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DI RECT LlOU ID CHROMATOGRAPHIC 
RESOLUTION OF ACIDIC DRUGS USING A 

COLUMN (ENANTIOPAC@) 
CH IRAL al-ACID GLYCOPROTEIN 

Jorgen Hermansson and Mikit Eriksson 
A po te ksb olage t A B 
Central Laboratory 
Biomedical Sec ti0 n 

Box 3045 
S-171 03 Solna, Sweden 

ABSTRACT 

A c h i r a l  a l -acid g l y c o p r o t e i n  column (EnantioPac@) has been used 
f o r  t h e  separa t i on  of  t h e  enantiomers o f  some a c i d i c  ( i bup ro fen ,  
ke topro fen ,  naproxen, 2-phenoxypropionic ac id ,  bendro f lumeth ia -  
z ide ,  e t h o t o i n  and h e x o b a r b i t a l )  2nd bas i c  drugs (disopyramide 
and RAC 109). 

The column i s  prepared by i m m o b i l i z a t i o n  o f  t h e  human plasma 
p r o t e i n  a l - a c i d  g l y c o p r o t e i n  on s i l i c a  p a r t i c l e s .  The r e t e n t i o n  
and t h e  e n a n t i o s e l e c t i v i t y  o f  t he  s o l u t e s  can e a s i l y  be r e g u l a t e d  
by t h e  a d d i t i o n  o f  t h e  t e r t i a r y  amine N,N,-dimethyloctylamine 
(DMOA) t o  t h e  mob i le  phase. DMOA decreases the  r e t e n t i o n  and t h e  
e n a n t i o s e l e c t i v i t y  o f  t h e  weaker ac ids ,  whereas t h e  r e t e n t i o n  and 
the  e n a n t i o s e l e c t i v i t y  o f  t h e  s t ronger  a c i d s  i nc rease  d r a s t i c a l l y  
w i t h  i n c r e a s i n g  DMOA concen t ra t i on .  

The i n f l u e n c e  o f  column temperatures between 25 and 80 OC on 
t h e  separa t i on  f a c t o r ,  separa t i on  e f f i c i e n c y  and t h e  r e s o l u t i o n  
was a l s o  eva lua ted .  S t a b i l i t y  g u d i e s  i n d i c a t e  t h a t  t h e  a l - a c i d  
g l y c o p r o t e i n  column (EnantioPac ) i s  ve ry  s t a b l e .  It can be used 
a t  e l e v a t e d  temperatures, i t  t o l e r a t e s  pu re  2-propanol  and has 
been s t o r e d  i n  a water-2-propanol m i x t u r e  l ong  pe r iods  (12  
months) w i t h  < l o %  changes o f  t h e  capac i t y  and separa t i on  f a c t o r s .  

62 1 

Copyright 0 1986 by Marcel Dekker, Inc. 0148-3919/86/0902-0621$3.S0/0 

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



622 

INTRODUCTION 

HERMANSSON AND ERIKSSON 

An enantiomer and i t s  ant ipode have i d e n t i c a l  phys ica l  and chemi- 
c a l  proper t ies l i k e  r e a c t i v i t y  and s o l u b i l i t y  i n  a symmetrical 
environment. However, i f  the  enantiomers a r e  in t roduced i n  a 
c h i r a l  environment, f o r  exampel i n  t h e  human body, t h e  enant io-  
mers are handled by receptors ( l ) ,  enzymes ( 2 )  and p ro te ins  as 
two q u i t e  d i f f e r e n t  molecules. This  proper ty  has been u t i l i z e d  t o  
resolve enantiomers chromatographical ly.  I n  a se r ies  o f  papers we 
have described t h e  use o f  t h e  human plasma p ro te in ,  al-acid 
g lycoprote in ,  as t h e  c h i r a l  s t a t i o n a r y  phase f o r  t h e  r e s o l u t i o n  
o f  racemic drugs (3-7) .  Basic drugs o f  d i f f e r e n t  character,  as 
we l l  as amides and es te rs  have been resolved us ing the  ul-AGF 
column (now ava i l ab le  as EnantioPac"). The column has a l s o  been 
used i n  b ioana lys i s  f o r  t he  separat ion and q u a n t i t a t i o n  o f  t h e  
enantiomers o f  disopyramide i n  human plasma (8). 

