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ABSTRACT

The chiral separation of β-blockers on cellulose tris (3,5-di-
methylphenylcarbamate) columns is described.  The separation
power of a Chiracel OD normal phase column, a Chiracel OD-RH
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reversed phase column, and a Chiracel ODRH reversed phase nar-
row-bore column were compared.  Hexane–2-propanol–diethy-
lamine mixtures were used as mobile phase in the normal phase
mode and sodium perchlorate buffer containing different amounts
of acetonitrile in the reversed phase mode.  Sixteen µ-blockers
were resolved under normal phase conditions and eleven under
reversed phase conditions.  The values of α and Rs on normal
phase column ranged from 4.46 to 1.10 and 10.04 to 0.97, respec-
tively.  The values of α and Rs on reversed phase columns varied
from 4.04 to 1.04 and 3.98 to 0.40 (on normal bore column) and
4.36 to 1.06 and 2.26 to 0.40 (on narrow bore column).

INTRODUCTION

Beta-adrenergic blockers (β-bockers) are used in the treatment of hyperten-
sion, angina pectoris, cardiac arrythmias, and glaucoma.(1)  It is well established
that the enantiomers of β-blockers show qualitatively and quantatively different
pharmacological activities.  The S (-) enantiomers exhibit an about 50–500 fold
higher β-blocking activity compared to the R (+) enantiomers.(2-5)  The pharma-
cokinetics and the metabolic pathway are also different for the enantiomers.
(3,6,7)  However, despite these facts, with a few exceptions most of the β-block-
ers are still administered as racemates (Fig. 1). Therefore, the development of
methods for the separation of the enantiomers on analytical and preparative scale
is of great interest.  Numerous publications focus on the chiral separation of β-
blockers by HPLC and, more recently, also by CE.  

Polysaccharide based chiral HPLC phases have been found to be an excel-
lent tool for the chiral separation of β-blockers.(8-26)  To date, only a few papers
deal with the use of cellulose based phases for the separation of β-blockers in the
reversed phase mode.(8,11,12,14,15,17,26-31)  This paper deals with compara-
tive studies on the chiral separation of β-blockers on a Chiralcel OD normal
phase column, a Chiralcel OD-RH reversed phase column, and a newly devel-
oped Chiralcel OD-RH narrow-bore reversed phase column.

EXPERIMENTAL

Chemicals and Materials

All reagents were of analytical grade.  2-Propanol, hexane, and acetonitrile
(gradient grade) were obtained from Merck (Darmstadt, Germany).  Sodium per-
chlorate, perchloric acid, and diethylamine were from Fluka (Buchs, Switzer-
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land).  β-Blockers were purchased from Sigma (St. Louis, MO, USA) or were
generous gifts from other departments.

HPLC-Conditions

HPLC was performed using a HP 1090 system (Hewlett-Packard, Palo
Alto, California, USA) equipped with a diode array UV-detector.  Samples were
injected by an autosampler, the amount was 8 µL.  Detection was performed at
208 nm.  A Chiracel OD (25 x 0.46 cm, particle size, 10 µm) column (flow rate

CHIRAL RESOLUTION OF ββ-BLOCKERS 2495

Figure 1. Chemical structures of the analytes.
(continued)
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Figure 1. Continued.
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0.5 mL/min.), a OD-RH (15 x 0.46 cm, particle size, 5 µm) column (flow rate
0.4-0.6 mL/min.), and an OD-RH (15 x 0.2 cm, particle size, 5 µm) narrow bore
column (flow rate 0.2 mL/min.) were used (Daicel Chem. Ind., LTD, Tokyo,
Japan).  As mobile phase, mixtures of hexane–2-propanol–diethylamine (in vari-
ous proportions) were used for the OD-column and a mobile phase of an aqueous
sodium perchlorate solution adjusted with perchloric acid to pH 2 / acetonitrile
(in various ratios) was used for the OD-RH columns.  All separations were car-
ried out at room temperature.

RESULTS AND DISCUSSION

The OD column was operated in the normal phase mode using 2-
propanol–hexane–diethylamine in different compositions (Table 1). Diethyl-
amine was found to improve the peak shape.(11)  The separation data for this col-
umn are given in Table 1.  Figure 2 shows the separation of mepindolol and
bupranolol on the OD-column using 2-propanol–hexane–diethylamine as a
mobile phase.  Although the normal phase column was found to be slightly supe-
rior to the reversed phase columns regarding resolution power, the latter are
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Table 1. Separation Data for ß-Blockers on a Chiralcel OD (25 � 0.46 cm) Column with
0.4 - 0.6 mL/min. Flow Rate (H: n-Hexane  P: 2-Propanol  D: Diethylamine)

