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1. INTRODUCTION

Understanding and describing how living systems work is a natural
human need which dates back millennia. Part of this is the deeper
understanding of diseases that limit the quality and content of human life.
Reducing the symptoms of pathological conditions and combating them is
one of the most important motivations for drug research. In addition, drug
research is a value-creating process that is also a path to scientific cognition.
A high level of integration of the constantly evolving knowledge of various
fields of research, such as biology, chemistry and medicine, is essential for
its success. Thus, drug development is based on the harmonised joint efforts
of several researchers. Analytical chemistry is a part of this process, its results
are crucial, from exploratory research through pre- and clinical development
all the way to registration. Since the molecules that make up living organisms
form a chiral system, such as amino acids, proteins, sugars, enzymes,
polynucleotides, thus special attention should be paid to similar chiral
components which also interact with them.

Thorough investigation and regulation of the amount of chiral
components in the final product - in accordance with the regulatory
requirements, which are becoming stricter every year - is crucial during drug
development. What is more, in the case of chiral molecules, it is of paramount
importance that both the raw materials and the intermediates in the production
are of sufficient purity and this should be supported by continuous
monitoring. This expectation which dates back more than 50 years has
encouraged generations of researchers to develop the most efficient methods
possible, leading to the widespread adoption of chiral chromatographic
techniques.

Besides pharmaceutical industry, several other areas affecting the quality
of human life, such as food industry, cosmetics industry or plant protection,
also use the results of chiral chromatography, thus it is important for future
perspectives to be built on solid foundations.



2. AlMS

During my work my aim was to develop liquid chromatographic methods
in order to separate stereoisomers of biologically and pharmaceutically
important compounds, and to study the separation performance of chiral
columns with diverse operating principles by separating molecules of various
structures.

| intended to investigate:

e the separation of biologically active dipeptides on cinchona alkaloid-
based stationary phases using high-performance liquid chromatography
(HPLC),

e basic and amphoteric indole analogues separation on cinchona alkaloid-
based zwitterionic and on derivatized polysaccharide-based stationary
phases with the use of HPLC and supercritical fluid chromatography
(SFC) methods,

o the separation of 1,2,3,4-tetrahydroquinoline-based and 1-naphthol
compounds and their structural analogues on derivatized polysaccharide-
based stationary phases with the use of HPLC and SFC methods.

I have aimed to interpret the impact of the eluent composition and the
quality and quantity of the polar modifier (alcohol) on the separation through
the determination of the investigated compounds’ chromatographic
parameters. | intended to draw conclusions from the interactions between the
studied compound and the chiral selector by systematically changing the
structure of the investigated compounds. For the ion-exchanger stationary
phases | wished to explore the effect of counter-ion concentration on the
separation by changing the mobile phase’s acid and base content. In addition,
my goal was to gain a deeper understanding of the thermodynamic
background of the separation mechanism by examining the impact of
temperature on the chromatographic parameters.



3. EXPERIMENTAL SUBSTANCES AND METHODS

The investigated analytes have biological importance and they were
prepared in the laboratories of our cooperating partners. |1 used HPLC grade
solvents during my work.

Chromatographic separations were performed with two different
stationary phase families.

Chiralpak QN-AX, Chiralpak QD-AX, Chiralpak ZWIX(+) and Chiralpak
ZWIX(-) columns, distributed by Chiral Technologies Europe (CTE, llIkirch,
France), were used as a cinchona alkaloid-based chiral ion-exchanger
stationary phase. The physical properties of the columns are identical: 150
mm x 3,0 mm, the particle size is 3 pm.

Among the derivatized polysaccharide-based chiral stationary phases
distributed by CTE, | have studied the Chiralpak IA, Chiralpak IB, Chiralpak
IC, Chiralpak ID, Chiralpak IE, Chiralpak IF and Chiralpak 1G columns.
These columns have identical physical properties too: 250 mm X 4,6 mm, the
particle size is 5 um.

I achieved my research results using three chromatographic systems:

The 1. chromatographic system was an 1100 Series HPLC system from
Agilent Technologies (Waldbronn, Germany), which consisted of a solvent
degasser, a pump, an autosampler, a column thermostat, a multiwavelength
UV-Vis detector and a corona-charged aerosol detector from ESA
Biosciences, Inc., (Chelmsford, MA, USA). Data acquisition and analysis
were carried out with Chemstation chromatographic data software.

The I1. chromatographic system consisted of a Waters 1525 binary pump,
a Waters column thermostat, a Waters 2487 dual-channel absorbance
detector, a Waters 717 plus autosampler and the Empower 2 chromatographic
data software (Waters, Milford, MA, USA).

