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Separation of nadolol racemates by high pH reversed-phase preparative fixed-bed chromatography: 
Comparison of C18 materials 

R. Arafah1•2, A. Ribeirol.2, A. Rodrigues1, L. Pais, u.' 
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Fixed-Bed technology will be used for the multicomponent 
preparative separation of a pharmaceutical beta-blocker chiral drug. 
New strategies using different achiral stationary phases will be 
presented. Nadolol is a quaternary mixture of equal amounts of four 
stereoisomers and will be used as case-study. A new methodology 
for the design, optimization and experimental implementation of the 
multicompommt separation will he introduced, including the use of 
three d ifferent achiral adsorbcnts, the screening and choice of the 
best adsorh~t-solvent combination, taking in ac.count the final 
preparative separation using the fixed-bed technology. Extensive 
experimental and simulation resulls will be presented, including 
solvent screening, measurement of equilibrium adsorption isotherms, 
breakthrough measurements, and ftxed-bed (Azura prep HPLC unit) 
experimental preparative separation using C l8 columns under 
reversed-phase mode. 

Introduction 
One of the main goals of the pharmaceutical indusny 
nowadays, is to have more salt: and enici~l drugs. The 
purification of chiral phannaceutical drugs is getting the 
interest from the industrial companies, particularly after the 
international regulations. Currently, more than 40% of 
marketed drugs have cltiral active ingredients and almost half 
oflhese drugs are marked as mcemic mixture. 
Nadolol is one representative beta-blocker phrumaeeutical drug 
prescribed worldwide for relieve of several diseases mainly 
related with the cardiovascular system. However, like other 
pharmaceutical drugs, it is also related with some severe risks, 
such as depression, insomnia and cardiovascular failure, among 
others. Some authors refer that these side effects could be 
related to the L'lct that nadolol drug is still marketed as a 
mixture of equal amounts of its fimr slereoisomers. 
Additionally, there arc srudics referring that some therapeutic 
effects of this drug arc related to only one of the four 
stereoisomers. Despite the growing pressure of the 
international regulation agencies fo r pharmaceutical drugs' 
safety. pure single nadoJoJ stereoisomers are still 11c 

commercially available. 
The nadolol pharmaceutical drug represents a very interesting 
case-study or multicomponent chiral separation since it is 
composed by four stereoisomers, being two pairs of 
enantiomers. In this way, it introduces the possibility of 
alternative strategies, using different kind of sepruation 
sequences and techniques, the use of different packings (chiral 
and achiral stationary phases), and the correspond~[ mobile 
phase opti1nization at both nonnal and reversed phase modes 
[ 1-3]. 
The design of the complete separation of nadolol slereoisomers 
asks for a global experimental and simulation methodology 
considering both the characterization and the optimization of 
eacl1 separation step and it-s sequences, to achieve the four 
na.dolol components pure. 
1he present work will scope on optirnizing the enantiomers 
separation of nadolol using different achiral C l8 adsorbcnts. 
for this case, an extensive set of experiments were carried out 
using achiral C l H columns, such as, XBridge, Shield and 

367 

XSelect, all the three achiral adsnrbents obtained from Waters. 
1he experimental work focus on screening of mobile phase 
composition, solubility ofnadolol racemates using dillerent 

pure solvents and solvent mixtures. pulses under analytical and 
preparative conditions, equilibrium adsorption isotherms and 
breakthrough measurements. Additionally, experimental results 
will include the preparative separation by fixed-bed 
chromatography using an Azura Prep LC unit equipped with 
two 250 mUmi.npump heads and a XBridgePrcp OBD Cl8 10 
J.lm (250x30 mm) column with a 10 J.lm particle si~.e diameter 
[2]. Experimental results p resented in this work will stress the 
advantage of u.~ing an intermediate step ba~ed on achiral 
reversed-phase liquid cluomatography to perfonn the 
separation of the two racemates of nadolol. 

