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DEXTRIN INCLUSION COMPLEXES
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ABSTRACT

p =Cyclodextrin as the chiral mobile phase compo-
nent was used for resolution of mephenytoin and some
barbiturates ( antidepressant drugs) into enantiomers
on LiChrosorb RP 18 columm. The effects of p~oyolo-
dextrin concentration on the capaclity faotors were
investigated and the stability constants as well as
capacity factors of p~cyclodextrin complexes were
caloulated., It has been found that 5 -oyolodextrin
complexation results in a distinct enantioselectivity
in the ocase of mephenytoin and barbiturates ocontaining
a ochiral center in the pyrimidine ring. Results are
discussed in the light of two phenomensa influencing
resolution: adsorption of inolusion complexes on the
stationary phase and complexation process in the
mobile phase solution.
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INTRODUCTION

P ~Cyclodextrin ( p -CD) is torus shaped cyolic
oligosaccharide made up of seven & -1,’4 linked
D=glucopyranose units; it is produced on a large
scale from starch., The most characteristic property
of P -CD is its remarkable ability to form inclusion
compounds with various neutral and ionio species ( 1).
These processes of inclusion (in hydrophobic cavity
of p~CD of diameter 8 & and volume 346 23 ) are influ-
enced mainly by the hydrophobicity and the shape of
a guest compound i.e. by the fitness of a complexed
molecule for the P -CD cavity. For that reason com-
plexation with P -CD may be considered as a process
of choice for separation of isomers.

5> -CD is a chiral compound itself, like D-glucose
of which it is constructed. P -CD is dextrorotatory
of specific rotation 0512)5 = +162.0 + 0.5 (1), Thus
P =CD complexation is also a potential tool for sepa~
ration of other ohiral compounds into enantiomers,

These inclusion properties of [3-CD have been
used in various separation techniques including
classical liquid chromatography methods ( 2),but the
classical columms containing usually polymers with
P ~CD molecules incorporated in their structure are
of comparatively large dimensions and low efficiency
due to the complex mechanism of sorption: gel permea-
tion+molecular inclusion.

For. separation of chiral compounds into enantio-
mers by high performance liquid chromatography ( HPLC)
CD = inclusion phenomena have been recently applied
in two different ways:

- by using chemically bonded /5-CD - silica stationary
phases; the resolutions of various chiral compounds
including some barbiturates have been reported

recently ( 3,4,5),
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- by applying 3-CD as a mobile phase component in the
reversed phase (RP) system (6,7,8).
The latter way has been exemplified by resolution of
mandelic acid and some of its derivatives substituted
in the side chain and/or in the aromatic ring. It has
been found that the enantioselectivity arising from
inclusion in p~CD molecules is substantial only for
compounds containing an intact carboxylic group and
another polar group (e.g. OH, NH2) at the chiral
carbon atom able to form a hydrogen bond with the
secondary hydroxyl groups of [5 -CD, It was also
assumed that the insertion of a phenyl group in the
cavity of B ~CD provides third point of contact indis-
pensable for achieving a chiral recognition according
to the "three points of attachment"”concept of
Dalgliesh (9).

These results have encouraged us to undertake
further studies which are reported in the present
work on application of the same procedure for resolu-
tions of mephenytoin and some barbiturates into enan-
tiomers., All the compounds studied are well-known
and widely used therapeutic agents.

~EXPERIMENTAL

Reagents
P-CD was supplied by Chinoin ( Budapest,Hungary)

and was purified by recristallization from water.
All solvents and reagents were of analytical~reagent
grade and were used without purification.
Mephenytoin and barbituric acid derivatives which
formulae are collected in Table 1 were commercial
drug products. Pure enantiomers of methylpheno=
barbital were kindly provided by Professor J., Knabe
( Saarbrficken ). Enantiomers of mephenytoin and hexo-
barbital were prepared by means of mioro-preparative
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TABLE 1

Struoctural formulae of mephenytoin and barbiturates

studied

Mephenytoin

N—{ (H—CH=CH,
N—( *CH—CH~CH—CH,

H
CH,
Secobarbital

CH,

H

o CH
CH,

Methylphenobarbital

0
'.(N .CIH—CH;—CH;—CH,
(H,

Pentobarbital
H
)! (H—CH,

5=

. H—CH,—CH:—CHS

H,

Thiopental

H
0—2\, ;
CH
/ Yo °
CH,

Hexobarbital

chromatographic method using 3-CD solution as desori-

bed below,

A atus and ocedures

A Type 302 HPLC apparatus (Institute of Physical
Chemistry, Warsaw, Poland ) equipped with UV detector
(254 nm ) and injeotor ( 5 ul ) was used.



