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A SYNTHESIS OF [ 1 4 C ]  PROGABIDE@- A NEW ANTICONVULSANT 
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S U M M A R Y  

Progabide@, 4 - [ [  (4-chloropheny ZI (5-fluoro-2-hydroxyphenyIl-methyZenelamino] 

butanarnide, label led ind iv idual ly  wi th  carbon-14 i n  the  butanamide side-chain 
and i n  the imino carbon were synthesised f o r  phamacokinetic and metabolism 
studies .  The former from potassiwn [ 1 4 C ]  c5anide and the l a t t e r  from barium 
[’“C] carbonate i n  overal l  radiochemical y i e lds  of 33.8 and 42.2 % respect ively .  
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I N T R O D U C T I O N  

The important neurotransmitter 4-aminobutyric acid (GABA) has been 

shown to be effectively excluded from the central nervous system by the blood 

brain barrier when systemically administered. ’” 
A series of GABA derivatives have been synthesised with an hine 

link to a lipophilic carrier in order to facilitate the passage of GABA across 

the blood brain barrier. ’‘ 

One compound possessing anticonvulsant and GABA mimetic activity 

was required labelled with carbon-14 for metabolism and pharmacokinetic studies. 

This compound has been designated SL 76.002, Progabidea, (I), 

4-[[(4-chlorophenyl)(5-fluoro-2-hydroxypheny1)-methylene]amino]butanamide. 
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J .  A l l e n  and D. Giffard 

SCHEME I1 

F QJ OH qcl -no F 0 

:: = 1°C 



14 t Clprogabide 303 

I n i t i a l l y ,  SL 76.002 ( I )  was l a b e l l e d  i n  t h e  butanamide s ide-chain 

b u t  s i n c e  i n  an animal s tudy  a l a r g e  p ropor t ion  of t h e  r a d i o a c t i v i t y  was 

exc re t ed  as 1 4 C 0 2 ,  presumably v i a  an  o x i d a t i v e  deaminat ion of GABA t o  s u c c i n i c  

a c i d  and subsequent deg rada t ion  v i a  t h e  Krebs c y c l e ,  i t  was t h e r e f o r e  decided 

t o  have t h e  l a b e l  i n  t h e  benzophenone moiety. 

The compound l a b e l l e d  i n  t h e  butanamide s ide-chain w a s  however u s e f u l  

t o  s tudy  t h e  4-aminobutanamide and GABA d i s t r i b u t i o n  and metabolism p a t t e r n  

and e s p e c i a l l y  t o  s e e  i f  t h e r e  was t h e  d e s i r e d  a p p a r i t i o n  of SL 76.002, GABA, 

i t s  a i d e  and / o r  de r ived  m e t a b o l i t e s  i n  t h e  b ra in .  

Two i n d i v i d u a l  l a b e l l e d  forms were t h e r e f o r e  r equ i r ed ,  t h e s e  being 

t h e  [4-14C] butanamide (V) and [ i m i n ~ - ~ ~ C ]  (X) compounds which were syn thes i sed  

a s  o u t l i n e d  i n  scheme I and 11. 

3-Bromopropanamide (11) on t reatment  w i th  potassium [ 1 4 C ]  cyanide 

gave t h e  d e s i r e d  3-[ 1 4 C ]  cyanopropanamide (111). Hydrogenation of t h i s  i n  

a c e t i c  a c i d  us ing  Adams' platinum oxide c a t a l y s t  a f fo rded  t h e  4-[4-I4C]aminobutana- 

mide a c e t a t e  s a l t  ,(IV) which r e a c t e d  with (4-chlorophenyl)-(5-fluoro-2-hydroxy- 

pheny1)-methanone t o  a f f o r d  [ 1 4 C 1  SL 76.002 (V) l a b e l l e d  i n  the  butanamide 

s ide-chain i n  a 33.8 Z radiochemical  y i e l d  from potassium [14C] cyanide.  