Many o f  t he  advantages w i t h  t h e  EnantioPac@ column are 
associated w i t h  t h e  reversed phase character  o f  t h e  column, which 
gives many p o s s i b i l i t i e s  t o  regu la te  t h e  r e t e n t i o n  and the  
e n a n t i o s e l e c t i v i t y ,  as w e l l  as the  p o s s i b i l i t y  f o r  d i r e c t  i n j e c -  
t i o n  of aqueous samples. Moreover, another impor tant  proper ty  o f  
the EnantioPac" column i s  t h a t  i t  enables t h e  r e s o l u t i o n  o f  many 
basic and a c i d i c  drug substances w i thou t  t he  need f o r  d e r i v a t i z a -  
t i o n .  

The above mentioned p roper t i es  a re  w e l l  i l l u s t r a t e d  i n  t h e  
present study which descr ibes the  use o f  t h e  EnantioPac@ column 
f o r  t he  d i r e c t  r e s o l u t i o n  o f  racemic a-methy lary lacet ic  a c i d  a n t i  
inflammatory agents and some weaker acids, w i thou t  d e r i v a t i z a -  
t i on .  Some o f  t h e  a-methy lary lacet ic  ac ids have been separated 
using another c h i r a l  phase (9 ) .  However, t h e  preparat ion o f  amide 
d e r i v a t i v e s  was a p r e r e q u i s i t e  f o r  o b t a i n i n g  a r e s o l u t i o n  us ing 
t h a t  phase. Furthermore, 1.23 was t h e  h ighest  separat ion f a c t o r  
obtained and i n  most cases on ly  p a r t i a l  r e s o l u t i o n  was achieved. 
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EXPERIMENTAL 

623 

Apparatus 

The chromatographic system conta ined a LKB 2150 HPLC pump, a 
Waters model U6K i n j e c t o r  and a Shimadzu SPD-2A UV d e t e c t o r  w i t h  
v a r i a b l e  wavelength, o p e r a t i n g  a t  215 nm. For  pH measurements an 
Or ion  Research model 701, equipped w i t h  an Amagruss pHc-1016 
e l e c t r o d e  was used. A K l e i n  thermosta te  K4 f rom Lauda thermo- 
s t a t e d  t h e  HPLC system. 

Chemicals 

'The RAC 109 enantiomers were k i n d l y  s u p p l i e d  by D r  R Sandberg, 
As t ra  Lakemedel AB, Soder ta l  j e ,  Sweden. Racemic ke top ro fen  was a 
g i f t  f r om AB Leo Rhodia, He ls ingborg ,  Sweden. Racemic d isopyra-  
mide, bupivacaine, naproxen, e t h o t i o n ,  hexobarb i ta l  and bendro- 
f l u m e t h i a z i d e  were ob ta ined f rom d rug  manufacturers.  Mandel ic 
ac id ,  mandelic a c i d  methyl e s t e r  and mandel ic a c i d  e t h y l  e s t e r  
were f rom Sigma, M issour i  , U.S.A. and 2-phenoxypropionic a c i d  was 
f rom Schuchardt, Munchen, Germany. The s t r u c t u r e s  o f  t h e  sub- 
stances a re  presented i n  Tab le  1. N,N-dimethyloctylamine, DMOA, 
was ob ta ined  f rom I C N  Pharmaceut icals,  Inc,  P la inv iew ,  N.Y. , 
U.S.A. A l l  o t h e r  chemicals used were o f  a n a l y t i c a l  grade. 

