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ABSTRACT 

B a c l o f e n  (4-amino-3-p-chlorophenylbutyric a c i d ) ,  a s k e l e t a l  
m u s c l e  r e l a x a n t  u s e d  i n  t h e  t r e a t m e n t  o f  s p a s t i c  d i s o r d e r s ,  i s  
a d m i n i s t e r e d  c l i n i c a l l y  a s  a racemic m i x t u r e .  T h i s  p a p e r  
d e s c r i b e s  t h e  s e p a r a t i o n  of t h e  d i a s t e r e o r n e r s  of b a c l o f e n ,  which  
was d e r i v a t i z e d  with (+)-1-(9-fluorenyl)ethyl c h l o r o f o r m a t e ,  (+)- 
1-(1-naphthy1)e thyl  i s o c y a n a t e ,  1-f luoro-2,4-dinitrophenyl-5-L- 
a l a n i n e  a m i d e  o r  2,3,4,6-tetra-0-acetyl-~-D-glucopyranosyl 
i s o t h i o c y a n a t e ,  by  r e v e r s e d - p h a s e  h i g h - p e r f o r m a n c e  l i q u i d  
chromatography u s i n g  c y c l o d e x t r i n  as a m o b i l e  p h a s e  a d d i t i v e .  

INTRODUCTION 

Baclofen  (4-amino-3-p-chlorophenylbutyric a c i d ) ,  a s k e l e t a l  

m u s c l e  r e l a x a n t  used i n  t h e  t r e a t m e n t  of s p a s t i c  d i s o r d e r s  (Fig. 
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FIGURE 1. S t r u c t u r e s  of B a c l o f e n  and D e r i v a t i z a t i o n  R e a g e n t s  

l ) ,  i s  a d m i n i s t e r e d  c l i n i c a l l y  a s  a racemic m i x t u r e .  T h e  

e n a n t i o m e r s  of t h i s  compound d i f f e r  i n  t h e i r  pharmacodynamic and 

t o x i c o l o g i c a l  p r o p e r t i e s :  t h e  R - ( - ) - e n a n t i o m e r  i s  much more 

a c t i v e  b u t  a l s o  more t o x i c  t h a n  t h e  S-(+)-enantiomer. The S-(+)- 

e n a n t i o m e r  i n t e r f e r e s  w i t h  t h e  b i n d i n g  of t h e  R-(-)-enantiomer, 

a n d  h a s  b e e n  p r o p o s e d  t o  a c t  a s  a n  a n t a g o n i s t  a t  t h e  GABAB- 

r e c e p t o r s .  B e c a u s e  t h e  k i n e t i c  d i s p o s i t i o n  o f  t h e  t w o  

e n a n t i o m e r s  m a y  a l s o  b e  d i f f e r e n t ,  t h e  i n v e s t i g a t i o n  o f  t h e  

p h a r m a c o k i n e t i c  b e h a v i o r  of  b o t h  e n a n t i o m e r s  i s  d e s i r a b l e .  

S e v e r a l  h i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h i c  (HPLC)[l] and g a s  

l i q u i d  c h r o m a t o g r a p h i c  p r o c e d u r e s  f o r  t h e  d e t e r m i n a t i o n  of  

b a c l o f e n  e n a n t i o m e r s  have  been d e s c r i b e d  [ 2 ] .  
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DIASTEREOMERS OF BACLOFEN 3313 

I n  p r e v i o u s  p a p e r s ,  w e  r e p o r t e d  t h a t  t h e  much i m p r o v e d  

s e p a r a t i o n  of s t e r o i d s  h a s  b e e n  o b s e r v e d  by t h e  a d d i t i o n  o f  a 

s u i t a b l e  c y c l o d e x t r i n  (CD) t o  t h e  m o b i l e  phase  i n  r e v e r s e d - p h a s e  

