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SEPARATION OF o-HYDROXY ACID
ENANTIOMERS BY HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY USING
COPPER(i1)-L-AMINO ACID ELUENT

R. Horikawa, H. Sakamoto, and T. Tanimura

Laboratory of Analytical Chemistry
Toyama Medical and Pharmaceutical University
2630 Sugitani, Toyama-shi
Toyama 930-01, Japan

ABSTRACT

Enantiomers of underivatized a-hydroxy acids including lactic,
mandelic, malic, and tartaric acids have been separated by reversed
phase liquid chromatography using Cu(II) - L-amino acid complexes
as eluents. The hydroxy acids in the column effluent were detected
by a postcolumn color reaction with acidic iron(III) solution.

Upon change in elution conditions o-hydroxy acids with another hy-
droxy group and/or carboxyl group in the B-position behaved quite

differently from the acids with no functional group in the B-posi-
tion, which indicated the involvement of more than one resolution

mechanism in the present system.

INTRODUCTION

The great success achieved in the separation of underivatized
amino acid enantiomers by high-performance liquid chromatographic

systems, which are based on in situ mixed-ligand complex formation
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of the enantiomers with chiral Cu(IIl) complexes of amino acid or
its derivatives, has prompted the application of the systems to

the resolution of a-hydroxy acid racemates in recent years. On a
reversed-phase column enantiomers of mandelic and hydroxymandelic
acids have been separated by using D,L-phenylalanine as a chiral
additive to the eluent (1,2)or by coating the column with L-phenyl-
alanine (2). The resolution of aliphatic and aromatic hydroxy acid
racemates has been also achieved on a reversed-phase column using
Cu(II) - N,N-dialkyl-L-amino acid eluents (3)or on a silica gel col-
umn bonded with L-hydroxyproline through 3-glycidoxypropyltri-
methoxysilane (4).

We have shown the separation of enantiomers of underivatized
o-hydroxy acids including tartaric and glyceric acids on a reversed
phase column using Cu(II) complexes of underivatized L-amino acids
as eluents (5); the problem of detecting the hydroxy acids in the
column effluent containing Cu(II) - amino acid complexes was solved
by employing a postcolumn color reaction of the hydroxy acids with

iron(III). Details of this work are described in the present paper.

EXPERIMENTAL

Chemicals

To avoid the ambiguity of D,L-nomenclature for the config-
urational notation of a~hydroxy acid enantiomers, the (R,S)-
system was employed in the text. The S-isomers of the hydroxy
acids listed below are designated by asterisks. D(-)~ and L(+)*-
lactic acids, D- and L*-glyceric acids (hemi-calcium salts), L*-
and DL-B-phenyllactic acids, (+)*- and (-)-citramalic acids (so-
dium salts), and D- and L*-o~hydroxyglutaric acids (sodium salts)
were obtained from Sigma (St. Louis, MO, U.S.A.); d*- and l-man-
delic acids and d-malic acid from Aldrich (Milwaukee, WI, U.S.A.);
L*- and DL-malic acids and DL-lactic acid from Wako Pure Chemical
Industries (Osaka, Japan); L(+)-, D(-)*-, and DL-tartaric acids
from Kanto Chemical Co. (Tokyo, Japan); L*-and DL-leucic acids and

DL_mandelic acid from Tokyo Chemical Industry (Tokyo, Japan).
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Iron(III) perchlorate (hexahydrate) was purchased from Kanto
Chemical Co., and amino acids and other reagents were from Wako
Pure Chemical Industries. N-Methyl-L-proline was prepared by
reductive condensation of L-proline with formaldehyde and hydrogen

in the presence of palladium - carbon catalyst (6).

Chromatographic Conditions

Stainless-steel columns, 4 mmI.D. x26, 50, 150, and 250 mm,
were packed with Develosil ODS-7 (7um spherical silica gel chemi-
cally bonded with octadecyl group; Nomura Chemical Co., Seto-shi,
Japan) by a balanced~density slurry packing technique using Slurry
Solvent B conc (Marchery, Nagel & Co., Diiren, G.F.R.), and were
thermostated at 25%0.1°C by a Model Uni Cool UC-65 circulating
thermostat (Tokyo Rikakikai Co., Tokyo, Japan). Fivepl of aqueous
solutions of a-hydroxy acids were injected into the column by a
Model VMD-350V loop injector (Seishin Pharmaceutical Co., Tokyo,
Japan). The Cu(II) - amino acid eluents were delivered by a Model
PSD-2.5W double plunger pump (Seishin Pharmaceutical Co.) at a flow
rate of 0.7 ml/min. The eluent pH was adjusted with 407 sodium
hydroxide, 4% sodium hydroxide, and 13% perchloric acid, or with

acetate buffer,

Detection System

The hydroxy acids in the column effluent were detected by
modifying the method of Lunder and Messori (7) To the effluent
the iron(III) reagent, 2.5mM iron(III) perchlorate in diluted
perchloric acid, was added through a mixing T at a flow rate of
0.7 ml/min using the second plunger head of the pump. The result-
ant solution was mixed in a PTFE tube coil, 0.5mm I.D. x 5m, then
the absorbance at 420 nm was measured by a Model DV-C filter photo-
meter (Seishin Pharmaceutical Co.). The flow-cell volume and
light-path length of the detector were 135 ul and 20 mm, respective-
ly. The recorder used was a Model RW-101 X-Y recorder (Rikadenki
Kogyo Co., Tokyo, Japan).