Chromatoqraphic techn ique 

The column used was e i t h e r  a c h i r a l  100 x 4.0 mm ( 1  x i . d )  
EnantioPac@ column ( p a r t i c l e  s i z e  -10 urn), developed by Hermans- 
son (3,  4 )  and now a v a i l a b l e  f r o m  LKB, S-161 25 Bromna, Sweden, 
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624 HERMANSSON AND ERIKSSON 

TABLE 1. 

Chemical Structures 

HandclK acid ethyl ester 

Ibuprofen 

fthotoin 

Hcxobarbital 

I + q o  

Bendroflumethimik 

RAC 109 

Ketoprofen 

Naproxcn 

FH3 
R-CH-COOH 

R - 

CH3O a 

Oisop y ram i d 

CH3 
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RESOLUTION OF ACIDIC DRUGS 625 

o r  a 100 x 3.0 mm al-acid g l y c o p r o t e i n  column (al-AGP) ( p a r t i c l e  

s i z e  '13 vm) prepared i n  ou r  l abo ra to ry .  The mob i l e  phases were 
prepared by d i s s o l v i n g  approp r ia te  concen t ra t i ons  o f  amine i n  an 

aqueous s o l u t i o n  o f  sodiumdihydrogen phosphate. A f t e r  a d j u s t i n g  

pH w i t h  sodiumhydroxid 2-propanol was added. The f i n a l  concen- 

t r a t i o n  o f  phosphate and 2-propanol were 20 mM and 0.5% ( v / v ) ,  

r e s p e c t i v e l y ,  un less  o the rw ise  s t a t e d  i n  t h e  f i g u r e  o r  t a b l e  

t e x t .  The mob i le  phases were degassed i n  an u l t r a s o n i c  ba th  
before be ing  used. When t h e  temperature e f f e c t  on t h e  c a p a c i t y  
fac to rs  and t h e  separa t i on  f a c t o r s  was examined, t h e  mob i l e  phase 

r e s e r v o i r  was kep t  i n  a thermosta ted  water  bath.  The column was 

thermostated by pumpinp water  f rom t h e  water  b a t h  th rough a 

g lass - jacke t  mounted on the  column. A l l  t h e  c a p i l l a r y  tubes were 

i nsu la ted .  I n  a l l  o t h e r  czses t h e  chromatographic exper iments 

were performed a t  room temperature.  The r e t e n t i o n  volume f o r  an 

unre tarded compound, Vm, was determined by i n j e c t i n g  d e s t i l l e d  

water o r  mob i le  phase w i t h  a s l i g h t  d i f f e r e n c e  i n  composi t ion.  

RESULTS AND DISCUSSION 

It has been demonstrated i n  p rev ious  papers (3 -7)  t h a t  t h e  al-AGP 

column (now a v a i l a b l e  as EnantioPac@) i s  an e f f e c t i v e  t o o l  f o r  

t he  d i r e c t  r e s o l u t i o n  o f  amines and n o n - p r o t o l y t i c  compounds. 
Th is  paper demonstrates t h a t  t h i s  column a l s o  can be used f o r  t h e  
r e s o l u t i o n  o f  racemic ac ids  o f  d i f f e r e n t  s t r e n g t h  (pKa-values 
4-8.5). 

Regu la t ion  of t h e  r e t e n t i o n  o f  uncharged a c i d i c  compounds 

The r e t e n t i o n  o f  t h e  enant iomers o f  bendro f l umeth iaz ide  and 

mandel ic a c i d  e t h y l  e s t e r  can be r e g u l a t e d  by a d d i t i o n  o f  N,N- 
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Fig.  1. I n f l u e n c e  o f  t h e  DMOA c o n c e n t r a t i o n  on t h e  c a p a c i t y  
f a c t o r s .  Column: EnantioPac. M o b i l e  phase: phosphate b u f f e r  
pH 7.0 c o n t a i n i n g  0.5% (v / v )  2-propanol and d i f f e r e n t  amount o f  
DMOA. Flow-rate:  0.9 ml/min. Samples: w bendro f lumeth iaz ide  I , 
0 bendro f lumeth iaz ide  11, mandel ic a c i d  e t h y l  e s t e r  I and 
0 mandel i c  a c i d  e t h y l  e s t e r  11. 