HPLC [ 3 ] .  I n  a d d i t i o n ,  t h i s  i n c l u s i o n  c h r o m a t o g r a p h y  h a s  b e e n  

u s e d  f o r  t h e  o p t i c a l  r e s o l u t i o n  of d e r i v a t i z e d  a m i n o  a c i d s  a n d  

d i p e p t i d e s  [ 4 ] .  As a c o n t i n u a t i o n  of t h i s  w o r k ,  t h e  p r e s e n t  

p a p e r  d e a l s  w i t h  t h e  s e p a r a t i o n  of t h e  d i a s t e r e o m e r s  of b a c l o f e n  

w h i c h  was d e r i v a t i z e d  u s i n g  commerc ia l ly  a v a i l a b l e  c h i r a l  

r e a g e n t s ,  (+)-1-(9-f 1 u o r e n y l ) e t h y l  c h l o r o f o r m a t e  (FLEC)[ 51, (+)- 

1 - ( 1 - n a p h t h y 1 ) e t h y l  i s o c y a n a t e  ( N E I ) [ 6 ] ,  l - f l u o r o - 2 , 4 -  

dinitrophenyl-5-L-alanine a m i d e  (Marf  e y ' s  r e a g e n t ,  FDAA)[7] o r  

2,3,4,6-tetra-O-acetyl-p-D-gluc o p y r a n o s y  1 i s o t  h i o c y a n a  t e 

( G I T C ) [ 8 ] ( F i g .  l), by r e v e r s e d - p h a s e  HPLC u s i n g  CD a s  a m o b i l e  

phase  a d d i t i v e .  

MATERIALS AND METHODS 

Materials 

a-, 6- and y-CDs were k i n d l y  s u p p l i e d  by Nihon Shokuhin Kako 

Co. ( T o k y o ,  J a p a n ) .  H e p t a k i s - ( 2 , 6 - d i - O - m e t h y l ) - ~ - C D  (Me-B-CD; 

10.5 m e t h y l  r e s i d u e s / m o l )  was p r e p a r e d  a n d  d o n a t e d  by  Kao 

(Tokyo) .  B a c l o f e n  was k i n d l y  d o n a t e d  by C i b a - G e i g y  ( B a s e l ,  

S w i t z e r l a n d ) .  FLEC a n d  GITC were o b t a i n e d  f r o m  Wako ( O s a k a ,  

J a p a n ) .  The  o t h e r  d e r i v a t i z a t i o n  r e a g e n t s  (NET, F D A A )  were 

p u r c h a s e d  from Tokyo Kasei Kogyo (Tokyo). 
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3314 SHIMADA ET AL. 

D e r i v a t i z a t i o n  P r o c e d u r e  

T h e  d e r i v a t i z a t i o n  o f  R-(-)- o r  S - ( + ) - b a c l o f e n  w i t h  FLEC, 

NEI, FDAA a n d  GITC h a s  b e e n  d o n e  u s i n g  p r e v i o u s l y  d e s c r i b e d  

p r o c e d u r e s  [ 5-81 t o  g i v e  t h e  FLEC-, (+)-1-(  1 - n a p h t h y 1 ) e t h y l  

carbamoyl  (NEC)-, 2.4-dinitrophenyl-5-L-alanine a m i d e  (DNPA)- and  

GITC-baclof e n  d i a s t e r e o m e r s ,  r e s p e c t i v e l y .  

h a r a t u s  

HPLC was  c a r r i e d  o u t  o n  a S h i m a d z u  LC-6A c h r o m a t o g r a p h  

( S h i m a d z u ,  K y o t o ,  J a p a n )  e q u i p p e d  w i t h  a H i t a c h i  F - 1 0 5 0  

f 1 u o r e s c e n c . e  ( F L ) ( H i t a c h i ,  T o k y o )  o r  S h i m a d z u  SPD-6AV UV 

(Shimadzu)  d e t e c t o r .  A YMCeGEL Cg ( 5  urn) column ( 1 5  cm x 0.46 cm 

i.d.)(YMC, Kyoto) was used a t  a m b i e n t  t e m p e r a t u r e  a t  a f l o w  rate 

of 1 ml/rnin, and t he  void  volume was measured w i t h  NaN03 (UV 210 

nm) o r  MeOH ( ),ex 2 8 0  nm, ), em 3 2 0  nm). T h e  pH of  t h e  m o b i l e  

p h a s e  c o n t a i n i n g  AcONa or KH2P04 was a d j u s t e d  w i t h  AcOH o r  H3P04, 

r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

S e p a r a t i o n  of t h e  Diastereomers of B a c l o f e n  b~ t h e  C o n v e n t i o n a l  

