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ISOCRATIC HPLC SEPARATION OF SEVERAL 
RACEMIC DRUGS WITH TWO STEREOGENIC 

CHIRAL STATIONARY PHASE 
CENTERS ON A PIRKLE UREA-TYPE 

Hassan Y. Aboul-Enein, Ibrahim A. Al-Duraibi 

Bioanalytical & Drug Development Laboratory 
Biological & Medical Research (MBC 03) 

King Faisal Specialist Hospital and Research Center 
P. 0. Box 3354 

Riyadh 1 12 1 1, Saudi Arabia 

ABSTRACT 

A simple and rapid isocratic enantiomeric separation of sev- 
eral racemic drugs with two stereogenic centers, namely for- 
moterol, labetalol, nadolol, indenolol, and U-54494A, was 
achieved under normal phase mode using a urea-type chiral sta- 
tionary phase (CSP) column of (S)-indoline-2-carboxylic acid 
and (R)-1-(a-naphthyl) ethylamine, known as Chirex 3022 col- 
umn. Labetalol and formoterol were resolved successfully into its 
four enantiomers. Furthermore, racemate mixture of U-54494A 
has been resolved into its individual enantiomers. However, na- 
dolol and indenolol was partially separated. 
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1818 ABOUL-ENEIN AND AL-DURAIBI 

INTRODUCTION 

The pharmacodynamic activity of racemic drugs is exerted by specific 
enantiomer.’ Furthermore, enantiomers of chiral drugs may have quite differ- 
ent pharmacological properties, which need not occur within the same concen- 
tration range.’ However, when racemate are used as pharmacological tools, it 
is probably, not so much due to ignorance, but rather to the lack of optically 
pure enantiomer~.~ The trends are to develop effective new therapeutic agents 
in optically pure form in order to fully exploit nature and to evaluate the enan- 
tiomeric purity and toxicity/activity of any new drug introd~ction.’”’~’~ Such 
driving forces necessitate that fast, sensitive, and reproducible chromatographic 
methods must be developed for the direct separation and quantitation of enan- 
tiomers. 

The separation of enantiomers of racemic compounds with one chiral 
center has become possible by chiral HPLC; however, the challenge is more 
obvious, especially when separating enantiomers of compounds with two or 
more stereogenic centers, especially under isocratic conditions. All the investi- 
gated drugs, namely, formoterol, labetalol, nadolol, indenolol, and U-54494 A, 
have two asymmetric carbon atoms in the molecule making four stereoisomers 
possible. The chemical structures of these drugs are shown in Figure 1. The 
enantiomers of P-blockers have been analyzed via chiral high performance liq- 
uid chromatography (IipLC).6,738,9,10 

Formoterol, chemically known as 3 -formylamino-4-hydroxy-a[N- [ 1 - 
methyl-2- @-methoxyphenyl) ethyl] aminomethyl] benzyl alcohol. It is a long- 
acting P 1- and P2-selective adrenoceptor agonist; which has demonstrated sig- 
mfkant bronchodilatory effects. It is used also for the relaxation of the tracheal 
smooth muscle, depression of the subtetanic contractions of the soleus muscle, 
and it increases the force of contraction in the electrically driven papillary mus- 
cle, 11,12,13 

Labetalol, 2-hydroxy-5- [ 1-hydroxy-2- [( 1-methyl-3-phenylpropyl) amino] 
ethyl] benzamide, is an antihypertensive drug which blocks a- and P- 
adreno~eptors.’~~’ ’ One of the labetalol isomers KR-labetalol (dilevalol)] was 
later shown to cause liver t~xic i ty .~  

Nudolof, 2, 3 cis-1, 2, 3, 4-tetrahydro-5 [2-hydroxy-3- (tert-butylamino) 
propoxy] -2, 3 -naphthalenediol, (SQ 1 1725) is a non-selective P-adrenergic 
blocker used for the treatment of hyperten~ive.’~ Nadolol has three chiral cen 
ters, but the 2-3 hydroxy groups are fixed in the cis configuration therefore, it 
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Labetalol 

(+) SQ 12148 (RSR-nadolol) 

(+)SQ 12149 (RRS-nadolol) 

p \4 

Racemate A (SQ 12181) 

Formoterol 

(-) SQ 12150 (SRSnadolol) 

(-)SO 12151 (SSR-nadolol) 
Racemate B(SQ 12182) 

Nadolol 

O-CH2-CH-CH,NH-CH(CH& O-CH2-CH-CH2NH-CH(CH& 
I 
OH 

I 
OH 

lndenolol tautomers 

cis-(-)U-76531 A Cis-(+) U-76532 A 
U-54494A 

Figure 1. The chemical structures of labetalol, formoterol, nadolol, indenolol, and 
U-54494A enmtiomers. Asterisk indicates the position of the chiral carbon. 
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1820 ABOUL-ENEIN AND AL-DURAIBI 

