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Abstract

The chromatographic properties of urea derivatives derived from (S)- and (R)-1-(a-naphthyl)ethylamine with
(S)-valine, (8)-terr.-leucine, (S)-proline and (S)-indoline-2-carboxylic acid bonded to 3-aminopropylsilica gel as
chiral stationary phases were examined by HPLC to investigate the effect of the structure of the amino acid moiety.
The specific enantiomer separation of various racemic compounds including alcohols, esters, amines, amino
alcohols, carboxylic acids and amino acids was accomplished on these phases using normal mobile phases. The
effect of the stereochemical structure in these urea derivatives on chiral recognition is discussed.

1. Introduction

It is well known that high-performance liquid
chromatography (HPLC) using chiral stationary
phases (CSPs) is a powerful tool for the direct
enantiomer separation [1,2]. One of the most
important classes of CSPs is the ‘‘brush-type”
CSP, containing various low-molecular-mass chi-
ral selectors. Pioneering work in this area was
done by Pirkle et al. [3], and many useful CSPs
have subsequently been developed. It is believed
that chiral recognition on this type of CSP is
based on at least three simuitaneous interactions,
hydrogen bond formation, 7— interactions and
dipole—dipole stacking. We have found [4,5] that
CSPs derived from (S)- and (R)-1-(a-naphthyl)-
ethylamine with (5)-valine or (R)-phenylglycine
chemically bonded to 3-aminopropylsilanized
silica (CSPs 1, 2, 3 and 4) showed excellent
enantioselectivity. Accordingly, it was expected
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that similar urea derivatives containing another
amino acid moieties would provide characteristic
enantioselectivities. Recently we have developed
six CSPs (CSPs 5-10) derived from (S)- and
(R)-1-(a-naphthyl)ethylamine  with  (S)-tert.-
leucine, (S)-proline and (S)-indoline-2-carboxyl-
ic acid covalently bonded to 3-aminopropylsilan-
ized silica. These CSPs are now commercially
available. and some application data are given in
brochures.

In this study, we examined their chromato-
graphic properties as CSPs to investigate the
effect of the structure of the amino acid moiety.
CSPs 1 and 2 were also used to compare the
enantioselectivity with these CSPs.

2. Experimental
2.1. Chiral stationary phases

The structures of the CSPs are shown in

0021-9673/95/$09.50 © 1995 Elsevier Science BV. All rights reserved

SSDI 0021-9673(94)00662-8



130 N. Oietal. | J. Chromatogr. A 694 (1995) 129—134

Fig. 1. CSPs 5-10 were synthesized using (S)-
tert.-leucine, (§)-proline and ($)-indoline-2-car-
boxylic acid instead of (§)-valine in CSPs 1 and 2
by the procedures described previously [4].
Develosil-NH, (5 wm) (Nomura Chemical, Seto,
Japan) was used as the starting material. Graft-
ing rates were calculated according to the C and
N elemental analysis for each CSP: CSP 5, 0.43;
CSP 6, 0.41; CSP 7, 0.48; CSP 8, 0.49; CSP 9,
0.44; and CSP 10, 0.43 mmol/g.

2.2. Liquid chromatography

The experiments were carried out using a
Waters Model 510 high-performance liquid
chromatograph, equipped with a variable-wave-
length UV detector operated at 230, 254 and 280
nm. Stainless-steel columns (250 X 4.6 mm 1.D.)
were slurry packed with these CSPs using a
conventional technique. These columns are
available from Sumika Chemical Analysis Ser-
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vice (Osaka, Japan), as Sumichiral OA-4000
(CSP 1), OA-4100 (CSP 2), OA-4600 (CSP 5),
OA-4700 (CSP 6), OA-4400 (CSP 7), OA-4500
(CSP 8), OA-4800 (CSP 9) and OA-4900 (CSP
10). Solutes and solvents of analytical-reagent
grade were purchased from Wako (Osaka,
Japan). Some compounds were kindly provided
by Sumitomo Chemical (Osaka, Japan). The
structures of the racemic compounds used are
shown in Fig. 2. The chromatographic conditions
are given in Table 1.

3. Results and discussion

The chromatographic results are summarized
in Table 1. The direct separation of a wide range
of racemic compounds was accomplished on
these CSPs using normal mobile phases.

The separation of racemic pyrethroid insec-
ticide esters (1 and 2) was achieved on CSP 5
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Fig. 1. Structures of the CSPs.



