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Piperidine-2,6-dione Drugs on Chirose C-1
Chiral Stationary Phase
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BIOLOGICAL AND MEDICAL RESEARCH DEPARTMENT (MBC 03)
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ABSTRACT

A newly developed Chirose C-1 chiral stationary phase, a highly chiral polymer,
has been used for direct and isocratic enantiomeric separation of 12 piperidine-2,6-
dione compounds under normal phase conditions. Baseline separation has been
achieved for eight compounds, three compounds were partially separated, while one
compound did not resolve.

Key Words. Piperidine-2,6-dione; High-performance liquid chromatogra-
phy; Chiral separation; Chiral polymer; Chirose C-1 chiral stationary phase;
Normal phase mode

INTRODUCTION

Enantiomers should be treated as separate substances because they often
differ in potency, pharmacological action, or plasma disposition. For instance,
the (1)-R-aminoglutethimide had the greatest steroidogenesis inhibitory ac-
tivity (two to three times more potent than the racemate) while the (2)-S-iso-
mer had very little activity at dose levels 10-fold higher (1). N-Acetylamino-
glutethimide is the major mammalian metabolite of aminoglutethimide (2)

SEPARATION SCIENCE AND TECHNOLOGY, 34(15), pp. 2973–2979, 1999

Copyright © 1999 by Marcel Dekker, Inc. www.dekker.com

2973

* To whom correspondence should be addressed. FAX: 1(966)-1-442-7858. E-mail: enein@
kfshrc.edu.sa

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



ORDER                        REPRINTS

and it does not have any pharmacological activity (3, 4). Also, cyclohexylami-
noglutethimide, known as 3-cyclohexyl-3-(4-aminophenyl)-2,6-piperidine-
dione, is a specific aromatase inhibitor for the treatment of estrogen-depen-
dent breast cancer. (1)-(S)-Enantiomer is 30 times more active than the
(2)-(R)-enantiomer (5). Since most of the pharmacokinetics, metabolism, and
pharmacological activity published deals with the racemic mixtures of
piperidinediones and not the pure enantiomers (6), it is therefore necessary to
determine the proportion of each optical isomer present in a pharmaceutical
preparation and to find an efficient method for its separation. The drug series
investigated in this study has a piperidine-2,6-dione moiety in common but
belongs to different pharmacological classes, such as anticancer, hypnotic,
and anticholinergic agents (6–12). Several chiral methods have been de-
scribed for the separation of enantiomers of some piperidine-2-6-dione com-
pounds in this laboratory and others (13–25).

This study describes the resolution of a series of piperidine-2,6-dione
racemic compounds by a direct isocratic high-performance liquid chromatog-
raphy (HPLC) method on a newly developed chiral stationary phase (CSP)
known as Chirose C-1.

MATERIAL AND METHOD

Chemicals

(6)-Glutethimide, (6)-aminoglutethimide, R-(1)-aminoglutethimide, and
(6)-N-acetylaminoglutethimide were obtained from Ciba-Geigy (Basel,
Switzerland); (6)-3-phenylacetylamino-2,6-piperidinedione, known as anti-
neoplaston-A10 (A-A10), was obtained from the Burzynski Institute
(Stafford, TX); (6)-thalidomide and S-(2)-thalidomide were gifts from Dr. J.
C. Reepmeyer, Food and Drug Administration (St. Louis, MO); (6)-pyrido-
glutethimide was obtained from Dr. R. McCague, Chiroscience plc (Cam-
bridge, UK); (6)-thiophenylglutethimide, (6)-cyclohexylaminoglutethimide,
and R-(2)-cyclohexylaminoglutethimide were from Dr. R. W. Hartmann
(University of Saarland, Saarbrücken, Germany); (6)-methylthalidomide, S-
(1)-methylthalidomide, (6)-ethylthalidomide, S-(1)-ethylthalidomide, and
(6)-n-propylthalidomide were kindly supplied by Professor J. Knabe (Uni-
versity of Saarland, Saarbrücken, Germany); and (6)-phenylgluterimide.HCl
was from Paul Nicholls (University of Cardiff, UK) (see Fig. 1). HPLC grade
hexane (Fisher Scientific, NJ) and ethanol 99.8% (Merck, Darmstadt, Ger-
many) were used.

Apparatus

The HPLC system consisted of a Model 510 pump, Lambda-max 481 LC
spectrophotometer, and Model 746 data module which were purchased from
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FIG. 1 Chemical structures of the piperidinedione compounds used in this study.
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Waters Corp. (Milford, MA), and a manual injector Model 7125 was obtained
from Rheodyne (Cotati, CA). The Chirose C-1 column (250 3 4.6 mm ID, 5
mm particle size) was from Chiralsep (La Frenaye, France). Shodex OR-1 op-
tical rotation detector was purchased from JM Sciences (Buffalo, NY). The
mobile phase was a mixture of hexane and ethanol (80:20, v/v) at a flow rate
of 1.0 mL/min; the detection wavelength was 254 nm.