The G i g n a r d  r eagen t  obtained from 4-bromochlorobenzene (VI) was 

carbonated with [ 14C] carbon d iox ide  and the  4 - ~ h l o r o - [ c a r b o x y l - ~ ~ C ]  benzoic  

a c i d  (VLI, R = OH) ob ta ined  t r e a t e d  with th iony l  c h l o r i d e  t o  y i e l d  the  c o r r e s -  

ponding a c i d  c h l o r i d e  (VII,  R = C 1 )  which r e a c t e d  wi th  4-fluorophenol t o  g ive  

t h e  e s t e r  (VIII). F r i e s  rearrangement of t h i s  e s t e r  ( V I I I )  gave t h e  methanone 

(IX) which r eac t ed  smoothly wi th  4-aminobutanamide hydrochlor ide t o  y i e l d  
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["'C] SL 76.002 (X) l a b e l l e d  i n  t h e  benzophenone moiety i n  a 42.2 Z r ad io -  

chemical y i e l d  from barium [ 1 4 C ]  carbonate .  

E X P E R I M E N T A L  

Barium [ I 4 C ]  c a rbona te  and potassium [ 1 4 C ]  cyan ide  were purchased from 

Amersham France.  Samples were counted on a S e a r l e  Mark I11 c o u n t e r  u s ing  

I n s t a g e l  (Packard) as coun t ing  medium. The photographic  f i l m  used f o r  au to -  

radiography was Kodak "Kodirex" X-ray f i l m .  

4 - [  [ (4-chlorophenyl) (5-f luoro-2-hydroxypheny1)methylenel amino] [ 4 -  14C]butanamide 

(V) - - 
To potassium [ I 4 C ]  cyanide (50 mCi) i n  water ( 1  ml) was added 

dropwise over  1 hour a s o l u t i o n  of 3 -b r~mopropanamide~  (152 mg, 1 mmol) i n  

DMF (1 ml) wi th  h e a t i n g  a t  90°C and s t i r r i n g .  A f t e r  t h e  a d d i t i o n  t h e  r e a c t i o n  

was cont inued f o r  a f u r t h e r  30 minutes  and then  evaporated.  

The r e s i d u e  was d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  (1 ml) and f i l t e r e d .  

The f l a s k  and f i l t e r  were washed wi th  f u r t h e r  p o r t i o n s  of g l a c i a l  a c e t i c  a c i d  

( 2  x 1 ml) which were combined w i t h  t h e  o r i g i n a l  f i l t r a t e .  Adams'platinurn oxide 

(50 mg) was added and t h e  p roduc t  hydrogenated f o r  3 hours  a t  room-temperature 

and p res su re .  This w a s  t hen  f i l t e r e d  through a 5 p M i l l i p o r e  f i l t e r ,  r i n s e d  

with g l a c i a l  ace t ic  a c i d ,  water and then  evapora t ed  and d r i e d  under vacuum. 

The p roduc t  was d i s s o l v e d  i n  d r y  methanol (2  ml), sodium methoxide 

(60 mg) and (4-chlorophenyl)-(5-f luoro-2-hydroxypheny1)methanone (250 mg) were 

added.The methanol was s lowly evaporated under  a stream of n i t r o g e n  wi th  h e a t i n g  

a t  70'C. This  procedure was r epea ted  wi th  d r y  methanol (2 ml) and then  wi th  dry 

e t h a n o l  (2 ml). The r e s i d u e  w a s  r e d i s s o l v e d  i n  chloroform (10 ml) ,  washed with 

water, d r i e d  (Na2S04) and evaporated.  

