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ABSTRACT

Liquid chromatographic two chiral stationary phases (CSPs) based on
(+)-(18-crown-6)-2,3,11,12-tetracarboxylic acid were successfully app-
lied in the resolution of aryl a-amino ketones, including cathinone, the
(S)-enantiomer of which is a psychoactive alkaloid found in the leaves of
the khat plant. The chromatographic resolution behaviors were found to be
dependent on the type, and the content, of organic and acidic modifiers in
aqueous mobile phase. In addition, one of the two CSPs was demonstrated to
be quite useful in the determination of the enantiomeric purity of cathinone.
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INTRODUCTION

Chiral stationary phases (CSPs) based on chiral crown ethers have been
known to be very useful in the resolution of racemic compounds containing
a primary amino group.'"?! For example, CSPs prepared by covalently bond-
ing (4)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 (Fig. 1) to aminopropyl
silica gel were quite successful in the resolution of racemic compounds con-
taining a primary amino group.>** Especially, CSP 2 (Fig. 1) developed in our
laboratory, was very effective in the resolution of racemic a- and B-amino
acids,[5 =7l @-amino acid derivatives,[5 81 racemic amines, racemic amino alco-
hols," and fluoroquinolone antibacterial agents.'®!!!

Recently, as an effort to improve the chiral recognition efficiency of CSP 2,
we prepared anew CSP (CSP 3, Fig. 1) by simply replacing the two N—H hydro-
gens of the connecting amide tethers of CSP 2 with a methyl group.!'*! CSP 2
and CSP 3 were reported complementary with each other in the resolution of a-
and B-amino acids">"3! and amino alcohols,m] while CSP 3 was found to be

o™ § §
HOOC,,,, O COOH

o
/[ jf O NH HN o
HOOC” ™0 0”""COOH 4 o\
HOOC O g ©
COOH
1
CSP 2
5? s
N_CH3 H3C"N
(0] 0} R
d o Ar
- 0 HN
0 0
HOOC \/‘\O‘.\’,o
COOH
CSP 3 4 (a-l)

Figure 1. The structures of (4)-(18-crown-6)-2,3,11,12-tetracarboxylic acid 1, CSP
2 and CSP 3 and aryl a-amino ketones 4.
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always greater than CSP 2 in the resolution of racemic amines.!"?! Now, we are
in the process of extending the utility of CSP 2 and CSP 3 further, for the res-
olution of other important chiral compounds containing a primary amino group.

Aryl a-amino ketones, which have been used as precursors of biologically
active medicines, such as ephedrine,'"*! belong to an interesting family of
drugs, such as bupropion, employed in the clinical treatment of nicotine
dependence.®! Especially, cathinone (4a, R = CHs, Ar = phenyl), the
(S)-enantiomer of a-aminopropiophenone, is a psychoactive alkaloid found in
the leaves of the khat plant and, consequently, cathinone is forensically
significant for both legal and intelligence purposes.!'®'”! Previously, various
efforts have been devoted to the synthesis of optically active cathinone.'®2!
Various efforts have also been devoted to the chromatographic resolution
of racemic cathinone. For example, capillary electrophoresis with added
cyclodextrins was applied in the resolution of racemic cathinone.!'® More
recently, racemic cathinone has been resolved with HPLC on a CSP based on
(3,3'-diphenyl-1,1’-binaphthyl)-20-crown-6, dynamically coated on octadecyl
silica gel (Crownpak CR)™?' and on a CSP based on cellobiohydrolase
(CBH-I).”*' However, CSP 2 and CSP 3 have not been applied in the resolution
of aryl @-amino ketones. In this study, we wish to extend the use of CSP 2 and
CSP 3 for the resolution of aryl a-amino ketones, including racemic cathinone.

EXPERIMENTAL

Chromatography was performed with an HPLC system consisting of a
Waters Model 515 pump, a Rheodyne Model 77251 injector with a 20 wL sample
loop, a Youngin M 720 Absorbance detector (variable wavelength), and a
YoungLin Autochro Data Module (Software: YoungLin Autochro-WIN 2.0
plus). The chiral columns (150 x 4.6 mm? L.D. stainless steel column), packed
with the CSP 2 and with CSP 3, were available from previous studies.[>?!
Column temperature was controlled by using a Julabo F30 Ultratemp 2000 cool-
ing circulator. Racemic and optically active aryl a-amino ketones, including
cathinone (4, Fig. 1) used in this study, were prepared from corresponding
racemic and optically active a-amino acids via the known procedure.!'*-*!

