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ABSTRACT

The separation of enantiomers of dihydropyridine derivatives by high-performance liquid chromatography was studied using
modified Pirkle-type chiral stationary phases. Resolution was achieved by normal-phase operation utilizing n-hexane-1,2-
dichloroethane—methanol-trifluoroacetic acid as the mobile phase on two types of urea-derivative chiral stationary phase. Nine
urea-type chiral phases were examined, derived from (R)-1-(z-naphthyl)ethylamine with (§)-proline or from (S)-1-(«-naph-
thyl)ethylamine with (S)-terz.-leucine chemically bonded to a 3-aminopropylsilanized silica stationary phase (Sumichiral OA-4500

and Sumichiral OA-4600).

INTRODUCTION

In recent years, the number of chiral dihydro-
pyridine derivatives with calcium antagonist ac-
tivity has rapidly increased. Dihydropyridine
antagonists, as a racemic mixture of (+)- and
(—)-dihydropyridine calcium antagonists, are un-

dergoing clinical evaluation for antihypertensive

and antianginal effects. For many of these de-
rivatives, the individual enantiomers also have
widely different biological activities [1,2]. It is
important, therefore, to be able to determine the
amount of each enantiomer. High-performance
liquid chromatography (HPLC) on a chiral
stationary phase is a very useful technique for
the analysis of these enantiomers. Tokuma et al.

* Corresponding author.

[2] applied such a technique to the direct separa-
tion of nilvadipine enantiomers on a Chiralpak
OT(+) analytical column, which is a (+)-poly-
(triphenylmethyl methacrylate) stationary phase.
It has also been reported that a stationary phase
composed of a a,-acid glycoprotein is able to
separate a series of dihydropyridine enantiomers
using a buffer [3]. Okamoto et al. [4] reported
that optical resolution of dihydropyridine deriva-
tives was possible on HPLC columns packed
with xylan bis(3,5-dichlorophenylcarbamate) and
cellulose  tris(4-tert.-butylphenyl carbamate).
However, the separation of enantiomers of re-
cently developed chiral dihydropyridine deriva-
tives could not be achieved by high-performance
liquid chromatography on Pirkle-type chiral
stationary phases. Oi and co-workers [5-8] pre-
viously reported the preparation of modified
Pirkle-type columns and the enantiomeric sepa-
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columns. These columns are useful for the sepa-
ration of enantiomers of several biologically
active compounds [6-8]. However, the direct
resolution of enantiomers of dihydropyridine
derivatives has not been reported using the
above type of columns. In a previous paper [9],

we described the enantiomer senaration of di-
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hydropyridine derivatives by liquid chromatog-
raphy with a silica-based cellulose tris(3,5-
dimethylphenylcarbamate) (CDMPC) chiral
stationary phase. However, this method was not
adequate owing to the long analysis time and
peak broading. In this paper, we describe the
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of dihydropyridine derivatives by normal-phase
HPLC on two types of chiral stationary phases.
We examined nine urea-type chiral phases
(Sumichiral OA-2000, OA-2500R, OA-3100,

OA-4400, OA-4500, OA-4600, OA-4700, OA-
4800 and OA-4900 in Fig. 2), derived from (R)-
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from (S)-1-(a-naphthyl)ethylamine with (5)-
tert.-leucine chemically bonded to 3-amino-
propylsilanized silica stationary phase (Sumichir-
al OA-4500 and Sumichiral OA-4600, respective-
ly). n-Hexane-1,2-dichloroethane—methanoi-tri-
fluoroacetic acid was used as the mobile phase.
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Materials

Nilvadipine, nitrendipine, nisoldipine, nicar-
dipine and benidipine (Fig. 1) were kindly do-
nated by Fujisawa Pharmaceutical (Osaka,
Japan), Yoshitomi Pharmaceutical (Osaka,

Jannn\ Raver {Wnnnertal Germanv) Vaman.
pan;, Sayer (wupperia., tsérmany,, raman

ouchi Pharmaceutical (Tokyo, Japan) and
Kyowa Hakko Kogyo (Tokyo, Japan), respec-
tively. n-Hexane and methanol were both of
HPLC grade, and all other solvents and reagents
were of analytical-reagent grade. Standard solu-
tions of each dihydropyridine derivative were

nrenarad in mathanal and ctarad at A(‘
prepared mn melaane: ang seres at

200-1000 ng of dihydropyridine derlvatlves were
injected to the HPLC system.