1 

Figure 2. The structure ofthe CSP-Chlrex 3022 made of (S)-indoline-2-carboxylic acid 
linked to (R)-1 -(w-naphthyl) ethylamine urea. 

possesses two chiral centers which allows for the presence of two racemates 
known as racemate A (SQ 12181) and racemate B (SQ 12182) and a total of 
four enantiomers. Nadolol racemate A (SQ 12181) consists of enantiomers 
RSR- nadolol (SQ 12148) and SRS-nadolol (SQ 12150) in 1:l ratio, while ra- 
cemate B (SQ 12182) consists of enantiomers RRS-nadolol (SQ 12149) and 
SSR-nadolol (SQ 12151) in 1:l ratio. 

[/-54494A, (3,4-dichloro-N-methyl-N-[2-( 1 -pyrrolidinyl) cyclohexyl, ben- 
zamide], is a potential anticonvulsant agent, which is the racemate of U- 
7653 1A cis- (-)-, and U-76532A cis- (+)-. 

Indenofol, 1 -(inden4 (or 7)-yloxy)-3- isopropy1amino-2-propano1, is a 
non-selective P-adrenoceptor antagonist” that consists of two positional iso- 
mers. The racemic drug exists as tautomic mixture of 7- and 4-indenyloxy 
isomers in the ratio of 2: 1. 

In this paper an isocratic mode has been employed to analyze drugs with 
two stereogenic centers, using a Pirkle urea-type chiral stationary phase column 
of (S)-indoline-2-carboxylic acid and @)-1-(a-naphthyl) ethylamine (Figure 2), 
known as Chirex 3022, column which can be used in normal phase mode. 

EXPERIMENTAL 

Apparatus 

The chromatographic system, obtained from Waters (Milford, MA, USA), 
consisted of a Lambda Max 481 Variable Wavelength detector, 510 pump, a 
U6K injector and a 745 B integrator. The Chirex 3022 (S)-indoline-2- 
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carboxylic acid (R)-1-(a-naphthyl) ethylamine column (250 X4 nun ID, serial # 
62923) was a generous @ from Phenomenex (Torrance, CA). Shodex OR-1 
optical rotation detector (JM Sciences, NY, USA). 

Chemicals 

Formoterol fumarate dihydrate, a racemate mixture, Batch # 15P, was 
supplied by Astra Draco AB (Lund, Sweden). Labetalol hydrochloride, race- 
mate mixture, MR 7206, racemate GR 81728A RS/SR batch # ALYT 316/12, 
and racemate GR 81729A W S S ,  batch # ALYT 3 16/15/1, were obtained from 
Glaxo Group Research (Ware, U.K) Ltd. Nadolol, racemate mixture (SQ 
11725) batch # 02-806-34000, the two racemates, (SQ12181) lot # 2, 
(SQ12182) lot # 2, and the four enantiomers (SQ12148, 12149, 12150, 12151), 
all lot # 2, are kindly supplied by Bristol-Myers, Squibb Pharmaceutical Re- 
search Institute (Princeton, NJ, USA). 

The racemate mixture U-54494A hydrochloride (Lot (Al) 0297-RND- 
065), its individual enantiomers U-7653 1A hydrochloride cis-(-), (batch # 
21098KCB69A), and U-76532A hydrochloride cis-(+), (batch # 
21098KCB50B-1), was a kind @ from Dr. Jeffrey S. Mehring, (Upjohn com- 
pany, MI, USA). Indenolol hydrochloride, as a racemate mixture, (lot # PUP- 
A504) was a generous gift from Yamanouchi Pharmaceutical Corporation (To- 
kyo, Japan). HPLC grade n-hexane was purchased from Fisher Scientific 
(Springfield, NJ, USA), 1,2-dichloroethane (Rathburn Chemical Ltd. Walker- 
bum, Scotland, UK), trifluoroacetic acid (Sigma Chemical Co., MO, USA), and 
ethanol 99.7%, from (Merck, Darmstadt, Germany) 

Chromatographic Parameters 

Capacity factors (k') were calculated using the equation k' = tR  - Ut,, 
where tR is the elution time at peak maximum and to is the elution time of un- 
retained solute. The separation factor, (a), was calculated using the equation a 
= k12 / ktl where kI2 and kIl are the capacity factors for the second and first 
eluted peaks, respectively. 

