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CHIRAL SEPARATION OF CATIONIC DRUGS 

STATIONARY PHASE 
ON AN al-ACID GLYCOPROTEIN BONDED 

Goran Schilll, Irving W. Wainer", and Susan A. Barkan 
Division of Drug Chemistry 

US. Food and Drug Administration 
Washington, D.C. 20204 

ABSTRACT 

A commercially available chiral stationary phase containing 
al-acid glycoprotein on silica (EnantioPac, LKB) was applied to 
the resolution of a number of pharmacologicfilly important 
enantiomeric ammonium compounds. The optimization of retention 
and selectivity by cationic, anionic and neutral modifiers in the 
mobile phase was studied. The results suggest that the solutes 
are retained according to an ion-pair distribution model. 
Compounds of widely different structures were studied, and high 
separation factors were achieved for a majority. 

INTRODUCTION 

In the development and use of drugs that exist as 

stereoisomers, it is often important to treat each enantiomer as 

a separate entity, because of the fact that the enantiomers often 

lFDA Distinguished International Visiting Scientist. 
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642 SCHILL, WAINER, AND BARKAN 

d i f f e r  i n  potency, pharmacological a c t i o n  o r  plasma d i s p o s i t i o n .  

U n t i l  r e c e n t l y ,  t h e  s tudy  of  t h e  pharmacologica l  d i f f e r e n c e s  

between enant iomers  was hampered by d i f f i c u l t  and o f t e n  i n e x a c t  

a n a l y t i c a l  methods. 

i n t r o d u c t i o n  of  a number of chromatographic c h i r a l  s t a t i o n a r y  

phases (CSPs). 

Th i s  s i t u a t i o n  h a s  been changed by t h e  

One h i g h l y  promising phase  is t h e  a l -ac id  g l y c o p r o t e i n  

(AGP) CSP developed by Hermansson ( 1 , 2 ) .  T h i s  CSP appea r s  t o  

have a wide a p p l i c a b i l i t y  t o  molecules  of  pharmacologica l  

i n t e r e s t  ( 2 , 3 ) ,  and i ts  use  h a s  t h e  added advantages  of  r e q u i r i n g  

no precolumn d e r i v a t i z a t i o n  o f  t h e  a n a l y t e s  and o f  a l lowing  t h e  

u s e  of aqueous mobile phases t h a t  are  compat ib le  wi th  b i o l o g i c a l  

f l u i d s .  

Human AGP h a s  a molecular  weight of  about  41,000. I t  i s  

composed of a s i n g l e  181-unit  p e p t i d e  c h a i n  which accoun t s  f o r  

approximately 55% of t h e  molecular  weight and f i v e  ca rbohydra t e  

u n i t s  which comprise t h e  r e s t .  Inc luded  i n  t h e s e  l a t t e r  m o i e t i e s  

are 14 r e s i d u e s  of s i a l i c  a c i d .  The p r o t e i n  h a s  an  i s o e l e c t r i c  

p o i n t  of  2.7 i n  phosphate b u f f e r  (4). 

Although a great d e a l  i s  known about t h e  s t r u c t u r e  o f  t h i s  

p r o t e i n ,  l i t t l e  is known about  how AGP b i n d s  c a t i o n i c  molecules.  

T h i s  p rocess  appears  t o  invo lve  t h e  s i a l i c  a c i d ,  t o  be  s e n s i t i v e  

t o  uncharged compe t i to r s  and t o  have  some s t e r e o s p e c i f i c i t y .  

P i k e  e t  a l .  (5) demonstrated t h a t  enzymatic d e s i a l y l a t i o n  of  AGP 

reduces  t h e  b ind ing  a f f i n i t y  f o r  c a t i o n i c  d r u g s ,  whereas t h e  
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CHIRAL SEPARATION OF CATIONIC DRUGS 643 

b ind ing  of  n e u t r a l  and a c i d i c  d rugs  is una f fec t ed .  

of p roprano lo l  and oxprenolo l  t o  AGP can  a l s o  be  reduced  by 

noncharged compe t i to r s  such a s  tris(2-butoxyethy1)phosphate 

( 5 , 6 ) .  I n  a d d i t i o n ,  t h e  s t e r e o s e l e c t i v e  b ind ing  o f  c a t i o n i c  

molecules  t o  unbound AGP has  been observed i n  v i t r o  by u s i n g  

p roprano lo l  (7 ,8 ) .  

The b ind ing  

The AGP-CSP i s  prepared ,  acco rd ing  t o  t h e  manufac turer  (9), i n  

t he  fo l lowing  manner. 

i o n i c a l l y  bound t o  a d i e thy laminoe thy l  s i l i c a  ( abou t  180 mg/g; 

4.4 x moles/g).  The p r o t e i n  is then  o x i d i z e d  wi th  

p e r i o d a t e  t o  form aldehyde m o i e t i e s  and is c ross - l inked  through 

S c h i f f  base  formation. The r e s u l t i n g  enamines a r e  reduced  t o  

secondary amines wi th  cyanoborohydride.  