d imethy loc ty lamine (DMOA) t o  t h e  mob i l e  phase which i s  demon- 

s t r a t e d  i n  Fig.  1. Bendro f lumeth iaz ide  i s  a weak a c i d  w i t h  
pKa= 8.53 ( l o ) ,  which means t h a t  t h i s  compound i s  ma in l y  p resent  
i n  uncharged fo rm a t  pH 7. 

The r e t e n t i o n  o f  t h e  enantiomers o f  bendro f lumeth iaz ide  and 
mandel i c  a c i d  e t h y l  e s t e r  decreases s t r o n g l y  w i t h  DMOA concen- 
t r a t i o n s  up t o  about 1 mM. DMOA concen t ra t i ons  >5 mM i n f l u e n c e s  
t h e  capac i t y  f a c t o r s  t o  a l i m i t e d  ex ten t .  S i m i l a r  e f f e c t s  have 
been observed p r e v i o u s l y  f o r  phosphate i o n - p a i r s  o f  c a t i o n i c  
compounds us ing  e i t h e r  non -ch i ra l  reversed phase columns (11) o r  
an al-AGP column (4) .  

Th is  e f f e c t  i s  assumed t o  be due t o  t h a t  t h e  s o l u t e s  a re  
r e t a i n e d  a t  two d i f f e r e n t  s i t e s  on t h e  s t a t i o n a r y  phase. One 
s i t e ,  As, where DMOA (Q') competes w i th  t h e  s o l u t e  (S) f o r  
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RESOLUTION OF ACIDIC DRUGS 627 

adsorp t i on  and another  s i t e ,  P s * ,  where t h e  adso rp t i on  o f  DMOA 
(0') can be neg lec ted .  I f  i t  i s  assumed t h a t  DMOA i s  adsorbed as 

phosphate i o n - p a i r  ( Q Z )  t h e  d i s t r i b u t i o n  o f  ( Q Z )  t o  t h e  s t a t i o n -  

a r y  phase can be expressed by 
+ Q', + Z, + As QZA, 

and t h e  e q u i l i b r i u m  cons tan t  f o r  t h e  process i s  g i ven  by 

The e q u i l i b r i u m  cons tan t  f o r  t h e  d i s t r i b u t i o n  o f  t h e  s o l u t e  t o  

t h e  s t a t i o n a r y  phase can be expressed i n  analogy w i t h  eq. 1. 
The adso rp t i on  capac i t y  o f  t h e  s i t e s ,  KO and K*o (moles/g),  

i s  l i m i t e d  and can be expressed by 

KO= [ A  ]s + [ S A I ,  + [ Q Z A l ,  

and 

K* 0 = [A* ] ,  t [ S A * I s  ( 3 )  

[SAI , ,  [ S A *  Is and [ Q Z A l s  are  t h e  concen t ra t i ons  (moles/g) o f  
adsorbed uncharged s o l u t e  and t h e  phosphate i o n - p a i r  o f  DMOA, 
r e s p e c t i v e l y .  [ A ] ,  and [ A * I s  a r e  t h e  number o f  a v a i l a b l e  adsorp- 
t i o n  s i t e s  expressed i n  moles/g s o l i d  phase. 

The capac i t y  f a c t o r  o f  t h e  sample, k ' ,  depends on t h e  phase 

r a t i o  on t h e  column, q ( g / l )  and t h e  d i s t r i b u t i o n  r a t i o  o f  t h e  
s o l u t e  between t h e  s t a t i o n a r y  and t h e  mob i l e  phase acco rd ing  t o  

k '  = q [ S A l s  + [ S A * l s  
( 4 )  
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1 

/ 
10 rnMDMOA 5 

Fig.  2. P lo t s  according t o  eq. 7. Condi t ions and samples as 
i n  Fig.  1. 

