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SUMMARY 

The application of the chloroformate activation method for the formation of 
diastereometric of chiral carboxylic acids is described. This rapid procedure was ex- 
tended to the gas chromatographic analysis of carboxylic acids with the chiral carbon 
in the 3-position with respect to the carboxylic group, mandelic and tropic acid and a 
carboxylic acid containing carbamate. The purities of (R)- and (S)-l-phenylethyla- 
mine chiral reagents were investigated using (R)-0-methylmandelic acid of high opti- 
cal purity. The identities of the derivatives were studied using mass spectrometry. 
With the hydroxy acids not only is the expected amide formed but also the hydroxy 
group is converted into carbonate. 

INTRODUCTION 

Carboxylic acids with chiral carbons can be converted into a large number of 
different kinds of diastereomeric derivativeslp3. Amides are frequently used owing to 
their chemical stability and the rigidity of the amide bond. Normally the derivatiza- 
tion process consists of two steps, namely activation of the acid to an energy-rich 
intermediate and then reaction with an appropriate chiral amine. The first step fre- 
quently involves the use of noxious reagents and the second step is often time con- 
suming. Combined with evaporation steps, such procedures can be cumbersome. In 
liquid chromatography, with UV or fluorescence detection, the responses of the dias- 
tereoisomers are not necessarily identicall. This should not be a problem when using 
capillary gas chromatography with flame ionization detection. 

As many analytical amide-formation reactions take OS-I.5 h, excluding evap- 
oration, Bjiirkman4 developed a method that reduced the overall derivatization time 
to 3 min. The method is based on the formation of a mixed anhydride with ethyl 
chloroformate, which is then reacted with L-leucinamide. The method was applied to 
the determination by liquid chromatography of the enantiomers of indoprofen4 and 
ketoprofen5 isolated from plasma. An advantage with L-leucinamide, in addition to 
its high enantiomeric purity4*6, is its poor UV-absorbing properties. Papers have 
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appeared using this method, sometimes with minor modifications, for the determina- 
tion of anti-inflammatory drugs of the 2-arylpropionic acid type7-“. 

In this work we report the application of this rapid method to the analysis of 
chiral carboxylic acids by capillary gas chromatography with flame ionization detec- 
tion. In the acids investigated the asymmetric carbon is in both the 2- and 3-positions 
with respect to the carboxylic group. The derivatization reaction has also been ex- 
tended to some interesting 2-hydroxy acids such as tropic acid and mandelic acid, and 
to 2-(phenylaminocarbonyloxy)propionic acid. 

EXPERIMENTAL 

Instrumentation and chromatographic conditions 
A Varian 3700 gas chromatograph equipped with a flame ionization detector 

was used. The injector and detector temperatures were both 300°C. The carrier gas 
was nitrogen with an inlet pressure of 80 kPa (120 kPa for the carbamate). The split 
flow-rate was 20 ml/min. The make-up gas to the detector had a flow-rate of 20 
ml/min. An SE-54 fused-silica capillary column was used (25 m x 0.32 mm I.D., him 
thickness 0.25 pm). The chromatograms were recorded with a Hewlett-Packard 
3390A integrator. 

Mass spectra were recorded using the same type of column and gas chroma- 
tograph connected to a Varian-MAT 44s instrument. Helium was used as the carrier 
gas, the transfer line kept at 250°C and the ionization energy was 70 eV. 

Reagents and chemicals 
(R)( + )-l-Phenylethylamine (98 + %) and (S)( - )- 1 -phenylethylamine (97- 

98%) were obtained from EGA-Chemie (Steinheim/Albuch, F.R.G.), and triethyla- 
mine from Eastman Kodak (Rochester, NY, U.S.A.), ethyl chloroformate (zur Syn- 
these) from Merck (Darmstadt, F.R.G.), were redistilled. (R/5’)-Indoprofen and (S 
(+)-naproxen were purchased from Sigma (St. Louis, MO, U.S.A.), (R/S)-ibuprofen 
from Astra (Siidertalje, Sweden), (R/S)-ketoprofen from Bayer (Leverkusen, 
F.R.G.), (R/S)-2-phenylbutanoic acid from Fluka (Buchs, Switzerland), (R/S)-tropic 
acid from Sigma and (R/S)-mandelic acid from Riedel-De Haen (Seelze, Hannover, 
F.R.G.). (R)-0-Methylmandelic acid, (R/q-I-indanylacetic acid, (R/S)-l-tetralyla- 
cetic acid and (S)-2-(phenylaminocarbonyloxy)propionic acid [(S)-PACOPA] were 
obtained from Jansen (Beerse, Belgium) and the metoprolol metabolite H 104/83 
(4-methoxyethylphenoxymethyllactic acid) came from the Department of Organic 
Chemistry, Hassle (Molndal, Sweden). Some of the structures are given in Fig. 1. 

