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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

CHIRAL SEPARATION OF D,L-PHENYLALANINE 

AND D,L-TRYPTOPHAN WITH QUATERNARY MOBILE PHASE 

MIXTURE BY COPPER MIXED CHELATE COMPLEXATION 

B. Saïdat �, Fouzia Boudah �� and M.H. Guermouche �� 

abstract: A simple and rapid HPLC enatioseparation of D,L-phenylalanine (Phe) and 
D,L-tryptophan (DL-Trp) was developed. The resolution of enantiomers couples was based in 
the formation of mixed chelating complexes between copper (II) and L-histidine with quaternary 
mobile phase. The mobile phase was constituted of buffer ammonium acetate (pH=7), 
acetonitrile, isopentyl alcohol and isopropyl alcohol. An excellent separation of D, L couples 
was obtained with good selectivity and in no more than 15 min. 
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1. Introduction 

It is widely accepted that the D-enantiomers of amino acids have biological properties 
different from those of the L-enantiomers. Due to the great interest in the biochemistry of 
D-amino acids, the number of papers dealing with their analysis has considerably increased 
[1,2] and some reviews have treated this subject [3,4]. Chiral separations can be achieved: 
by the interactions of the two enantiomers with a chiral ligand or surface and by 
derivatization reactions of the two enantiomers with chiral reagents. The diastereoisomers 
couples formed are separated under achiral conditions. 

Several Enantioseparations methods of D,L-amino acids have been described using high 
performance liquid chromatography (HPLC) and some reviews were presented [5,6]. Thus, 
chiral stationary phases (CSPs) were successfully used within the chiral selector was 

                                                           
�  Laboratoire de Génie des procédés Facultés des sciences et de technologie Université de Amar Telidji de 

Laghouat (UATL) BP- 37G Route de Ghardaïa Laghouat 03000- Algérie 
corresponding author e-mail: b_saidat@yahoo.fr 

��  Laboratoire de Chromatographie Faculté de Chimie, Université de Bab-Ezzouar (USTHB) BP 32 El-Alia, 
Bab-Ezzouar, Alger(16111), Algérie. 

 

Department of Physical Chemistry 
4-12 Regina Elisabeta Blvd, District 3, Bucharest 
phone: +40-21-3143508; fax: +40-21-3159249 
pISSN: 1220-871X      eISSN: 1844-0401 

ARS DOCENDI PUBLISHING HOUSE 
Sos. Panduri 90, District 5 Bucharest 

phone/fax: +40-21-4102575 
e-mail: arsdocendi@yahoo.com  

 



78 B. SAIDAT � F. BOUDAH � M.H. GUERMOUCHE 

chemically bonded [7÷12]. In the last years, macrocyclic compounds coating of apolair 
chromatographic surfaces such as teicoplanin were also used [13÷15]. 

The capillary electrophoresis (CE) with new spectroscopic reagent and micellar 
electrokinetic chromatography (MEKC) with additive chiral selector (β-Cyclodextrin) were 
investigated [16÷18]. The enantioseparation of amino acids can occur after chiral 
derivatization with several reagents such as N-acetyl-L-cycteine in presence of 
o-phthaldialdhyde (OPA) (19), Activated carbamate [20], triazine spectroscopic reagent 
[21] and with 7-fluoro-4-nitrobenzoxadiazole [22].  

However, the simplest and least expensive way of separation of D, L-amino acids was the 
utilization of mixed chelate complexation in the mobile phase. This technique had the 
advantage to use a non polar reversed phase column with a mobile phase containing chiral 
metal complexes. Thus, free and derivatized D, L-amino-acids were resolved using 
different chelating agents [23÷28]. The study of mechanism of the enantiomeric resolution 
and computational chemical analysis were also described [29÷31]. In the previous articles, 
Lam and Co-workers [32÷35] utilized three systems of complexes Cu(II)-L-proline, Cu(II)-
L-arginine and Cu(II)-L-histidine to separate dansyl-D, L-amino acids. The binary mobile 
phases were constituted of aqueous solution and acetonitrile in different percentage. With 
these systems, a number of D, L-amino acids were resolved. However with Cu(II)-L-
Histidine system, no separation of D,L-Phenylalanine and D,L-Tryptophan enantiomers 
was obtained. We present in here an isocratic reverse-phase liquid chromatography with 
quaternary mobile phase. These phases contain Cu(II)-L-Histidine system as chelating 
complexe agent.  

The quaternary mixture was performed by introducing two alcohols respectively as organic 
modifiers with the aqueous solution and acetonitrile. The role of these alcohols is to 
decrease the polarity of the mobile phase without increasing the percentage of acetonitrile. 
Indeed, Vollmer and co-workers used the isocratic quaternary mobile phase containing 
sodium acetate buffer, acetonitrile, isobutyl alcohol, and isopropyl alcohol screening of 
amino-acid in metabolic disorders in three amino acidopathies [36].  