A combination o f  eqs. 1 - 4 and the expressions f o r  the d i s t r i -  
bu t i on  o f  t h e  so lu te  t o  the  s t a t i o n a r y  phase gives t h e  f o l l o w i n g  

expressions o f  k '  

As t h e  peak symmetry was good, i n d i c a t i n g  t h a t  t he  sample concen- 
t r a t i o n  does no t  a f f e c t  t he  capaci ty  f a c t o r ,  eq. 5 can be reduced 

t o  
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RESOLUTION OF ACIDIC DRUGS 629 

The exper iments were performed a t  cons tan t  phosphate concent ra -  
t i o n .  S u b s t i t u t i o n  o f  q x KC x K t A X  w i t h  A and rearrangement and 

l i n e a r i z a t i o n  o f  eq. 6 by i n v e r s i o n  g i ves  

The r e t e n t i o n  da ta  o f  t h e  uncharged enant iomer ic  p a i r s  were 
p l o t t e d  accord ing  t o  eq. 7 (See F ig .  2 ) .  Values o f  A g i v i n g  a 

s t r a i g h t  l i n e  r e l a t i o n s h i p  between l / k ' - A  and t h e  DMOA concentra- 
t i o n ,  [ Q  I,, were ob ta ined  by t e s t i n g .  

The l i n e a r i t y  o f  t h e  p l o t s  i n  combina t ion  w i t h  t h e  agreement 
between t h e  KQZAs x [Z-1, cons tan t ,  c a l c u l a t e d  f rom t h e  slopes 

t 

TABLE 2. 

Constants c a l c u l a t e d  f rom t h e  p l o t s  i n  F ig .  2. 

Sample 

Mandelic a c i d  
e t h y l  e s t e r  I 5.89 0.800 

Mandelic a c i d  
e t h y l  e s t e r  I 1  10.8 1.10 

Bendrof 1 u- 
meth iaz ide  I 12.0 13.5 

Bendro f lu -  
meth iaz ide  I 1  40.0 14.8 
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630 HERMANSSON AND ERIKSSON 

- 
min 10 5 0 min 5 0 min 30 20 10 0 

Fig.  3 A - C. Reso lu t i on  o f  racemic weak ac ids  on t h e  c h i r a l  
EnantioPac. Flow-rate:  0.9 ml/min. A. Hexobarb i ta l .  Mob i le  phase: 
a s  i n  Fig.  1. w i t h  0.98 mM DMOA. B. Etho to in .  Mob i le  phase: 
phosphate b u f f e r  pH 7.15 ( v =  0.02) 1% 2-propanol .  C. Bendro f lu -  
methiazide. Mob i le  phase: as i n  F ig .  1. w i t h  4.9 m M  DMOA. 

and t h e  i n t e r c e p t s  f rom t h e  f o u r  l i n e s ,  i n d i c a t e s  t h a t  eq. 7 i s  
an acceptab le  approx imat ion  o f  t h e  r e l a t i o n  between t h e  c a p a c i t y  
f a c t o r  f o r  t h e  uncharged s o l u t e s  and t h e  DMOA concent ra t ion .  
Constants es t imated  f rom t h e  curves a re  summarized i n  Tab le  2. 
The separa t i on  o f  t h e  enantiomers o f  bendro f lumeth iaz ide  and two 
o t h e r  weak ac ids ,  hexobarb i ta l  and e t h o t o i n  i s  demonstrated i n  
Figs.  3 A-C. 

