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Chromatographic separation of diastereomeric Schiff base copper(II), nickel(II), and
zinc(II) chelates derived from optically active 3-substituted salicylaldehyde derivative and a-
amino acids on a reverse-phase column was found to be successful. The separation of two
elution peaks within a pair of enantiomers was excellent for most neutral amino acids. Optically
pure a-amino acids were isolated from the chelates by the addition of EDTA ? 2Na. The
formation of bis(Schiff base)metal chelates with nickel(II) or zinc(II) was discussed.  1996

Academic Press, Inc.

INTRODUCTION

We were interested in the well-known chemical process of formation of a very
stable chelate from a-amino acid, salicylaldehyde residue, and metal ion. This
chelate formation process was reversed by the addition of ethylenediaminetetraace-
tic acid (EDTA). It is known that Schiff bases composed of a-amino acid and
salicylaldehyde residue are not stable in aqueous media and they are dissociated
into their original components. The process was successfully applied for the immobi-
lization of protein to insoluble support, and thus a new method for protein immobili-
zation was proposed (1, 2).

This reversible process is expected to be applicable to the resolution of a racemic
a-amino acid mixture if optically active salicylaldehyde derivatives were used. In a
previous paper synthesis of optically active 5-substituted salicylaldehyde derivatives
(Scheme 1, D-I and L-III) and chromatographic separation of diastereomeric Schiff
base copper(II) chelates derived from various a-amino acids has been reported (3).
The separation of diastereomeric chelates derived from D-I and L-III was found
to be less than optimal. Thus, we attempted synthesis of 3-substituted salicylaldehyde
derivatives (D-II and L-IV). It was assumed that the 3-substituted salicylaldehyde
derivatives are promising for the purpose because two asymmetric carbon atoms
included in the salicylaldehyde and a-amino acid residues are placed close to each
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SCHEME 1

other in the structure of the resulting Schiff base copper(II) chelate (D-II chelate)
(Scheme 1).

The present paper describes a method for separation of diastereomeric Schiff
base copper(II), nickel(II), and zinc(II) chelates derived from optically active 3-
substituted salicylaldehyde residue and various a-amino acids. In addition, a method
for isolation of free D- and L-amino acids from the copper(II) chelates has been
studied.

RESULTS AND DISCUSSION

The Schiff base metal(II) chelate solution was prepared by mixing equimolar
solutions of aldehyde, a-amino acid, and metal ion. The formation of the chelate
was confirmed by absorption spectra (4). Diastereomeric copper(II), nickel(II), and
zinc(II) chelates derived from optically active salicylaldehyde derivatives and a-
amino acid racemates were subjected to the high-performance liquid chromatogra-
phy (HPLC). Retention times of the chelates together with Rs values (5), ‘‘separa-
tion index,’’ were listed in Tables 1 and 2. The results show that the separation of
peaks is satisfactory and that the method is applicable to the resolution of most
neutral amino acid racemates.

Copper(II) chelates. A structure of Schiff base copper(II) chelates is shown in
Scheme 1. The copper ion forms bonds to phenolic oxygen, imine nitrogen, and
carboxy oxygen of terdentate Schiff base ligand and a water molecule.

Chromatographic separation of the copper(II) chelates was excellent for both
cases with D-II and L-IV, whereas that of the chelates with D-I and L-III was partly
successsful (3). It can be assumed that two asymmetric carbon atoms originated from
the salicylaldehyde and a-amino acid residues are placed closer to each other when
D-II and L-IV rather than D-I and L-III were employed. The elution pattern of
the chelate solution is shown in Fig. 1. Peaks A and B were assigned as the chelates
derived from L-Phe and D-Phe, respectively. The assignment was carried out by
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TABLE 1
Retention Times and Rs Values of Copper(II) Chelates Derived from D-II and L-IV

D-II chelate L-IV chelate
Retention time (min)a Retention time (min)b

Amino acid Rs L-isomer D-isomer Rs L-isomer D-isomer

Ala 1.0 10.0 10.4 24.2
Val 4.3 14.9 18.3 1.0 51.2 46.4
Leu 4.2 21.5 27.5 1.2 86.2 76.4
Ile 5.0 21.5 28.2 1.5 79.6 68.0
Met 1.7 13.8 15.6 0.6 41.2 39.2
Phe 3.2 22.7 26.8 1.8 94.9 81.2
Trp 1.0 16.6 17.5 0.8 77.6 73.0
Ser 0.8 7.7 7.9 17.4
Thr 8.5 18.4

a Medium, methanol : water 5 60 : 40.
b Medium, methanol : water 5 55 : 45.