P u r i f i c a t i o n  of  t h e  p roduc t  w a s  c a r r i e d  o u t  by h p l c  on s i l i c a  (Merck, 

column loba r@ A)  e l u t i n g  wi th  benzene : ace tone  (60 : 40) t o  a f f o r d  t h e  

d e s i r e d  4-1 [ (4-chlorophenyl) (5-f luoro-2-hydroxyphenyl)methylenelamino] [4-l4C1 
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butanamide (V)(129.9 mg, 16.9 m C i ,  43.6 mCi /mol )  i n  a 33.8 Z r ad iochemica l  

y i e l d  from potassium [ 1 4 C ]  cyanide.  

The radiochemical  p u r i t y  was found t o  be  g r e a t e r  than 99 % by t.1.c. 

i n  t h e  fo l lowing  systems. 

1- Benzene : ace tone  (6 : 4) 

2- Di-ethylether  : methanol (95 : 5)  

3- Ethyl  acetate 

The p u r i t y  w a s  determined u s i n g  a Chromelec r a d i o a c t i v e  p l a t e  

scanner .  

4-Chloro- [ ~ a r b o x y l - ' ~ C ]  Benzoic Acid (VII,  R = OH) 
~~ 

4-Bromochlorobenzene (4.79 g, 25 mmol) i n  d r y  e t h e r  (50 ml) w a s  

added g r a d u a l l y  t o  magnesium t u r n i n g s  (0.6 g ,  25 m o l )  i n  d r y  e t h e r  (30 ml ) .  

The r e a c t i o n  w a s  i n i t i a t e d  wi th  a c r y s t a l  of i od ine ,  hea t ed  under g e n t l e  r e f l u x  

du r ing  the  a d d i t i o n  and then subsequent ly  f o r  a f u r t h e r  90 minutes .  

The Grignard r e a g e n t  ( 1 . 1  mmol) was then  t r e a t e d  wi th  [14C] carbon 

d iox ide  (50 mCi) gene ra t ed  from barium [14C] ca rbona te  and t h e  ca rbona t ion  

c a r r i e d  o u t  w i th  s t i r r i n g  a t  -20°C f o r  one hour.  

The r e a c t i o n  mixture  w a s  t r e a t e d  with s u l p h u r i c  a c i d  ( 5 m l )  and then d i l u t e d  

:> i th  e t h e r  and wa te r .  The aqueous l a y e r  was s e p a r a t e d  and then  e x t r a c t e d  wi th  e t h e r .  

The d e s i r e d  a c i d  was i s o l a t e d  by e x t r a c t i o n  of the  combined o rgan ic  phases  with 

10 % sodium ca rbona te ,  a c i d i f i c a t i o n ,  e x t r a c t i o n  w i t h  e t h e r ,  washing wi th  w a t e r ,  

drying (Na SO ) and evapora t ion .  The 4 - ~ h l o r o [ c a r b o x y l - ~ ~ C ]  benzoic  a c i d  

(VII,  R = OH) (140.3 mg, 0.89 mmol) ob ta ined  was used d i r e c t l y  f o r  t h e  fo l lowing  

s t a g e  . 

2 4  

4 - C h l o r o - [ ~ a r b o x y l - ~ ~ C ]  Benzoic Acid,  4-Fluorophenyl E s t e r  (VI I I )  

To 4-chloro-[carboxyl-14C] benzo ic  a c i d  (VII ,  R = OH) (140.3 mg) w a s  

added t h i o n y l  c h l o r i d e  (2 ml) and t h e  r e a c t i o n  mix tu re  hea ted  under  r e f l u x  f o r  

1 - hours .  The excess  t h i o n y l  c h l o r i d e  w a s  evaporated,  d ry  benzene (5 ml) added 

and the  evapora t ion  r epea ted  to  remove the  l a s t  t r a c e s  of t h i o n y l  c h l o r i d e .  

1 
2 
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The a c i d  c h l o r i d e  was d i s s o l v e d  i n  d r y  e t h e r  (5 ml) and p-fluoro- 

phenol (99.2 mg, 0.89 mmol) i n  d ry  e t h e r  (5  ml) and t r i e t h y l a m i n e  (0.15 m l ,  

1 . 1 1  mmol) were added and t h e  s o l u t i o n  hea ted  under r e f l u x  f o r  1 hour .  The 

t r i e thy lamine  hydrochlor ide formed was f i l t e r e d  o f f  and washed wi th  d ry  e t h e r .  