and
ang

Apparatus
The apparatus used for HPLC was a Waters

Mandal NN F hich_narfarmanca lianid chramata_

Mode! 600 E high-performance liguid chromato-
graph equipped with a variable-wavelength UV
detector (operated at 254 nm) (Millipore—Wa-
ters, Milford, MA, USA). The HPLC column
contained Sumichiral OA-2000, OA-2500R, OA-

3100, OA-4400, OA-4500, OA-4600, OA-4700,
OA-4800 and OA-4900 chiral stationary phases
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Fig. 1. Structures of dihydropyridine derivative calcium antagonists. (a) Nilvadipine; (b) nitrendipine; (c) nisoldipine; (d)

nicardipine; (¢) benidipine.
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(Fig. 2) (5 or 15 pum, 250x4.6 mm L.D.)
(Sumika Chemical Analysis Service, Osaka
Japan). n-Hexane—1,2-dichloroethane—methanol-
trifluoroacetic acid was used as the mobile phase.
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Fig. 2. Structures of chiral stationary phases. (Sumichiral
OA).
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Flow-rates of 1.0 ml/min were used at room
temperature.

RESULTS AND DISCUSSION

We tried various chiral stationary and mobile
phase systems for the enantiomeric separation of
dihydropyridine derivatives (Fig. 1). The chro-
matographic results are summarized in Table 1.
The best separation was obtained for the en-
antiomers of nilvadipine and benidipine on the
various chiral stationary phases used.

Effective enantioseparation of nilvadipine was
obtained on Sumichiral-OA 4400 (a =1.21),
4500 (a =1.39), 4700 (o = 1.15) and 4800 (a =
1.29) using  n-hexane-1,2-dichloroethane—
methanol—trifluoroacetic acid (250:140:2:1) as
the mobile phase. A typical chromatogram on a
Sumichiral-OA 4500 column is shown in Fig. 3.
Under the chromatographic conditions a resolu-
tion (R,) of 3.6 was achieved for the nilvadipine
enantiomers, with theoretical plate numbers of
2304 and 3927 for the (+) and (—)-enantiomers,
respectively. We previously described the en-
antiomeric separation of nilvadipine on the sil-
ica-based  cellulose  tris(3,5-dimethylphenyl-
carbamate) (CDMPC) (Chiraicel OD) [9]. How-
ever, this chromatographic system was not
adequate owing to peak broadening and the long
analysis time. In this study, we achieved a better
chiral separation with a short analytical time with
a Pirkle-type column rather than a CDMPC
chiral column.

The separation of enantiomers of benidipine
was obtained on Sumichiral OA-4500 (a = 1.30),
OA-4700 (a =1.16) and OA-4800 (a =1.25)
using n-hexane-1,2-dichloroethane—-methanol—
trifluoroacetic acid (250:140:20:1) as the mobile
phase, (Table I). A typical chromatogram is
shown in Fig. 3. The resolution was R, = 4.0 with
theoretical plate numbers of 3410 for the (+)-
and 4673 for the (—)-enantiomer.

The nisoldipine enantiomers were completely
separated on Sumichiral OA-4600 only (a=
1.12). A chromatogram of the enantiomeric
separation of nisoldipine is shown in Fig. 3. The
resolution was R, = 1.4, with theoretical plate
numbers of 2621 for the (+)- and for the (—)-
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TABLE I
HPLC SEPARATION OF ENANTIOMERS OF DIHYDROPYRIDINE DERIVATIVES ON CHIRAL STATIONARY
PHASES
Sumichiral Nilvadipine Benidipine Nisoldipine Nicardipine Nitrendipine

M*  k, a M* &, a M k, a M*  k, a M*  k, a
OA-2000 A 10.74 1.03 - - - A 566 100 - - - A 459 1.00
OA-2500R - - - D 657 104 - - - D 682 100 - - -
OA-3100 - - - D 2729 107 - - - D 24.17 100 - - -
0A-4400 A 677 121 D 352 100 A 277 100 D 291 100 A 272 1.00
OA-4500 A 467 139 E 1240 130 A 149 100 E 830 105 C 517  1.00
OA-4600 A 596 110 D 245 111 B 417 112 D 304 100 B 5.87 1.00
OA-4700 A 225 115 D 159 116 A 123 100 D 147 100 A 1.05 1.00
0A-4800 A 482 129 D 473 125 A 280 104 D 471 100 A 1.92  1.00
OA-4900 A 1343 104 D 442 100 A 421 108 D 412 100 A 3.12 1.00

“M =mobile phase: n-hexane-1,2-dichloroethane-methanol-trifluoroacetic acid, (A) 250:140:2:1, (B) 250:140:0.5:1, (C)

400:100:2:1, (D) 250:140:20:1 and (E) 250:140:10:1.

enantiomers 3226. Thus enantiomeric separation
of nisoldipine could be obtained on the Pirkle-
type column, but not on a CDMPC chiral col-
umn [9].