Reversed-phase HPLC 

R-(-)- a n d  S - ( + ) - b a c l o f e n  were d e r i v a t i z e d  wi th  FLEC, NEI, 

FDAA o r  GITC a c c o r d i n g  t o  t h e  r e p o r t e d  p r o c e d u r e  t o  g i v e  FLEC-, 

NEC-, DNPA- o r  G I T C - b a c l o f e n ,  r e s p e c t i v e l y .  T h e  o b t a i n e d  
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DXASTEREOMERS OF BACLOFEN 3315 

I 1  L I I I 

0 10 20 min 0 10 20 min 0 10 20 mn 0 10 20 min 

FIGURE 2. Separation of the Diastereomers of Baclofen 

a) FLEC-derivatives b) NEC-derivatives 

c) DNPA-derivatives d) GITC-derivatives. 

Conditions: mobile phase, a) MeCN-0.5% AcONa(pH 

6.5)(7:12),  b) MeOH-0.5% AcONa(pH 6.7)(11:8), 

c) MeOH-0.5% KH2P04(pH 4.0)(11:8), d) MeOH-0.5% 

phosphate buffer(pH 6.5; KH2P04/K2HP0h)(1:1); 

detection, a) FL (Aex 260 nm, A,, 315 nm), b) FL (bx 235 
nm, hem 333 nm), c) UV 340 nm, d) UV 250 nm. 
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3316 SHIMADA ET AL. 

d i a s t e r e o r n e r s  o f  b a c l o f e n  were s u b j e c t e d  t o  t h e  c o n v e n t i o n a l  

r e v e r s e d - p h a s e  HPLC u s i n g  t h e  YMC*GEL Cg column. The s e l e c t i o n  

of  t h e  b e s t  o r g a n i c  m o d i f i e r  (MeOH o r  MeCN) a n d  b u f f e r  (AcONa, 

KH2P04 o r  KH2P04/K2HP04; i n c l u d i n g  pH a d j u s t m e n t )  a l l o w e d  t h e  

s e p a r a t i o n  of e a c h  p a i r  of d i a s t e r e o m e r i c  FLEC-, NEC-, DNPA- and 

G I T C - b a c l o f e n s  as  s h o w n  i n  F i g .  2 a n d  t h e  r e s o l u t i o n s  ( R s )  of  

t h e s e  p a i r s  were 1 . 7 5 ,  1.30, 3.44 a n d  2.07, r e s p e c t i v e l y .  T h e  

D N P A - d e r i v a t i v e s  s h o w e d  t h e  m o s t  s a t i s f a c t o r y  R s  v a l u e  of  a l l  

t h e s e  d i a s t e r e o m e r i c  p a i r s .  The G I T C - S - ( + ) - b a c l o f e n  w a s  e l u t e d  

ear l ier  t h a n  t h e  c o r r e s p o n d i n g  R-(-)-baclof en d e r i v a t i v e ,  b u t  a l l  

t h e  o t h e r  d e r i v a t i z e d  R - ( - ) - b a c l o f e n s  were e l u t e d  ear l ier  t h a n  

the  c o r r e s p o n d i n g  d i a s t e r e o m e r s .  

E f f e c t  of  CD on t h e  S e p a r a t i o n  of  t h e  Diastereomers of B a c l o f e n  _ _ _ - _ - - -  
The a d d i t i o n  o f  0 - ,  r, y-CD o r  Me-a-CD ( e a c h  5 mM), w h i c h  

was u s e d  i n s t e a d  of a - C D  d u e  t o  i t s  s o l u b i l i t y ,  t o  t h e  m o b i l e  

p h a s e  d i d  riot h a v e  much e f f e c t  on t h e  s e p a r a t i o n  of t h e  NEC- o r  

DNPA-baclof e n  d i a s t e r e o r n e r s .  On t h e  c o n t r a r y ,  t h e  a d d i t i o n  of y- 

