Journal of Chromatography, 265 (1983) 111-116
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROM. 15,858

Note

High-performance liquid chromatographic separetion of enantiomers
on (S)-2-(4-chlorophenyl)isovaleric acid and its amide derivatives
bonded to silica gel
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Institute for Biological Science, Sumitomo Chemical Co. Lid., 4-2-1 Takatswkasa, Takarazuka-shi, Hyogo-
ken 665 (Japan)

(Received March 15th, 1983)

Recently we reported that some amide derivatives of (1R, 3 R)-trans-chrysan-
themic acid, which contain one or two asymmetric carbon atoms attached to carbon
and nitrogen atoms of the amide group, are efficient for enantiomer separations not
only by gas chromatography (GC)'-2 but also by high-performance liquid chroma-
tography (HPLC)3.

In previous work! we found that N-($)-2-(4-chlorophenyl)isovaleroyllauryl-
amine as well as N-(1R,3R)-trans-chrysanthemoyllaurylamine showed enantioselec-
tivity for chiral amides in GC, suggesting that some amide derivatives of (5)-2-(4-
chlorophenyl)isovaleric acid would also show enantioselectivity in HPLC.

In this work we prepared three novel chiral stationary phases I-1IT consisting
of (5)-2-(4~chlorophenyl)isovaleric acid and its amide derivatives chemically bonded
to y-aminopropyl silanized silica, and the HPLC separation of various enantiomers
on these phases was examined.
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EXPERIMENTAL

Preparation of chiral stationary phases

Phase 1. A 3-g amount of (5)-2-(4-chlorophenyl}isovaleric acid chloride was
coupled with 2.5 g of LiChrosorb NH, (10 um) (E. Merck, Darmmstadt, G.F.R.) by
swirling gently in 30 ml dry tetrahydrofuran (THF) in the presence of 2 g of triethyl-
amine at room temperature for 5 h and then at 50°C for 3 h. After cooling, modified
silica 1 was collected by filtration and washed exhaustively with THF, methanol and
diethyl ether and dried under vacuum. This silica contained 0.63 mmol of (S)-2-(4-
chlorophenyl)isovaleric acid per g of support (based on C), 0.88 mmol/g (based on

A steel column (250 x 4 mm 1.D.) was slurry packed with modified silica I
using conventional techniques.

Phase II. To a solution of 9.5 g of p-phenylglycine in 32 ml 2 M NaOH and
20 ml diethyl ether, 17.5 g of (S)-2-(4-chlorophenyl)isovaleric acid chloride and 35
ml of 2 M sodium hydroxide solution were added very slowly with vigorous swirling
at 0°C. When the addition was complete, swirling was continuwesd for 2 h at room
temperature. The solution was washed with diethyl ether, and the aqueous phase was
acidified with 6 M hydrochloric acid and extracted with ethyl acetate. The extracts
were washed with water, dried over anhydrous sodium sulphate and the solvent was
removed under vacuum to afford 21 g of colorless crystalline N-(S)-2-(4-chlorophe-
nyl)isovaleroyl-D-phenylglycine (m.p. 68-70°C). Calculated for C,H;,NO;Cl: C,
65.99; H, 5.83; N, 4.05; Cl, 10.25%. Found: C, 6549, H, 5.99; N, 3.79; Cl, 10.41%.

To a slurry of 2.5 g LiChrosorb NH, (10 ym) in 20 ml of dry THF, 4 g of
N-(§)-2-(4-chlorophenyl)isovaleroyl-p-phenylglycine were added and the mixture
was stirred gently overnight at room temperature. This modified silica 1T was collected
by filtration and washed exhaustively with THF, methanol and diethyl ether and
dried under reduced pressure. It contained 0.43 mmol of N-(5)-2-(4-chlorophenyl)-
isovaleroyl-nD-phenylglycine per g of support (based on C), 0.55 mmol/g (based on

N).

Phase ITI. N-(S5)-2-(4-Chlorophenyl)isovaleroyl-L-valine was synthesized as for
phase II but using 1-valine instead of D-phenylglycine and formed colourless crystals
{m.p. 134-137°C). Calculated for C;sH,;NO;CL: C, 61.62, H, 7.13; N, 4.49; Cl,
11.37%. Found: C, 61.79; H, 7.16; N, 4.13; Cl, 11.55%.

A steel column (250 x 4 mm 1.1D.) was slurry packed with LiChrosorb NH,
(10 um) using conventional techniques and a solution of 3 g of W-(5)-2-(4-chloro-
phenyl)isovaleroyl-L-valine in 30 ml of dry THF was pumped through the column.
Finally the column was washed with THF.

Ligquid chromatography

The experiments were carried out with a Shimadzu LC-3A high-performance
liguid chromatograph equipped with a UVD-2 ultraviolet detector (254 nm). »-
Hexane-isopropanol or n-hexane-1,2-dichloroethane—¢thanol mixtures were used as
mobilke phases.

Various derivatized compounds as solutes were prepared by employing re-
agent-grade chemicals. Some compounds were synthesized in our laboratories,
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RESULTS AND DISCUSSION

The chromatographic results are summarized in Table 1. It was found that
phase I had little enantioselectivity for amino acids, but enantiomers of amines and
carboxylic acid derivatives were separated to a considerable extent, although this

phase contains only one asymmetric carbon atom attached to the carbon atom of the
amide group. An example of a chromatogram is shown in Fig. 1.
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Fig. 1. Chromatographic separation of the enantiomers of racemic N-3,5-dimitrobenzoyl-1-phenylethyl-
amine upon chiral stationary phase . Chromatographic conditions as in Table L.

Phases II and IIl, which contain two asymmetric carbon atoms attached to
both carbon and nitrogen atoms of the amide group, showed excellent enantioselec-
tivity for N-3,5-dinitrobenzoyl derivatives of amine, amino acid ester or amide, and
for carboxylic acid 3,5-dinitroanilides. It is emphasized that N-3,5-dinitrobenzoyl-
DL-amino acid n-butylamides are separated with very high separation factors upon
phase III. Typical chromatograms are shown in Figs. 2 and 3.

As these phases contain a chiral amide group, which has the ability to serve
either as a donor or an accepter in hydrogen bonding, a diastereoisomeric hydrogen
bonding association may contribute to the separation of amide enantiomers. More-
over, the fact that a 3, 5-dinitrophenyl group is efficiently incorporated into the solutes
suggests the additional contribution from a n-n donor-acceptor interaction in the
separation of these enantiomers.

We consider that these stationary phases will be useful for the HPLC separa-
tion of amine, amino acid and carboxylic acid enantiomers.
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Fig. 2. Chromatographic separation of the enantiomers of racemic 1-bromo-2,2-dismethylbutyric acid
3,5-dinitroanilide upon chiral stationary phase IT. Chromatographic conditions as in Table 1.
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Fig. 3. Chromatographic separation of the enantiomers of racemic N-3,5-dinitrobenaoylalanine n-butyl-
amide upon chiral stationary phase 1. Chromatographic conditions as in Table 1.

T
30min




116 NOTES

REFERENCES

Oi, T. Doi, H. Kitahara and Y. Inda, Bunseki Kagoku / Jap. Anal }, 30 (1981) 552.
i, H. Kitahara, Y. Inda and T. Do1, J. Chromatogr., 213 (1981) 137.

1 N.
2NO
3 N. Oi, M. Nagase. Y Inda and T. Doi. J. Chromatogr., 259 (1983) 487.