determining the retention times of authentic chelates prepared from L-Phe or D-
Phe. In the case of D-II chelates, the L-isomer was eluted before the corresponding
D-isomer. This order was reversed for L–IV chelates. The Rs values of L–IV chelates
were smaller than those of D-II chelates due to the tailing of chromatographic peaks.
The Rs values of the D-II chelates derived from amino acids which have branched
side chains on the a-carbon such as Val, Leu, and Ile were bigger than those of
other amino acids. This may be attributed to the steric interaction between the

TABLE 2
Retention Times and Rs Values of Nickel(II) and Zinc(II) Chelates Derived from D-II

Ni(II) chelate Zn(II) chelate
Retention time (min)a Retention time (min)a

Amino acid Rs L-isomer D-isomer Rs L-isomer D-isomer

Ala 1.2 8.7 9.8 1.0 8.3 9.0
Val 1.2 14.2 20.3 1.2 12.2 15.8
Leu 2.2 26.2 34.8 2.6 20.1 27.7
Ile 2.0 22.5 34.5 2.7 19.1 26.0
Met 1.2 12.8 15.2 1.9 13.0 16.0
Phe 3.3 24.9 35.8 1.9 22.0 27.4
Trp 1.0 16.7 15.9 1.0 18.2 16.2
Ser 7.0 6.7
Thr 1.0 7.9 8.9 7.3

a Medium, methanol : water 5 55 : 45.
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FIG. 1. Elution diagram of copper(II) chelates from D-II and DL-phenylalanine. Conditions as described
under Experimental Procedures. Peaks A and B were assigned as chelates from L-Phe and D-Phe, respec-
tively.

alkyl substituent on the a-carbon and n-octyl residue on the bonded phase silica
gels (6).

Isolation of optically pure a-amino acid from diastereomeric copper(II) chelates
was carried out in the following manner: Sample solution of diastereomeric [Cu(X-
salal-DL-phe)(H2O)], (X : CONHCH(CH3)C6H5 , salal: salicylaldehydato) was in-
jected in the preparative HPLC system. The mobile phase of methanol–water
(55 : 45) was used at 308C. The flow rate was 1.0 ml/min. Elutions of [Cu(X-salal-
L-phe)(H2O)] (L-isomer) and [Cu(X-salal-D-phe)(H2O)] (D-isomer) were observed
at the retention times of around 24 min and 30 min, respectively. The eluates of
L-isomer and D-isomer were then evaporated and were added to an aqueous solution
of disodium dihydrogen ethylenediaminetetraacetic acid (EDTA ? 2Na), respec-
tively. The solution was subjected to Sephadex LH-20 column chromatography.
The L-Phe or D-Phe was obtained from the eluate of methanol, and both amino
acids completely retained their initial optical purity.

Nickel(II) and zinc(II) chelates. The maximum coordination number of Cu(II),
Ni(II), and Zn(II) is six, and Schiff bases of salicylaldehyde with a-amino acids
form terdentate ligand. Therefore, species of the type mono(terdentate)metal and
bis(terdentate)metal are possible. If bis(terdentate)metal chelate is more stable
than mono(terdentate)metal chelate, the former type will be formed predominantly.
In the case of copper(II), only mono(terdentate Schiff base) chelate was present.
Addition of nickel(II) or zinc(II) ion instead of copper(II) ion to the solution of
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SCHEME 2

D-II and a-amino acid in aqueous methanol resulted a precipitation. Elemental
analysis of the precipitate showed that the ratio of metal(II) to Schiff base ligands
is 1 : 2. The result suggests the formation of bis(terdentate Schiff base)metal chelate,
the structure of which is shown in Scheme 2. Actually, Leussing and Bai (7) found
the formation of the bis(terdentate)metal chelates. They determined the formation
constants of [Ni(salal-gly)2]22 and [Zn(salal-gly)2]22. These constants were found to
be larger than those of [Ni(salal-gly)] and [Zn(salal-gly)], respectively.

