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ABSTRACT A series of 1,4-disubstituted piperazine derivatives with hypnotic activity
were examined on three polysaccharide-based chiral stationary phases, namely, Chiracel
OD, Chiracel OJ and Chiralpak AD. It was possible to resolve all the compounds on all
the phases examined (1.13 # a # 3.54). Cellulose tris(4-methylbenzoate) (Chiracel OJ)
exhibited remarkable differences in the selectivity of enantiomeric resolution as com-
pared to cellulose tris(3,5-dimethylphenylcarbamate)-Chiracel OD and amylose tris(3,5-
dimethylphenylcarbamate)-Chiralpak AD. The differences in selectivity towards particu-
lar homologs on these phases could be explained in terms of lipophilicity and steric
factors. Chirality 11:790–794, 1999. © 1999 Wiley-Liss, Inc.
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Polysaccharides such as cellulose and amylose are the
most accessible optically active polymers and their deriva-
tives have been widely used in HPLC for chiral resolution
of many different racemic compounds, such as drugs, agro-
chemicals, and ferroelectric liquid crystals.1,2 However, the
chiral recognition mechanisms of these chiral stationary
phases (CSPs) are still not completely understood, as it
depends on the higher order structure of the chiral poly-
mers.2,3 One of the ways to investigate such problems is to
use a homologous series of congeneric solutes.4,5 In a
search for hypnotic and sedative agents, a homologous
series of racemic 1,4-disubstituted piperazine derivatives
(Fig. 1) was synthesized.6,7 In a previous article,4 the in-
teresting and unusual behavior of these compounds on
cellulose tris(4-methylbenzoate) was described. In this re-
port the enantioselective separation of the 1,4-disubstituted
piperazine homologous series was examined on two other
polysaccharide-based chiral stationary phases, cellulose
tris(3,5-dimethylphenylcarbamate) and amylose tris(3,5-
dimethylphenylcarbamate) (Chiracel OD and Chiralpak
AD) the structures of which are shown in Figure 2. Fur-
thermore, the solvent effect on retention on cellulose
tris(4-methylbenzoate) was examined.

MATERIALS AND METHODS
Apparatus

A Varian 9000 liquid chromatograph, equipped with a
UV-VIS variable wavelength detector and a gradient pump
(Varian Associates, Palo Alto, CA, USA) was used with a

Valco valve injector (10 µl loop). The HPLC system was
operated under the Star Workstation 4.0 program.

Chemicals

A series of nine homologous test solutes was synthe-
sized and identified previously.1 The solvents used were of
HPLC grade from J.T. Baker (Deventer, Holland).

Chromatographic Conditions

Chiral columns:
Chiracel OD-H, packed with cellulose tris(3,5-dimeth-
ylphenylcarbamate), 25 cm × 4,6 mm i.d., particle size
5 µm.
Chiracel OJ, packed with cellulose tris(4-methylben-
zoate), 25 cm × 4,6 mm i.d., particle size 5 µm.
Chiralpak AD, packed with amylose tris(3,5-dimethyl-
phenylcarbamate), 25 cm × 4,6 mm i.d., particle size
5 µm.

Mobile phases:
A—hexane:2-propanol (4:1 v/v); B—hexane:2-propanol
(95:5 v/v); C—hexane:ethanol (4:1 v/v); and D—etha-
nol.
Flow rate: 1 ml/min (A, B, and C mobile phases); 0.8
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ml/min (D mobile phase).
Temp: 26°C.
Detection: 242 nm.

Hydrophobicity Factors

Hydrophobicity was evaluated from capacity factors on
an RP-18 column as described in by Chilmonczyk et al.4