The resolution factor Rs was calculated using the equation Rs =2[(tW- 
tRI)/(wbl+ wb2)]. Where tm and tR1 are the elution time of second and first 
peaks, respectively, wbl and w b 2  are the peak width at base of the first and sec- 
ond peaks, respectively. 
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1822 ABOUL-ENEIN AND AL-DURAIBI 

Figure 3. Chromatograms of labetolol; (a) racemate mixture, (b) racemate GR 81728A, 
and (c) racemate GR 81729A. Mobile phase: Hexane: 1,2-dichloroethme:[ethanol + 
TFA (20:l) premixed]:methanol (58:35:7:0.7); flow rate: 0.4 mL,/min; chart speed: 0.25 
cdmin; wavelength: 308 nm. 
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SEPARATION OF RACEMIC DRUGS 1823 

Table 1 

Chromatographic Parameters Capacity (k’), Separation (a) 
and Resolution (&) Factors for Labetalol Enantiomers 

Racemate k’l k’2 a Rs 

GR 81729A 3.19 (+) SS 4.44 (-) RR 1.4 2.86 
GR 81728A 3.50 (+) 3.88 (-) 1.11 0.78 

RESULTS AND DISCUSSION 

For simplicity we tried to separate all the enantiomers of these drugs using 
isocratic technique. Published reports have described an HPLC analysis of p- 
blocking agents with more than one chiral center such as nadol01,~~’~ indenolol,6 
and labetalol.16 Optical rotation detector was used to identlfy the optical rota- 
tion of the enantiomers of these drugs when applicable, using the same chro- 
matographic conditions. The optical rotation was verified by injecting individ- 
ual enantiomers or racemate mixture were available. 

Labetalol 

The four enantiomers were separated using isocratic elution under the 
chromatographic conditions shown in Figure 3a. Each pair of enantiomers was 
determined by injecting individual racemate. Figure 3b shows the chroma- 
togram of racemate GR 81729A ( R R / S S )  while Figure 3c shows the chroma- 
togram of racemate GR 81728A (RS/SR). 

With the aid of an optical rotation detector, it was confirmed that the first 
eluting enantiomer in Figure 3a and 3b is the dextrorotatory enantiomer, while 
the second eluting enantiomer in Figure 3b or the fourth in Figure 3a is the 
levorotatory enantiomer. Also the first and second enantiomers in Figure 3c or 
the second and the third in Figure 3a are the enantiomers with (+) and (-) sign, 
respectively. 

Since the enantiomer with the RR configuration, (dilevalol), of racemate 
GR 81729 A had (-) sign 14, therefore, the other enantiomer with (+) sign will 
have the (SS) configuration. The chromatographic parameters calculated for 
the labetalol enantiomers are summarized in Table 1. 
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Figure 4. Chromatogram of formoterol racemate mixture. Mobile phase: Hexane:l,2- 
dichloroethane:[ethanol + TFA (20:l) premixed], 55:35:10; flow rate: 0.5 mL/min; chart 
speed: 0.25 cm/mh, wavelength: 278 nm. 

Formoterol 

The racemate mixture was separated into its four enantiomers, (Figure 4). The 
absolute configuration of the individual enantiomers was not determined. So, 
the chromatographic peaks were identified according to their optical rotation 
sign (results not shown). Referring to Figure 4, the first two eluting enantio- 
mers carry the (+)-dextrorotatory sign while the latter two are both (-)- 
levorotatory. From Figure 4 we obtained the ratio of the total percent area of 
the first (+) and third (-) eluting enantiomers over that of the second (+) and 
forth (-) eluting enantiomers which was 1.8:l and this guided us to know the 
composition of the racemic formoterol. Moreover, according to thts result we 
calculated the chromatographic parameters as shown in Table 2. We noticed 
that formoterol degraded after several hours of preparation for analysis when 
the mobile phase was used as an injection solvent (data not shown). Therefore, 
methanol was used as an injection solvent. 
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cy 

f 

Figure 5.  Chromatogram of nadolol, (a) racemate mixture SQ 11725, (b) racemate A 
SQ12181, and (c) racemate B SQ 12182. Mobile phase: Hexane:1,2- 
dichloroethane:[ethanol + TFA (20:l) premixed], (75:17:8); flow rate: 0.6 mL/min; 
chart speed: 0.25 cm/mkq wavelength: 269 nm. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1826 ABOUL-ENEIN AND AL-DURAIBI 

Table 2 

Chromatographic Parameters Capacity (k'), Separation (a) 
and Resolution (Rs) Factors for Formoterol Enantiomers 

Racemate k' k'2 a K3 

A 4.18 (+) 5.50 (-) 1.32 2.6 
B 4.76 (+) 6.29 (-) 1.32 2.5 

Table 3 

Chromatographic Parameters Capacity (k'), Separation (a) 
and Resolution (Rs) Factors for Nadolol Enantiomers 