A monomolecular l a y e r  o f  p r o t e i n  i s  

Th i s  process  r e s u l t s  i n  a s t a b l e ,  immobilized p r o t e i n  which 

r e t a i n s  an a f f i n i t y  f o r  c a t i o n i c  molecules.  However, u n l i k e  t h e  

unbound AGP, a number of  t h e  c a r b o x y l i c  a c i d  m o i e t i e s  of t h e  

bound p r o t e i n  a r e  t i e d  up i n  t h e  i o n i c  bonds t o  t h e  s i l i c a  and ,  

t h e r e f o r e ,  a r e  u n a v a i l a b l e  f o r  b ind ing  t o  t h e  c a t i o n i c  s i t e  o f  

t h e  s o l u t e .  Thus, t h e  b ind ing  p r o p e r t i e s  o f  t h e  AGP-CSP should  

d i f f e r  from those  of  t h e  n a t i v e  p r o t e i n .  

Th i s  paper p r e s e n t s  t h e  r e s u l t s  of  an  i n v e s t i g a t i o n  o f  t h e  

a p p l i c a b i l i t y  o f  t h i s  CSP t o  a broad  spectrum o f  pha rmaco log ica l ly  

impor tan t  ammonium compounds. We s t u d i e d  t h e  e f f e c t  o f  a number 

of  i o n i c  and uncharged mobile phase a d d i t i v e s  on c a p a c i t y  and 

s t e r e o s e l e c t i v i t y  i n  o r d e r  t o  make t h e  s e p a r a t i o n  sys tem 
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644 SCHILL, WAINER, AND BARKAN 

app l i cab le  t o  compounds of d i f f e r e n t  hydrophobici ty .  

i n d i c a t e  t h a t  r e t e n t i o n  is due t o  an ion-pair ing mechanism and 

t h a t  i t  can be r egu la t ed  wi th in  a wide range. 

achieve b e t t e r  than 95% r e s o l u t i o n  f o r  a ma jo r i ty  of t he  

racemates s tudied.  

The r e s u l t s  

I t  k-as poss ib l e  t o  

MATERIALS AND METHODS 

Apparatus 

The chromatography was performed with Spectra-Physics (Santa 

Clara, CA,  U.S.A.) Models 8000 and 8700 l i q u i d  chromatographs, 

each equipped with a Spectra-Physics Model 770 v a r i a b l e  

wavelength UV de tec to r .  T h e  temperature of t h e  columns and t h e  

mobile phase r e s e r v o i r s  was r egu la t ed  by us ing  t h e r m o s t a t i c a l l y  

con t ro l l ed  c i r c u l a t i n g  water. 

The sepa ra t ions  were performed on commercially a v a i l a b l e  

EnantioPac columns ( l eng th  100 mm, i.d. 4.0 mm) con ta in ing  

cross-linked AGP s i l i ca  (180 mg/g). The columns were generously 

suppl ied by LKB (Bromma, Sweden). 

Materials 

The toca in ide  and metoprolol analogs were suppl ied by Haessle  

(Molndal, Sweden), nadolol A and B were suppl ied by E.R. Squibb 

(Princeton,  N J ,  U.S.A.), and 2- and A-cocaine were suppl ied by 

t h e  Drug Enforcement Agency (Washington, DC, U.S.A.). 

s o l u t e s  were obtained from t h e  s t o r e s  of t h e  U.S. Food and Drug 

A l l  o t h e r  
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CHlRAL SEPARATION OF CATIONIC DRUGS 645 

Admin i s t r a t ion  (Washington, DC, U.S.A.) .  The s t r u c t u r e s  o f  some 

compounds of p a r t i c u l a r  i n t e r e s t  are g iven  i n  F i g u r e  1. 

The i o n i c  mod i f i e r s  used in  t h e  s tudy ,  - N,I-d imethyloc ty l  

amine, tetrapropylammonium and tetrabutylammonium bromide and 

b u t y r i c  and o c t a n o i c  a c i d s  were from A l d r i c h  (Milwaukee, WI, 

U.S.A.). The 2-propanol was HPLC grade  from Burdick & Jackson  

(Muskegon, M I ,  U.S.A.). A l l  o t h e r  chemica ls  were r e a g e n t  g rade  

and used  wi thout  f u r t h e r  p u r i f i c a t i o n .  

