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RESOLUTION OF MEPHENYTOIN AND SOME 
CHIRAL BARBITURATES INTO ENANTIOMERS 
BY REVERSED PHASE HIGH PERFORMANCE 

DEXTRIN INCLUSION COMPLEXES 
LlQU I D CHROMATOGRAPHY VIA B-CYC LO- 

Danuta Sybilskal , Janusz Zukowski1, 
and Jacek Bojarski2 

IInstitute of Physical Chemistry 
Polish Academy of Sciences 

Kasprzaka 44/52 
01 -224 Warsaw, Poland 

2Department of Organic Chemistry 
N. Copernicus Academy of Medicine 

Dzierzyriskiego 14B 
30-048 Krakdw, Poland 

p-Cyolodextrin as the -a1 mobile phase oompo- 
nent was tamed for resolution of mephenytoin and some 
barbiturates (antidepressant drugs) into enantiomers 
on LiChroaorb RP 18 oolunm. The eff'eofe of P-oyolo- 
dextrin oonoentration on the oapaoity faotors were 
investigated and the stability oonetants as well ad 
oapaoity factors ofp-oyolodextrin oomplexes were 
caloulated. It ha8 been found thatp-oyolodextrin 
complexation results in a distinot enantioseleotivity 
in the oase of mephenytoin and barbitrrrates oontaining 
a ohiral oonter in the pyrimidine ring. Reeults are 
disomaed the light Of -0 phenomna i r r f l u ~ 0 ~  
resolution: adeorption of iaoluaion oomplexes on the 
stationary phase and oomplexation prooess in the 
mobile phaae solution. 
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592 SYBILSKA, ZUKOWSKI, AND BOJARSKI 

IM'RODUCTION 

p -Cyolodextrin ( b -CD is torue shaped oyolio 
oligosaooharide made up of seven 6 -1,k linked 
D-gluoopyranose units; it is produced on a large 
soale from starch. The most characteristic property 
of P-CD i8 if8 remarkable ability to form inclusion 
oompounds with various neutral and ionio speoies (1). 
These prooeaees of inoluaion (in hydrophobic cavity 
of p-CD of diameter 8 2 and volume 346 X3 ) a r e  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 oavity. For that reason oom- 
plexation with p-CD may be oonsidered as a process 
of ohoioe for separation of isomers. 

a -CD is a chiral compound itself, like D-glucose 
of which it is constructed. p - C U  is dextrorotatory 
of specific rotation OCg5 = +162.0 f 0.5 (1). Thus 
p - C D  oomplexation is also a potential tool for sepa- 
ration of other ohiral oompounds into enantiomera. 

These inclusion properties ofp-CD have been 
used in various separation techniques including 
classical liquid chromatography methods ( 2), but the 
classical oolumns containing usually polymers with 
p-CD molecules incorporated in their struoture are 

of comparatively large dimension8 and low effioiency 
due to the complex mechanism of sorption: gel permea- 
tion+moleoular inolusion. 

For. separation of chiral compounds into enantio- 
mers by high performanoe liquid ohromatography (RPLC) 
CD - inolusion phenomena have been reoently applied 
in two different ways: - by using chemioally bondedP-CD - silica stationary 
phases; the resolutions of various chiral oompounds 
including s o m e  barbiturates have been reported 
recently ( 3,4,5), 
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MEPHENYTOIN AND SOME CHIRAL BARBITURATES 593 

- by applyingf3-CD as a mobile phase component in the 
The latter way has been exemplified by resolution of 
niandelic 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 inp-CD molecules is substantial only for 
compounds containing an intact carboxylio group and 
another polar group (8,s. OH, NH2) at the chiral 
carbon atom able to form a hydrogen bond with the 
secondary hydroxyl groups of a-CD. It was also 
assunled that the insertion of a phenyl group in the 
cavity ofp-CD provides third point of contact indis- 
pensable for achieving a chiral recognition aooording 
to the "three points of attacbent"conceOt of 
Dalgliesh ( 9 ) . 

reversed phase ( RP ) system ( 6 , 7 , 8  ). 