The enantiomers of nicardipine were almost
separated on Sumichiral OA-4500 (« = 1.05).
The chromatogram is shown in Fig. 4. The
resolution was R, =1.1, when theoretical plate
numbers of 6297 for the (+)- and 6601 for the
(—)-enantiomer. On the other hand, no sepa-
ration of nitrendipine was obtained on a Pirkle-
type column in these studies (Fig. 4). The
separation factor of enantiomer for nitrendipine
was 1.00 on the Sumichiral OA column (Table
I), with a theoretical plate number of 1685.
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Fig. 3. Separation of dihydropyridine derivative calcium
antagonists with chiral stationary phases (Sumichiral OA).
Chromatographic conditions as in Table 1. (a) Nilvadipine
(OA-4500); (b) benidipine (OA-4500); (c) nisoldipine (OA-

4600).

Delee et al. [3] reported the enantiomer sepa-
ration of dihydropyridines on an «,-acid glyco-
protein column [3]). However, this method was
not adequate owing to the long analytical time
and peak broadening. The separation mechanism
includes non-specific interaction of dihydropyri-
dine with the «,-acid glycoprotein stationary
phase.

Okamoto et al. [4] also reported that a station-
ary phase composed of xylan bis(3,5-dichlo-
rophenylcarbamate) and cellulose tris(4-tert.-
butylphenyicarbamate) was able to separate a
series of dihydropyridine enantiomers using a
normal mobile phase [4]. The same group [10]

o 10 2 10 20 min

Fig. 4. Separation of dihydropyridine derivative calcium
antagonists with chiral stationary phases (Sumichiral OA).
Chromatographic conditions as in Table 1. (a) Nicardipine
(OA-4500); (b) nitrendipine (OA-4500).

30 min 0
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also reported that the enantioseparation mecha-
nism of polysaccharide phenylcarbamate-type
stationary phases is considered to involve inter-
actions between chiral adsorbing sites and the
polar carbamate group. The groups can interact
with a solute via hydrogen bonding with NH and
C = O groups and dipole—dipole interactions on
C = 0. The adsorbing powers of these sites may
be strongly influenced by the nature of the
substituents on the phenyl group. The enantio-
separation of dihydropyridine derivatives should
be considered to follow the same mechanism on
the polysaccharide phenylcarbamate stationary
phase. On the other hand, Pirkle and Hamper
[11] described the mechanism on a Pirkle-type
column. The interaction mechanism with the
chiral stationary phase was considered to require
the analyte to contain a 7-donor site, a basic site
for association with the benzamide hydrogen and
an acidic site to hydrogen bond to the basic
carbonyl oxygen, and these sites must be
stereochemically disposed such that all of the
interactions with the chiral stationary phase can
occur simultaneously.

From the results of this study, we consider that
the enantioseparation of dihydropyridine deriva-
tives involves interactions with the nitrobenzene
ring, carbonyl group and amido group in the
dihydropyridine molecule using Sumichiral OA
stationary phases. Effective enantioseparation of
nilvadipine was obtained because it contains a
asymmetric dihydropyridine ring form 2-cyano
group and a 5-carboxyisopropyl ester group.
Adequate enantioseparation of benidipine was
obtained. It is considered that the steric hin-
drance of the 1-benzyl-3-piperidyl moiety on the
asymmetric carboxy group affected the inter-
action of benidipine on the chiral stationary
phase. It was also considered that the steric
hindrance of the isobutylmethyl moiety on the
asymmetric carboxyl group affected the enantio-
separation of nisoldipine on the chiral stationary
phase. A poor enantioseparation of nicardipine
was obtained. It is considered that the steric
hindrance of the N-benzyl-N-methylaminoethyl
moiety on the asymmetric carboxyl group weakly
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affected the interaction of nicardipine on the
chiral stationary phase, because the bulky benzyl
group is distant from the chiral centre. No
enantioseparation of nitrendipine was obtained,
because there is no steric hindrance of the ethyl
moiety on the asymmetric carboxyl group. In
conclusion, we found that Pirkle-type chiral
stationary phases (Sumichiral OA) were very
efficient for the separation of enantiomers of a
few dihydropyridine calcium antagonists. We
consider that the method using HPLC with these
chiral stationary phases is very useful for the
analysis of enantiomers of dihydropyridine cal-
cium antagonists in clinical patients. Further
applications of the method to enantiospecific
therapeutic drug monitoring of dihydropyridine
derivatives are being conducted.
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