Solvents and other reagents were of analytical-reagent grade. 

Derivatization 
The acids were dissolved in acetonitrile and a volume (ranging from 150 to 400 

~1) containing l-3 mg of the acid was mixed with 200 ~1 of 50 mM triethylamine in 
acetonitrile. To the mixture were added, at intervals of 30 s, 100 ~1 of ethyl chlorofor- 
mate (60 m&f) in acetonitrile and 200 ~1 of (s)( - ) or (R)( +)-l-phenylethylamine- 
triethylamine (0.5 A4 each) in methanol. After 2 min, 0.5 ml of hydrochloric acid (0.25 
A4) was added to stop the reaction. The derivative was then extracted with 3 ml of 
ethyl acetate and 2 ~1 were injected into the gas chromatograph. 
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Fig. 1. Structures of (a) 1-indanylacetic acid, (b) tropic acid, (c) lactic acid metabolite of metoprolol (H 
104/83) and (d) 2-phenylaminocarbonyloxy) propanoic acid (PACOPA). The asterisks indicate the asym- 
metric carbon atoms. 

The derivatives of (R/S)-2-phenylbutanoic acid and (R/S)-mandelic acid, made 
for testing the possible stereoselectivity of the second step of the reaction, were pre- 
pared as above, but the reactions were stopped with 0.25 M hydrochloric acid 5, 10, 
15, 20, 30 and 45 s and 1, 1.5, 2, 3 and 5 min after the addition of the chiral amine 
solution. 

RESULTS AND DISCUSSION 

Ident$catiun of derivatives 
The amide derivative of (R/S)-l-indanylacetic acid that was formed in the reac- 

tion (Fig. 2) was identified by mass spectrometry. We obtained the expected molec- 
ular ion and fragment ions due to the indan ring. The base peak is at m/z 105 (phe- 
nethyl). In the total ion current chromatogram recorded we also observed a large 
peak whose mass spectrum corresponded to the ethyl carbamate of phenylethyla- 
mine.. 

1 
N (C2H5) 3 

-COOH + Cl-COOC2H5 - -COO-COOC2H5 

2 -CO+COOC2H5 f H$-C*H(CH$Ph - -CONH-C*H(CH$Ph 

Fig. 2. Reaction scheme for the rapid formation of amide from a carboxylic acid with 1-phenylethylamine 
after activation with ethyl chloroformate in the presence of triethylamine. (1) Activation; (2) amidation. 

The metoprolol metabolite derivative was also subjected to analysis by mass 
spectrometry (Fig. 3a). Based on this spectrum, the structure in Fig. 3b is proposed. 
Eliminated neutral fragments are carbon dioxide and ethanol (Figure 3b). This reac- 
tion to a carbonate has not been observed when using buffer (pH 8 and higher) in the 
derivatization of cathecolamines with methyl chloroformate followed by gas chroma- 
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Fig. 3. (a) Mass spectrum of the carbonate/amide derivative of the metoprolol metabolite H 104/83, 1st 
peak. (b) Proposed structure of the carbonate/amide derivative of the metoproiol metabolite H 104/83 and 
some fragmentation routes. MV = 415. 

tographic analysis . I3 Hence using this derivatization procedure it is not necessary to 
block the alcohol group by e.g., trimethylsilylation. Simultaneous derivatization of 
hydroxy acids has been reported with isocyanates l4 but requires prolonged heating. 

The mass spectra of the diastereomers of (S)-PACOPA gave a molecular ion at 
m/z 312 that can be cleaved to phenyl isocyanate and an a1cohol15. The charge is 
predominantely retained on the isocyanate ion, which is the base peak (m/z 119). 
Some anilinium ion is observed at m/z 93, which can be explained by the molecular 
ion expelling carbon dioxide and an allenic ion at pn/z 175 is formed”. 