Genera l  Chroma tograph i c  Cond i t ions  

The s t anda rd  c o n d i t i o n s  used d u r i n g  t h e  chromatography were a 

flow r a t e  of  0.30 ml/min and a column and mobile phase 

tempera ture  of 2O.O0C. The mobile phases were 0.02M sodium 

phosphate b u f f e r s  to  which m o d i f i e r s  were added; t h e  pH was 

a d j u s t e d  t o  t h e  d e s i r e d  l e v e l  by adding  sodium hydroxide  o r  

phosphor ic  a c i d .  A W a b s o r p t i o n  maximum of t h e  s o l u t e  was 

chosen as t h e  wavelength o f  d e t e c t i o n .  

RESULTS AND DISCUSSION 

Binding P r o p e r t i e s  o f  t h e  C h i r a l  S t a t i o n a r y  Phase 

Our chromatographic s t u d i e s  of  a broad v a r i e t y  o f  c a t i o n i c  

molecules on t h e  AGP-CSP i n d i c a t e  t h a t  r e t e n t i o n  and 

s t e r e o s e l e c t i v i t y  are u s u a l l y  dependent on t h e  p re sence  o f  

hydrogen bonding (HB) group(6) and l a r g e  s u b s t i t u e n t s  or c y c l i c  
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Atropine 

Chlorpheniramine 

Labetalol 

Methadone 

Cycl opentol a t e  Methorphan 

Methylpheni date 

Ephedrine P h e m t r a z i n e  

Fn, 

H m t r o p i  ne Tcrbutal1 nc 

FIGURE 1. Structures of some of the compounds used in this 
study . 
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CHIRAL SEPARATION OF CATIONIC DRUGS 641 

TABLE 1 

Separat ion of  Enantiomeric Ions 

Mobile phase: 0.02M Phosphate Buffer ,  pH 7.0,  + 2-Propanol 

2-Propanol 
H-Bond ing i n  Mobile 
Group So lu te  k l l a  a Phase ( X )  

Alcohol 
Ester 
Ester-  

Ox0 
Amide 
2-Pyridine 
Ether  
Phenothiazine 
Unspecified 

a1 coho1 

Labe ta lo l  A 
Propoxyph ene 

C yc lopen t o  l a  t e 
Methadone 
D isopyramide 
B r  omph e n i r  amine 
Bromod iph enhydramine 
Prome thaz i n e  
Methorphan 

8 . 8  
3 . 4  

14 .O 
4.8  
3 . 4  

13.8 
17.9 
33 .8  
13.8 

1.25 
2 . 4  

1.92 
1.53 
2.65 
1.05 
1.13 
1.09 
1.15 

2 
8 

W a p a c i t y  f a c t o r  of f i r s t  e l u t e d  enantiomer. 

s t r u c t u r e s  a t  the ammonium ion,  N', and/or t he  HB group. 

resu l t s  a l s o  suggest t h a t  t he  magnitude of t he  enant iomeric  

r e s o l u t i o n  is a f f e c t e d  by the s t r e n g t h  of t h e  HB s u b s t i t u e n t .  

Some examples covering d i f f e r e n t  kinds of HB groups are given i n  

Table 1. 

The 

Previous s t u d i e s  of s epa ra t ion  of enantiomeric ions  by 

binding t o  the HB group and the  charged s i t e  of a c h i r a l  r eagen t  

i n d i c a t e  t h a t  t he  d i s t a n c e  between these  b ind ing  s i tes  i s  of 

v i t a l  importance (10). General r e l a t i o n s h i p s  of t h i s  kind were 

not found i n  t h i s  s tudy,  which inc ludes  compounds of widely 

d i f f e r e n t  s t r u c t u r e s  (Figure 1). However, t h e  importance of 
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648 SCHILL, WAINER, AND BARKAN 

+ the distance between the HB group and N 

molecules is clearly demonstrated in some of the results 

presented here. 

in certain kinds of 

Chromatographic Properties of the Chiral Phase 

The capacity factors (k') and separation factors ( a )  on the 

AGP-CSP appear to be sensitive to both temperature and the pH of 

the mobile phase. 

in k' and a. An increase in the pH of the mobile phase has the 

same effect on k'. However, the magnitude of these changes 

varies from solute to solute. Some examples are presented in 

Table 2. 

A decrease in temperature leads to an increase 

The plate height (H) of a resolved solute is affected by 

temperature and flow rate. A decrease in temperature results in 

peak broadening, whereas a decrease in flow rate has the opposite 

effect (Table 3 ) .  The strong effect of mobile phase speed, which 

is an indication of a slow mass transfer between phases, usually 

makes a flow rate higher than 0.3 ml/min unsuitable. 

Since the molar concentration of the chiral binding agent, 

AGP,  is fairly low, overloading effects can appear at rather low 

sample concentrations. 

on retention time, a and peak symmetry is illustrated in Table 4. 