Chromatographic behavior of nickel(II) and zinc(II) chelates derived from D-II
was similar to that of copper(II) chelates (Fig. 1). The separation of chelates derived
from L-IV was not successful, because these chelates were retained on the column.
The elution pattern of Ni(II) chelate solution prepared from DL-phenylalanine is
shown in Fig. 2. Phenylalanine samples which were equally 6 3 1027 mol (D 1 L)
but different in L/D molar fractional ratio were studied. As shown in Fig. 2 only
two peaks were observed, and the observed peak areas were related to the sample
ratios used. Thus peaks A and B were assigned as the chelates [Ni(X-salal-L-
phe)2]22 and [Ni(X-salal-D-phe)2]22, respectively. The assignment was carried out
by determining the retention times of authentic chelates prepared from L-Phe or
D-Phe. This result indicates that two identical terdentate ligands associate, and the
chelate of the combination of different ligands (origins of D- and L-amino acids), i.e.,
[Ni(X-salal-L-phe)(X-salal-D-phe)]22, was not formed. Thus the formation process of
the chelates between nickel(II), zinc(II), and salicylidene-DL-amino acid seems
stereoselective. This conclusion will be supported by the X-ray analysis data re-
ported by Capasso et al. (8). It was found that bis(pyridoxylidene-L-valinato)
zinc(II) (V) and bis(pyridoxylidene-DL-valinato)nickel(II) (VI) have the abf struc-
ture (8, 9) for which two isomeric forms (a) and (b) are possible (Scheme 2,
Oph : phenolic oxygen, Oc : carboxy oxygen, N : imine nitrogen). It was reported that
in the solid state of V, a single isomer a(LL) was present. In the case of VI, however,
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FIG. 2. Elution diagram of nickel(II) chelates from D-II and DL-phenylalanine. Conditions as under
Experimental Procedures. 1, Equimolar (0.6 emol) amounts of D-II, DL-Phe, and nickel(II) acetate
were mixed in 0.3 ml. 2, L-Phe (0.2 emol) and D-Phe(0.4 emol). 3, L-Phe(0.4 emol) and D-Phe(0.2
emol). Peaks A and B were assigned as chelates from L-Phe and D-Phe, respectively.

both a(LL) and b(DD) isomers were found and racemic Schiff base chelates such as
a(DL) or b(DL) were not found. On the basis of these findings, peaks A and B in
Fig. 2 were estimated to correspond to a(LL) and b(DD) structures. The selectivity
at the pairing of the ligands could be ascribed to differences in stability of the
resulting diastereomeric metal chelates formed in solution.

Enantiomer resolution is one of the most important subjects in the field of fine
chemistry. The resolution is accomplished by two classes of techniques: direct and
indirect (10). The direct technique is the chromatographic separation using chiral
stationary phase or chiral mobile phase, and the indirect technique is the classical
method derivatizing ionic-bonded or covalently attached diastereomers prior to the
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separation. While the direct method is practically simple, the differentiation of pairs
of enantiomers is not always successful because the differential interaction of the
solutes with the chiral phase is not large in certain instances. The direct method is
not advantageous for the resolution of preparative scale.

Many works have reported the method for the resolution of a-amino acid enanti-
omers on a reversed-phase column using mobile phase containing a chiral metal
chelate (6, 11–13). This method is considered as the intermediate between direct
method and indirect method. Racemic amino acids are transformed to diastereo-
meric chelates spontaneously in the column prior to the separation process. Our
proposed method is very close to this. It may be classified as an indirect method
with respect to the chemical transformation but it is equivalent to the direct method
in view of its experimental simplicity. Since the formation of the diastereomeric
Schiff base is a very favorable process, i.e., the dissociation constant of the resulting
Schiff base chelate is as small as 10215 M when metal ion is present (7), spontaneous
formation of the derivatives is attained. Nevertheless, recovery of the original a-
amino acid is spontaneously attained again by the addition of EDTA since Schiff
base itself is not stable in water. Furthermore, our method is eligible for the prepara-
tive separation of pairs of enantiomers.

As expected, optically active 3-substituted salicylaldehyde derivatives seem to be
an excellent reagent for separation of a-amino acid enantiomers though resolution of
acidic or basic amino acids is not satisfactory at the present stage.

EXPERIMENTAL PROCEDURES

Melting points were determined on a Yanako MP-500D. 1H NMR spectra were
recorded with a JEOL JNM-FX400 spectrometer. IR spectra were recorded with
a JASCO FT/IR VALOR-III. HPLC was performed on a Shimadzu LC-6A pump
system equipped with a Shimadzu SPD-6AV UV-VIS spectrophotometric detector.

