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The present program uses three cards for the standard analysis using either the
height-width or the height method—which is only valid where small sample volumes
less than 0.2 ml are used (MoNDINO®)—and two for summing the nitrogen values and
calculating the nitrogen recovery, and a single card for expressing the results on a
percentage basis. Thus six cards suffice for the twenty-thréee cards of MONDINO's
program while the results are always retained in the computer for presentation in the
other ways shown in Fig. 2.

Copies of these programmes (to calculate either in the range o-1 or 0-2 umoles)
are available from the author.

Diveision of Protein Chemistry, CSIRO, A. P. DamocGLou
Parkville, Melbourne, Victoria 3052 (Australia)

1 A. MonNDINO, J. Chromatog., 41 (1969) 156,
2 L. W. NAUMAN, J. Chromatog., 41 (1969) 456.
3 A. MonDiINo, J. Chromalog., 39 (1969) 262,

Received November 3rd, 1969

J. Chromatog., 47 (1970) 257—261

CHROM. 4536

Quantitative gas chromatographic determination of glutamic acid,
2-pyrrolidone-5-carboxylic acid and 2-pyrrolidone’

Work in our institute on the thermal and catalytic lactamization of glutamic
acid (Glu) and on photochemical reactivity of z-pyrrolidone-g-carboxylic acid (PCA)
has made it necessary to develop analytical methods for the simultaneous quantita-
tive determination of the two substances in the presence of their degradation pro-
ducts, such as 2-pyrrolidone (PYR).

Previous research has revealed the presence of PCA in many vegetable extracts
and in biological fluids!—3. According to some authors, this acid is partially or totally
formed from Glu as a result of the analytical methods used, particularly when they
involve heat treatment’—?. A useful method for the qualitative and quantitative
determination of the two substances is therefore of general interest.

* Work supported by a grant from the National Research Council of Italy.
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‘The procedure used by us involves the preparation of volatile derivatives by
esterification’ of the carboxyl groups with methanol and their subsequent N-tri-
fluoroacetylation.  Thus the followmg derivatives are obtained from the three com-
pounds analyzed:

'CH,—CH, CH,—CH, COOCH,

éo éHz do (l,H——COOCHa (l:H—NH——CO——CFs
4 | ¢ ((|:Hg)2
clo:——c:Fa C‘O—CFS COOCH,

Particular attention has been given to the study of the conditions that result
in a hlgher yield of volatile derivatives and prevent the conversion of Glu to PCA
and vice versa. . . :

In this connection, prehmlnary research carrled out by us has shown that the
conditions for the lactamization of Glu are much more severe, as regards heating
temperatures and times, than those reported by other authorsS.

Experimental

Lactamization of glutamic acid

Glutamic acid either in the solid state or dissolved in water or methanol is
heated for 1 h at temperatures from 40° to 150°.

A rapid analysis for PCA, if any, in the presence of Glu is carried out on plates
of Silica Gel G (Merck). A solvent system consisting of butanol-acetic acid-water
(120:30:50) is used for the development. The plates are then sprayed with ninhydrin
reagent for the detection of Glu and with RYypoN-SMITH reagent® for PCA.

Preparation of volatile derivatives

Solution 1:0.4 M aq. Glu.

Solution 2:0.04 M aq. PCA".

Solution 3:0.04 M aq. PYR.

Solution 4:0.04 M methyl stearate in methylene chloride. '

Solution 5:0.75 N anydrous HCl in methanol prepared by passing dry HCl]
gas into absolute methanol.

Five ml each of solutions 1, 2, 3 and 4 are placed in a 50-ml cahbra,ted flask;
the solvent is then removed with a rotary evaporator under reduced pressure, while
maantammg the temperature below 45°.

After addltlon of 10 ml of solution 5, the flask is connected to a reflux condenser
and placed for 1 h in a water bath at 55°. The HCl-methanol is then removed by
evaporation under reduced pressure, as described above. The residue is taken up in

2 ml of trifluoroacetic anhydride and dissolved by stirring, After standing at room
temperature for 40 min, the solution is ready for the gas chromatographlc analysis.
.. *PCAis prepared by heating glutamxc acid at 180° for 1 h, Punﬁcatlon is carried out by
dlsqolvxng the reaction product in boxlmg 95% ecthanol. The solution is decolorized with charcoal

and the PCA is precipitated by cooling in an ice bath. The precipitate is filtered off, repeatedly

washed with cold 959, ethahol and dried at go® in an oven. A crystalline white solid, m.p. 170°,
is obtained.

The thin-layer chromatographic analysis of the product, carried out as described above,
shows that there is no remaining Glu.
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Gas chromatographic procedure

Apparatus. A Varian-Aerograph 1520 B gas chromatograph equipped with a
flame-ionization detector is used.

Operating conditions. They are as follows:

Columns: 3 mm X I.5 m stainless steel

Carrier gas: Ny, 20 ml/min

Support: 8o/100 mesh silanized Chromosorb W

Stationary phase: 0.65% OV-17 -+ 0.75% EAS

Injector temperature: 200°

Detector temperature: 250°

Oven temperature: programmed: initial value 70°; isothermal at 70° for 4 min;
8°/min for 4 min, up to 102°; isothermal at 102° for 6 min; 15°/min for 4 min, up to
160°; isothermal at 160° for 5 min

Analysis time: 23 min

Amount of sample injected: 2 ul

Quantitative determination. The “internal standard” method is used, with me-
thyl stearate as the standard.

The coefficients for the quantitative determination of Glu, PCA and PYR are
calculated from the mean molar responses relative to the internal standard (RMR;.;.),

on the basis of the ratios between peak areas. ,

Results and discussion

Preliminary experiments carried out to determine the conditions under which
Glu is converted into PCA have shown that the lactamization occurs only at temper-
atures above 100°. The method described above, consistently employing much lower
temperatures, prevents the formation of PCA, which would alter the results of the
quantitative analyses. Fig. 1 shows a chromatogram obtained under the experimental
conditions described.

The separation of the four substances is seen to be complete. The responses of
the flame-ionization detector to PYR, PCA and Glu are very similar, whereas the
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Fig. 1. Chromatogram of a mixture of PYR (1), PCA (2), Glu (3), and methyl stearate (4);
1.5m X 3mm I.D. stainless-stecl columns packed with 0.659% OV-17 4 0.75% E.A.S. on
8o-100 mesh silanized Chromosorb W.

J. Chromatog., 47 (1970) 261-2064



264 NOTES

TABLEI

RETENTION TIMES AND RM R 4. FOR 2-PYRROLIDONE, 2-PYROLLIDONE-5-CARBOXYLIC AND GLUTAMIC
ACIDS

Compound Retention Retention RMR,;.,, X I0O0
time time
(min) relative
to methyl
stearate
PYR 4.5 0.22 13.7
PCA 11.5 0.52 I1.5
Gla 13.0 0.59 14.5
Methyl stearate
.{(internal standard) . 22,0 1.00 . 100

response to methyl stearate is about 8 times greater, so that it is necessary, for equi-
molar samples, to reduce the sensitivity of the instrument after the Glu has emerged
from the column,

‘Table I shows the retention times and the RMR; ,, of the three substances,
calculated from ‘the repea.tedly checked results of a series of analyses.

The values contained in Table I are reproducible with an error of 5%.
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