Mobile Phase

Flow H P D k‘1 k‘2 α Rs

Alprenolol 0.40 15 85 0.40 0.25 0.48 1.92 2.62
Atenolol 0.40 20 80 0.40 0.30 0.52 1.73 1.76
Bisoprolol 0.40 50 50 0.40 0.17 0.38 2.23 2.76
Bupranolol 0.60 80 20 0.40 0.28 0.56 2.00 3.52
Carazolol 0.40 50 50 0.40 1.05 1.27 1.21 1.63
Carteolol 0.40 20 80 0.40 0.15 0.29 1.93 2.07
Celiprolol 0.60 80 20 0.40 2.27 3.05 1.34 2.14
Mepindolol 0.40 20 80 0.40 0.39 1.74 4.46 10.04
Metipranolol 0.60 90 10 0.40 1.04 1.27 1.22 1.54
Metoprolol 0.40 20 80 0.40 0.15 0.42 2.80 3.56
Nadolol 0.60 80 20 0.40 4.63 5.16 1.10 0.97
Oxprenolol 0.40 15 85 0.40 0.49 1.31 2.67 7.16
Pindolol 0.40 20 80 0.40 0.24 1.31 5.46 9.50
Propranolol 0.40 20 80 0.40 0.59 0.81 1.37 2.13
Tertatolol 0.40 15 85 0.40 0.48 1.46 3.04 7.89
Tolamolol 0.40 15 85 0.40 1.34 2.47 1.84 3.78
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advantageous regarding handling, choice of mobile phases, solubility problems
of samples, and compatibility with biological samples.  However, as can be seen
from Table 2, remarkable resolutions are obtained for a broad spectrum of com-
pounds also in the reversed phase mode simply by using a 0.5 M sodium perchlo-
rate solution adjusted to pH 2 with perchloric acid with different amounts of ace-
tonitrile as mobile phases.  Figure 3 shows the resolution of pindolol and
oxprenolol on the OD-RH column.  Figures 4 and 5 show chromatograms of the
chiral separations of alprenolol and propranolol on the OD-RH (15 x 0.46 cm)
and OD-RH (15 x 0.2 cm) columns, respectively.  In Table 3 the separation data
for the narrow-bore column are given.

With decreasing amounts of acetonitrile the resolutions generally
improved, however, connected of course with an increase in retention times.
Figure 6 shows the dependence of selectivity (resolution) on acetonitrile content
using oxprenolol as a model compound.  The elution order was checked for some
β-blockers by injecting the authentic enantiomers in the cases when one of the
enantiomers was available.  The elution order was found to be R (+) before S  (-)
for metoprolol, propranolol, and atenolol both in normal phase and reversed
phase mode.

2498 SCHMID ET AL.

Figure 2. Chiral separation of mepindolol (A) and bupranolol (B) on the Chiralcel-OD
column (25 x 0.46 cm).  Mobile phase: A: n-hexane/2-propanol/diethylamine (20:80:0.4,
v/v/v), flow rate: 0.4 mL/min. B: n-hexane/2-propanol/diethylamine (80:20:0.4, v/v/v),
flow rate: 0.6 mL/min.
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CHIRAL RESOLUTION OF ββ-BLOCKERS 2499

Table 2. Separation Data for β-Blockers on a Chiralcel OD-RH (15 � 0.46 cm) Column
with 0.5 mL/min. Flow Rate (PS: Perchlorate solution  A: Acetonitrile)

Mobile Phase

PS A k‘1 k‘2 α Rs

Alprenolol 75 25 6.65 8.03 1.21 2.17
Bisoprolol 80 20 6.12 7.47 1.22 1.48
Carazolol 70 30 20.31 22.81 1.12 1.32
Mepindolol 50 50 0.48 1.94 4.04 3.98
Metipranolol 80 20 11.47 12.33 1.08 0.60
Metoprolol 80 20 2.7 3.29 1.22 1.91
Oxprenolol 70 30 1.94 2.47 1.27 2.34
Pindolol 50 50 0.38 0.82 2.36 3.05
Propranolol 60 40 1.87 2.92 1.56 2.48
Tertatolol 70 40 5.49 5.74 1.04 0.40
Tolamolol 80 20 11.28 13.85 1.23 1.69