Separation of(R)- and (S)-I-phenylethylamides on SE-54 
The separation factors for the derivatives formed are given in Table I. For the 

(S’)-naproxen and the (R)-O-methyl mandelic acid derivatives the second peak is the 
R,R (or S,S) derivative. In general, symmetrical peaks with baseline separation were 
observed except for indoprofen, whose peaks showed some tailing. As expected. the 
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TABLE I 

SEPARATION OF I-PHENYLETHYLAMINE DERIVATIVES ON AN SE-54 CAPILLARY COL- 
UMN 

Compound Separation Capacity 
,factor factor of 

peak 2 
23O’C 250°C (230°C) 

I-(1ndanyl)acetic acid (see Fig. 1) 
I-(Tetralyl)acetic acid 

2-Phenylbutanoic acid 
Indoprofen, 2-[4-(1-oxo-2-isoindolinyl)phenyl]propionic 
Ibuprofen, 4-(isobutylphenyl)propionic acid 
Ketoprofen, 2-(3-benzoylphenyl)propionic acid 
Naproxen, (Q-2-(6-methoxy-2-naphthyl)propionic acid 
Tropic acid (see Fig. 1) 
H 104/83 (see Fig. 1) 
Mandelic acid, I-hydroxy-1-phenylacetic acid 
(R)-0-Methylmandelic acid 

1.034 1.023 4.65 

1.040 1.031 7.07 
1.075 - 1.97 

acid - 1.044 3.65b 
1.091” 1.081 3.90 
1.120” 1.104 23.53 
1.132” 1.113’ 16.46 
1.085 - 2.96 
- 1.066 ll.lOb 
1.039 _ 4.44 
1.080 - 2.13 

a Baseline separation. 
b 250°C. 

two #Cchiral acids gave lower separation factors than their ol-chiral analogues (Table 
I). The closer the chiral centres are to each other, combined with bulky substituents, 
the easier is the separation16. 

The hydroxy acids investigated have lower separation factors than most of the 
2-arylpropionic acids (Table I). The chromatogram in Fig. 4 shows the separation of 
the enantiomers of the derivatized metoprolol metabolite. This compound required a 
longer time to be eluted. The better separation factor of the O-methyl ether of mandel- 

Fig. 4. Gas chromatogram of the mixed derivative in Fig. 3b. Column temperature, 25o’C. Retention time 
for peak 2, 12 min. 
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ic acid shows that the carbonate group of the hydroxy acids reduces the difference in 
volatility between the diastereoisomers in the gas chromatographic system. Also for 
derivatized (S)-PACOPA the separation factor is sufficient, 1.054 (220”(Z), for base- 
line separation. 

Enantiomeric purity qf the I-phenylethylamines 
We chose (R)( +)- and (S)( -)-l-phenylethylamine as the chiral derivatizing 

agents because they have given good results in chromatographic analysis17-22. L- 

Leucinamide4x5 1s too polar to be suitable for gas chromatographic analysis. 
The purity of the chiral amines is only indicated on the label, and rarely dis- 

cussed in any of the references. The (R)-0-methylmandelic acid available. which was 
>99.8% pure23 and has been used for the determination of the enantiomers of 
tocainide24, was derivatized with (R)( +)- and (s)( -)-l-phenylethylamine. If we as- 
sume that the (R)-0-methylmandelic acid is 100% pure and we use the peak areas to 
measure the purity of the chiral amines, then (R)( +)-l-phenylethylamine was 98.34% 
pure [relative standard deviation (R.S.D.) = 0.03, n = 61 and (S)( - )-l-phenylethyla- 
mine 97.98% (R.S.D. =O.lO, n=6). The remainder is due to the antipode, and any 
traces of (S)-0-methylmandelic acid present (~0.2%). 

Enantiomeric purity of (S)-PACOPA 
This compound can be used for classical resolution by recrystallization of 

amines and can be prepared from readily available and cheap starting materials. After 
derivatization with both (R)- and (S)-phenylethylamine, the chromatograms showed 
the presence of 80% as S,R and 74% as S,S, respectively. The discrepancy might be 
due to racemization under the alkaline derivatization conditions used, as the 
enantiomeric contamination of the amines is -=z 2%. 

Possible stereoselectivity of the second step in the derivatization reaction 
The derivatization reaction of (R/S)-2-phenylbutyric acid was stopped with 

hydrochloric acid at times ranging from 5 s to 5 min after the addition of the chiral 
amine. The samples were then chromatographed at 210°C and the peak-area ratio was 
calculated. The same procedure was also performed with mandelic acid (220°C). No 
change in the peak-area ratios with increasing time was observed, so it is concluded 
that the reaction is not stereoselective to any significant extent. 
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