RESULTS AND DISCUSSION

As a preliminary study, we resolved several selected aryl a-amino
ketones on CSP 2 and CSP 3 with the variation of the type and the content
of organic and acidic modifiers in aqueous mobile phase and, finally, we
concluded that 80% ethanol in water containing 10 mM sulfuric acid, is
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most useful as a mobile phase. The liquid chromatographic results on CSP 2
and CSP 3, for the resolution of 12 aryl a-amino ketones 4, prepared from five
different a-amino acids, such as alanine, valine, leucine, methionine, and
phenylalanine with the use of 80% ethanol in water containing 10 mM sulfuric
acid as a mobile phase, are summarized in Table 1. Complexation of primary
ammonium ion (R-NHZ) inside the cavity of the chiral crown ether ring has
been reported to be essential for the chiral recognition of racemic compounds
containing a primary amino group by chiral crown ethers.'**! In this instance,
sulfuric acid added to the mobile phase is believed to protonate the amino
group of aryl a-amino ketones to produce ammonium ions (R-NHZ), and to
improve their complexation inside the cavity of the crown ether ring of the
CSP. The elution orders, shown in Table 1, were determined by injecting opti-
cally active aryl a-amino ketones, which were prepared from optically active
a-amino acids, and then by comparing the chromatograms with those for race-
mic aryl a-amino ketones.

As shown in Table 1, the liquid chromatographic resolution of aryl
a-amino ketones is quite excellent on both CSP 2 and CSP 3. The retention
factors (k) are always greater on CSP 3 than on CSP 2. These retention

Table 1. Resolution of aryl e-amino ketones 4 on CSP 2 and CSP 3 with a mobile
phase of 80% ethanol in water containing sulfuric acid (10 mM) as an acidic modifier.*

Analyte 4 CSP 2 CSP 3

Ar R ki o R K o R
4a CgH;s CHj; (cathinone) 1.23 (S) 148 147 244(S) 147 150
4b C¢H;s CH(CH;), 0.11(S) 212 2.13 041(S) 2.82 492
4c CgH;s CH,CH(CH3), 034(S) 195 3.1 137(S) 147 254
4d CgH;s CH,CH,SCH3; 0.84(S) 1.57 229 242(S) 146 234
4e CgH;s CH,CeHs 1.03(S) 155 355 285(S) 154 4.11
4 4-CH;C¢H, CH; 1.22(S) 155 280 246(S) 155 3.03
4g 4-CH;C¢H, CH(CHs), 0.16 (S) 2.08 1.89 0.59(S) 200 2.28

4h 4-CH;C¢H, CH,CH(CHj3), 0.31(S) 199 288 1.24(S) 1.63 3.00
4 4-CH;CcHs; CH,CH,SCH; 0.78 (S) 1.65 298 225(5) 156 3.08

4j 4-CH;C¢H, CH,C¢Hs 0.86 (S) 1.58 3.09 226(S) 1.69 3.17
4k 1-Naphthyl CH(CHs;), 0.25(S) 220 3.87 080(S) 222 584
41 2-Naphthyl CH(CHs), 026 (S) 2.19 3.77 090(S) 255 17.17

“Flow rate, 0.5 ml/min; detection, 210 nm UV; temperature, 20°C.

PRetention factor of the first eluted enantiomer. The absolute configuration of the first
eluted enantiomer was presented in the parenthesis.

“Separation factor.

dResolution factor.
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behaviors are consistent with those for the resolution of a-amino acids,
amines, and amino alcohols on CSP 2 and CSP 3.1"2I The resolution factors
(Rs) are also generally greater on CSP 3 than on CSP 2. In contrast, the enan-
tioselectivities denoted by the separation factors («) are not much different on
the two CSPs.

When the aryl group of analytes 4 was changed from phenyl to 4-methyl-
phenyl and to naphthyl, no significant change was observed in the retention (k)
and the separation factors (a), as shown in Table 1. However, the resolution
factors (Rs) are quite improved by increasing the size of the aryl group of
analytes 4 from phenyl to 4-methylphenyl and to naphthyl (see the resolution
of 4b, 4g, 4k, and/or 41). As an alkyl group of analytes 4, the isopropyl group
shows the best resolution results in terms of separation factor (c).