Regu la t ion  o f  t h e  r e t e n t i o n  and t h e  e n a n t i o s e l e c t i v i  t y  o f  charged 
ac ids  

The r e t e n t i o n  o f  ibupro fen ,  naproxen, ke top ro fen  and 2-phenoxy- 
p r o p i o n i c  ac id ,  w i t h  pKa-values -4.5 (12, 13)  can a l s o  be regu- 
l a t e d  by the  DMOA concen t ra t i on  i n  t h e  mob i l e  phase which i s  
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RESOLUTION OF ACIDIC DRUGS 63 1 

F ig .  4. V a r i a t i o n  o f  t h e  r e t e n t i o n  w i t h  t h e  DMOA concent ra -  
t i o n  i n  mob i l e  phase. Cond i t i ons  as i n  F ig .  1. Samp les :v2 -phen-  
oxyprop ion ic  a c i d  I ,  2-phenoxypropionic a c i d  11, i bup ro -  
f e n  I ,  0 i bup ro fen  I 1  , A ke top ro fen  I ,  ke top ro fen  I 1  , 
e n a p r o x e n  ( - )  , 0 naproxen (t). 

demonstrated i n  F ig .  4.  The c a p a c i t y  f a c t o r s  o f  one o f  t h e  
enantiomers i n  each o f  t h e  f o u r  enant iomer ic  p a i r s  i nc rease  w i t h  
i n c r e a s i n g  DMOA concen t ra t i on ,  whereas t h e  c a p a c i t y  f a c t o r s  f o r  
t h e i r  an t ipodes  a r e  almost u n a f f e c t e d  o r  decrease s l i g h t l y .  It 

can a l s o  be n o t i c e d  t h a t  t h e  separa t i on  f a c t o r s  o f  t h e  s t r o n g e r  
ac ids  a r e  ve ry  l ow  w i t h o u t  DMOA i n  t h e  mob i l e  phase (See F ig .  5 ) ,  
i .e. w i t h  o n l y  sodium as counter  ion .  A d d i t i o n  o f  DMOA t o  t h e  
mob i le  phase d r a s t i c a l l y  inc reases  t h e  separa t i on  f a c t o r s  (a) f o r  
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cx 
I 

5 -  

6 -  

3- 

Fig.  5. E f fec t  of t h e  DMOA concent ra ion  on t h e  separa t i o -  
f a c t o r s  a. Cond i t i on  as i n  F ig .  1. Samples: 2-phenoxypro- 
p i o n i c  acid,  A ketopro fen ,  ibupro fen ,  mandel ic a c i d  
e t h y l  es te r ,  w b e n d r o f l  umethiazide, naproxen 

t h e  s t ronger  ac ids ,  whereas t h e  separa t i on  f a c t o r s  f o r  t h e  
uncharged so lu tes  w i t h  no p o s s i b i l i t y  t o  fo rm DMOA i on -pa i r s ,  
decrease w i t h  i n c r e a s i n g  DMOA concent ra t ion .  
These observat ions,  t oge the r  w i t h  t h e  f a c t  t h a t  t h e  r e t e n t i o n  o f  
o n l y  one enantiomer i n  each p a i r  can be r e g u l a t e d  by t h e  DMOA 
concen t ra t i on  may i n d i c a t e  t h a t  t h e  s o l u t e s  a r e  d i s t r i b u t e d  as 
i o n - p a i r s  w i t h  DMOA t o  t h e  s t a t i o n a r y  phase. Furthermore, i t  
i n d i c a t e s  t h a t  t h e  bu lky  DMOA i o n - p a i r  o f  one enantiomer i n  each 
p a i r  f i t s  b e t t e r  i n  t h e  c h i r a l  a c t i v e  s i t e  o f  t h e  p r o t e i n  due t o  
s t e r  i ca 1 reasons. 

The separa t i on  o f  t h e  enantiomers o f  2-phenoxypropionic a c i d  
and ibup ro fen  i s  demonstrated i n  Figs.  6 A-B. 
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I 

A 

min20 10 0 

0 

I J jl 
min 5 0. 