For methylhomatropine, an 8-fold increase in molar concentration 

resulted in a decrease in the retention time of about 10% and an 

increase in the tailing of both peaks. This effect is not pH 

The influence of solute concentration 
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TABLE 2 

In f luence  of  pH and Temperature on Capaci ty  Fac to r  and 
Separat ion Factor  

Mobile Phase: 0.1M NaCl i n  0.02M Phosphate Buffer + 2-Propanol 

So lu te  
2-propanol i n  T emp . 
Mobile Phase (%I pH (OC) k l '  a 

Cyclopentolate  2 6.5 10 3.9 1.94 
20 4.8 1.79 

7.0 10 10 .o 1.96 
20 8.9 1.89 

7.5 10 15 .O 2.02 
20 14 .O 1.96 

Methylhomatropine 0 6.5 10 3.3 2.82 
20 2.4 2.38 

7.0 10 5.5 3 .OO 
20 4.5 2.47 

7.5 10 5.2 3.10 
20 5 .O 2.64 

TABLE 3 

In f luence  of Temperature and Flow Speed on Separa t ion  
Factor  and P l a t e  Heighta 

Mobile Phase: 8% 2-Propanol i n  0.02M Phosphate Buffer ,  pH 7.0 

Temp. Flow H 1  H2 
So lu te  (OC) (ml/m> a (mm) (mm) 

Dirnethindene 20 0.3 1.53 0.30 0.23 
5 0.3 1.62 0.40 0.35 
5 0.1 1.64 0.27 0.23 

Cyclopentolate  20 0.3 1.41 0.28 0.27 
5 0.3 1.49 0.32 0.30 
5 0.1 1.51 0.19 0.25 

aH1  and H2 = p l a t e  he igh t  of f i r s t  and second e l u t e d  
enant iomer , r e s p e c t i v e l y  . 
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65 0 SCHILL, WAINER, AND BARKAN 

TABLE 4 

In f luence  of Sample Loading on Retent ion T ime ,  Separat ion 
Factor  and Peak Symmetrya 

Mobile Phase: 0.1M NaCl i n  0.02M Phosphate Buf fe r ,  pH 7.5 

Flow: 0.30 ml/min Sample Volume: 20 111 

So lu te  : Me thy lhoma tr opine 

So lu te  
Concentration Retent ion T ime  
(M x 104) of Peak 1 ( s e c )  a a s f l  asf2 

1.4 1022 2.12 1.2 1.2 
2.9 1007 2.11 1.2 1.5 
5.8 964 2.11 1.7 2.5 
9.7 9 50 2.07 2 .o 2.3 

11.6 935 2.06 2 .o 2.4 

a a s f l  and a s fp  = r a t i o  of back h a l f  of peak a r e a  t o  f r o n t  
h a l f  of peak a rea  (est imated by b a s e l i n e  measurement) f o r  f i r s t  
and second peak, r e spec t ive ly .  

dependent and does not s i g n i f i c a n t l y  a f f e c t  t h e  enant iomeric  

s e l e c t i v i t y .  However, when optimal s epa ra t ion  i s  needed, i t  i s  

ha rd ly  advisable  t o  use an amount of s o l u t e  g r e a t e r  than 2-3 nmol. 

The symmetry of the  peaks corresponding t o  the  resolved 

enantiomers of a s o l u t e  is normally good with an asymmetry f a c t o r  

i n  the range of 0.9-1.2, a s  demonstrated by the  chromatograms of 

nadolol A and B i n  Figure 2 .  However, some except ions were 

observed, and the most s t r i k i n g  of t hese  are i l l u s t r a t e d  i n  Table 

5 .  I n  the  case of disopyramide, t he  f i r s t  peak has  a leading 

edge. This  asymmetry can be p a r t i a l l y  co r rec t ed  by r a i s i n g  the  
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CHIRAL SEPARATION OF CATIONIC DRUGS 65 1 

H O  
0 f H 3  

0 

/s;\ /NH-€;;H 3 

2 C H 2  CH 

Nadolol A (R,S ; S , R )  Nadolol B (R,R ; S,S) 

FIGURE 2. Resolution of nadolol enantiomers. Mobile phase: 
0.001M tetrabutylammonium bromide in 0.02M phosphate 
buffer, pH 6.0. 
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TABLE 5 

SCHILL, WAINER, AND BARKAN 

Peak Symmetry D e v i a t i o n s  

Mobile Phase:  