N. Oieral 7. Chromatogr. A 694 (1995) 129-134

131

a®
Cliy T . @ CH) ? CH, CH; Cii,
C-0-CH c-o Ho, CH; Ci HO
CH3 in CH, N s o . N N CQ’//C“
ch cH cu c
3 CHy CHy CHy Ng Yo No
{3) (4)
(1) (2)
cl 1
o OH CH, < OH CHj
i
CH, « H 0@ (.?H-('Z~CH; @ (EH-(’:-CH,
C=C CH -
CH o , s C=C CHy
! ] L i HO-CM@ W N
o & »(”? !
¥ Y
{5) (6) (7 (8)
O)-¢ O
L -CH-NH2 .
@-cltn NH, éu @?H-CH,—@-CH, H,C-@-CO—%H-CH;-N
CH3 @ : NH, CH,
(9) (10) (11) (12)
cl c1
@) &R o
Cliy *
* e (o]
' NHCH N CH-CHa=CHa =N ©, TH-cHay
)
\ CH
3 @’ ) \o-CHa
(13) (14) (15)
0-CH,-CH=CH
. CHs g pe.B X CHa
-O-CHr('IH-CHx-N"-CH\CH @-O-Cuz-ﬁ:“—cﬂz‘NH-Cl’{ HO-@-([:H-CH;-NH-CH
@ oH OH CH, wo’ OH \cu,
(16) (17) (18)
o u _NO,
OH CH; N oLk
HO- ~CH-CHz-NH-C-CH e H CHs @ 0-GH-COOH
¢ 2 C-CHy H,C00C, X _ COOCH,CHZN CH
/ cH HiC g N ~NCH; - s
¢Ha0H » %
CH; 8
H,C” "N7°CH,
(19) (20) (21) (22)

* ->
o7y COOH I N NH2 NH2
(23) (24) (25) (26)

Q.. QQ, . o
N p? e CH,
OH U\ cl 0-P-NH-CH{
o7 “ou d e
@ 0-C,H¢ )
(27) (28) (29)

Fig. 2. Structures of racemic compounds in Table 1.

and also on CSP 1 as reported previously [6],
and approximate values of the separation factors
showed that the enantioselectivity was not re-
markably influenced by the bulky tert.-butyl
group in place of the isopropyl group attached to

the asymmetric carbon atom in the amino acid
moiety. On the other hand, various racemic
alcohols, amines, amino alcohols and carboxylic
acids were well resolved on CSPs 6 and 2.
Typical chromatograms are shown in Figs. 3 and
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Fig. 3. Enantiomer separation of racemic 1-(a-naphthyl)-
ethylamine on CSP 6. Chromatographic conditions as in
Table 1.

4. Judging from the separation factors obtained
on CSPs 6 and 2, the steric effect of the tert.-
butyl group may be weak.

Racemic fenpropathrin (1) and terallethrin (2)
were resolved on CSPs 5 and 1 but poorly or not
resolved on CSPs 6 and 2. In contrast, racemic
propranolol (16) and oxprenolol (17) were re-
solved on CSPs 6 and 2, but not at all on CSPs 5
and 1. Although CSPs 5 and 6 contain (S)-zert.-
leucine and CSPs 1 and 2 contain (§)-valine, the
configuration of the 1-(a-naphthyl)ethylamine
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Fig. 4. Enantiomer separation of racemic pyroglutamic acid
on CSP 6. Chromatographic conditions as in Table 1.
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Fig. 5. Enantiomer separation of racemic chlorpheniramine
on CSP 8. Chromatographic conditions as in Table 1.

moiety is reversed between CSPs 5 and 6 and
between CSPs 1 and 2. The results clearly show
that the combination of the configuration of two
chiral centres in these urea derivatives may play
an important role in chiral recognition [7].

A number of racemic amines, amino alcohols,
carboxylic acids, amino acids and miscellaneous
compounds of pharmaceutical interest were re-
solved specifically into their antipodes on CSPs
7, 8 9 and 10 using normal mobile phases
containing a small amount of trifluoroacetic acid.
Typical examples are shown in Figs. 5-7. It
should be emphasized that the enantioselec-
tivities of CSPs 9 and 10 were different. Enantio-
mers of 10, 11 and 15 were resolved on CSP 9

(+)
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T

UV absorbance (arb.
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Fig. 6. Enantiomer separation of racemic isoproterenol on
CSP 10. Chromatographic conditions as in Table 1.
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Fig. 7. Enantiomer separation of racemic tryptophan on CSP
9. Chromatographic conditions as in Table 1.

but not at all on CSP 10. In contrast, 12, 13, 16
and 18 enantiomers were resolved on CSP 10,
but not at all on CSP 9. These results again
showed that chiral recognition was controlled by
the combination of configurations of the two
chiral centres in the amino acid and amine
moieties of these urea derivatives.

Amino acid enantiomers 25 and 26 were
directly resolved on CSP 9 using normal mobile
phases. Usually the direct separation of racemic
amino acids can be accomplished with copper(1l)
complexes of chiral ligands as CSPs using aque-
ous mobile phases [8.9], and they are resolved in
the form of derivatives such as N-acyl O-esters
on brush-type CSPs using normal mobile phases
[3.4].

The specific separation of various racemic
compounds on thesec CSPs showed that the
enantioselectivity of urea derivatives may de-
pend on the structure of the amino acid moiety.
However, the detailed effect of structure on
chiral recognition is still unclear, and additional
work is in progress.

The durability of columns packed with these
CSPs was excellent; more than 300 analyses of
some racemic compounds did not cause any
change in their retention parameters. enantio-

selectivity or efficiency using the normal mobile
phases described in Table 1.

4. Conclusions

Urea derivatives derived from (S)- or (R)-1-
(a-naphthyl)ethylamine with (S)-valine, (S)-
tert.-leucine, (S)-proline and (§)-indoline-2-car-
boxylic acid bonded to 3-aminopropylsilica gel
are very promising as CSPs for the specific
separation of various racemic compounds by
HPLC. It is emphasized that the stereochemical
structure of these CSPs may play an important
role in the formation of interactions for chiral
recognition.
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