Ll
ELSEVIER

Journal of Chromatography A, 721 (1996) 369-372

JOURNAL OF
CHROMATOGRAPHY A

Short communication

Resolution of (=*)-ibuprofen using r-arginine-impregnated
thin-layer chromatography

R. Bhushan®*, Vineeta Parshad
Department of Chemistry, University of Roorkee, Roorkee-247667, India

First received 7 March 1995; revised manuscript received 11 July 1995; accepted 13 July 1995

Abstract

The resolution of (+)-ibuprofen into its enantiomers was achieved by TLC on silica gel plates impregnated with
optically pure L-arginine (0.5%), as the chiral selector, using acetonitrile-methanol-water (5:1:1, v/v/v) as the

solvent system. The detection limit was 0.1 ug.

1. Introduction

Enantiomers of a compound exhibit different
biological, physiological and chemical behaviour,
and most common commercially available phar-
maceuticals and drugs are racemic mixtures. It is
very important to develop methods for their
resolution and for establishing enantiomeric
purity. Ibuprofen is one of the most effective
non-steroidal analgesic and anti-inflammatory
agents with fewer side effects, and is used
extensively worldwide. It is marketed as a
racemic mixture.

The liquid chromatographic resolution of en-
antiomeric mixtures of a variety of compounds
[1-4] has been reported, and there has been
particular emphasis on the resolution of enantio-
mers by TLC [5-9]. Wainer [10] discussed speci-
fically the resolution of ibuprofen. (=)-Ibupro-
fen has been resolved by HPLC via derivatiza-
tion with (S)-a-methylbenzylamine [11], ethyl
chloroformate [12], the fluorescence derivatiza-
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tion reagent (—)-2-[4-(1-aminoethyl)-phenyl-6-
methoxybenzoxazole [13] and «;-acid glycopro-
tein [14,15] and (R)-(—)-(1-naphthyl)ethylurea
[12] as a chiral stationary phase; there is no
report on the TLC resolution of ()-ibuprofen
on arginine-impregnated plates. This paper re-
ports a direct approach for the resolution and
determination of the enantiomeric purity of (+)-
ibuprofen by TLC on silica gel plates impreg-
nated with L-arginine.

2. Experimental

(x)-Ibuprofen was obtained from Ferman
Chemical (Solan, India) and silica gel G with
13% calcium sulphate as binder, having chloride,
iron and lead impurities up to 0.02% and with
pH 7.0 in a 10% aqueous suspension, from
Merck (Bombay, India). The other reagents and
chemicals used were of analytical-reagent grade
and were obtained from SISCO Research Lab-
oratory, BDH and Merck.

Impregnated thin-layer plates (20 cm x 20
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cm X 0.5 mm) were prepared by spreading a
slurry of silica gel G (50 g) in distilled water (100
ml containing 0.5 g of L-arginine) with a Stahl-
type applicator. L-Arginine has a p/ of 10.8 and
therefore a few drops of acetic acid were added
to maintain the pH below the isoelectric point
and to keep the amino acid in the cationic form.
The plates were dried overnight at 60°C. The
solutions of racemic ibuprofen and its (+)-iso-
mer (10> M) were prepared in 70% ethanol and
were applied to the plates at the 10-ul level.
Separate plates were run for one- and two-di-
mensional modes. In the one-dimensional mode
the spots of (*)-ibuprofen and the (+)-isomer
were applied side-by-side on the same plate; in
the two-dimensional mode first the spot of (*)-
ibuprofen was applied to the L-arginine-impreg-
nated plate and then the spot of the (+)-isomer
was applied after the first run at the side of the
former spot. Spots of (+)- and (+)-ibuprofen
were also applied separately on two different
plates and both were developed under identical
conditions in the two-dimensional mode side-by-
side. Chromatograms were developed at 32 =+
2°C for 30 min in acetonitrile-methanol-water
(5:1:1, v/v/v) in a paper-lined rectangular glass
chamber, pre-equilibrated with the solvent sys-
tem for 10-15 min. The developed plates were
dried at 60°C for 15 min and the spots were
located in an iodine chamber. lodine was al-
lowed to evaporate from the plate; it was then
sprayed with dilute HCI, heated for 15 min,
cooled and sprayed with ninhydrin (0.2% in
acetone).

3. Results and discussion

The AR, values for the resolved (+)- and
(—)-isomers of ibuprofen are 80 and 77, respec-
tively (development: 15 min in the first dimen-
sion and 20 min in the second dimension); the
hR [ value of the pure (+)-isomer is 80 under the
same conditions. The results are averages of at
least five identical runs. Fig. 1 shows the chro-
matograms.