2 Experimental 

2.1. Instruments 

Chromatography was performed with HPLC system with a Waters 600 pump, a 7625 
Rheodyne manual injector with 20µL sample loop, a Waters AC 440 fluorometer detector 
(excitation wavelength, 340 nm; emission wavelength, 450 nm) and LC-1022 nelson 
integrator (Perkin Elmer).  

The separation was carried out on Ultrasphere® ODS Column (4.6 mm ID, 250 mm length 
and 5µm dp) from Beckman Coulter (USA). 

2.2. Chemicals and Reagents 

The dansyl-D,L-amino acids and dansyl-L-amino acids were obtained from Sigma 
(Switzerland). The acetonitrile, isopropyl alcohol, and isopentyl alcohol were HPLC grade 
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and obtained from Prolabo (France). The copper sulphate (CuSO4.5H2O) ammonium 
acetate and ammoniac were from Merck. (Germany). Ultrapure Water is produced in our 
laboratory by the MilliQ-Millipore system (USA). 

2.3. Mobile phase  

The mobile phase was containing a mixture of organic modifiers (acetonitrile, isopropyl 
alcohol and isopentyl alcohol) and the aqueous solution (Aq.Sol). The latter was prepared 
with 2.5 mM of CuSO4 and 5 mM of L-Histidine with molar ratio 1:2 and buffered by 
ammonium acetate (2g/L) which adjusted at pH=7 with ammoniac solution 37%. At this 
value of pH, the copper complexes with L-amino acids are stables [32, 33]. 

Various mobile phases with different compositions of organic modifiers with the Cu(II)-L-
Histidine sysem were tested for D,L-amino acids separation. The mobile phases were 
degassed and filtered before use. The flow rate was 2 mL/min. 

3. Results and discussion 

The resolution of the isomers of D,L-phe and D,L-Trp is obtained for the first time with this 
system (Cu(II)-L-Histidine) with quaternary mobile phase Aq.Sol /acetonitrile/ isopentyl 
alcohol/isopropyl alcohol 77/19/2/2 v/v. The analysis time was less than 15 min. The 
acceptable selectivity is observed for the both amio acids D,L-Trp (αD/L=0.75) and D,L-Phe 
(αD/L=0.84) (table I) and the isomer D is eluted before the L form (Fig. 1). 

 
Fig. 1 Separation of Dns-D,L- Phenylalanine and Dns-D,L-Tryptophan with Cu(II)- L-Histidine system. 
Quaternary mobile phase: Aq.Sol (Mixture of Buffer acetate 5mM L-Histidine 2.5mM CuSO4 and 2.0g/L 

ammonium acetate, pH =7.0) Acetonitrile/ isopentylalcohol/ isopropylalcohol with proportion respectively: 
77/19/2/2 (v/v). 1-D-Trp; 2-L-Trp; 3-D-phe; 4-L-phe. 



80 B. SAIDAT � F. BOUDAH � M.H. GUERMOUCHE 

Table 1 Capacity Ratio (k’) and selectivity (α) of D- and L-Dns-Amino Acids with L-Histidine System 

Capacity Ratio Amino -acid 

k’L k’D 

Selectivity 
αD/L 

Phe 5.18 4.36 0.84 

Trp 3.72 2.81 0.75 

The separation of these dansyled D,L amino acids can be explained as below: 

The two alcohols can link by hydrogen bonding with the carboxylate group of the 
L-Histidine. Thus, amine and imidazole groups of the L-histidine are bonded in the trans 
manner and the carboxylate group is weakly coordinated on apical site. The aromatic ring 
of phenylalanine (Phe) or tryptophan (Trp) is coordinated on the opposite site. Therefore, 
the mixed complex having both carboxylate and the ring system, which is competing for the 
same coordination site, is less stable (here is the D-form).  

The discrimination between the D form and the L-form can occur and the mixed complex 
of L-form is more retained. Fig. 2 presents the possible structure of L-Histidine mixed 
complexes based on the model given by lam and co-workers in ref [33,34]. We have 
introduced the effect of the alcohols and their contribution to decrease the retention time.  
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Fig. 2 Molecular model of mixed complexes of DL-amino acid. 

a) D-Phe-Cu(II)-L-His; b) L-Phe-Cu(II)-L-His 

4. Conclusion 

We have presented a simple and no expensive enantioseparation method of dansyl-D, L-
amino acids. Quaternary mobile phase containing L-Histidine as chelating agent was used 
to separate the enantiomers of dansyled D,L-Phe and D,L-Trp with good selectivity and in 
no more than 15 min. We have also observed that the introduction of the two alcohols 
(isopropyl alcohol and isopentyl alcohol) as organic modifier in the mobile phase can 
reduce the analysis time without alteration in the selectivity.  
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