Synthesis of Chiral Ligands

Synthesis of 3-formyl-2-hydroxybenzoyl-D-a-methylbenzylamide (D-II) was car-
ried out in a same manner as D-I using 3-formyl-2-hydroxybenzoic acid. mp 101–
1028C. 1H NMR (CDCl3) d 1.60 (d, 3H), 5.34 (m, 1H), 7.11 (t, 1H), 7.2–7.4 (m. 6H),
7.27 (dd, 1H), 8.39 (d, 1H), 10.0 (s, 1H), 12.7 (s, 1H). [a]22

D 1 82.0 (cu0.5, MeOH).
Synthesis of 3-formyl-2-hydroxybenzoyl-L-prolinebenzylesterimide (L-IV) was

carried out in the same manner as that for L-III. 1H NMR(CDCl3) d 1.8–2.4 (m, 4H),
3.5–3.6 (m, 2H), 4.7–4.8 (m, 1H), 5.21 (q, 2H), 7.02 (t, 1H), 7.25–7.45 (m, 5H), 7.59
(d, 1H), 7.66 (d, 1H), 9.99 (s, 1H), 11.49 (s, 1H). [a]22

D 2 88.0 (cu0.5, MeOH).

Preparation and Chromatographic Separation of Schiff Base Metal(II) Chelates

Stock solutions of optically active salicylaldehyde derivative (10 mM) and metal
ion (10 mM) were prepared using methanol. Stock solution of a-amino acid was
prepared by dissolving the solution in water at a concentration of 10 mM. To 0.3
ml of methanol, the aldehyde, metal ion, and a-amino acid solutions (60 el each)
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were added. After the solution stood at room temperature for 48–72 h, the aliquot
was subjected to HPLC. The chromatographic separation was carried out using
reversed-phase Shim-pack CLC-C8 (4.6 3 250 mm) for copper(II) chelates and
Shim-pack CLC-ODS (M) (4.6 3 250 mm) for nickel(II) and zinc(II) chelates at
308C with flow rate 0.7 ml/min. The eluate was monitored by absorbance at 365 nm.

Preparative HPLC of Diastereomeric Schiff Base Copper(II) Chelate

Diastereomeric [Cu(X-salal-DL-phe)(H2O)] (XuCONHCH(CH3)C6H5) was pre-
pared from the stock solutions of D-II (30 mM), copper(II) sulfate (30 mM), and
DL-phenylalanine (30 mM). For preparative HPLC, Shim-pack CLC-C8 (6.0 3 150
mm) was used. Sample solution (50 el) was injected in the HPLC system with a
run time of 45 min. The mobile phase of methanol : wateru55 : 45 was used at 308C.
The flow rate was 1.0 ml/min. L-Isomer and D-isomer were obtained at the retention
times of around 24 and 30 min, respectively. The eluates were then evaporated to
dryness in vacuo. [Cu(X-salal-L-phe)(H2O)] ? 2H2O: mp(dec) 205–2078C; ir(KBr)
cm21: 1630(CHuN). uv(MeOH) nm(«): 365(3790), 665(100); Anal. Calcd for
C25H28N2O7Cu; C, 56.43; H, 5.30; N, 5.27. Found: C, 55.18; H, 4.83; N, 5.07. [Cu(X-
salal-D-phe)(H2O)] ? nH2O: mp(dec) 220–2228C. ir(KBr) cm21: 1630(CHuN).
uv(MeOH) nm(«): 365(3900), 665(100).

Recovery of Optically Active a-Amino Acid from Copper(II) Chelate

[Cu(X-salal-L-phe)(H2O)] ? 2H2O (0.26 g, 0.52 mmol) was dissolved in methanol
(20 ml). To the solution was added a solution of EDTA ? 2Na (0.25 g, 0.67 mmol)
in 5 ml of water. The solution was stirred for 30 min at room temperature, and
then deposited powder was filtered off. The filtrate was concentrated to about 5
ml, and then the solution was subjected to Sephadex LH-20 column chromatography.
L-Phenylalanine was obtained from the eluate of methanol. Yield: 95 mg (67.3%).
[a]23

D 2 32.8 (cu0.5, H2O) [lit. [a]25
D 2 34.5 (cu1, H2O)].
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