The perchloric acid concentration of the iron(III) reagent

was adjusted so that the mixture of the column effluent and the
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reagent solution showed pH 2.1. For instance, when an eluent
containing 8 mM Cu(II) acetate and 16 mM L-proline, pH6.0, was used,
the perchloric acid concentration was adjusted to 0.06 N. With
thus prepared reagent solutions a-hydroxy acids could be detected,
the coloration and the base-line absorbance being little affected
by the eluent pH and the eluent composition. Calibration curves
were linear through the origin by peak height measurement between
2 and 50 nmol for leucic, mandelic, and malic acid enantiomers, and
between 2 and 25 nmol for tartaric acid enantiomers when these pairs
of enantiomers were separated on a Develosil ODS column, 4 mmI.D. x
50 mm, using an eluent containing 8 mM Cu(II) acetate and l6mM L-
proline, pH 6.0.

The residence time in the detection system was determined as
0.90 min by injecting the hydroxy acid into the detection system at
the column outlet, and the time to elute the column void volume,
tgs was determined by subtracting the residence time in the detec-
tion system from the time at which a base-line fluctuation caused
by injecting 5 pl of 0.2M sodium perchlorate into the column
emerged.

The resolution of racemic leucine by the same separation sys-
tem as above was monitored by a postcolumn derivatization using

o-phthalaldehyde as described by Hare and Gil-Av (8).

RESULTS AND DISCUSSION

The detection system based on the coloration of a-hydroxy
acids in the presence of iron(III) was not interfered by amino
acids, which permitted the use of various L-amino acids as chiral
additives in the mobile phase to manipulate the separation of a-
hydroxy acid enantiomers. Fig. land 2 illustrate the resolution
of aliphatic and aromatic hydroxy acid racemates by the present
system using Cu(II) complexes of L-valine and L-proline as eluents.
The resolution was also achieved by using other amino acids, such

as L-isoleucine and L-phenylalanine, as chiral reagents (TABLE 1).
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FIGURE 1.
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16 mM L-Pro (pH 6.8), sample: 40nmol of each racemic acid.
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By inspecting the data in TABLE 1, a~hydroxy acids examined
were found to be classified into two groups. The group A acids,
e.g., leucic and mandelic acids, with no functional group on the
carbon atom at B-position were resolved, the R-isomers being eluted
before the S-isomers. The same elution order of enantiomers was
observed when corresponding racemic amino acids were resolved by
an identical chromatographic system. The group B acids, e.g.,
glyceric and tartaric acids, with hydroxyl group and/or carboxyl
group at B-position were resolved, the S-isomers being eluted
before the R-isomers. Capacity factors (k') and separation fac-
tors (o) of the group B acids depended more on the kind of L-amino
acid in the eluent than those of the group A acids did.

The k' values of enantiomers of the acids of each group changed
characteristically when pH of the eluent comprising 8 mM Cu(II) ac-
etate and 16 mM L-proline was changed from 4.5 to 7.5 (Fig. 3).
While leucine, amino acid corresponding to leucic acid, increased
its retention gradually as eluent pH rose, k' of R- and S-leucic
acids decreased rapidly at high pH, G remaining essentially constant.
A similar effect of eluent pH was also observed for mandelic acid,
an another acid of the group A. On the other hand, enantiomers,
especially the R-isomers, of malic and tartaric acids of the group
B were retained more strongly at higher pH, which resulted in
marked increase of a values. Resolution of racemic glyceric acid
was also enhanced at high pH. However, in this case, k' of the §-
isomer decreased slightly as eluent pH rose.

The effect of molar ratio of L-proline to Cu(II) on the reten-
tion of enantiomers were examined at pH 6 by varying the concentra-
tion of L-proline in the eluent containing 4 mM Cu(II) acetate (Fig.
4). Leucine showed maximum retention at [L-Prol/[Cu(II)] ratio,"2,
and, at higher ratios, k' decreased gradually, while o remained
unchanged. Enantiomers of tartaric acid were also retained most
strongly at [L-Pro]/[Cu(II)] ratio, V2. However, the dependence
of k' and o values on the concentration ratio of reagents was more
pronounced than in the case of leucine. Enantiomers of leucic

acid, on the other hand, were retained most strongly at
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FIGURE 3. Effect of eluent pH on the separation of leucine
and o-hydroxy acid enantiomers. eluent: 8 mM Cu(OAc), and
16 mM L~Pro.



