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1. INTRODUCTION
It is clearly necessary for analytical procedures to keep pace with the rapid
developments in the natural sciences and the organic chemical industry. It is not easy to
follow the changes in analytical techniques. A method which was progressive 10 years ago
may still be useful today, but new techniques may no be available with which to determine
analytical parameters in a much easier, cheaper and faster way. There well-separated groups
of materials are usually examined by the qualitative control laboratory in the pharmaceutical
industry: the incoming initial materials or basic substances, the intermediate samples which
are produced during the manufacturing process, and the final products. The pharmacopoeias
and their directives strictly control the characterization of the active agents and the final
products, whereas only guidelines are given regarding the initial materials. As a result, it is
clear that there are areas in the examination of basic materials where new and economical
methods can be introduced to replace old, still-working, but not the cheapest procedures.
One of the most important tasks in modern analytical chemistry is the analysis of
chiral compounds, and especially the separation of enantiomers of biological and
pharmaceutical significance. Most of the organic compounds in the living world are chiral
analytes, which exist in only one enantiomeric form; the different enantiomers may display
different interactions with chiral drugs, food additives, agricultural chemicals, aromatics, etc.
If a racemic drug comes into contact with a chirally selective living system, the effects of the
enantiomers may be different, resulting in different biological consequences, division,
metabolism, excretion, etc. For example, the S enantiomer of penicillinamine is an excellent
drug against inflammation, while the R enantiomer is toxic (Fig.1). Similarly, Levodopa,
applied in the therapy of Parkinson’s disease, contains only the S enantiomer, because the R
form causes a decrease in the level of the granulocytes in the blood.

O
HS

*

OH

NH2

Figure 1. Penicillinamine
There are rare cases where the effects of the two enantiomers are the same, e.g. both
enantiomers of ibuprophen are active against inflammation. (Fig. 2).
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Figure 2. Ibuprophen
From a drug safety aspect, the role of chirality is crucial. For quite a long time a
mixture of stereoisomers can be released as a drug only with good reason [Gross 1989]. In the
case of racemates all the clinical and toxicological examinations must today be performed for
both the enantiomers and the racemates. Releasing a racemic drug obviously involves extra
costs, and the current developments therefore generally involve pure enantiomers.

2. AIMS
Our aims were to develop liquid chromatographic methods for the separation of different
biologically and pharmacologically important stereoisomers, and to investigate the
possibilities of their separation on newly developed chiral stationary phases.
The compounds investigated were the following:
aminonaphthol enantiomers with two chiral centres on polysaccharide based
chiral stationary phases
amino 1- or 2-naphthol enantiomers with one chiral center on polysaccharide
based chiral stationary phases
amino 1- or 2-naphthol enantiomers with one chiral center on a newly
developed cyclofructane based column
amino acid amide, diamines and amino alcohols on cyclofructane based chiral
stationary phases
The effects of the eluent composition, and the nature and quantity of the polar modifier
on the separations were studied through the determination of the chromatographic parameters.
The effects of the structure on the chiral discrimination were characterized through the use of
compounds with different substituents. Conclusions relating to the separation mechanism
were drawn by studying the effects of temperature on the chromatographic parameters.

3. EXPERIMENTALS
3.1. Apparatus
For the direct chromatographic methods polysaccharide and cyclofructane based chiral
stationary phases were used. The HPLC apparatus applied were two Waters systems:
The first HPLC system consisted of a Waters Breeze system: a 1525 binary pump, a
487 dual-channel absorbance detector, a 717 plus autosampler, and Breeze data manager
software (Waters Chromatography, Milford, MA).
The second system consisted of a Waters M-600 gradient HPLC pump, Waters M-2996
photodioda array detector, Waters „Millenium 32 Chromatography Manager” data manager
system (Waters) and Spark Mistral column thermostate (Spark Holland, Emmen,
Netherlands). Both chromatographic systems were equipped with a Rheodyne Model 7125
injector (Cotati, CA) with a 20-µl loop.

3.2. Investigated analytes
aminonaphthol enantiomers with two chiral centers
amino-1- or 2-naphthol enantiomers with one chiral center
amino acid amide
diamines
amino alcohols

4. RESULTS
The enantioseparation of several biologically and pharmaceutically important
compounds containing one or two chiral centres was investigated, e.g. aminonaphthols,
aminoalcohols and the stereoisomers of diamines. Direct liquid chromatographic methods
were introduced for newly-developed cyclofructane- and polysaccharide-based columns.
Enantiomer separation on polysaccharide-based chiral stationary phases
1.

The separation of aminonaphthols with one or two chiral centres was achieved on

polysaccharide-based columns. For the liquid chromatographic measurements, normal-phase
methods were chosen, where the eluent contained 98-70% heptane, as apolar component and

2-30% of a polar modifier. Three types of polysaccharide columns were applied for the
investigation of the first group of 2-naphthol analogues (1-5), while for the 1- and 2-naphthol
(6-15) analogues all five available columns were used. On our results indicated that the
Cellulose-1 column with the 3,5-dimethylphenylcarbamate selector was the most effective,
since all the investigated analytes could be separated through the choice of appropriate
conditions.
2.

The effects of the eluent composition and the nature of the polar modifier (alcohol) on

the separations were also studied. With increasing alcohol concentration in the mobile phase,
the retention decreased in every case, which reflects typical normal-phase behaviour. The
nature of the polar modifier had a strong influence on the retention factor, the selectivity and
the resolution, which might be attributed to the differences in polarity and solvation capability
of the alcohols.
3.