Loading: 2 nmol 

0.1M NaCl i n  0.02M Phosphate  Buf fe r  .+ 8% 2-Propanol 

S o l u t e  PH k l '  a a s f  1 a s f 2  

D i sopyr  amide 6.5 
7 .O 
7.5 

Propoxyphene 6.5 
7 .O 
7.5 

Methadone 6.5 
7 .O 
7.5 

1.9 
2.7 
3.3 

3.2 
4.4 
5.1 

5 .O 
6.5 
7.4 

2.77 0.3 1.0 
2.70 0.6 1.1 
2.67 0.6 1.1 

1.52 1.2 0.8 
2.3 0.9 8 .O 
2.4 1 .o --a 

1.51 0.9 2.0 
1.59 1.0 1.7 
1.57 1.5 2 .o 

aUnmeasurab le. 

pH. For propoxyphene, t h e r e  i s  ex t reme t a i l i n g  i n  t h e  second 

peak a t  pH 7.0 and 7.5. However, t h i s  peak i s  a lmos t  symmetr ica l  

a t  pH 6.5. The f i r s t  methadone peak h a s  good symmetry, whereas  

t h e  second d i s p l a y s  s i g n i f i c a n t  t a i l i n g .  T h i s  phenomenon i s  

u n a f f e c t e d  by a change i n  pH. 

Regu la t ion  o f  Capac i ty  F a c t o r  by Mobile Phase  Modi f i e r s  

The u s e  of  t h e  AGP-CSP w i t h  a mobi le  phase  o f  phosphate  

b u f f e r  (0.02M, pH 7.0)  w i th  o r  w i thou t  sodium c h l o r i d e  o f t e n  

r e s u l t s  i n  an unacceptab ly  h i g h  k '  o f  10 o r  g r e a t e r ,  even f o r  
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CHIRAL SEPARATION OF CATIONIC DRUGS 65 3 

modera te ly  hydrophobic s o l u t e s .  A s  a g e n e r a l  r u l e ,  k' appea r s  t o  

depend on t h e  number of  carbon atoms ( a l i p h a t i c  o r  a r o m a t i c )  and 

t h e  n a t u r e  and number of  h y d r o p h i l i c  groups.  

c o n t a i n  an a l coho l  f u n c t i o n ,  k' o f t e n  exceeds  10 when t h e  number 

of carbon atoms i s  15 o r  more. For molecules  c o n t a i n i n g  esters 

and a l c o h o l s ,  t he  c r i t i c a l  number of  carbons  can  be  as h igh  a s  17 

o r  18 ,  whereas f o r  o t h e r s  c o n t a i n i n g  a carbonyl  f u n c t i o n  (an  

amide, f o r  example) o r  an  e t h e r  moie ty ,  t h e  l i m i t i n g  number of 

carbons  appears  t o  be i n  t h e  r ange  o f  11-13. 

For molecules  which 

Three  c l a s s e s  of  mobile phase m o d i f i e r s  -- uncharged, a n i o n i c  

and c a t i o n i c  -- were s t u d i e d  f o r  t h e i r  a b i l i t y  t o  o p t i m i z e  k'. 

The mod i f i e r s  used i n  d e t a i l e d  s t u d i e s  were t h e  fo l lowing:  

A. Uncharged -- 2-propanol; 

B. C a t i o n i c  -- tetrapropylammonium and tetrabutylammonium 

ions  a s  bromides; 

C. Anionic -- b u t y r i c  and o c t a n o i c  a c i d s .  

The e f f e c t  of t h e s e  mod i f i e r s  on a and k' is p resen ted  i n  Tab le  6.  

The r e s u l t s  demonst ra te  t h a t  k' is a f f e c t e d  n o t  o n l y  by 

uncharged and c a t i o n i c  m o d i f i e r s ,  b u t  by a n i o n i c  m o d i f i e r s  a s  

wel l .  Th i s  i n d i c a t e s  t h a t  r e t e n t i o n  i s  n o t  a f u n c t i o n  of  b ind ing  

t o  a n i o n i c  s i tes  on t h e  AGP, s i n c e  a n i o n i c  m o d i f i e r s  have  no 

i n f l u e n c e  on t h i s  process .  Fur thermore ,  t h e  b ind ing  o f  t h e  AGP 

t o  t h e  s i l i c a  suppor t  t ies  up a n i o n i c  b i n d i n g  s i tes ,  the reby  

reducing  t h e  p r o b a b i l i t y  t h a t  t hey  are involved  i n  s o l u t e  b ind ing .  
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CHIRAL SEPARATION OF CATIONIC DRUGS 65 5 

The r e t e n t i o n  seems t o  be based on an ion -pa i r ing  mechanism 

i n  which t h e  coun te r  ion  h a s  a s y n e r g i s t i c  e f f e c t  on t h e  b ind ing  

t o  t h e  CSP and compet i t ion  e x i s t s  f o r  t h e  same b ind ing  s i tes  from 

o t h e r  ion-pa i r ing  a g e n t s  i n  t h e  mobile phase. I f  i t  i s  assumed 

t h a t  t h e r e  is only  one k ind  of  b ind ing  s i t e ,  t h e  fo l lowing  

equa t ion ,  Eqn. 1, can  be used t o  d e s c r i b e  t h i s  phenomenon (11) :  

where HA is t h e  s o l u t e ,  X- and Q+ a r e  t h e  mobile phase i o n s  

( m o d i f i e r s ) ,  q is t h e  phase r a t i o  i n  t h e  column, KO i s  t h e  

b ind ing  c a p a c i t y  of  t h e  s o l i d  phase ,  and KQx and KW a r e  t h e  

d i s t r i b u t i o n  c o n s t a n t s  of  t h e  i o n  p a i r s .  