RESULTS AND DISCUSSION

All the compounds tested were resolved on all the sta-
tionary phases examined (1.13 # a # 3.54) (Table 1). It
appeared that cellulose tris(4-methylbenzoate) possessed
uniquely the property of differentiating the selectivity
within the examined homologous series (Fig. 3). The num-
ber of methylene units in alkyl substituent (R) does not
have any influence on separation factors on two (out of
three) of the investigated chiral stationary phases. These
results are in agreement with those reported previously by
Chilmonczyk et al.4 Cellulose tris(3,5-dimethylphenylcar-
bamate) and amylose tris(3,5-dimethylphenylcarbamate)
showed almost constant enantiomeric resolutions, while
cellulose tris(4-methylbenzoate) had nonlinear enantio-
meric resolution. Since cellulose has linear configuration,
whereas amylose possesses a helical structure,8,9 it is pos-
sible that the CSP polysaccharide structure has no influ-
ence on the change of enantioselectivity within the homolo-
gous series investigated. It might thus be possible that the
type of cellulose (amylose) substituent (carbamate vs. es-
ter, Fig. 2) plays an important role.10 Recently, Aboul-Enein
and Bakr5 reported the effects of substituents on the cel-

lulose and amylose phenylcarbamate group on the enan-
tioselective recognition mechanisms of several propranolol
analogs. It is known that cellulose carbamates may form
hydrogen bonds with appropriate acceptors via the amide
hydrogen atom.1 Accordingly, hydrogen bond formation
between the NH-carbamate group of the stationary phase
and a carbonyl group of the solutes may thus be consid-
ered (Fig. 4).

It has been reported that most of the cellulose tris
(phenylcarbamate) derivatives form a lyotropic liquid crys-
talline phase in highly concentrated solution and when
coated on silica gel from solution present an ordered struc-
ture in which the phenylcarbamate groups are regularly
arranged.3,11 This seems to be very important for efficient
chiral recognition. Also important for chiral discrimination
on the phenylcarbamate derivatives are the polar carba-
mate groups, which interact with the racemate analytes via
hydrogen bonding with the NH and C=O groups and di-

Fig. 1. Structures of compounds investigated.

Fig. 2. Structures of polysaccharide-based stationary phases used.

TABLE 1. Capacity factors (k*1 and k*2
) and selectivity (a) values obtained on polysaccharide-based chiral columns for the

compounds investigated

Comp
No.

Chiralcel OJ Chiralpak AD Chiracel OD-H

Aa,b Bb Cb Cb Db Bb

R k81 k82 a k81 k82 a k81 k82 a k81 k82 a k81 k82 a k81 k82 a

1 CH3 6.25 8.05 1.29 24.33 31.08 1.28 3.81 4.38 1.15 5.98 12.13 2.03 1.15 2.06 1.79 11.18 12.66 1.13
2 C2H5 4.07 6.54 1.61 13.64 21.18 1.55 3.07 3.80 1.24 4.61 6.52 1.14 1.15 1.55 1.35 6.06 7.42 1.22
3 n-C3H7 2.59 6.50 2.51 8.60 20.96 2.44 2.16 3.47 1.61 2.84 3.46 1.22 0.95 1.15 1.21 4.52 5.73 1.27
4 n-C4H9 1.94 6.44 3.32 6.42 20.05 3.12 1.64 2.91 1.77 2.35 3.00 1.28 0.98 1.27 1.30 3.95 4.94 1.25
5 n-C5H11 1.78 6.32 3.54 5.79 18.22 3.15 1.55 2.53 1.63 2.44 2.98 1.22 1.20 1.54 1.28 3.62 4.42 1.22
6 n-C6H13 1.73 4.82 2.79 5.57 14.18 2.55 1.55 2.23 1.44 2.15 2.89 1.34 1.15 1.81 1.58 3.44 4.12 1.20
7 n-C7H15 1.60 3.52 2.20 4.96 10.57 2.13 1.43 1.86 1.30 2.16 2.53 1.17 1.24 1.84 1.49 3.30 3.86 1.17
8 n-C8H17 1.34 2.92 2.18 4.17 9.07 2.18 1.17 1.63 1.39 1.76 2.17 1.24 1.18 1.76 1.49 3.16 3.65 1.16
9 n-C9H19 1.16 2.43 2.10 3.63 7.64 2.10 1.01 1.44 1.43 1.58 1.87 1.18 1.23 1.81 1.47 2.99 3.43 1.15

aResults from Ref. 4.
bMobile phase composition is described in Material and Methods.
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pole–dipole interaction on the C=O. Along with these polar
interactions, the p–p interaction between the phenyl group
of the polysaccharide carbamate derivative and the aro-
matic ring of the analyte (the pyrimidine ring in this case)
may play a role in chiral recognition. In the case of cellu-
lose tribenzoate, the polar ester carbonyl groups interact
with the racemate analytes through dipole–dipole interac-
tion.