These results have encouraged us to undertake 
I'urther studies whicli arc reported in the present 
work on application of the same procedure for resolu- 
tions of mephenytoin and some barbiturate6 into enan- 

tiomers. All the compounds studied a r e  well-known 
and widely 

Reagents 
p-CD 

used therapeutic agents. - 
was supplied by Chinoin (Budapest,Hungary) 

and w a s  purified by recristallization from water. 
A l l  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 cormiiercial 
drug produotm. Pure enantiowrs of mothylpheno- 
barbital were kindly provided by Profemor J. Xnabo 
(Saarbrtloken). Enantiomerm of mephenytoin and hero- 
barbital -re prepared by warm of mioro-preparative 
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5 94 SYBILSKA, ZUKOWSKI, AND BOJARSKI 

TABLE 1 

Struotural formulae of wphenytoh and barbiturates 
at udied 

Me pheny t o i n  

Yeoobarbital 

Pentobarbital 

S 

Thiopelltal 

Methylphenobarbital Herobarbital 

obrormrtographio mathod Umingp-CD molution a8 deaori- 
bed belaw. 

ADParatua and ~rooodure8 
A "ygm 302 HPLC apparatum (Institute of Phynioal 

Chedmtry, Uaraaw, Poland)equipp.d w i t h  W deteotor 
(254 nm) and injeotor ( 5 pl ) w w  wod. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MEPHENYTOIN AND SOME CHIRAL BARBITURATES 595 

Chromatographio measurements of k' values versw 
p-CD oonoentration were oarried out with a oolumn 
(lOOJf4.5 mn i.d.) slurry-paoked with LiCbromorb RP 18 
10 p m  (E.Merok, Darnutadt, F.R.G.) . Dead v0lua10 
determined by D20 was 1.00 ml. Mobile phases were 
ethanol-buffer solutioru ofp-CD (oonom. 0,1,2,4,8 and 
12 mM) of pH 2.0. Ethanol-buPfer solution was prepared 
by mi- 200 m l  of ethanol, 6 ml of aoetio aoid and 
7.1 8 of Na2S04 with 750 m l  of waterj then the pH was 

adjusted to 2.0 with H2SOb and the volrrm. diluted to 
1000 ml with water. The flow-rate was 0.9 ml/min. 

using a ooluam (250~4.0 mm i.d.) slurry-gaoked with 
Lichrosorb RP 18 10 p ( dead volume 1.98 d) . Mobile 
phase wae 30 mMP-CD ethanol-aoetate buffer solution 
of pEI 5.0. Ethuaol-buffer solution was prepared by 
m i x i n g  180 ml of ethanol and 8.2 6 sodiunr aoetate with 
800 ml of water; then the pH was adjusted to 5.0 with 
aoetio aoid and diluted to 1000 ml with water. The 
flow-rate was 0.6 ml/mfn. Temperature of measurements 
and separation6 wad maintained at 25 f 0.1 OC .wring 
water jaokot. 

For preparative separations three oonneoted 
together oolupns ( 2 5 0 ~ 8 . 0  mm i.d.1 poked with 
LiChroprop RP 18 15-25 p (E, Merok, Darmstadt, F.R.G.) 
were used. The mobile phase o o n t a w  30 d p - C D  in 
ethanol-buffer solution was prepared as for analytioal 
resolutions. 10 mg samples dissolved in aoetone were 
injeoted -+as loop injeotor (loow). The flow-rate 
waa 1.2 ml/min.  The optioal purity of oolleoted 
fraotions waa tested us- analytioal oolunm. 

Analytioal resolution6 of raoeamtes were performed 

Stoiohiowtry in p-CD oompleues is usually 1:l 
but inclusion oompouuds d $ h  other homt to 6uemt 
ratios also erimt ( 1 ). 
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596 SYBILSKA, ZUKOWSKI, AND BOJARSKI 

