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Gas-liquid chromatography techniques may leacl to rapid analysis of quantities 
of amino acids smaller than those detectable by classic ion-exchange column chroma- 
tographyl-3. For example HUNTER et al.4 and ZLATKIS et akb used gas, chromatography 
for the separation of aliphatic amino acids which had been converted to the correspond- 
ing aldehydes by means of ninhydrin. BIER AND TEITELBAUM~ separated the amines 
obtained from decarbosylation of the corresponding amino acids. BAYER et ~1.7~8 re- 
ported the separation of some aliphatic amino acids as methyl esters. By using nitrous 
acid LIBERTI~" transformed the amino acids to cc-hydroxy acids which were methyl- 
esterified and then separated by gas-liquid chromatography. 

A gas-chromatographic separation has also been reported for methyl esters of 
a-chloro acids obtained from some aliphatic amino acid+. 

More recently several attempts of separation were made by combining the 
esterification of the carboxyl group with an acetylation of the amino group. Thus 
different authors have preferred one or other of the following transformations: 
N-acetyl-gz-propyl18, +z-butylO, or n-amylf* esters ; or N-trifluoroacetyl methyW 13, 
Tz-butylf’, or +amy1”2 esters. 

Amino acids have also been separated by gas chromatography after their 
esterification with trimethyl-silaner6. Finally HORNING et aAl=, using a different 
approach, separated the phenylthiohydantoin and dinitrophenyl derivatives of amino 
acids. 

The present study concerns a method for the preparation of the N-trifluoro- 
acetyl-n-butyl esters of eleven amino acids and the determination of the best con- 
ditions for their separation by gas chromatography. 

MATERIALS 

A Fractovap model C analytical unit P.AID/f (Carlo Erba, Milan) ‘%ith hydrogen 
flame detector and automatic temperature programmer was used. Two meter stainless 
steel coiled columns (internal diameter z mm, external diameter 4 mm) were packed 
with 3 different stationary phases (obtained from Applied Science Laboratories Inc.) : 

(a) neopentyl-glycol succinate, I o/0 ; (b) EGSS-X I oh ; (c) Carbowax 20 M, I Oh. The 

,q$*s+ 
solid supports were Gas Chrom P (80-100 mesh) or Chromosorb (IOO-IZO mesh). 

“::, The L-amino acids, chromatographically pure, were obtained. .from Mann 
Research Laboratories Inc., New York, N.Y., isoleucine was obtained from Hoffman 

* OfD.A.S.-C. Erba, Milan. 
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La Rochc, Basel. The qz-butanol, methylene chloride and trifluoroacetic anhydride, 
gas-chromatographically pure, were obtained from Fluka, Switzerland. 

A cationic resin, Dowex 5oWx4, from Down Co., was used after separation to a 
uniform size of about 200 mesh. 

Thin-layer chromatography was made on glass plates (20 x 20 cm) by strati- 
fication of silica gel (Kieselgel G, Merck) with an automatic apparatus23. 

PREP~\RATION OF TEZE h'-TRIFL~OR~ACETVLAMINO ACID WBUTYL ESTERS 

The hydrochlorides of the amino acids (total amount from 2.5 to 5 mg) were 
esterified in I? ml of gz-butanol together with IOO to 200 mg of dry Dowex 5oWs4, 
H+ form* (200 mesh) as catalyst 10120. After 3 h at 1.30~ the butanol was decanted and 
the resin washed twice with IO ml butanol. Ten ml of a citrate buffer (semi-saturated 
solution) at p1-I 6.95 and 20 ml of methylene chloride were then added to the washed 
resin. The effect of pII on the percentage of butyl esters eluted from the resin is shown 
in Fig. I. 
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Fig. I, Per cent esters elutcd at different p1-I values. 

After shaking for 5 min, the aqueous phase was discarded while the organic 
layer containing the esters of the amino acids was concentrated, under vacuum (15 mm 
Hg) in an ice bath, to a volume of IO ml. 

The butyl esters were then mixed, with continuous stirring, with 5 ml of a 
solution of trifluoroacetyl anhydride 1.5--2 o/o in methylene chloride. The excess of the 
reagent was removed under vacuum (15 mm Hg) whilst in an ice bath. 