The e t h e r  l a y e r  was then  washed wi th  10 Z sodium b ica rbona te ,  water ,  d r i e d  

(Na SO ) and evaporated t o  a f f o r d  4 - ~ h l o r o - [ c a r b o x y l - ~ ~ C ]  benzoic  a c i d ,  

4-fluorophenyl e s t e r  (VI I I )  (210 mg) i n  an  88 Z radiochemical  y i e l d  from 

barium [I4C] carbonate .  

2 4  

(4-Chlorophenyl)-(5-f luoro-2-hydroxyphenyl) [ l 4 C 1  methanone (IX) 

The e s t e r  (VI I I )  (210 mg) was hea ted  i n  an  o i l  b a t h  a t  1 2 O o C  u n t i l  

it melted and then aluminium c h l o r i d e  (224 mg) was added and t h e  temperature  

r a i s e d  t o  200OC. Heat ing w a s  cont inued a t  t h i s  temperature  wi th  s t i r r i n g  f o r  

5 minutes  and then  allowed t o  coo l .  The s o l i d  r e s i d u e  was s lowly d i s so lved  i n  

a s o l u t i o n  of 7 N  hydroch lo r i c  a c i d  (19 ml) and t h e  product  e x t r a c t e d  with 

e t h e r  which was subsequent ly  washed wi th  wa te r ,  d r i e d  (Na SO ) and evaporated 

t o  y i e l d  t h e  crude methanone (1x1 (184.1 mg, 38.2 mCi). 

2 4  

P u r i f i c a t i o n  of t h i s  by hp lc  on s i l i c a  (Merck, Lichroprep S i  60) 

e l u t i n g  with chloroform a f fo rded  (4-chlorophenyl)-(5-f luoro-2-hydroxyphenyl) 

[ l 4 C 1  methanone (IX) (33.4 m C i ,  161 mg, 51.8 mCi/mmol). 

4 - [  [ (4-Chlorophenyl) (5-f luoro-2-hydroxyphenyl) [ I4C] methylenelamino] butanamide 
-- 
(X) 
- 

The methanone (IX) (29.5 m C i ,  142.5 mg, 0.57 mmol) i n  d r y  methanol 

(10 ml) was t r e a t e d  wi th  sodium methoxide (44 mg, 0 .8  mmol) and 4-aminobutana- 

mide hydrochlor ide (110 mg, 0 . 8  mmol) and was hkated a t  90-100°C under n i t r o g e n  

f o r  3 hours.  A f t e r  evapora t ion  t h i s  was r e d i s s o l v e d  i n  chloroform, washed with 

water ,  d r i e d  (Na SO ) and evaporated.  2 4  

P u r i f i c a t i o n  of t h e  product  w a s  c a r r i e d  o u t  by column chromatography 

on s i l i c a  (30 g, Merck S i  60, 70-230 mesh). The un reac ted  methanone (IX) was 

recovered by e l u t i o n  wi th  chloroform and then  by e l u t i o n  with e t h y l  ace t a t e ,  t h e  
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4 - [  I (4-chlorophenyl) (5-fluoro-2-hydroxyphenyl) 

mide (X) (21.1 m C i ,  136.9 mg, 51.8 r n C i / m m o l )  was recovered in an o v e r a l l  

radiochemical y i e l d  of 42.2 X from barium [ I 4 C ]  carbonate .  

14C] methylenel amino] butana- 

The radiochemical  p u r i t y  w a s  found t o  be g r e a t e r  than 99 Z by t . 1 . c .  

i n  t h e  same systems as p rev ious ly  used f o r  t he  [4-14C] butanamide compound. 
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