In ohromatographio RP system oontaining CD two 
phenomena are involved in the equilibria: 
adaorption of free and bound to CD aolutem and 

oomplexation in mobilo phase solution. 
The pIi of' the mobile pb80 w e d  in this work was muoh 
amallor than th* pKa d u e s  of the invest&ated 
oomporprd. ( 10),therofore .only one speoie of solute 
i.0. neutral moleoule ( 0 )  should bo taken into aooount. 
It is also auppoaed that only l r l  stoiohiometry 
oomplexem are formed ( 1 1  ) . 
The third auaumption ia tbetP-CD doe6 not iniluenoe 
the properties of RP mtation8ry pham. 
The foll- 8implified aoherw for de6oription of 
the equilibria oan be derived from theme a8sumption8: 

+ A (G-p-cD), 

wh.m the sub80ript6 a aad m donofe the atationary 
and mobile phases rempeotively, is the atability 

ooacrtant of ( 0-P-CD ) oomplox, and ko' kjG-p-CD) are 
the oapaoity faotora of the free m a t  moleoulo and 
it. / L C D  oomplox. For suoh system the apperent 
oapaoity faotor k' oan be oxp~res6ed as: 

T h i s  equation 1, desoribing a simple RP 8yetem, is 
a ~ l o g o w  to that one dorived by U.krma et 01. (12 ) 
for doterminstion of the stability oorutenta of some 
CD oomplexea with variota ionio mpooiom by ion-exohan- 
go ohrolrtography. The equation 2 ariaem from oq. 1 
by aimple traruforrmrtionr 
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MEPHENYTOIN AND SOME CHIRAL BARBIYURATES 597 

+ k' 2 
- k' 

k'e P-CDJ. KG ( G . P - 0 )  

"he stability oonstants '6: and the oapaoity faotors 
kiG.p,CD) of the inveeti(ga1;ed oompounds were ovaluated 
in this work by the least aiquares method using eq. 2. 

RESULTS AWD DISCUSSION 
The observed ohange s of oapaoity faotor values k' 

withP-CD oonoentration in tho mobile phase solution 
are  exemplified in Fig. 1 by the behavior of amthyl- 
phenobarbital enantiomere. The similar krflwnoe of 
/j-CD was observed for ell invostigated oompounds; 
19-CD additions were always follomd by a dooz-ease in 
the apparent oapaoity faoto:c values k'. This result 
suggests that the adsorption of the oornplex is mmallor 
than that of the oorrespon&tng free moleouler 

if the above assumption meni:ioned, that p -CD does 
not ohange RP stationary phrrse properties, is valid. 

The determined k' valuoe satisfied tho linear 
relations 

k' vs. ( k &  - k')/[rJ-CDJ from eq. 2 
as it is shown iP Fig .  2, what bdioate. that p - C D  

oomploxea formed by all invelatigated oompounds undor 
the experimental oonditiom are in faot o f  1 : l  
stoiohiometry. 
The linear relationship. onablod evaluation of the 
stability oonstants % and tho oapaoity faotors 
ki,..p-CD) for p-CD oomplexerrs the determined value. 
are oolleoted in Table 2. 
It oan be aeon that kiG.f-cDl values of barbiturates 
are slightly n o ~ t i v e .  This ~iysto~~ltio orror i.0. 

ariso from two phonomsnrr 
the reduotion of k' (G,e -cD) ~1a10ulrt.d -1~0. m y  
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k' 

10.0 

15.0 

10.a 

7.0 
0 

SYBILSKA, ZUKOWSKI, AND BOJARSKI 

5 10 [P-CD] mM 

FIGURE 1. Plots of oapnoity faotora k' v8. p-CD oono. 
of methylphonobarbitrl enantiomclrsrAJZ(-), O-S(+). 
oolumur 100~4.5 rrrm i.d. UChro8orb RP 18 lo-; 
m b i h  pba.0; 20$ ethanol-buffor 801ution of pEk2.O 
oontainin& varioum p-CD oonoontrationm. 

- eithor P-CD influenoes hydrophobia propertie8 

- or ooum pores of thi8 80rbmt are not aooemaiblo 
Of RP 6 t r t i O M v  -80, 

for suoh large moleoule8 u p-CD oomplexe8(moloou- 
lar weight oa. 1300) in oompewison to small pno- 
frat- them D20 looloorile8 ( uaod for the doad 
volumo deterrainstion). 