Fig.  6 A - B. Reso lu t ion  of  racemic ac ids .  Column: EnantioPac. 
Flow-rate:  0.9 ml/min. A .  Ibuprofen. Mob i l e  phase: as i n  F ig .  1. 
w i t h  9.8 mM DMOA. B. 2-phenoxypropionic ac id .  Mob i le  phase: as i n  
Fig.  1. w i t h  4 . 9  mM DMOA. 

Regu la t i on  o f  t h e  r e t e n t i o n  and t h e  e n a n t i o s e l e c t i v i t y  w i t h  pH 

A v a r i a t i o n  o f  t h e  pH o f  t h e  mob i l e  phase between 3.9 and 7.0 
i n f l u e n c e s  t h e  r e t e n t i o n  and t h e  separa t i on  f a c t o r s  (a) f o r  bo th  
uncharged so lu tes ,  i .e. mandel ic a c i d  e s t e r s ,  and a c i d s  w i t h  

pka-values i n  t h e  range 4 t o  8.5 which i s  demonstrated i n  
Table 3. As expected t h e  r e t e n t i o n  o f  2-phenoxypropionic ac id ,  

ibupro fen ,  ke top ro fen  and naproxen, inc reases  w i t h  decreas ing  pH, 
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log k' 

-0.51 

Fig .  7. Regu la t ion  of t h e  r e t e n t i o n  wi th t h e  temperature.  
Column: al-AGP column 100 x 3.0 mm I.D.) w i t h  190 mg p r o t e i n  pe r  
gram s o l i d  phase. Mob i le  phase: phosphate b u f f e r  pH 7.13 p= 0.02, 
c o n t a i n i n g  7% v/v 2-propanol. F low- ra te :  0.5 ml/min. Samples: 
0 disopyramide (R), 0 disopyramide ( S ) ,  a RAC 109 I ,  
0 RAC 109 11. 

whereas t h e  r e t e n t i o n  f o r  t h e  e s t e r s  and t h e  weaker ac ids  

(pk, -8.5), chromatographed i n  uncharged form, decreases w i t h  
decreasing pH o f  t h e  mob i le  phase. Th is  i n d i c a t e s  t h a t  t h e  c h i r a l  

phase, w i t h  many p r o t e o l y t i c  f u n c t i o n s  (17),  changes p r o p e r t i e s  
w i t h  a change o f  t h e  pH. 

The separa t i on  f a c t o r ,  a, i s  a l s o  a f f e c t e d  by t h e  pH o f  t h e  
mob i le  phase. The e n a n t i o s e l e c t i v i t y  o f  hexobarb i ta l  and bendro- 
f l u m e t h i a z i d e  i s  improved w i t h  i n c r e a s i n g  pH, whereas t h e  separa- 
t i o n  f a c t o r s  f o r  e t h o t o i n  and t h e  mandel ic a c i d  e t h y l  e s t e r s  were 
almost una f fec ted  by t h e  pH. 

Temperature v a r i a t i o n  

The i n f l u e n c e  o f  t h e  temperature on t h e  c a p a c i t y  f a c t o r  and t h e  
r e s o l u t i o n  ( R S )  was i n v e s t i g a t e d  u s i n g  two racemic t e r t i a r y  
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636 HERMANSSON AND ERIKSSON 

amines, disopyramide and RAC 109 as model compounds. F ig .  7 
demonstrates t h e  r e l a t i o n  between t h e  l o g a r i t h m  o f  t h e  c a p a c i t y  
f a c t o r  and t h e  temperature f o r  t h e  enantiomers o f  t h e  t e s t  

compounds. The capac i t y  f a c t o r s  as w e l l  as t h e  separa t i on  f a c t o r s  

inc rease w i t h  decreasing temperature. Furthermore, t h e  separa t i on  

e f f i c i e n c y  i s  improved a t  h i g h e r  temperatures.  However, t h e  

r e s o l u t i o n  ( Rs) decreases w i t h  i n c r e a s i n g  column temperature 
which i s  demonstrated i n  F ig .  8. 