T h i s  equa t ion  can  be r ea r r anged  t o  Eqn. 2: 

A p l o t  i n  accordance  wi th  

of  metopro lo l  is g iven  i n  

t h i s  equa t ion  f o r  t h e  two enan t iomers  

F igu re  3. The l i n e a r i t y  of  t h e  p l o t  

s u p p o r t s  t h e  assumption t h a t  t h e  r e t e n t i o n  i s  t h e  r e s u l t  of a n  

ion-pa i r  b ind ing  process .  F u r t h e r  suppor t  is g iven  by t h e  f a c t  

t h a t  t h e  q u o t i e n t  between s l o p e  and i n t e r c e p t ,  which is equa l  t o  

KQx, i s  t h e  same f o r  t h e  two l i n e s .  

The r e t e n t i o n  model i n  Eqn. 1 can  a l s o  b e  a p p l i e d  t o  a n i o n i c  

mod i f i e r s .  F igu re  4 shows p l o t s  i n  accordance  wi th  Eqn. 2 for 
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65 6 SCHILL, WAINER, AND BARKAN 

"1 METOPROLOL k I ' 

T 

METOPROLOL k2' 

o !  I I I I 1 
0 2 0 6 8 10 

FIGURE 3.  Application of metoprolol retention to the ion-pair 
distribution model. Mobile phase: 
tetrapropylammonium bromide in 0.02M phosphate 
buffer, pH 7.0. 

atropine, homatropine and other cations in a system with 

octanoate as the modifier ([X'] in Eqn. 2 )  and sodium as the 

mobile phase cation ([Q'] in Eqn. 2 ) .  

The good linearity of these plots indicates the validity of 

this model. It also supports the assumption that, in the 

concentration ranges used in this study, retention is dominated 

by binding to one type of site. 
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[x-iX1o3 
k '  

30 

20 

10 

HOMATROPINE k 2' 
A 

TROPINE 

TROPINE 

0 I I I I I I 1 I 
0 1 0  20 30 $0 

k l '  

k2' 

FIGURE 4 .  Appl i ca t ion  of  a t r o p i n e  and homatropine r e t e n t i o n  t o  
t h e  ion-pair  d i s t r i b u t i o n  model. Mobile phase: 
o c t a n o i c  a c i d  i n  0.02M phosphate  b u f f e r ,  pH 7.0. 

The assumption o f  an ion-pa i r  d i s t r i b u t i o n  p rocess  i s  f u r t h e r  

suppor ted  by t h e  f a c t  t h a t  a n i o n i c  racemates  can be  r e t a i n e d  and 

r e so lved .  T h i s  is i l l u s t r a t e d  by t h e  r e s o l u t i o n  of  2-phenylbutyr ic  

a c i d ,  which is p resen ted  i n  F i g u r e  5. 

The E f f e c t  of  Mobile Phase Add i t ives  on S e l e c t i v i t y  

Some examples o f  t h e  e f f e c t  o f  mobile phase  m o d i f i e r s  on 

s t e r e o s e l e c t i v i t y  are i l l u s t r a t e d  i n  Table  6. Compared t o  t h e  
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I 

SCHILL, WAINER, AND BARKAN 

FIGURE 5. Resolution of enantiomers of 2-phenylbutyric acid.  
Mobile phase: 0.10M 4-hydroxybutyric a c i d  i n  0.02M 
phosphate b u f f e r ,  pH 7.0. 

s e l e c t i v i t y  obtained with a phosphate-sodium c h l o r i d e  mobile 

phase, t he  e f f e c t s  of t h e  uncharged, an ion ic  and c a t i o n i c  modif iers  

vary from dramatic improvement t o  t o t a l  l o s s  of s t e r e o  s e l e c t i v i t y .  

The add i t ion  of an uncharged modif ier ,  2-propanol, uniformly 

r e s u l t e d  i n  a decrease i n  s e l e c t i v i t y  f o r  t h e  compounds used i n  

t h i s  s tudy,  whereas t h e  e f f e c t  of t h e  charged modif iers  va r i ed .  