16:12 24 January 2011

Downl oaded At:

MEPHENYTOIN AND SOME CHIRAL BARBITURATES 595

Chromatographic measurements of k! values versus
P=CD concentration were ocarried out with a column
(100x4,5 mm i.d.) slurry-packed with LiChrosorb RP 18
10 jm (E.Merok, Darmstadt, F.R.G.). Dead volume
determined by D20 was 1,00 ml, Mobile phases were
ethanol-buffer solutions of P-CD ( conos. 0,1,2,4,8 and
12 mM ) of pH 2,0. Ethanol=buffer solution was prepared
by mixing 200 ml of ethanol, 6 ml of acetioc acid and
7.1 & of Nazsou with 750 ml of waterj; them the pH was
adjusted to 2,0 with stou and the volume diluted to
1000 ml with water. The flow-rate was 0.9 ml/min.

Analytical resolutions of racemates were performed
using a column ( 250x4,0 mm i.d.) slurry-packed with
LiChrosorb RP 18 10 ym ( dead volume 1.98 ml). Mobile
phase was 30 mM 3-CD ethanol-acetate buffer solution
of pH 5.0, Ethanol~buffer solution was prepared by
mixing 180 ml of ethanol and 8.2 g sodium acetate with
800 ml of water; then the pH was adjusted to 5.0 with
acetioc aoid and diluted to 1000 ml with watexr. The
flow-rate was 0.6 ml/min, Temperature of measurements
and separations was maintained at 25 % 0,1 °¢c using
water jacket.

For preparative separations three conneoted
together columns { 250x8.0 mm i.d.) packed with
LiChroprep RP 18 15=25 jm (E. Merck, Darmstadt, F.R.G)
were used. The mobile phase containing 30 mM B=CD in
ethanol=buffer solution was prepared as for analytical
resolutions, 10 mg samples dissolved in acetone were
injected using loop injeotor ( 100 ul). The flow-rate
was 1.2 ml/min, The optical purity of collected
fractions was tested using analytical ocolumm.

EQUILIBRIA AND EQUATIONS
Stoiochiometry in p-CD oomplexes is usually 1:1
but inoclusion compounds with other host to guest
ratios also exist (1).
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In ohromatographic RP system containing CD two
phenomena are involved in the equilibria:

adsorption of free and bound to CD solutes and
complexation in mobile phase solution.

The pH of the mobile phase used in this work was muoch
smaller than the pKa values of the investigated
compounds ( 10),therefore only one specie of solute
i.e. neutral molecule ( G ) should be taken into account.
It ias also supposed that only 1:1 stoichiometry
oomplexes are formed ( 11}.

The third assumption is that ~CD does not influence
the properties of RP atationary phase.

The following simplified scheme for description of
the equilibria can be derived from these assumptions:

G, + p-cnm._-ﬁ—_—‘_ (6-p-CD)
6 —8 g

———
8 m

K?
(GR-CD)  SBCDs (g.pocp)

where the subscripts s and m denote the stationary
and mobile phases respectively, KG is the stability
constant of ( G:Pp=CD ) complex, and kb sz'ﬁ-CD) are
the capacity faotors of the free guest molecule and
its Bf=CD ocomplex. For such system the apparent
capacity factor k' oan be expressed as:

oo 56 * Ele-pcp)® Kg"LP-CD]
T+ K TP

This equation {1, describing a simple RP system, is
analogous to that one derived by Uskama et al. (12)
for determination of the stability oconstants of some
CD complexes with various ionioc species by ilon-exohan-
ge ohromatography, The equation 2 arises from eq. 1
by simple transformation:
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LR
k= T-007. X3 * (a-p -cD) 2

The stability constants KG and the capaocity factors
k‘(G- p=CD) of the investigaied ocompounds were evaluated
in this work by the least squares method using eq. 2.

RESULTS AND DISCUSSION
The observed changes of oapaoIty factor values k'

with B-CD oconcentration in the mobile phase solution
are exemplified in Fig. 1 by the behavior of methyl-
phenobarbital enantiomers., The similar influence of
P=CD was observed for all investigated compounds}
P-CD additions were always followed by a deorease in
the apparent capacity faoctor values k'. This result
suggests that the adsorption of the complex is smaller
than that of the corresponding free molecule:

ks > X{g. p ~cD)

if the above assumption mentioned, that 3 -CD does
not change RP stationary phase properties, is valid.

