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A B S T R A C T

This review discusses recent publications on the separation and analysis of natural and unnatural amino
acid enantiomers by liquid chromatography. Focus is placed on methodological aspects relating chiral
stationary phases and chiral columns which can cope with the challenge. Conceptually, amino acids can
be enantioseparated in free form, which refers to the resolution of polar ampholytes, or as N-protected
amino acids, which can be regarded as acidic commodities. Such synthons are used, for instance, in peptide
synthesis protocols. Amino groups are frequently tagged with highly fluorescent or MS/MS active labels
in order to generate sensitive and simultaneously stereoselective assays of diverse amino acids in complex
matrices.

It is our intention to present the state of the art of enantioselective amino acid analysis by HPLC con-
cepts and to pinpoint practical aspects.
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1. Introduction

Chirality caused by molecular asymmetry has special effects on
physical, chemical, biological and pharmacological properties ap-
pearing at a molecular level. Amino acids (AAs), and carbohydrates
(sugars), and the peptides, proteins, glycoproteins, polysaccha-
rides etc. composed of such chiral building blocks are
stereochemically defined. In biological systems, chiral entities (e.g.
receptors) often display different biologically relevant responses to
the enantiomers of chiral compounds such as drugs, agrochemi-
cals, food additives, fragrances, etc., and also natural compounds
including the D- and L-enantiomers of proteinogenic and non-
proteinogenic AAs.

As a result of the awareness of the importance of stereoselective
bioactivity phenomena such as pharmacodynamics and pharma-
cokinetics, a strong demand has arisen in life and pharmaceutical
sciences for efficient tools with which to separate the individual ste-
reoisomers of a large body of chiral compounds per se, but also in
trace amounts in biological matrices.

At an analytical level, liquid-phase separation techniques [liquid
chromatography (LC) and capillary electrophoresis (CE)] are cur-
rently most widely applied; high-performance LC (HPLC) and
supercritical fluid chromatography (SFC) have become very popular,
though CE is also very powerful analytical technology [1,2]. For pre-
parative enantiomer separations, HPLC and particularly SFC are the
methods of choice [3]. Gas chromatography (GC) provides highly
efficient enantioselective analysis systems for compounds which
fulfill specific chemical requirements. Very useful GC separation
systems exist for fully derivatized AAs [4]. However, the subject of
this review is rather a critical overview of publications of the last
5 years dealing with LC methodologies for the stereoselective res-
olution of AAs and some peptides.

Various strategies have been developed for the differentiation
of enantiomers by chromatography: (i) indirect methods involving

derivatization of a mixture of target enantiomers by a chiral
derivatizing agent (CDA) and the generation of diastereomeric com-
pounds which are physicochemically different and should therefore
be chromatographically resolvable on achiral chromatographic
columns; (ii) direct methods in which chiral mobile phase addi-
tives are used together with standard achiral stationary phases; and
(iii) direct methods in which chiral separations are achieved by using
a chiral stationary phase (CSP). The direct methods are based on the
intermediate formation of diastereomeric associates between the
chiral selector (SO) moiety and the two enantiomers of the chiral
analytes, the selectands (SAs). When the stability constants of the
two diastereomeric associates, symbolized by [(R)-SO↔ (R)-SA] and
[(R)-SO ↔ (S)-SA], are sufficiently different from each other, direct
enantioseparation can be achieved. In order to stabilize such asso-
ciates, multiple intermolecular interactions between the SO and the
SAs must come into play.

Over the years, HPLC and SFC with diverse types of CSPs have
become the preferred methodologies to resolve mixtures of enan-
tiomers and racemates. Where applicable, GC remains a powerful
analytical tool for chiral separations due to the exceptionally high
efficiency. For preparative enantiomer separations, HPLC and SFC
are increasinglymore often themethod of choice thanks to a number
of convincing arguments often associated with “green chemistry”
[3,5].

This review discusses only the status and recent developments
in the analytical separation of enantiomers of free and N-derivatized
(tagged) natural and unnatural AAs, focusing on the direct HPLC
methods. A recent review concentrated on indirect AA
enantioseparations [4].

As depicted in Scheme 1, the structural variability of AAs is quite
high, in view of (i) α-, β- and γ-AAs, (ii) cyclic AAs, (iii) constraint
AAs and (iv) structural isomers, including the insertion of an ad-
ditional chiral center besides the one to which the amino group is
attached to. Further, it should be emphasized that AAs are
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Scheme 1. Several structures of investigated amino acids.
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