The add i t ion  of charged modif iers  can sometimes l ead  t o  

dramatic improvements i n  s t e r e o s e l e c t i v i t y .  For example, t he  

add i t ion  of te t rabutylamonium bromide inc reases  t h e  s epa ra t ion  

f a c t o r  fo r  methorphan from 1.15 ( i n  the  presence of 2-propanol) 

t o  2.96; fo r  methylhomatropine, a i nc reases  t o  a va lue  g r e a t e r  

than 4.0 i n  t h e  presence of tetrapropylammonium bromide. 
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CHIRAL SEPARATION OF CATIONIC DRUGS 65 9 

Dramatic i n c r e a s e s  a l s o  occur a f t e r  t h e  a d d i t i o n  o f  a n i o n i c  

mod i f i e r s .  The s e p a r a t i o n  f a c t o r  f o r  ephedr ine  i s  1.83 wi th  

b u t y r i c  a c i d  i n  t h e  mobile phase and 1.61 when o c t a n o i c  a c i d  is 

used. P a r t i c u l a r l y  s i g n i f i c a n t  i s  t h e  r e s o l u t i o n  o f  a t r o p i n e  

( a  = 1.64) obta ined  with o c t a n o i c  a c i d  i n  t h e  mobile phase. 

The d r a s t i c  e f f e c t s  of t h e  ca rboxy la t e  m o d i f i e r s ,  p a r t i c u l a r l y  

o c t a n o i c  a c i d ,  on t h e  s e l e c t i v i t y  might be  due t o  t h e  f a i r l y  low 

p o l a r i t y  of t he  ion  p a i r  between t h e  c a t i o n i c  s o l u t e  and t h e  

ca rboxy la t e  counter  i on ,  a r i s i n g  from hydrogen bonding between 

the  ions  (12).  This  change i n  p o l a r i t y  may promote s t e r e o -  

s e l e c t i v i t y  through an a l t e r a t i o n  i n  the  b ind ing  p r o p e r t i e s  of 

t he  s o l u t e .  

To b e t t e r  understand t h e  n a t u r e  of t h e  c h i r a l  b ind ing  s i t e ,  

we s t u d i e d  the  r e l a t i o n s h i p  between s e l e c t i v i t y  and c o n c e n t r a t i o n  

of t h e  charged modi f ie rs .  

s i n g l e  type  of s i t e  i n  accordance with Eqn. 1, a change i n  

modi f ie r  concen t r a t ion  should n o t  change t h e  s t e r e o s e l e c t i v i t y .  

On the  o t h e r  hand, i f  t he  r e t a i n i n g  phase h a s  s e v e r a l  k i n d s  o f  

s i tes  wi th  c h i r a l  and nonch i ra l  b inding  p r o p e r t i e s ,  a change i n  

the  concen t r a t ion  of a modi f ie r  should r e s u l t  i n  a change i n  

s e l e c t i v i t y ,  i f  t he  modi f ie r  is used i n  a p p r o p r i a t e  c o n c e n t r a t i o n s .  

Some examples of such changes a r e  presented  i n  Table  7 .  

I f  t h e  enantiomers a r e  r e t a i n e d  by a 

The r e s u l t s  i n d i c a t e  t h a t  t h e  assumption o f  one type  of 

binding  s i t e  is v a l i d  when c a t i o n i c  mod i f i e r s  a r e  used. 

when o c t a n o i c  a c i d  is used as a mod i f i e r ,  an i n c r e a s e  i n  

However, 
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660 SCHILL, WAINER, AND BARKAN 

TABLE 7 

Influence of Modifier on Separation Factor 

Mobile Phase: Modifier in 0.02M Phosphate Buffer 

Octanoic Acid, pH 7.0 
Solute 0.010M 0.032M 0.038M 0.044M 0.050M 

Atropine 1.64 1.50 1.49 1.45 1.51 
Cyclopentolate 1.82 1.54 1.52 1.45 1.50 
Homa trop ine 1.63 1.60 1.59 1.53 1.63 
Labetalol A 1.35 1.17 1.16 1.12 1.14 
Methylphenidate 1.89 1.98 1.91 1.91 2.05 

Tetrapropylammonium Bromide, pH 7.0 
0.001M 0.002M 0.003M Solute 

Metoprolol 1.49 
Ph enme t raz ine 1.29 
Tocainide 1.30 

1.44 
1.30 
1.28 

1.41 
1.25 
1.30 

selectivity occurs at the lowest concentration in some cases. 

This could be due to the existence of several kinds of binding 

sites or to an excess of solute in relation to the concentration 

of complexing agent (counter ion) present. 

Structural Effects on Selectivity 

The stereoselectivity of the CSP appears to be highly 

sensitive to structural differences in the solute. Alterations 

in the distance between the N 

substitution at N 

and the HB group often result in dramatic changes in selectivity. 