As an effort to elucidate the chromatographic resolution behaviors with
the variation of the type and the content of organic and acidic modifiers in aqu-
eous mobile phase and the column temperature, we selected two analytes (4a
and 4f) and resolved them on CSP 3. The chromatographic resolution results
are summarized in Table 2.

As shown in Table 2, ethanol is most effective among three different
organic modifiers, such as acetonitrile, methanol, and ethanol, in terms of
both the separation («) and the resolution factors (Rs) (see entry a in Table 2).
When the content of ethanol in aqueous mobile phase is low, the resolution was
not observed at all (see entry b in Table 2). However, when the content of etha-
nol increased, the separation («) and the resolution factors (Rs) also increased.
In addition, the retention factors (k) also increased as the content of ethanol in
aqueous mobile phase increased. As the content of ethanol in aqueous mobile
phased increases, the polarity of the mobile phase is expected to decrease and,
consequently, the polar interaction between the mobile phase and analyte might
decrease. In this instance, the retention factors (k;) should increase as the
content of ethanol in aqueous mobile phase increases.

As an acidic modifier, sulfuric acid is most effective in terms of the res-
olution factor (Rs), even though perchloric acid, acetic acid, and sulfuric acid
are equally effective in terms of the separation factor («) (see entry c in
Table 2). As the content of sulfuric acid in aqueous mobile phase increases,
the retention factors (k) decrease (see entry d in Table 2). As the content of
acidic modifier in aqueous mobile phase increases, the ionic strength of the
mobile phase is expected to increase. In this instance, the interaction between
the mobile phase and the analyte molecule increases and, consequently, the
analyte is expected to elute faster. The resolution factors (Rs) also increase
as the content of acidic modifier in aqueous mobile phase increases, but
the separation factors («) do not show significant changes.

The effect of the column temperature on the chromatographic behaviors for
the resolution of the two selected analytes on CSP 3 is shown in Table 2 (see
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Figure 2. (a) Chromatogram for the resolution of racemic cathinone (4a) on CSP 3.
(b) Chromatogram for the resolution of (5)-cathinone prepared from (S)-alanine on CSP
3. (c) The expanded chromatogram of (b). Chromatograms were obtained with the
mobile phase of 80% ethanol in water containing sulfuric acid (10 mM). Flow rate,
0.5 ml/min; detection, 210 nm UV; temperature, 20°C.
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entry e in Table 2). As shown in Table 2, the retention factors (k) increase as the
column temperature decreases. At lower temperature, the formation of the dia-
stereomeric complexes of analytes inside the cavity of the crown ether ring of
the CSP should be more effective and, consequently, the retention factors (k)
increases. However, the separation («) and the resolution factors (Rs) did not
show any significant change with the variation of the column temperature.

Finally, the usefulness of CSP 2 or CSP 3 in the determination of enantio-
meric purity of aryl @-amino ketones 4, was demonstrated by comparing the
chromatograms for the resolution of the racemic and optically active analytes
on the CSPs. For example, the chromatogram for the resolution of racemic
cathinone (4a) on CSP 3 is presented in Fig. 2(a). The chromatogram for
the resolution of optically active (S)-cathinone prepared from (S)-alanine in
this study is also presented in Fig. 2(b), and its expanded chromatogram is pre-
sented in Fig. 2(c). Based on the computer-generated peak areas correspond-
ing to the two enantiomers shown in Fig. 2(b) or 2(c), the enantiomeric purity
of the (S)-cathinone was calculated to be 99.0% ee (R:S = 99.8:0.8). The
enantiomeric purity of the starting (S)-alanine was also 99.9% ee. Conse-
quently, the enantiomeric purity of (S)-cathinone prepared from (S)-alanine
is concluded to be maintained intact, during the synthetic procedure and
under the chromatographic condition.

In summary, CSP 2 or CSP 3 based on (+)-18-(crown-6)-2,3,11,12-tetra-
carboxylic acid was excellent in the resolution of aryl a-amino ketones 4
including cathinone. The chromatographic behaviors for the resolution of
aryl a-amino ketones 4 were dependent on the type and the content of organic
and acidic modifiers in aqueous mobile phase. Especially, 80% ethanol in
water containing 10 mM sulfuric acid was most useful as a mobile phase.
CSP 2 or CSP 3 was also demonstrated to be useful in the determination of
the enantiomeric purity of aryl a-amino ketones 4 including cathinone.
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