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Separation of enantiomers of some 1,4-piperazine derivatives of aryloxy-
aminopropanols on a vancomycin chiral stationary phase

J. Lehotay1, K. HrobonÏovaÂ 1, J. CÏ izÏmaÂrik2 and H. CÏ elkovaÂ 2

The behaviour of a vancomycin chiral stationary phase (Chirobiotic V) towards changes in organic and ionic modifiers in
the mobile phase was investigated in order to deduce suitable conditions for the liquid chromatographic enantioseparation
of a series of 1,4-piperazine derivatives of aryloxyaminopropanols. Acetonitrile and methanol as non-ionic modifiers were
tested in the mobile phase while different aliphatic carboxylic acids (formic acid, propionic acid, hexanoic acid, oxalic
acid, succinic acid) and bases (triethylamine, trimethylamine, ammonia) were used as ionic modifiers. The influence of
the nature and concentration of these modifiers on retention, selectivity and resolution was investigated.

1. Introduction

In many publications it has been demonstraed that vanco-
mycin is able to stereoselectively bind enantiomers of
widely different character [1±4].
It has been used to treat several staphylococcal infections,
particularly when bacterial resistance to other antibiotics
has been developed [4]. Vancomycin is a naturally occur-
ring chiral compound. The enantioselectivity of this
macrocyclic antibiotic can be attributed to the diversity of
its structure. It contains moieties such as sites for pÿ p
interactions, chiral hydrogen bonding, and peptide and
carbohydrate binding. Vancomycin also contains numerous
stereogenic centres and various functional groups which
are necessary to achieve chiral recognition (e.g., hydrogen
bonding groups, hydrophobic pockets, aromatic groups,
amide linkage, etc.). An interesting property of vancomy-
cin is that it can be used in both reversed phase and nor-
mal phase modes.
b-Adrenoreceptor blocking agents are well known to be
strongly affected by chirality. The chiral separation of b-
blocking drugs can be performed by means of different
chiral stationary phases, with immobilised proteins [5],
with CSPs based on the use of cyclodextrins [6, 7] or cel-
lulose derivatives, especially cellulose tris(3,5-dimethyl-
phenylcarbamate) [8, 9]. In preliminary papers the deriva-
tives of aryloxyaminopropanols were studied with respect
to their lipophilicity, steric influence and b-blocking activ-
ity [10±12].
This paper describes the use of a vancomycin chiral sta-
tionary phase for the enantioseparation of 1,4-piperazine
derivatives of aryloxyaminopropanols (Table 1). The influ-
ence of different parameters on retention and enantioselec-
tivity has been investigated. The effect of the concentra-
tion of methanol and acetonitrile and the addition of some
ionic modifiers have been studied in order to deduce suita-
ble conditions for the resolution of the racemic derivatives
of aryloxyaminopropanols examined.

2. Investigations, results and discussion

2.1. Influence of organic modifiers

Optimisation of reversed phase separations was done by
controlling the amount of organic modifiers added. Selec-
tivity was affected by both the type of organic modifier
(methanol and acetonitrile). Fig. 1 shows the effect of
methanol concentration on the retention of analyte 5 (Ta-
ble 1). As excepted, the retention is the greatest when elut-
ing with 90% methanol. At a methanol concentration be-
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Table 1: Structures of the tested 1,4-piperazine derivatives of
aryloxyaminopropanols

Analyte Nr. R1 R2

1 ±±C2H5

2 ±±C3H7

3 ±±C4H9

4 ±±C2H5

5 ÿC3H7

6 ±±C2H5

7 ±±C3H7

8 ±±C4H9

9 ±±C3

10 ±±C2H5

11 ±±C3H7

Fig. 1: Reversed-phase retention of the analyte 5 as a function of mobile
phase composition. The column was a 25 cm � 0.44 cm (I.D.) van-
comycin CSP. The mobile phase consisted of methanol-water. The
flow rate was 1.0 ml/min at ambient temperature (22 �C). DAD
detection (abs. max. at 240 nm).