"he sooond mu#geation mema t o  bo more plau8Able. 
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600 SYBILSKA, ZUKOWSKI, AND BOJARSKI 

TAELE 2 

Capaoity faytore s, oaloulated oapaoity faotora of 
oomplexes k 
and regresa&%8kf ioiente r f o r  mephenytoin and 
barbiturate8 

and their stability oonstaats KG 

A8 it h a m  already been mentioned in RP aysteme 
with aqueous mobile Phase 8OblfiOll8 oontainingp-CD 
the resolution of enantiontors on Che oolunm o m  be 
aohieved due to two various effeots, it 0- ariae: - from differmoos of 8tability oonatults of)B-CD 

- and/or from difforenoes in adsorption of 19-CD 
( - ) G  and IS t+ )G 

oomplerea(X 

and k8 oomP1exes ( k)(o) Q.p-c~ (+I G - ~ - c D ]  on 
Solid pha8.0 

The80 faotor8 may influenoe elution of enantiomerr, 
in lLll additive O F  8ub8traOfi~ marinor. 
F r o m  the data quoted in Table 2 i C  f o l l o w r ,  that only 
stability oorutant8 differontiation io re8poluiblo 
for rosolutiolu of bnrbiturio enantiomerr,. 
Tho adaorption of their oomplexe8, praotioally equal 
to 8er0, ha8 no influeno0 on theit. 8opsratioas. 

Contrary to thim bohavior tho rotsolution of 
mophonytoin enautiomer8 ari8es from the differentia- 
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MEPHENYTOIN AND SOME CHIRAL BARBITURATES 60 1 

t i O n  in the admorption o f  dirrrtereoisomerioP-CD 
complexes. Calculated separation faotoraC for these 
complexes is oa. 3. The emall differenoe in their 
stability oonstants acts just in the oppoait direo- 
tion. 
Figures 3, 4 and 5 show the resolutions of racemio 

mephenytoin, methylphenobarbital and hexobarbital, 
reapectively. 
Under the experimental oonditions the resolutions of' 
rsoemio puttobarbital, seoobarbital and thiopental 
were not observed. It s e o w  thatp-CD oornplexation 
results in a dintinot enantioseleotivity in oase of 
mephenytoin and barbiturates which have a ohiral 
oenter in the pyrimidine ring. 

It ha8 already been Sugge6t.d ( 13 ) that the 
adsorption on the RP phase of CD oornplexes of mole- 

oules whioh are entirely immersed in the CD cavity is 
praotioally nones the definite adnorption ariees only 
from thia part of' the mol.eoule whioh is outaide the 
cavity. Taking into aooount thin faot and the remarka- 
ble differenoe in the adsorption of p-CD mephenytoh 
diastereoiaomers one may oonolude that the nignifioant 
differenoe m w t  exist between the immersion of the 
mephenytoin enantiomera in the P-CD oavity. 

meroial CD ntationary phase prove the remarkable 
power of this now sorbent for re6olution of ohi-1 
oompounds into onantiomera ( 3, 4, 5). 
However our p~~ooodure using CD oomplexation in the 
mobile phase aolution of RP HPLC ayatew 8eems to 
havo Ilea some advantamas a simple, oheap atxl 

enabling evaluation of stability oonstant values of 
the inolusion oomplexes. Morewor, soomtima it imro- 
lves another faotor, beside8 differentiation through 

The renutts obtained reoently ~ 8 -  stable oom 
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MEPHENYTOIN AND SOME CHIRAL BARBITURATES 603 

0 

CH, 

1 I I I 

0 10 20 30 min. 

FIOURE 4. Resolution oS methylphenobarbital enantio- 
maror Chromatowaphio oonditioru cu in Fig.3. 
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U 

1 I 1 

0 10 20 min. 

FIGURE 5. Resolution of hoxobarbital epBptiOamr~. 
Cbronrrtographio oonditions am in a60 30 
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MEPHENYTOIN AND SOME CHIRAL BARBITURATES 605 

the stability oonstanta of/J-CD oomploxos, namely the 
differenoe8 of thoir adsorption on the RP phase, as 
it was exemplified in this work by mephonytoin 
enantiomera bohavior. 
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