16: 11 24 January 2011

Downl oaded At:

COPPER(II)-L-AMINO ACID ELUENT 545

k'ﬁ leucine #a

30

20

kl
4 Aa
50F 1leucic acid T

40

0 4 8 1216

[L-Pro]l/mM
" . _ o 30
k 1 tartaric acid 1‘8
20
10
| N N | i 1
0 4 8 12 16 0 4 8 12 16
[L-Pro]/mM [L-Pro]/mM

FIGURE 4. Effect of L-proline concentration in the eluent
on the separation of leucine and a-hydroxy acid enantiomers.
eluent: 4mM Cu(OAc), and L-Pro of varying concentration (pH 6.0).

[L-Prol/[Cu(II)] ratio, 1, and o was.little affected by the L-
proline concentration. Malic and mandelic acids changed their re-
tention with change in L-proline concentration in a manner similar

to tartaric and leucic acids, respectively.

The basis of the separation of enantiomers on reversed-phase
column using labile chiral metal complexes as eluent is generally
considered to be the formation of diastereomeric mixed-ligand com-
plexes. The diastereomeric complexes with difference in stability
constants or in affinity to the stationary phase can be formed in
the mobile phase or in the stationary phase. Though both of these
processes could be involved in the separation to produce enantio-
selectivity of the system, Karger and co-workers (9) showed the

primary importance of the mixed-ligand complex formation on or in
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the stationary phase in their work on the separation of enantiomers
of dansyl amino acids using an eluent containing L-prolyl-n-octyl-
amide -Ni(II). The alkyl-bonded stationary phase may either adsorb
mixed-ligand complexes on its surface with spatial arrangement in
favor of the stability of one of the diastereomeric complexes (10),
or act as "bulk" organic liquid phase to enhance enantioselective
complex formation, as a significant difference in the stability of
D,L-amino acid - Cu(II) - N-dodecyl-L-proline complexes in n-butanol
phase was observed in the water - n-butanol liquid - 1liquid parti-
tion system (6).

A ternary complex reported for glycine-Cu(II)-glycolic acid
system (11) may also be formed between L-amino acid, Cu(II), and
chiral a-hydroxy acid (Fig. 5-A) in the present chromatographic sys-
tem, and the diastereomeric ternary complexes would be the major
species responsible for the retention and resolution of a-hydroxy
acids of the group A as in the resolution of racemic amino acids
by the same chromatographic system (12). 1In the pH range studied
the hydroxy acids are practically fully dissociated into anionic
form which coordinate to Cu(II). However, the formation of the
ternary complex involving a-hydroxy acid may proceed preferential-
ly under the condition where the I|:1 complex, rather than the 1:2
complex, of Cu(II) and L-amino acid is predominant in the system
because the coordination of o-hydroxy acid to Cu(II) is much weaker
than that of amino acid (13). The elution behavior of the group A
acids upon change in eluent pH at [L-Prol/{Cu(II)] ratio=2 (Fig. 3)
and in L-proline concentration in the eluent at pH 6.0 (Fig. 4) is
consistent with this view.

In contrast to the group A acids, the group B acids, especial-
ly the R-isomers, were retained strongly on the column under the
condition where the 1:2 complex of Cu(II) and L-proline is predom-
inant in the system (Fig.3 and 4). This observation seemed to in-
dicate the resolution of the group B acid racemates is achieved
mainly through an interaction of the acid with Cu(L-Pro),. How-
ever, though a-hydroxy acids of the group B have another carboxyl

group or hydroxyl group, it is difficult to assume their chelating
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(B)

FIGURE 5. Possible structures of complexes responsible for
retention of S-leucic acid (A) and R-tartaric acid (B) in
Cu(II) - L-proline system.

TABLE 2

Resolution of a-Hydroxy Acid Racemates Using L-Proline and
N-Methyl-L-proline as Chiral Additives to the Eluent

eluent: 4 mM Cu(OAc), and 8mM L-Pro or N-methyl-L-Pro
in 50 mM sodium acetate buffer (pH 6.0).

o~hydroxy acid L~Pro Nomethyl-LoPro
k' a k' o
leucic Es< :;)553 1.40 2g§ 1.57
mandelic 1; 2;8 1.43 ;;g 2.14
R S ¥ R
tartaric 3 222 4.93 828 1.0
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ability to Cu(II) is high enough for the acid to undergo ligand-
exchange on Cu(L-Pro), to form ternary complexes. When N-methyl-
L-proline was used as a chiral additive in place of L-proline, the
resolution of tartaric and malic acid racemates was completely lost,
while enantiomers of mandelic and leucic acids were separated with
increased k' and a values (TABLE 2). The results imply that the
ternary complexes, if any, little contribute to the retention of
tartaric and malic acids and that N-methylation of L-proline hin-
ders the enantioselective interaction between Cu(L-Pro),and these
acids. The group B acids might associate with Cu(L-Pro), possibly
through hydrogen bond formation rather than through coordination

to Cu(II) (Fig. 5-B). In the case of glyceric acid this association
may not be strong; k' of S-glyceric acid did not increase with rise
in eluent pH (Fig. 3), which may indicate a contribution of the

ternary complex formation for the retention of this isomer.
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