tween 90 and 50% (v/v) the retention decreases. Decreas-
ing the concentration of methanol modifier from 50 to
10% (v/v) caused to increase the retention. A major differ-
ence in the retention behaviour of the analyte in the pre-
sence of acetonitrile was found at high modifier concentra-
tions (>50%). The decrease in retention at high
acetonitrile concentrations is thought to be due mainly to
suppress hydrogen bonding interactions between the ana-
lyte and the chiral stationary phase.
In the reversed-phase mode (the mobile phase is polar and
the stationary is less polar) it can be presumed that an
increase in lipophilicity (number of carbon atom in alkoxy
chain R1) of the molecule increases the values of retention
factors. The measurement indicated (Table 2) the opposite
effect of the lipophilicity of the molecules on retention
factors (the R2 substituent is constant). That means, the
retention of 1,4-piperazine derivatives of aryloxyaminopro-
panols (according to R1 substituent) is not established on
the principle of a reversed-phase system. The derivatives
containing in the substituent R2 a fluorine atom are the
most polar and their retention is the highest. These obser-
vations indicated that the formation of pÿ p complexes
between the analyte and stationary phase is supported and
so the retention factors will be the smallest (Table 2). Ac-
cording to R2 the retention is given by the reversed-phase
mode. These two retention mechanisms on the base of
dominant interactions influence the enantioseparation of
1,4-piperazine derivatives of aryloxyaminopropanols on
the vancomycin chiral stationary phase.

2.2. Influence of the ionic organic modifiers

The influence of the nature and concentration of ionic
modifiers such as aliphatic carboxylic acids and bases was

investigated using 1,4-piperazine derivatives of aryloxy-
aminopropanols. These experiments were performed with
methanol as the mobile phase, to which ionic modifiers
were added. Acids and bases pH range of mobile phase
means that vancomycin has a negative (COOÿ) or positive
(NH�4 ) charge and it can produce cationic and anionic in-
teractions. The stability of the vancomycin/analyte com-
plexes are dependent on the charge of the analyte. In gen-
eral, analytes interact more favourably at a pH where they
are not ionised.
On addition of aliphatic carboxylic acids (0.01 M, 0.1 M,
1 M), an increase in the concentration of these acids was
found to cause a decrease in the values of Rs (Fig. 2). In
an acid pH range the studied analytes can exist in nonpro-
tonized form (pKa1 � 3:3ÿ 3:7) and ion interactions of
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Table 2: Influence pf base nature and concentration on retention, enantioselectivity and resolution of 1,4-piperazine derivatives of
aryloxyaminopropanols

Analyte Nr. Triethylamine Trimethylamine Ammonia

k0 a Rs k0 a Rs k0 a Rs

Concentration: 0.01 M

1 6.37 1.07 0.61 2.99 1.05 0.56 2.11 1.66 0.51
2 5.89 1.07 0.79 2.93 1.05 0.66 1.85 1.06 0.59
3 5.64 1.07 0.81 2.85 1.08 0.64 1.66 1.05 0.38
4 5.91 1.08 0.93 2.22 1.08 0.61 1.60 1.06 0.31
5 4.98 1.07 0.95 2.00 1.10 0.55 1.51 1.07 0.35
6 4.62 1.14 1.19 1.51 1.10 0.64 1.23 1.07 0.40
7 4.03 1.09 1.30 1.25 1.11 0.57 1.17 1.10 0.34
8 2.84 1.09 0.92 1.20 1.08 0.53 1.15 1.04 0.30
9 4.74 1.06 0.75 2.05 1.05 0.42 1.65 1.03 0.28

10 3.98 1.07 0.80 1.83 1.07 0.45 1.45 1.07 0.36
11 3.77 1.07 0.78 1.62 1.08 0.34 1.36 1.00 0.22

Concentration: 0.01 M

1 6.32 1.08 0.76 2.75 1.11 0.61 2.45 1.04 0.41
2 5.26 1.08 0.81 2.71 1.11 0.65 2.36 1.05 0.55
3 4.92 1.08 0.82 2.66 1.09 0.53 2.22 1.04 0.53
4 3.95 1.08 0.76 2.23 1.02 0.57 1.75 1.04 0.44
5 3.80 1.09 0.73 1.81 1.12 0.50 1.51 1.06 0.44
6 2.62 1.12 0.85 1.50 1.07 0.62 1.15 1.09 0.56
7 2.50 1.08 0.80 1.25 1.08 0.53 1.11 1.15 0.45
8 1.95 1.15 0.82 1.17 1.05 0.46 0.97 1.03 0.34
9 3.42 1.09 0.59 1.86 1.07 0.40 1.62 1.02 0.30

10 3.02 1.07 0.61 1.68 1.04 0.45 1.40 1.07 0.35
11 2.79 1.07 0.60 1.47 1.04 0.40 1.33 1.05 0.34

k0 � capacity ratio of the first eluting enantiomer; a � enantioselectivity; Rs� resolution
Chromatographic conditions: methanol containing bases. All other parameters are as indicated in Fig. 1.