CD improved t h e  s e p a r a t i o n  of t h e  FLEC-baclof en d i a s t e r e o m e r s  as  

s h o w n  i n  F i g .  3. T h e  R s  v a l u e  was much i m p r o v e d  f r o m  1 .75  t o  

3.47 by t h e  a d d i t i o n  of y-CD (10 mM). This phenomenon was a l s o  

o b s e r v e d  d u r i n g  t h e  s e p a r a t i o n  o f  t h e  d i a s t e r e o m e r s  of GITC- 

b a c l o f e n  b,y t h e  a d d i t i o n  of a-CD a s  shown i n  T a b l e  1. The other  

CDs were i n e f f e c t i v e  f o r  t h e  s e p a r a t i o n  of t h e  d i a s t e r e o m e r s  o f  

FLEC- o r  G I T C - b a c l o f e n .  T h e  a d d i t i o n  of g l u c o s e  (5 m M )  t o  t h e  
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FIGURE 3. E f f e c t  of y-CD on t h e  R e s o l u t i o n  of t h e  D i a s t e r e o m e r s  of 

FLEC-baclofen 

1: FLEC-S-(+)-baclofen 2:  FIX-R-(-)-baclofen.  

Rk’: The k’ v a l u e  o b t a i n e d  w i t h o u t  CD was t a k e n  as 

1.0. 

C o n d i t i o n s :  m o b i l e  phase,  MeCN-0.5% AcONa(pII 6.5) 

(7:12) c o n t a i n i n g  Y -CD a s  i n d i c a t e d .  O t h e r  c o n d i t i o n s  

are t h e  same a s  i n  F i g .  2a .  

m o b i l e  p h a s e  was a l s o  i n e f f e c t i v e  f o r  t h e  s e p a r a t i o n  o f  t h e  

d i a s t e r e o m e r s  of FLEC-baclof en. These  e v i d e n c e s  showed t h a t  t h e  

i n c l u s i o n  p h e n o m e n o n  p l a y e d  a n  i m p o r t a n t  r o l e  d u r i n g  t h e  

s e p a r a t i o n  o f  t h e  d i a s t e r e o m e r s  u s i n g  t h i s  t y p e  o f  

chromatography.  
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TABLE 1. E f f e c t  o f  a-CD on  t h e  S e p a r a t i o n  o f  t h e  Diastereomers 

o f  GITC-Baclofena)  

B a c l o f  e n  0 rnM 5 m M  7 rnM 

R-( 7 . 9 6  0 . 9 4  0.93 

S-( +> -. 7 . 1 4  2.07 0 . 9 2  2 . 4 1  0.91 2.58 

a )  C o n d i t i o n s :  m o b i l e  p h a s e ,  MeOH-0.5% p h o s p h a t e  b u f f e r  (pH 6.5; 

KH2P04/K2HP04)(1:1) c o n t a i n i n g  a-CD as i n d i c a t e d ,  

min ;  d c > t e c t i o n ,  UV 2 5 0  nrn. 

t o  1.86 

b )  T h e  k '  v a l u e  o b t a i n e d  w i t h o u t  CD was t a k e n  as 1.0. 

CONCLUSION 

R-(-)-  a n d  S - (+ ) -bac lo fen  were d e r i v a t i z e d  u s i n g  commercially 

a v a i l a b l e  c h i r a l  r e a g e n t s  a n d  t h e  o b t a i n e d  p a i r s  of  d i a s t e r e o r n e r s  

were s e p a r a t e d  by  r e v e r s e d - p h a s e  HPLC. T h e  d i a s t e r e o r n e r s  

o b t a i n e d  u s i n g  M a r f e y ' s  r e a g e n t  ( F D A A )  g a v e  t h e  m o s t  

s a t i s f a c t o r y  r e s u l t s  i n  t h e  c o n v e n t i o n a l  HPLC. T h e  i n c l u s i o n  

c h r o m a t o g r a p h y  u s i n g  CD a s  a m o b i l e  p h a s e  a d d i t i v e  was e f f e c t i v e  

f o r  t h e  s e p a r a t i o n  o f  t h e  d i a s t e r e o r n e r s  of  FLEC- o r  GITC- 

d e r i v a t i v e s .  
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