The residue was dissolved in 0.5 ml of methylene chloride and 3-5 ,ul of this 
were introduced into the chromatographic column, 

With this procedure it was possible to prepare also the N-trifluoroacetyl, qz-amyl 
or methyl esters. However, we selected the rt-butyl ester because, being less volatile 
than the methyl esters, it could be manipulated with a minimal loss. Furthermore, 
under our experimental conditions, the gz-butyl esters could be separated in a shorter 
time than the gz-amyl esters, 

* The use of resins with a higher degree of cross-linking (Dowex 5oWxS ar x12 or x20) or of 

carboxylic resins (hmbcrlite IRC5o) does not improve the esterification. 
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QUANTITATIVE ESTIMATIONS ‘, 

To determine whether the esterification of the amino acids with rt-butanol was 
complete the reactivity to ninhydrin (0.2 o/o in ut-butanol) after migration on a 
thin-layer chromatoplate was studied. With the solvent used (benzene-n-butanol 
(75 :zs, v/v) ) the butyl esters showed various RF’S, after a go-min run, while un- 
modified amino acids do not migrate from the point of application (see Fig. 2). Under 
these conditions methylene chloride extract did not show any trace of unmodified 
amino acids. 
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Fig. 2. Separation of a mixture of ten amino acid butyl esters by thin-layer chromatography. Spot 
identification by means of ninhy*drin reagent (colours in parentheses). 

Acidic hydrolysis of the amino acid ?z-butyl esters performed with 6 N HCl 
for 24 h and subsequent reaction with ninhydrinsl confirmed that the esters represent- 
ed up to 98 O/~ of the amino acids passed through the process. After trifluoroacetylation 
the reactivity to ninhydrin was completely negative. 

Further studies are in progress to obtain esterifkation of other amino acids 
and quantitative results after gas chromatography. The solution of these problems 
might permit the application of the procedure for the complete analysis of protein 
hydrolysates. 

GAS-&IROMRTOGRAPI3IC SEPARATZON 

The column temperature was programmed from go0 to zoo0 with a linear 
increase of z .5 “/min. This temperature program was selected after various attempts as 

kcIp,, the most suitable for obtaining the separation of the I I amino acid derivatives used 
Y-., (alanine, valine, isoleucine, leucine, glycine, proline, threonine, methionine, aspartic 

acid, phenylalanine, and glutamic acid). The flow rate of the carrier gas nitrogen was 
14 c.c./min and the volume/min, as measured through a by-pass, was 5 CC. Among 
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Fig. 3. Gas chromstogram of a mixture of II amino acids. NcoPGS I %, Carrier N, 14 cc/n-An, H, 
23 cc/min, air 300 cc/min, Program 2.5°/min. 

Fig. 4. Gas chromatogram of the same amino acids mixture. EGSS-S I yo, Carrier N, 14 cc/min 
H, 23 cc/min, air 300 cc/mine Program 2.5O/min. 
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Fig. 5. Gas chromatogram of the same amino acids mixture. Carbowax 20 RI I %. Chromosorb 
So/100 mesh. Carrier N, 14 cc/min, H, 23 cc/min, air 300 cc/mine Program 2,5’/min. 
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the stationary phases used, only the neopentyl-glycol succinate has been reported in 
the literaturel”*17 for separation of amino acids. EGSS-X and Carbowax 20 M, not 
previously employed for this type of analysis, gave more satisfactory results. Neo- 
pentyl-glycol succinate does not permit the separation of glycine from leucine. With 
EGSS-X it was possible to separate these two amino acids, but methionine and aspartic 
acid emerged in a single peak. Only when working with Carbowax 20 M was it possible 

’ to obtain a fair separation of all the II amino acids. 
The peak pertaining to isoleucine includes also allo-isoleucine, contained as 

impurity in the sample of isoleucine. 
The two amino acids are resolved only with Carbowax 20 M. 
Figs. 3, 4 and 5 show typical chromatograms of amino acid derivatives after 

separation with the 3 stationary phases. 
Furthermore, neopentyl-glycol succinate under our experimental conditions can 

only be used for a very limited number of analyses, while EGSS-X andcarbowax 2c M 
have the advantage that they permit up to one hundred separations. 

SUMMARY 

Eleven amino acids (alanine, valine, isoleucine, leucine, glycine, proline, threo- 
nine, methionine, aspartic acid, phenylalanine, and glutamic acid) were esterified in 
the carboxyl group with a-butanol in the presence of a catalyst resin and then trans- 
formed into their N-trifluoroacetyl derivatives. 

The amino acid derivatives were satisfactorily separated by means of gas 
chromatography using Carbowax 20 M as stationary phase. 

The experimental conditions necessary to obtain the best results are described. 
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