On cellulose and amylose tris(3,5-dimethylphenylcarba-
mate) the capacity factors for both series of enantiomers
depended on the “R” (Fig. 1) carbon chain length to a
much smaller extent (and at the same time on the bulki-

ness and hydrophobicity of the compounds) (Fig. 5, curves
2, 3, 5, 6) than on cellulose tris(4-methylbenzoate) (Fig. 5,
curves 1, 4). This would suggest the formation of relatively
strong hydrogen bonds for both enantiomers (not much
influenced by the steric and hydrophobic factors) on cel-
lulose and amylose tris(3,5-dimethylphenylcarbamate). In
the case of the cellulose tris(4-methylbenzoate), steric and
hydrophobic interactions caused by the alkyl groups of the
solutes and the CSP have a more prominent effect in sta-
bilizing the solute-stationary phase complex (Fig. 5, curves
1, 4).

The relationship between the selectivity (a) on cellulose
tris(4-methylbenzoate) (but not on amylose tris(3,5-

Fig. 3. Relationship between se-
lectivity (a) and number of methy-
lene units in the alkyl substituent
(NC). s = Chiracel OJ column/
mobile phase A; d = Chiracel OD-H
column/mobile phase B; , = Chiral-
pak AD column/mobile phase C.

Fig. 4. Possible hydrogen bond interactions of carbamate stationary
phase with solutes.

Fig. 5. Relationship between chiral capacity factors and lipophilicities
evaluated as capacity factors obtained on RP-18 column.4 Chiracel OJ col-
umn (mobile phase A): curve 4. . = first eluted enantiomer; curve 1. , =
second eluted enantiomer. Chiralpak AD column (mobile phase C): curve
6. d = first eluted enantiomer; curve 5. s = second eluted enantiomer.
Chiracel OD-H column (mobile phase B): curve 3. j = first eluted enan-
tiomer; curve 2. ❏ = second eluted enantiomer.
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dimethylphenylcarbamate)) and the number of the carbon
units (NC) in the alkyl substituent depended on mobile
phase composition (Fig. 6). The closest relationship was
observed for hexane-2-propanol (80:20 v/v, curve 1) and
the worst for hexane-ethanol (80:20, curve 3). It is of inter-
est that the relationship between hydrophobicity and ca-
pacity factors was almost constant for the first eluted en-
antiomers for the three tested solvent systems (hexane-2-
propanol, 95:5; hexane-2-propanol, 80:20; hexane-ethanol,

80:20) (Fig. 7, curves 2, 5, 6) showing the rather weak
influence of solvent on the relative strength of the first
eluted enantiomer-stationary phase complexes. On the
other hand, the relative strength of the second eluted en-
antiomer-stationary phase complex was dependent on sol-
vent composition (Fig. 7, curves 1, 3, 4). This suggests a
small effect of the solvent on relative steric destabilizing
effect and a greater influence on hydrophobic stabilizing
effect.12

Fig. 7. Relationship between chi-
ral capacity factors (log k)1 and log
k)2) obtained on Chiracel OJ column
with different mobile phases and (log
k)) hydrophobicity of the investi-
gated compounds obtained on RP-18
column.4 Mobile phase A: curve 5.
. = first eluted enantiomer; curve 3.
, = second eluted enantiomer. Mo-
bile phase B: curve 2. j = first eluted
enantiomer; curve 1. h = second
eluted enantiomer. Mobile phase C:
curve 6. d = first eluted enantiomer;
curve 5. s = second eluted enantio-
mer.

Fig. 6. Relationship between se-
lectivity (a) and number of methy-
lene units in the alkyl substituent
(NC) for different compositions of a
mobile phase. Chiracel OJ column:
mobile phase A = curve 1. ,; mobile
phase B = curve 2. d; mobile phase
C = curve 3. s. Chiralpak AD col-
umn: mobile phase C = curve 5. +;
mobile phase D = curve 4. ..
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