The 111, system was a Waters Acquity UPC? chromatographic system
(Waters Corporation, Milford, MA, USA) with which the SFC measurements
were carried out. This system is constituted by a solvent degasser, a pump,



an autosampler, a column thermostat, a photodiode array detector, a
backpressure regulator and the Empower 2 chromatographic data software.

| used either the aforementioned chromatographic thermostats or an
Alpha RA 8 (Lauda, Germany) liquid thermostat for the measurements of the
temperature dependence.



4. NEW SCIENTIFIC RESULTS

T1. I experimentally demonstrated that using HPLC and SFC techniques
with polysaccharide-based stationary phases, the reduction of the mobile
phase’s alcohol content caused an increase in retention for the studied
compounds in all cases, but the enantioselectivity varied in several cases.

Using the derivatized polysaccharide-based stationary phases under
normal-phase and subcritical conditions, | investigated the effect of the
amount of alcohol contained within the eluent on the separation. | observed
that the mobile phase, which became more apolar in parallel with the
reduction of the alcohol content of the eluent, increased the retention of the
components in both HPLC and SFC techniques. In contrast, the selectivity
showed little change or increase in case of the HPLC technique, while under
SFC conditions, selectivity can typically be described by a small change or
maximum curve. This chromatographic behaviour can be explained by the
formation of different spatial structures of the selector under the influence of
the mobile phases.

T2. In the case of both HPLC and SFC techniques, | proved that the
retention of ampholytic compounds is less dependent on the amount of
modifiers added when using zwitterionic stationary phases compared to
basic compounds.

Upon separation of the test compounds with cinchona alkaloid-based ion-
exchange stationary phases, the amount of ions in the chromatographic
system determined the retention of the enantiomers. By varying the
concentrations of acid and base modifiers, | established that regardless of the
structure of the investigated components, when using HPLC and SFC
techniques, the stoichiometric displacement model can be used to describe
the chromatographic behaviour of the compounds. Based on the model,
examining basic and ampholytic compounds with mono- and zwitterionic
stationary phases, | found that the double ion pairing interaction between the
ampholytic compounds and the zwitterionic selector is responsible for the
more stable binding.



T3. | have demonstrated that cinchona alkaloid-based columns can be
used effectively to separate not only enantiomers but also diastereomeric
compounds.

I successfully separated several ampholytic dipeptide enantiomers with
various compositions and structures by using a polar-ionic mobile phase and
a cinchona alkaloid-based column with the HPLC method. Based on the
results obtained in this way, | concluded that the aromatic side chains near
the terminus of the dipeptides, with an H-bridge, by forming z-r interactions
or by using steric effects, play a decisive role in the separation. In addition,
the flexibility of dipeptides with a small aliphatic side chain facilitates
attachment to the selector due to their structure. In view of these interactions,
I have succeeded in separating diastereomers of dipeptide compounds, which
involves a considerable expansion of the use of zwitterionic stationary
phases.

T4. Based on the analysis of the HPLC and SFC techniques, | found that
the structure of the polysaccharide backbone and the quality and spatial
position of the related modifiers have a decisive influence on the process
of chiral recognition.

The polar ampholytic indole compounds investigated on polysaccharide-
based stationary phases had no retention under normal-phase HPLC
conditions, but could be successfully separated under subcritical conditions.
Thus, during the use of the two techniques, the interactions responsible for
chiral recognition differed depending on the chromatographic conditions.
One of the reasons for the different chromatographic behaviour of the SFC
method may be the in situ formation of alkyl carbonic acid in the eluent or
the presumed alcohol accumulation and polarity change on the surface of the
selector. Overall, the use of SFC methods resulted more often in successful
separations than the HPLC methods, however, in many cases baseline
separation could be also achieved using HPLC techniques.



T5. By applying SFC technique with polysaccharide-based stationary
phases | found that temperature change can have the opposite effect on
selectivity depending on the quality of the modifiers connected to the
selector.

As a result of increased temperature, the retention of 1,2,3,4-
tetrahydroisoquinoline  derivatives decreased in all cases using
polysaccharide-based stationary phases under subcritical conditions. By
using the Chiralpak 1A column containing an amylose-based tris(3,5-
dimethylphenylcarbamate) modifier, | observed that the selectivity changed
in contrast with increasing temperature. By contrast, using the Chiralpak IE
column containing a tris(3,5-dichlorophenylcarbamate) modifier, based on
amylose, the selectivity changed in parallel with temperature. Calculating the
apparent thermodynamic values, | found that the separation of the tested
compounds was enthalpy-driven for the Chiralpak 1A column and entropy-
controlled for the Chiralpak IE column. Thus, | have shown that by replacing
the methyl groups on the polysaccharide-based selector with chlorine, the
energetic processes of chiral separation can be greatly altered.
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