Fig. 2: Influence of the concentration of hexanoic acid on resolution of en-
antiomers of 1,4-piperazine derivatives of aryloxyaminopropanols
(analytes 2, 5, 7, 11). Chromatographic conditions: methanol con-
taining hexanoic acid. All other parameters are as indicated in Fig. 1.



stationary phases wih functional groups of analytes are
suppressed. No chiral separations �Rs � 0� were achieved
for the tested analytes by the addition of acids in a con-
centration of 1 M. The influence of the nature of the three
carboxylic acids on the chromatographic resolution for
1,4-piperazine derivatives of aryloxyaminopropanols is
shown in Fig. 3, with all of the carboxylic acids being
added at the same concentration (10 mM). When formic
acid was added to the mobile phase, no chiral separations
were obtained. For the study compounds, enantioselectiv-
ity have a tendency to increase as the length of the alipha-
tic chain increases. The dicarboxylic acids (oxalic acid,
succinic acid (10 mM)) had no significant effect on enan-
tioseparation of the studied analytes. These observations
indicate the influence of two factors on enantioseparation:
±± strength of acid (pKa): stronger acids produce stronger

ion pair (atom of nitrogen/ion of acid) and the interac-
tion with carboxylic or phenolic group is stronger,

±± length of the aliphatic chain of carboxylic acid: steric
interactions.

For the study of the effects of nature and concentration of
bases on enantioseparations, triethylamine, trimethylamine
and ammonia (0.01 M, 0.1 M, 1 M) were used as ionic
modifiers. In a basic pH range the studied analytes can
exist in protonized form and ion interactions of stationary
phases with functional groups of analytes are favoured.
Better separation of aryloxyaminopropanol derivatives
(higher values of Rs) were obtained than with acid modi-
fiers. The influence of concentration of basic modifiers is

demonstrated in Table 2. The addition of bases in a con-
centration of 1 M did not lead to the enantioseparation of
aryloxyaminopropanol derivatives, while with the mobile
phase modified by 0.1 M or 0.01 M bases, a resolution of
analyte enantiomers was obtained. For triethylamine, the
smallest concentration (0.01 M) seems to be the most fa-
vourable for the enantioseparation. The different interac-
tion of two enantiomers (R and S) with the stationary
phase leading to chiral discrimination can be expressed as
the difference in the free energy ÿDRS DG� calculated
from the separation factor a. The results given in Table 3
show the very small energy difference that is needed for a
chromatographic resolution of enantiomers of aryloxyami-
nopropanol derivatives.

3. Experimental

3.1. Chemicals and reagents

Methanol and acetonitrile of HPLC grade were obtained from Merck. All
other chemicals were of analytical reagent grade. The 1,4-piperazine deri-
vatives of aryloxyaminopropanols were synthesised by standard procedures
[13]. Structures of the compounds are shown in Table 1.

3.2. Apparatus

The chromatographic system consisted of a Waters model 501 pump, injec-
tion valve Valco with a 10 ml injection loop and a Waters 990 photodiode
array detector. The experimental data were collected and analysed on a
NEC PowerMate 2 data system. Chirobiotic V column (250 � 4:5 mm I.D.
5 mm) were obtained from Astec (USA).

3.3. Chromatographic conditions

The experiments were carried out at 22 �C. A flow rate of 1 ml/min was
used. The chromatograms were scanned at 240 nm. The sample concentra-
tions were 0.1 mg/ml. The void time was determined by injection of dis-
tilled water.

3.4. Preparation of mobile phases

Mobile phases containing organic modifiers (methanol, acetonitrile) and
solutions of carboxylic acids (formic acid, propionic acid, hexanoic acid,
oxalic acid, succinic acid) or bases (triethylamine, trimethylamine, ammo-
nia) in water (concentration 1 M, 0.1 M, 0.01 M).
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Fig. 3: Influence of the nature of aliphatic carboxylic acids on resolution
of some 1,4-piperazine derivatives of aryloxyaminopropanols (ana-
lytes 2, 5, 7, 11). Chromatographic conditions: methanol containing
an aliphatic carboxylic acid (10 mM). All other parameters are as
indicated in Fig. 1.

Table 3: Free energy differences necessary for enantiosepara-
tion of derivatives of aryloxyaminopropanols

Analyte Nr. ÿDRS DG� (J/mol)

1 175
2 177
3 160
4 182
5 178
6 232
7 210
8 207
9 151

10 167
11 170

Chromatographic conditions: methanol containing 10 mM triethylamine (99.8/0.2 v/v).
All other parameters are as indicated in Fig. 1.


