room 
temperature while hydrogen gas is blown just above the surface of the solution. After 
the reaction is completed, the mixture is sltered and methanol evaporated. The 
liberated amine is extracted with 0.1 N hydrochloric acid, regenerated with sodium; 
hydroxide, extracted with chloroform and dried. L-Valine--tert.-butylamide is crystal- 
lized from isooctane, with the following properties. Yield, 60x, Mp., 489 Spectro- 
scopic vahxes: 360 MHz. Proton nuclear magnetic resonance (NMR): yH 0.816; 
y’H 0.976; #?H 2.286; aH 3.106; ?ert.-Bu 1.366; NH2 1.216; NH 7.136; 3Ja.~ 3.1 Hz; 
3Jp.8 7.0 Hz. Mass spectrum: M + - 172, m/z 72 (lOOo/. IR spectrum: 3370, 1675, 
1540 cme2. 

Coupling of chlofopfopionylmethyl phenylmethyl silicone and L-valine-teft.- 
bytyhunide. The acid chloride solution is cooled in an ice-salt bath and an excess of 
L-valine-tert.-butylamide dissolved in diethyl ether is added dropwise. The mixtme 
is stirred for 30 min. Excess valine reagent is extracted with 0.1 N hydrochloric acid. 
The ether layer is washed with water, dried over magnesium sulphate and the solvent 
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removedi The absorption bands of L-valine-tett.-butylamide are present in the infmred 
spectrum of the chiral phase. The NMR data indicate the presence of ter&-butyl 
(~3 = 1.36) and isopropyl protons (8 0.92, overlap of Y,Y,Y’ Hs). 

Borosilicate glass capillaries, drawn on a Hupe Bush apparatus, were washed 
with methanol and dichloromethane and then heated overnight with dry nitrogen at 
3QO”. The surface was modified by whisker formation21.rz and deactivated with 
N,OH-containing compoundP. The cohunns were coated staticalI~ with 0.2% 
solutions in dichloromethane or dynamicallyzs with 4% sohrtions. In both instances 
a relatively thin film of CZZ. 0.2pm is obtained. 

Equiprent 
The GC separations were carried out on a Varian 3700 or a Carlo Erba 2900. 

gas chromatograph, both equipped with a flame-ionization detector. 

Preparation of derivatives 

N-TFA-D&-amino acid isopropyl and n-butyl esters, N-pentafluoropropionyl 
(PFP)-n&-amino acid isopropyl and n-butyl esters and N-heptailuorobutyryl (HFB)- 
D,L-amin0 acid isopropyl and n-butyl esters were prepared according to the methods 
described in the fiterature’~20~56. 

RESULTS -4l.T DISCUSSION 

The novel chiral stationary phase was evaluated with a mixture of sixteen pairs 
of amino acid enantiomers and L-lysine. n-Lysine, Da-arginine and D,L-hi&dine were 
not included as they were cot available at the time. 

In Fig. 2, a chromatogram of the N-PFP-D,L-ZUCIO acid isopropyl esters on 
a 22 m :< 0.25 mm I.D. column is shown. The thermal stability and low volatility 
of the chiraf phase are demonstrated by the wide temperature range over which the 
columns can bz used (%_I-190S) in temperature-programmed runs. This stability makes 
it possible to resolve both higfi- and low-boiling amino acid enantiomers in one run 
on 20-25-m columns in less t&en 50 min. During the initial conditioning period a 
decrease in capacity factor is noted. After this, further conditioning overuight at 230” 
does not reduce the capacity factors. As in other instances mentioned before, the 
film of stationary phase is stabilized effectively by the very rough structure of the 
whisker surface. On moderateiy roughened surfaces (sodium chloride deposit), tem- 
perature programming can only be extended to about 180”. 

The temperature stability of the phase is illustrated by the fact that a column 
accidentaliy conditioned overnight at 230” without a carrier gas flow showed only 
very minor deterioration. The high selectivity of the stationary phase for the protein 
amino acid ‘enantiomers can be deduced from Fig. 2. The first peak of the enantiomer 
pairs corresponds to the n-enantiomer. 

-. Goad separation factors for alI of the D,I.-amino acid pairs were obtained 
except for. D,L-proline. This separation proved to be difiicuh and a low resoiution 
factor on ‘dipeptide phases has also been reported by other gro~ps’*~~- Removal of 
the hydrogen-bonding NH group in proline by the derivatization can explain this 
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Fig. 2. Chmmatogram of the N-PFP-amino acid isopropyl esters of sixteen pairs of amino acid 
enantiomezs together with L-lysine. Conditions: 22 m x 0.25 mm I.D. whiskered capillary cohmn; 
temperature-pmgranuxd at Z”/min from 90” to 1900; injector and detector temperature, 250°; 
canier gas, hydrogen at a linear velocity 50 cm/xc. 