+ and HB moieties, in the 
+ and in the spatial relationship between N+ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHIRAL SEPARATION OF CATIONIC DRUGS 66 1 

The change in selectivity within a series of compounds 

related to metoprolol illustrates this effect (Table 8). When 

the number of alkyl carbons in the chain between N+ and the HB 

group is increased from 1 to 3, a is reduced from 1.49 to 1.00. 

A reduction in the steric bulk at N+ has the same effect. 

There is a steady decline in a (1.73 to 1.00) from a t-butyl 

substituent to a methyl substituent. However, the primary amine 

is resolved with an a of 1.17. 

The sensitivity of stereoselectivity to the bulk at N+ is 

also illustrated by the difference in resolution between 

terbutaline and metaproterenol. 

differ only in the substitution at the N+ site, i.e., L-butyl 

and isopropyl moieties, respectively. When chromatographed on 

the AGP-CSP with 0.003M tetrapropylammonium bromide as the 

modifier, terbutaline is resolved with a separation factor of 

1.22, whereas metaproterenol is unresolved. 

Terbutaline and metaproterenol 

A dramatic change in selectivity was also observed for a 

series of substances related to tocainide (Table 9). The total 

loss of resolution following the removal of one or both of the 

oa-methyl groups and the effect on selectivity following 

subtle changes in the alkyl substituents indicate that chiral 

recognition is extremely sensitive to structural variations in 

the molecules. 

group and N increases the stereoselectivity as does increasing 

the bulk of the alkyl group at the asymmetric carbon atom. 

Lengthening the alkyl chain between the amide 
+ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



662 SCHILL, WAINER, AND BARKAN 

TABLE 8 

Separation of Enantiomeric Compounds 
Related to Metoprolola 

Mobile Phase: 0.001M Tetrapropylammonium Bromide in 
0.02M Phosphate Buffer, pH 7.0 

OH 

R1 n a 

i- propy 1 

1- pr opy 1 
L t-bu tyl 
n- pr o py 1 
ethyl 
methyl 
H 

z- Pro PY 1 
I 

L 

1.49 
1.14 
1.0 
1.73 
1.23 
1.12 
1.0 
1.17 

aMetoprolol is the first compound shown. 

However, no chiral resolution is obtained when the asymmetric 

carbon atom is in a *-position relative to the amide. 

Differences in stereoselectivity also appear between 

The R,S;S,R enantiomers of some diastereomers. 

a,8-aminoalcohols, e.g., labetalol A and ephedrine, display a 

higher selectivity than the corresponding R,R;S,S enantiomere, 

labetalol B and pseudoephedrine. Nadolol displays the same 

tendency when chromatographed with 0.001M tetrabutylammonium 

bromide as the modifier (Figure 2). However, when 0.025M butyric 
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CHIRAL SEPARATION OF CATIONIC DRUGS 663 

TABLE 9 

S e p a r a t i o n  of Enant iomer ic  Compounds Re la t ed  t o  Toca in idea  

Mobile Phase: 0.002M Tetrabutylammonium Bromide i n  0.02M 
Phosphate  B u f f e r ,  pH 6.0 

R 1  - N - C - R3 - NH2 
I 

R 1  R2 R3 a 

2,6-xyly l  
2 ,4 ,6-mes i ty l  
2 - t o l y l  
ph eny l  
benzyl  
2 ,6-xyly l  
2 ,6-xyly l  
2 ,6 -xy ly l  
2 ,6-xyly l  

H 
H 
H 
H 
H 
H 
H 
H 
CH3 

1.45 
1.24 
1 .o 
1.0 
1 .o 
3.31 
2.30 
1 .o 
1 .o 

aTocain ide  i s  t h e  f i r s t  compound shown. 

a c i d  i s  used a s  t h e  m o d i f i e r ,  t h e  R,R;S,S enan t iomer i c  p a i r ,  

nado lo l  B y  h a s  a h i g h e r  s e l e c t i v i t y ,  i .e.,  2.30, compared t o  2.16 

f o r  nado lo l  A. 

CONCLUSION 

Th i s  s tudy  shows t h a t  r e t e n t i o n  and s t e r e o s e l e c t i v i t y  o f  t h e  

AGP bonded on s i l i c a  a r e  based on an  ion -pa i r ing  mechanism. 

Re ten t ion  and s e l e c t i v i t y  can b e  a l t e r e d  through t h e  a d d i t i o n  o f  
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uncharged and charged mobile phase additives, leading to a wide 

applicability of the AGP-CSP. The breadth of these applications 

is presented in Table 10, which lists the best separation factors 

obtained at 2O.O0C with a selection of mobile phases. 
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