Separat ion e f f i c i e n c y  

The r e l a t i o n  between t h e  separa t i on  e f f i c i e n c y  expressed as t h e  

reduced p l a t e  he igh t ,  h, and t h e  l i n e a r  v e l o c i t y  o f  t h e  mob i le  

phase was s t u d i e d  u s i n g  racemic 2-phenoxypropionic a c i d  
( k i =  1.63, k;= 2.92) and racemic i bup ro fen  ( k i =  8.47, k;= 11.8). 
The separa t i on  e f f i c i e n c y  decreases w i t h  i n c r e a s i n g  f l o w  v e l o c i t y  

and h-values 610 was ob ta ined  a t  f l o w  v e l o c i t i e s  60.17 mm/sec 
(See F ig .  9 ) .  

Column s t a b i l  i ty 

The s t a b i l i t y  o f  t h e  al-AGP column has been discussed p r e v i o u s l y  

(4). I n  t h i s  paper t h e  s t a b i l i t y  s t u d i e s  have been extended and 
were performed u s i n g  an al-AGP column (110 mg al-AGP/g s o l i d  
phase) prepared i n  ou r  l abo ra to ry .  The l o n g  te rm s t a b i l i t y  o f  t h e  

column was s t u d i e d  d u r i n g  s to rage  i n  phosphate b u f f e r  pH 7.0 w i t h  

6% 2-propanol f o r  11.5 months a t  room temperature.  Three t e s t  
compounds i .e. racemic disopyramide, RAC 109 and bupivacaine, 
were chromatographed be fo re  and a f t e r  s to rage  and t h e  change o f  
t h e  capac i t y  f a c t o r s  and t h e  separa t i on  f a c t o r s  was <lo%. More- 
over, t h e  column was used a t  e l e v a t e d  temperatures,  up t o  76.5 OC 

w i t h o u t  n o t i c e a b l e  d e t e r i o r a t i o n  o f  t h e  column. Furthermore, pu re  
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F ig .  8. Regu la t ion  o f  t h e  r e s o l u t i o n  f a c t o r s  R w i t h  t h e  
temperature. Cond i t i ons  as i n  F ig .  7. Samples: RACS109 

disopyramide. 

l v  0.5 1.0 1.5 mm/sec 

Fig .  9. Reduced p l a t e  h i g h t  (h )  versus mob i l e  phase speed 
(v ) .  Column: EnantioPac, Mob i l e  phase: as i n  F ig .  1. w i t h  0.98 mM 
DMOA. Samples: i bup ro fen  I ,  0 i b u p r o f e n  11, E-phenoxy- 
p r o p i o n i c  a c i d  I ,  v 2-phenoxypropionic a c i d  11. 
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638 HERMANSSON AND ERIKSSON 

2-propanol (180 m l )  was a l so  pumped through t h e  column under a 
14 h pe r iod  w i thou t  r u i n i n g  t h e  separat ion p roper t i es  o f  the 
co l  umn. 

It i s  w e l l  known t h a t  amine a d d i t i v e s  i n  combination w i t h  a 
h igh pH and a low content  o f  organic m o d i f i e r  i n  t h e  mobi le phase 
decrease t h e  l i f e t i m e  o f  reversed phase columns. The same e f f e c t  
has been observed f o r  t h e  p r o t e i n  column. 

However, t he  al-AGP column (EnantioPac@) shows very good 

s t a b i l i t y .  The column can, i f  necessary, operate w i t h  mobi le 
phases w i t h  a h i g h  content o f  propanol o r  o t h e r  organic mod i f i e rs  
(4), a t  e levated temperatures and a t  d i f f e r e n t  mobi le phase pH. 

Moreover, the al-AGP column (EnantioPac@) has been used f o r  
the d i r e c t  r e s o l u t i o n  o f  many racemic drugs from d i f f e r e n t  
compound classes, such a s  amines (4, 7, 8)  and ac ids w i thou t  t h e  
need f o r  d e r i v a t i z a t i o n .  

9 
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