Arginine has a p/ of 10.8 and is cationic below
this point. It interacted with (=*)-ibuprofen to

Fig. 1. Photographs of thin-layer chromatograms. (A) (*)-
Ibuprofen, one-dimensional mode. (B) 1=Pure (+)-ibu-
profen; 2 =(+)- and (—)-ibuprofen resolved in two-dimen-
sional mode.

give two diastereomeric salts, (+)(—) and
(—)(—), leading to enantiomeric separation; the
enantiomers were located by exposure to iodine
vapour. The treatment with ninhydrin gave a
characteristic colour indicating the presence of
arginine in both the spots. It showed that ar-
ginine formed diastereomeric salts with the com-
ponents of the racemic mixture. The experiment
with ninhydrin clearly detected the presence of
(—)-arginine in both spots, thereby confirming
the formation of diastereomers and the resolu-
tion of enantiomers of (*)-ibuprofen via the in
situ formation of diastereomers with (—)-ar-
ginine. The reaction taking place on the chro-
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(£)RCO0™ + (-)arg’ —— (-)RCO0(-)Arg*

spot 1
+
(+)RCO0™(-)arg’ spot 2
l (i) HCl spray, &
(ii) Ninhydrin, A
[(-)(RCOOH) + (-)(Arg)] spot 1A
+
{(+)RCOOH) + (-)(aArg)] spot 2A

R COO , Ibuprofen in anionic form

+ P . e s
Arg , Arginine in cationic form

Fig. 2. Resolution of (*)-ibuprofen on L-arginine-impregnated silica gel. Spots 1 and 2 located in iodine chamber; spots 1A and
2A due to ninhydrin showing the presence of (—)-arginine in both spots and confirming the formation of diastereomers.

matogram is represented in Fig. 2. Although the
whole plate is derivatized, the resolved spots are
visible with a greater characteristic colour in-
tensity and sharpness of the spots on a light pink
background. Nevertheless, the detection is satis-
factory with iodine vapour.

The method was successful in resolving as little
as 0.1 pg of the enantiomeric mixture (i.e., 0.05
ng of each enantiomer), which is much lower
than the reported [13] minimum quantifiable
concentration of 0.2 wg/ml by RP-HPLC using
fluorescene detection.

Ibuprofen has a weak chromophore and UV
detection of nanogram amounts is difficult, and
to detect low levels of ibuprofen in biological
samples a moiety with a high UV molar absorp-
tivity or a fluorescent label is added by de-
rivatization. The resolution system reported here
provides the direct separation of (*)-ibuprofen
even in very small amounts, and therefore has an
advantage over general indirect methods involv-
ing chiral derivatization prior to chromatog-
raphy.

Acknowledgements

The authors are grateful to the UGC of India,
New Delhi, for providing financial assistance

including a stipend (to Vineeta Parshad). They
are also grateful to Dr. Sanjeev Parshad for
providing the (*)-ibuprofen sample.

References

[1] J. Chromatogr., 666 (1994) 1-627; Special Issue on
Chiral Separations—Fundamental Aspects and Applica-
tions.

[2] D. Stevenson and I.D. Wilson (Editors), Chiral Sepa-
rations, Plenum Press, New York, 1988.

[3] S.G. Allenmark, Chromatographic Enantioseparation:
Methods and Applications, Ellis Horwood, Chichester,
1988.

[4] K. Gunther, in J. Sherma and B. Fried (Editors),
Handbook of TLC, Marcel Dekker, New York, 1991,
pp. 541-591.

[5] D.W. Armstrong, J. Liq. Chromatogr., 7 (1984) 353-
376.

[6] J. Martens and R. Bhushan, Int. J. Pept. Protein Res.,
34 (1989) 433-444.

[7] J. Martens and R. Bhushan, Chem. Ztg., 112 (1988)
367-372.

[8] J. Sherma and B. Fried, Anal. Chem., 54 (1982) 45R—-
57R; 56 (1984) 48R-63R; 58 (1986) 69R-81R.

[9] J. Sherma, Anal. Chem., 62 (1990) 371R-381R; 64
(1992) 134R-147R; 66 (1994) 67R-83R.

[10] L.W. Wainer, R.M. Stiffin and Y.-Q. Chu, in D. Steven-
son and I.D. Wilson (Editors), Chiral Separations,
Plenum Press, New York, 1988.

[11] A.C. Rudy, K.S. Anliker and S.D. Hall, J. Chroma-
togr., 93 (1990) 395-405.



372

[12] H.-Y. Ahn, G.K. Shiu, W.F. Trafton and T.D. Doyle, J.

Chromatogr. B, 653 (1994) 163-169.

[13] J. Kondo, N. Suzuki, H. Naganuma, T. Imaoka, T.
Kawasaki, A. Nakanishi and Y. Kawahara, Biomed.

Chromatogr., 8 (1994) 170-174.

R. Bhushan, V. Parshad | J. Chromatogr. A 721 (1996) 369-372

[14] P. Camilleri and C. Dyke, J. Chromatogr., 518 (1990)
277-281.

[15] S. Menzel-Soglowek, G. Geisslinger and K. Brune, J.
Chromatogr., 97 (1990) 295-303.