Chromatographic Parameters

Capacity factors (k9 ) were calculated using the equation k9 5 (tR 2 t0)/t0,
where tR is the elution time at peak maximum and t0 is the elution time of un-
retained solute. The separation factor (a) was calculated using the equation a
5 k92/k91, where k92 and k91 are the capacity factors for the second and first eluted
peaks, respectively. The resolution factor (Rs) was calculated using the equa-
tion Rs 5 2[(tR2 2 tR1)/(Wb1 1 Wb2)], where tR2 and tR1 are the elution times
of second and first peaks, respectively, and Wb1 and Wb2 are the peak width at
the base of the first and second peaks, respectively. Kaiser’s peak separation
index (Rp) was calculated using the equation Rp 5 a/b, where a is the ratio of
the mean valley height between the two peaks and b is the mean peak height.
The value of Rp is considered to be zero when the two peaks overlap com-
pletely, and is equal to one if the peaks are resolved at the baseline (26).

RESULT AND DISCUSSION

The direct stereochemical separation of racemic piperidine-2,6-diones was
achieved without derivatization on a newly developed Chirose C-1 CSP under
normal phase mode conditions. The newly developed Chirose C-1 CSP was
successful in the baseline resolution of eight compounds and a partial resolu-
tion of three compounds out of 12 racemic compounds used in this study
(Table 1), using a mixture of hexane with ethanol (80:20, v/v) as an eluent.

Chirose C-1 CSP is a highly chiral polymer reticulated in a three-dimen-
sional network. This polymer is mainly hydrophobic and bears organic func-
tions available for hydrogen bonding with alcohols, thiols, carboxylic acids
and derivatives, and amines and derivatives. The crosslinking phenomenon
creates macrochiral cavities useful for the discrimination of the C-2 symme-
try compounds (Dr. Raphaël Duval, personal communication, Chiralsep, La
Frenaye, France). Therefore, the data obtained indicate that the alcohol acts as
a modifier and competes with the analyte for the interactive sites on the CSP,
mainly through hydrogen bonding. Furthermore, spatial arrangements of the
Chirose C-1 CSP represent the chiral cavities. The alcohol and the analyte fit
differently into these macrochiral cavities, causing the difference in the sepa-
ration factor (a) and the resolution factor (Rs) observed. Furthermore, the re-
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sults (Table 1) show the effect of different substituents at the chiral carbon on
the racemic compounds. It is of interest to mention that in the case of thalido-
mide and analogs (Fig. 1d), the capacity factor (k9) decreases with the increase
of the length of the alkyl chain in the following order: H . CH3 . C2H5 .
C3H7. In contrast, a and Rs increase with an increase of the alkyl chain: H ,
CH3 , C2H5 , C3H7. In the piperidine-2,6-dione drugs shown in Fig. 1(a) it
was found that the capacity factor (k9) decreases according to the nature of the
substituent on the phenyl ring in the following order: NH2 . CH2CH2N-
(C2H5)2 . NHCOCH3 . H . SH. The separation factor a and the resolution
factor Rs increase in the order H , CH2CH2N(C2H5)2) , SH , NH2 ,
NHCOCH3. This reflects the effect of these substituents on the stabilities of
the inclusion complexes between the solute and CSP. Accordingly, the differ-
ence in the stability of the inclusion complexes will affect, in part, chiral dis-
crimination and, consequently, resolution.

Enantiomeric identification of the chromatographic peaks was achieved by
injecting the individual enantiomers, when available, on the HPLC system.
Otherwise, the optical rotation sign [(1) or (2)] for each chromatographic
peak was determined with the optical rotation detector. It was observed, for all
racemic compounds resolved, that the enantiomers with (2) sign eluted first,
regardless of their configurations (S or R). It is of interest to report that when
using a cellulose derivative CSP known as Chiralcel OJ-R under the reversed
phase mode, a reversal of elution order for these drugs was observed, i.e., the
(1)-enantiomers eluted first (19).

SEPARATION OF PIPERIDINE-2,6-DIONE DRUGS 2977

TABLE 1
Chromatographic Parameters,a Capacity Factor (k'), Separation Factor (a), 

Resolution Factor (Rs), and Kaiser’s Peak Separation Index (Rp)

Compound k'1 k'2 a Rs (Rp)

Glutethimide (2) 3.24 (+) 3.54 1.1 0.9 (0.66)
Aminoglutethimide S (2) 13.29 R (+) 17.79 1.34 3.3
Cyclohexylaminoglutethimide R (2) 10.29 S (+) 20.07 1.95 8.2
N-Acetylaminoglutethimide (2) 6.56 (+) 8.65 1.32 2.6
3-Phenylacetylamino-2,6-piperidinedione (2) 11.02 (+) 13.15 1.19 1.8
Pyridoglutethimide (2) 8.11 (+) 9.09 1.12 1.2 (0.92)
Thiophenylglutethimide (2) 3.22 (+) 3.97 1.23 2.1
Thalidomide S (2) 20.0 R (+) 21.06 1.05 0.5 (0.39)
Methylthalidomide R (2) 11.81 S (+) 13.99 1.18 2.1
Ethylthalidomide R (2) 10.54 S (+) 12.58 1.19 2.0
n-Propylthalidomide (2) 8.63 (+) 10.23 1.19 1.8
Phenylgluterimide.HCl Not resolved 

a Chromatographic conditions are described in the Material and Method section.
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Glutethimide was the least retained of all the compounds tested under the
chromatographic conditions used. However, when using hexane and ethanol
at a 90:10 percentage, a baseline separation was achieved for glutethimide (a
5 1.3, Rs 5 1.72). When this mobile phase was used for all the other drugs,
the second enantiomer was retained in the column for more than 120 minutes
(data not shown).
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