The effect of temperature was investigated in the relatively wide range between 5 °C

and 50 °C. In most cases, the chromatographic parameters decreased with increasing
temperature. From van't Hoff plots, entropy and enthalpy changes were calculated. In most
cases, enthalpy-controlled separations were achieved, but for certain analogues entropycontrolled separations were also observed. (In entropy-controlled separations, higher
resolution can be achieved in a shorter analysis time.) For analogues 2c-d, an extended
temperature range (-5 °C to 40 °C) was applied and temperature-induced elution sequence
changes could be observed. The elution sequence of the enantiomers is an important feature in
chiral analysis because the biological and catalytic activities of the enantiomers depend
significantly on the configurations of the analogues.
4.

Structure – retention relationships were studied to be able to draw conclusions as to

how the analyte structure influences the chromatographic behaviour. The results revealed that
the nature and the position of the substituent exerted a significant influence on the sample
polarity, the geometrical structure and hence the chromatographic behaviour. However, we
should not ignore the functional groups of the chiral selector and the structure of the
polysaccharide, which affect the interaction between the sample and selector, and thus the
separation. It can be stated that the presence of a naphthyl group resulted in a stronger π-π
interaction, and hence the retention increased. On the amylose-based column higher retention
was generally observed mainly due to the rigid, helical structures. When a heteroatom
(nitrogen) was present at different positions of the aromatic ring (ortho, meta or para),
different chromatographic results were observed. In order to study the effects of alkyl
substituents, the Meyer parameters were examined as a function of the retention factor. It

could be concluded that the chromatographic parameters depend strongly on the size and the
geometry of the alkyl group.

Enantiomer separation on cyclofructane - based chiral stationary phases
5.

The separations of 1- and 2-naphthol analogues, acid amides, diamines and amino

alcohols were investigated on three different cyclofructane - based chiral columns. The
normal - phase mode was applied, where the apolar component of the eluent was 40-80%
heptane, and 60-20% of polar modifier was used with 0.1% TFA as additive. The separations
of 1- and 2-naphthol enantiomers were achieved on the CF6-IP column, while the diamines,
acid amides and amino alcohols were studied on the CF6-IP, CF6-RN and CF6-DMP chiral
columns. For the naphthol analogues (except for 25, 26, 30, 34), separation proved successful
with higher than 1.0 resolution by choosing the appropriate conditions. The other group of
examined analogues could be partially resolved on CF6-IP, but better separations were
achieved with the use of the CF6-RN and CF7-DMP columns. The effects of polar
components in the mobile phase were studied. With decreasing alcohol concentration, the
retention factors increased, but in most cases there were no significant changes in the
selectivity. As regards the resolution, the results were different. In the cases of the naphthol
and amino acid amide analogues, the resolution usually increased with decreasing alcohol
concentration, while for the amino alcohol analogues lower resolutions were observed. No
relevant changes were observed in the resolution of the diamines. The results obtained
demonstrate that the application of branched - chain alcohols as polar modifiers resulted in
higher selectivity and resolution through better solvation capabilities.
6.

The effects of the concentration of the acidic modifier applied in the mobile phase were

also investigated. On increase of the TFA concentration, the retention factor decreased
slightly in every case. This might be attributed to the increased ionic interactions between the
sample and the mobile phase. For all of the examined analogues, the application of 0.1% TFA
proved to be the most effective. Six different acidic modifiers were applied for the separation
of amino acid amide, diamine and amino alcohol analogues. On the use of sulphuric acid and
perchloric acid, we could achieve separations with acceptable retention times. On the
application of acetic acid in the eluent, higher retention factors were observed, but the
selectivity and resolution did not follow this trend. This might be explained in terms of the
increasing non-enantioselective interactions.
7.

Furthermore, the effects of temperature were studied in the range 5–40 °C. With

increasing temperature, the chromatographic parameters decreased in every case. When van't
Hoff plots were used for the determination of the thermodynamic parameters, negative values
were obtained in all cases, which points to enthalpy - controlled enantioseparations.
8.

Our observations permit several conclusions on the structure – chromatographic

behaviour relationships. The investigated naphthol analogues contained a phenyl ring with
different chloro, fluoro and bromo substituents. For these compounds (except for 23 and 38)
the chromatographic parameters were higher relative to the non-substituted analogues. The
various steric positions of the substituents led to further differences. The presence of a nitro
group resulted in a higher retention time, but without significant differences in selectivity and
resolution, probably because of the increased ratio of the non-enantioselective interactions.
For 2-naphthol analogues with different alkyl substituents, the retentions were higher than for
the analogues with a phenyl substituent. Alkyl substituents have different effects on the
selectivity and resolution. For larger analytes, lower chromatographic parameters were
obtained. The geometrical effects of the alkyl substituents as a function of the Meyer
parameters were also studied. It was found that the larger substituents prevented the
interaction between the sample and the selector.
9.

From studies of the various groups of analogues it was evident that, besides the π-π and

polar interactions, H-bonding has an important role in chiral discrimination. Better results
were observed for the analytes possessing carbonyl substituents. Moreover, the separation of
amino alcohols resulted in better resolution on both columns, which might be explained by the
H-bonding ability of the OH group.
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