Matet·ials and methods 
TI1e mixture of the four nadolol stereoisomers was obtained 
fro!!! Sig!lli!-A!drir.h (Sd•..n~!!dorf, G~!Tilllny) . Th!.' HPLC-grad!.' 
solvents, ethanol, acetonitrile and the basic modifier 
diethylamine (DEA) were obtained from Fluka (Bunchs, 
Switzerland). lhree types of analytical (4.6rmn lD x 250rmn L; 
particle size diameter of 5 )J.m) and preparative ( 19mm ID x 
lOOmm L; particle size diameter of 10 !\Ill) Waters Cl8 achiral 
co!Uilllls were used: XBridge, Shield and XSclcct, all obtained 
from Waters. The columns' eflici~cy characterization, 
screening of the mobile-phase composition, loading 
experiments, adsorption isotherms and breakthroughs 
measurements were canied out using a prepi!Tiltive Knauer 
HPLC system equipped with a Smartline UV detector 2520 set 
at 270 nm wavelength, two Smartline 1050 pumps with SO mL 
pump heads, a manual injection valve and two different loops 
(I 00 and 1000 ~tL). The analytical pulses of nadolol were 
carried out on a Knauer analytical HPLC system. This system 
was equipped with a Smartline UV detector 2520 set at 270 nm 
wavelength, one Smart line I 050 pump with I 0 mL pump head, 
a manual injection valve and a loop of20 ~tL. The preparative 
separation of nadolol stereoisomers was carried out on an 
Azura Fixed-Bed preparative HPLC system from Knauer (See 
Fig. 1). 
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The system was equipped with twn preparative IIPLC pumps 
J>2.1L model with 250 mUmin pump heads, and one UV/VlS 
detector UVD2.1L model set at 270 nm wavelength. This 
preparative system was equipped with a Waters XBridge l'rep 
C 18 cohunn of preparative diameters (30 mm ID x 250 mm L 

and particle si ~:e diameter of 10 J..lm). A llow-rate between 25 
and 75 mT Jmin wa.~ used with this preparative column. 

Results 
'lhe set of experimental and simulation results will include the 
screening of the mobile phase composition using the tree types 
uf' achiral ad~urbenl~. Se~eral re"ersoo-pha~e sohents based on 
ethanol-water mixtures were tested in terms of resolution and 
dispersion, by means of loading pulses. Results pn:sented will 
include the experimental measurement of the equilibrium 
adsorption isotherms (Fig. 2) and breakthroughs experiments 
for all the three types of adsorbents and using the most 
promising solvent compositions. 
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figure 2. Comparison between experimental Wld modd results 
for the adsmption equilibrium isothenns (left) and selectivity 
(right) for the two pairs of nadolol raccmatcs, as a function of 
their feed concentrations, using 30%cthanolnO%watcr mobile 
phase composition with 0.005% diethylamine (pH=l l ) and the 
three different C18 Waters columns: XBridgc (diamonds), 
Shield (circles) and XSelect (triangles). All littings use the 
linear I Langnruir competitive model. 
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Modelling and its validation is a crucial step to the accurate 
equilibrium and kinetic data estimation. Some simulation 
results for the preparative separation of the nadolol racemates 
by simulated moving bed technology will be also presented 
(See Pig. 3). finally, some experimental results concerning the 
preparative separation of nadolol racemates u sing the Azura 
Fixed-Bed preparative HPLC system will be also presented. 
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Figure 3. SMB productivity (left) and solvent consumption 
(right) for the separation of nadolol racemates using the 
XBridgc (solid lines), Shield (dashed lines) and XSclcct 
(dotted lines) c.olumns using a 30%ethanol/70%water with 
0.005%dicthylaminc as mobile phase (pH-1 1) as a function of 
the nudolol feed concentration. 

Conclusions 
'lhe optimization of preparative fixed-bed chromatography 
depends on the proper choice of the mobile phase composition. 
The separation of nadolol rucemales was studied ILo;ing 
different ethanol/water compositions with thn:.c different 
achintl Cl8 Waters materials (Xfiridge, XSelect and Shield) at 
both analytical and preparative scales. 'l11e design of the 
preparative separation process was studied, by means of 
loading pulses, the measurement of the adsorption equilibrium 
isotherms, breakthrough experiments using a 
30%ethanol/70%water mobile phase composit ion. 
A linear+Langmuir model was found to describe well the 
adsorption behavior. Breakthrough experiments were also 
perfonned to validate the equilibrium model and to predict 
axial dispersion and mass transfer resistance. The equilibrium 
data was also used to predict the opentting c<mditions li1r future 
extra simulated moving bed (SMB) operation. 
Additional cxpcrin1cnts were carried out on a fixed-bed 
preparative system in order to optimize the separation of 
nadolol racemates. A mobile phase composition of 
20%cthanol/80%watcr/O. l o/odicthylantinc was selected to 
perlimn a sequential live-injection experiment to conlirm the 
viability of fixed-bed operation for obtaining pure nadolol 
raccmatcs. 
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