behatiour. IZI the conditions used to obtain Fig. 2, incomplete separation is observed 
for D,L-threonine and D,L-aspartic acid; overlapping is foimd in the case of L-&O- 

isoieucine and D-isoleucine and for D-glu+tic acid and L-phenylalanine. Baseline 
separation of D- and L-threonine is achieved by modifying ffie initial temperature (70”) 
and temperature programmin g rate or by chromatographing isothermally over a 
short period. The resolution of D,L-zs.s~z&C acid can be improved by the preparation 
of other derivatives. The problem of peak overlap with L-phenylaIanine and D-glutamic 
acid can also be overcome in the same way (see below). The separation of the leuciqe 
isomers can be achieved by using a thicker f&n of stationary phase (OS,um). 

kuse of the phenyl groups on the polymer back-bone, the p&&y of the 
new phase differs from the polarity of the phase described by Frank et aLzo. Compari- 
son of the elution order of the N-PFP isopropyl derivatives of amino acids r&e+ this 
difkeuce; on the modikd OV-225 phase, glycine elutes after the isoleucines, proline 



after serine and cysteine before aspark acid. The sequence of the amino acids e@ing 
after methionine is the same on both phases. 

En order to compare their cbromatographic behaviours, N-TFA, N-PFp and 
N-HFB deriiatives of the isopropyi and n-butyl esters of some amino acids were 
andysed. The elution times in a programmed run (from 40” to 19W at 2”/min) are 
listed in Table I, and show that N-PFP-amino acid isopropyl esters and N-HFB- 
amino acid isopropyl esters are more volatile than the corresponding N-TFA deriva- 
tives. Table I reveals, however, that the highest sekctivity of enantiomer separation is 
obtain& with the N-TFA-isopropyl derivatives. This is illustrated in Fig. 3, which 
compares ffie analysis of the N-TFA- and the N-PFP-isopropyl derivatives of six 
amino acids. Note th< baseline separation of the D,L~ tiomers of the N-TFA-iso- 
propyl derivatives of aspartic acid. 

TABLE I 

ADJUSTED RETENIXON TIMES OF DERIVATIVES OF SOME PROTEIN D,wU&NO 
ACIDSONA22mx0.2SmmI~.WHISKEREDCAP ILLARY COLUMN TEMPERATURE 
PROGRKbU&ED FROM 90” TO 190” AT 2”jmin 

Amino 
acid 

Derivah%e 

TEA-i-Pr TFA-n-E& PEP-i-Pr PFP-n-b ffF&i-Pr ‘RF&n-BU 

D-Val 4.00 a.96 3.00 7.02 290 
r-val 4.40 9.42 3.28 7.40 3.10 
GUY 6.24 13.00 5.40 11.36 5.26 
D-Leu 7.80 14.70 6.24 12.16 5.90 
L-Leu 8.70 15.52 620 12.90 6.60 
D-Fro 10.90 p3.70 9.14 16.10 8.30 
r-pro 11.00 -. 18.80 9.22 16.22 8.40 
D-ASP 17.48 33.10 15.22 2926 14.16 
L-Asp 17.80 33.22 15.44 30.12 14.40 
D-P& 25.70 33.60 2220 30.50 21.80 
L-P& 26.40 34.08 23.56 31.00 22.44 
D-cxu 26.26 41.64 23.30 38.26 22.00 
L-GIU 26.80 42.10 2320 38.62 22.60 

6.40 
6.72 

10.80 
Il.30 
12.04 
I4.60 
14.68 

z.z 
28174 
29.22 
36.00 
36.40 

*The carrier gas Bow-rate was Slightly higher; normally retention times of PFP and HFB 
ckrivatives are identicaL 

The acidic amino acids, aspartic and glutamic acids, are more strongly 
retarded than the neutral a&o acids if the n-butyl esters are formed. This peak shift 
&S illustrated in Fig. 4, which shows the analysis of the N-PFP-n-butyl esters of aspartic 
acid, phenyialanine and gIutamic acid. The GC conditions used to obtain Fig. 4 are 
the same as for Fig. 2 and the formation of n-butyl esters can be used to differentiate 
L-phenylaknine and ~glutamic acid. 

The properties of the chiral phase for the separation of other opticdly active 

compounds have not yet been studied sufkiently to permit concksions to be drawn. 
The enantiomers of amino alcohols, however, can be separated, as iJlu.strated in 
Fig. 5, which shows-the separation of the o+enant.iomers of the pentatluoropropionyl 
derivative of norephedrine. 



PFP- IPr 

Fii3.tXccm2togamofthe N-ITA-D,L-~c~I~Qo acid isopropyl esters (TFA-i-pr) 2nd N-PFP-DA- 
amino acid isopropyl esters (FJTF-i-Pr) of valkxe, glychz, leuche, mine, proline and sispartic acid_ 
Conditionsask~ Fig-Z 

PFP--Bu 

PFP -NOREPHEDRINE 

120' 

II 130’ &to’ 1 - 2-I 
Fii4.CbromatogramillustratingSbepedcshiftor'the N-PFP-~,~aninoacid n-butyIesters(PFp- 
Bu) of aspartic 2&I, phenyklanine and glutamic 2cic?.. Conditions 2s in Fig. 2. 
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The reaction scheme for the synthesis of the chiral phase for a.m.&o acids 
provides possibilities for preparing “taiior-made” stationary phases for spzciik 
probkms. Other optically active compounds can be coupled to the polymer matrix 
via tihe acid chlorides. Such work is the subject of -t imstigations. 
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