The determined k' values satisfied the linear
relation:

k' v, (kg = k')/[B-CD] from eq. 2

as 1t is shown in Fig. 2, what indicates that > =CD
complexes formed by all investigated ocompounds under
the experimental oconditions are in faot of 1:1
stoichiometry.
The linear relationships enabled evaluation of the
stability constants KG and the ocapacity faoctors
k‘(G- (p=CD) for P=-CD complexes: the determined values
are colleoted in Table 2.
It oan be seen that ki; ., _cp) Values of barbiturates
are slightly negative. This aystematio error i,e.
the reduction of ki, . _cp) ¢aloulated values may
arise from two phenomena:
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FIGURE 1. Plots of capacity faotors k'’ vs. p-CD conoc.
of methylphenobarbital enantiomers: A “R{=}), O=S{+).
colum: 100x4.5 mm i.d. LiChrosorb RP 18 10 um;
mobile phase: 20% ethanol-buffer solution of pH=2,0
containing various 5-CD concentrations.
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= either P~CD influences hydrophobic properties
of RP atationary phase,

~ or some pores of this sorbent are not accessible
for such large molecules as B~CD complexes ( molecu-
lar weight oca. 1300) in comparison to small pene-
trating them D,0 moleoules (used for the dead
volume determination).

The seoond suggestion seems to be more plausible,
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TABLE 2

Capacity fa?tora k&, oalculated capacity factors of
complexes k P and their stability constants KG
and regross:{gn 382}1‘1010111:3 r for mephenytoin and
barbiturates

Compounds kg k{g. /5~0D) K, r
2,0£1,0 Lh3th  0.9643

Mephenytoin 15:0  5,920.3 492 0,9926
Pentobarbital 36.9 =0,7%2.2 138%12 0.9497
Seocobarbital 8.1 =1.9%0,4 180%2 0,9994
Thiopental 68.0 ~1.7%1.8 195%9 0.9872

-1.320.5 112&3 0,9942

-0,4%0,3 151tk 0.99%7
=0.,4%0,2 131%2 0,9984

Me thylphenobarbital 20.9

Hexobarbital 18.1

As it has already been mentioned in RP systems
with aqueous mobile phase solutions ocontaining [3-CD
the resolution of enantiomers on the columm can be
achieved due to two various effects, it ocan arise:
= from differences of atability oconstants of p-CD

complexes | K(-)G and K{+)G )
- and/or from differences in adsorption of B-CD
complexes ( k’(_’ G+p-CD and k'( + G p-CD) on the
solid phase.
These factors may influence elution of enantiomers
in an additive or substraoctive mannexr.
From the data quoted in Table 2 it follows that only
stability constants differentiation is responsible
for resolutions of barbituric enantiomers,
The adsorption of their complexes, practiocally equal
to zero, has no influence on their separations,

Contrary to this behavior the resolution of

mephenytoin enantiomers arises from the differentia~
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tion in the adsorption of diastereoisomeric 5-CD
complexes, Calculated separation factor of for these
complexes is ca. 3. The small difference in their
stability constants acts just in the opposit direc-
tion,

Figures 3, 4 and 5 show the resolutions of racemic

mephenytoin, methylphenobarbital and hexobarbital,
respectively.

Under the experimental conditions the resolutions of
racemic pentobarbital, secobarbital and thiopental
were not observed. It seems that[B-CD complexation
results in a distinot enantioselectivity in case of
mephenytoin and barbiturates which have a chiral
center in the pyrimidine ring.

It has already been suggested ( 13 ) that the
adsorption on the RP phase of CD complexes of mole-
ocules which are sntirely immersed in the CD cavity is
practically none; the definite adsorption arises only
from this part of the molecule which is outside the
cavity. Taking into account this fact and the remarka-
ble difference in the adsorption of [>=CD mephenytoin
diastereoisomers one may conclude that the signifiocant
difference must exist between the immexrsion of the
mephenytoin enantiomers in the [>-CD ocavity.

The results obtained recently using stable com~
mercial CD stationary phase prove the remarkable
power of this new sorbent for resolution of chiral
compounds into enantiomers (3, 4, 5}.

However our procedure using CD complexation in the
mobile phase solution of RP HPLC systems seems to
have also some advantagesas a simple, cheap and
enabling evaluation of stability constant values of
the inolusion complexes. Moreover, sometimes it invo-
lves another factor, besides differentiation through
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-

i 1 |

10 20 30 min.

FIGURE 4., Resolution of methylphenobarbital enantio-
mera. Chromatographic conditions as in Fig.3.
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H
\
0 *
CH,
/0
CH,

S——— -

[

0 10 20 min.

FIGURE %, Resolution of hexobarbital enantiomers.
Chromatographic oconditions as in Fig. 3.
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the stability constants of 3-CD complexes, namely the
differences of their adsorption on the RP phase, as
it was exemplified in this work by mephenytoin
enantiomers behavior.
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