Figure 3. Chiral separation of pindolol (A) and oxprenolol (B) on the Chiralcel-OD-RH
column (15 x 0.46 cm).  Mobile phase: A: 0.5 M Perchlorate solution, pH 2/acetonitrile
(50 : 50, v/v), flow rate: 0.5 mL/min. B: 0.5 M Perchlorate solution, pH 2/acetonitrile (70 :
30, v/v), flow rate: 0.5 mL/min.
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OD and OD-RH phases are based on macroporous silica gel coated with
semi-synthetic polymers consisting of D-glucose units in β-1,4-linkage deriva-
tized with 3,5-dimethylphenylcarbamate groups.  The chains are assumed to form
a helical structure with cavities, which can include stereoselectively compounds
containing aromatic moities.(32)  The main interactions responsible for chiral
recognition are supposed to be hydrogen bondings between the carbonyl group of
the phenylcarbamate group of the selector, which is located outside of the cavity
and the hydroxy group of the β-blocker.(8,11)  The chiral recognition mechanism
between β-blocker and the cellulose based chiral stationary phases had been dis-
cussed in details by Aboul-Enein.(11)  Dipole-dipole interactions may also con-
tribute to chiral recognition.(33-35)  The π-π interactions between the
dimethylphenylcarbamate of the chiral selectors and the aromatic ring system of
the β-blocker are assumed to be further supporting forces in resolution. 

The strength of these interactions depending on the individual structure of
the β-blockers plays an important role in chiral recognition resulting in different
degrees of resolution.  The higher retention of nadolol may be explained on the

2500 SCHMID ET AL.

Figure 4. Separation of alprenolol on the [A] (15 x 0.46 cm) and [B] (15 x 0.2 cm)
Chiracel-OD-RH column.  Mobile phase: A: 0.5 M Perchlorate solution, pH 2/acetonitrile
(70 : 30, v/v) flow rate: 0.5 mL/min.  B: 0.5 M Perchlorate solution, pH 2/acetonitrile (70 :
30, v/v) flow rate: 0.5 mL/min.
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CHIRAL RESOLUTION OF ββ-BLOCKERS 2501

Table 3. Separation Data for β-Blockers on a Chiralcel OD-RH (15 � 0.2 cm) Narrow
Bore Column with 0.2 mL/min. Flow Rate (PS: Perchlorate solution  A: Acetonitrile)

Mobile Phase

PS A k‘1 k‘2 α Rs

Alprenolol 75 25 5.18 6.31 1.22 1.50
Bisoprolol 80 20 4.84 5.91 1.22 1.15
Carazolol 75 25 39.59 45.05 1.14 1.00
Mepindolol 55 45 0.56 2.44 4.36 2.26
Metipranolol 85 15 26.63 28.32 1.06 0.50
Metoprolol 80 20 2.58 3.47 1.34 1.30
Oxprenolol 75 25 2.98 3.94 1.32 1.96
Pindolol 65 35 0.86 2.62 3.04 3.00
Propranolol 60 40 1.72 2.65 1.54 2.00
Tertatolol 70 40 5.75 6.06 1.05 0.40
Tolamolol 80 20 9.15 11.35 1.24 1.32

Figure 5. Separation of propranolol on the [A] (15 x 0.46 cm) and [B] (15 x 0.2 cm)
Chiracel-OD-RH column.  Mobile phase: A: 0.5 M Perchlorate solution, pH 2/acetonitrile
(70 : 30, v/v) flow rate: 0.5 mL/min.  B: 0.5 M Perchlorate solution, pH 2/acetonitrile (70 :
30, v/v) flow rate: 0.5 mL/min.
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basis of the greater hydrogen bonding, as it contains four functional groups (3
–OH and one –NH-) which can take part in the hydrogen bondings with the chiral
selectors, while the other β-blockers have 2-3 such types of functional groups
which are capable to form hydrogen bondings.  The higher retention time of cara-
zolol observed in the reversed phase mode in comparison to other β–blockers
may be due to stronger π-π interactions which is due to the presence of carbazole
group, which possesses high π electron density compared to others which have
only only aromatic groups with lower π electron densities e.g., phenyl, naphtha-
lene, and indole groups.  Besides, the well known hydrogen, π-π and dipole-
dipole induced interactions, steric effect also plays an important role in the chiral
resolution of various racemic analytes.(35)  Therefore, hydrogen, π-π, dipole-
dipole induced bondings and steric effect are the main forces responsible for the
chiral resolution of studied β–blockers on cellulose based chiral stationary phaes.

CONCLUSION

Out of sixteen β-blockers studied, only 15 could be resolved on normal
phase mode, while nine and seven have been resolved on reversed phase normal
bore and reversed phase narrow bore columns, respectively.  However, the partial
resolution of nadolol occurred in normal phase mode.  The partial resolution of
metipranolol and tertatolol has been observed on reversed phase narrow bore col-

2502 SCHMID ET AL.

Figure 6. Influence of acetonitrile content on selectivity. Column: Chiracel OD-RH (15
x 0.2 cm) (flow rate.2 mL/min.); mobile phase: 0.5 M Perchlorate solution, pH 2 with dif-
ferent amounts of acetonitrile.
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umn.  Therefore, the normal phase mode is better than the reveresed phase for the
enantiomeric resolution of the studied β-blockers under the reported chromato-
graphic conditions.
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