Racemate k' k'2 a K3 

SQ12,181 8.56 (+) 9.67 (-) 1.13 1.6 
Racemate A SQ 12148 SQ 12150 

SQl2, 182 9.08 (+) 9.67 (-) 1.06 0.8 
Racemate B SQ 12149 SQ 2151 

Nadolol 

Several methods for the assay of nadolol in bulk material and pharmaceu- 
tical formulation based on HPLC9,'0,17 have been reported. Belas et a1.l' re- 
ported a reverse-phase separation of the four nadolol enantiomers after de- 
rivatization with the chiral reagent R(-)-1 -(naphthyl)ethylisocyanate [R(-)- 
MI]. In this method Chirex 3022 column in the normal phase mode was used 
for the separation of nadolol, which shows three separate peaks (Figure 5a). 
These peaks were identified by the injection of individual enantiomers onto the 
HPLC system under the same chromatographic conditions. 

The two enantiomers SQ 12150 and SQ 12151 were overlapping in the 
third peak of nadolol racemate mixture. However, the method can separate the 
enantiomers of both racemates A and B as shown in Figures 5b and 5c. The 
chromatographic parameters are presented in Table 3. 
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SEPARATION OF RACEMIC DRUGS 1827 

Figure 6. Chromatogram of indenolol racemate mixture. Mobile phase: Hex- 
ane:[ethanol + TFA premixed], (92:8); flow rate: 0.7 mL/min; chart speed: 0.25 
c d m i n ;  wavelength: 250 nm. 

Indenolol 

Indenolol has been separated to its four enantiomers using gradient elu- 
tion on a cellulose stationary phase.6 However, in the method described iso- 
cratic mode was used to separate indenolol racemate mixture to its four enan- 
tiomers; however, only three peaks were separated (Figure 6), which indicates 
that there is an overlapping in the second peak. Since the composition of ra- 
cemic indenolol is a tautameric mixture of the 7- ind 4-indenyloxy isomers in 
the ratio of 2: 1 (as stated by the manufacturer), the enantiomers can be grouped 
under the tautomer that they belong to, by calculating the area under each peak 
via integration. The ratio of the first peak over the third peak, also the ratio of 
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Figure 7. Chromatogram of U-54494A; Mobile pahse: Hexane: 1,2-dichloro- 
ethane:[ethanol + TFA premixed] (80:5:5); flow rate: 0.7 mL/min; chart speed: 0.25 
cdmin; wavelength: 278 nm. 

Table 4 

Chromatographic Parameters Capacity (k'), Separation (a) 
and Resolution (&) Factors for Indenolol Enantiomers 

Racemate k' k'2 (x Rs 

7 -1ndenyloxy 13.94 14.51 1.04 0.53 

4 -1ndenyloxy 14.51 15.40 1.06 0.82 
tautomer 

tautomer 

Table 5 

Chromatographic Parameters Capacity (k'), Separation (a) and 
Resolution (I&) Factors forU-54494A by Hydrochloride Racemates 

Racemate k' k'2 a Rs 
Mixture 

U-54494A 11.44 (+) 12.92 (-) 1.13 1.81 
U-76532A U-7653 1A 
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the second peak over the first peak and the ratio of the second peak over the 
third peak confirm the manufacturer’s composition of racemic indenolol. 
These results conclude that the first peak and one of the overlapping enantio- 
mers in the second peak are the corresponding enantiomers for the 7- 
indenyloxy tautomer. Furthermore, the third peak and one of the overlapping 
enantiomers in the second peak are the corresponding enantiomers for the 4- 
indenyloxy tautomer. The chromatographic parameters calculated for the inde- 
nolol enantiomers are summarized in Table 4. We noticed a severe worsening 
of the peak shapes resulting in lower resolution factor when methanol was used 
as an injection solvent (data not shown), therefore we used the mobile phase as 
an injection solvent. 

In spite of the failing attempts to optimize the separation of these overlap- 
ping peaks under isocratic condition, this method can separate the pair of en- 
antiomers of both nadolol and indenolol individual racemates. 

U-54494A 

U-54494A has two chiral centers with four possible enantiomers, how- 
ever, only the cis-configuration of the drug was available. Accordingly, U- 
54494A racemate contains two enantiomers U-7653 1A and U-76532A, which 
are present in 1: 1 ratio, and were separated as shown in Figure 7. The chro- 
matographic parameters for the resolution of these two enantiomers are shown 
in Table 5. 

This simple, direct and rapid separation method of these drugs using 
Pirkle urea-type CSP column, provides a possibility to the separation of bulk 
quantity of these drugs. Also this method can be used for the analysis of these 
drugs in bulk and pharmaceutical dosage forms. 
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