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SUMMARY 

T h e  r e a c t i o n  condi t ions for the  p r e p a r a t i o n  of a m i d e s  f r o m  labe l led  

carboxyl ic  a c i d s  and a m i n e s  us ing  EEDQ (2-ethoxy-l(2H)-quinolinecarboxy- 

l i c  a c i d ,  e t h y l e s t e r )  a s  a r e a g e n t  w e r e  modi f ied  f o r  the s y n t h e s i s  of 

the  t r i t i u m  labe l led  benzamide  Halopemide  ( N -  

2-0x0- 1H-benzimidazol -1  -yl)-  1 -p iper id inyl  e thyl  -4 - f luorobenzamide) ,  

a s  E E D Q ,  r e a c t e d  i n  a n  unexpected way, resu l t ing  i n  a 1 : l  m i x t u r e  of t h e  

b e n z a m i d e  and t h e  N-carbe thoxy d e r i v a t i v e  of the  s t a r t i n g  a m i n e  and of 

"unreac ted"  carboxyl ic  ac id .  

T h e  b a s i c i t y  of t h e  s t a r t i n g  a m i n e  i n f l u e n c e d  the  yield of the  b e n z a m i d e .  

By opt imal iz ing  the r e a c t i o n  condi t ions,  i t  w a s  p o s s i b l e  t o  c o n v e r t  t h e  

labe l led  benzoic  a c i d  quant i ta t ively into the  benzamide .  

2 -  4 - ( 5 - c h l o r o - 2 ,  3-dihydro-  

1 y  
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INTRODUCTION 

Halopemide (R 3430  1, N -  {2 - [ 4 -( 5 -chloro-2,  3 +hydro-2 -oxo- 1H- 

benzimidazol-1 -yl)-1 -piperidinyl] e thyq  -4-fluorobenzamide), a new 

antipsychotic agent with interesting clinical p roper t ies  was developed 

in a structure-activity relationship p rogram by Soudijn and van Wijn- 

gaarden (1).  In order  to  study the distribution and proper t ies  at  the sub- 

cellular level a tritium-labelledproduct of high specific activity was r e -  

quired. 

By catalytic dehalogenation of 2-chloro-4-fluorobenzoic acid with t r i -  

tium gas ,  highly labelled 4-fluorobenzoic acid i s  readily available. 

The usual route for  the preparation of halopemide ( scheme A ) ,  by con- 

version of the benzoic acid (1)to i t s  halide, reaction of the halide with ethylene- 

imine and coupling with the piperidine derivate (II), could not be adapted 

for the miniscale synthesis due to complicated isolation and purification 

procedures.  Moreover f rom an  economical point of view, a one-step syn- 

thesis with a labelled product i s  generally preferab le  to a more - s t ep  syn- 

thesis.  

EEDQ (2-ethoxy-l(2H)-quinolinecarboxylic acid,  ethyl e s t e r )  i s  a convenient 

coupling reagent for the preparation of amides  in high yields by reacting 

carboxylic ac ids  and amines  in  a 1 : l  mo la r  ra t io  in tetrahydrofuran, ben- 

zene, methanol and other a-protic solvents, a t  room tempera ture  during 

1-12 hours  (2).  

Scheme B shows the reaction mechanism a s  suggested by Belleau. The 

carboxylic acid i s  activated by EEDQ(II1) to fo rm IV which r e su l t s  via 

a six membered  transit ion state ( I V  a r rows)  in the mixed anhydride V and 

quinoline. 

The "slow" formation of V and i t s  rapid consumption (minimizing side 

reactions) and the readily removable byproducts (quinoline, carbon dioxide, 

and ethanol) would make EEDQ super ior  to the c lass ica l  anhydride method. 

So EEDQ seems  the coupling reagent of choice for the synthesis of the 

labelled halopemide. 
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2. METHODS AND MATERIALS 
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After  a s e r i e s  of cold r u n s  i n  o r d e r  to inves t iga te  t h e  o p t i m a l  r e a c t i o n  

condi t ions,  i t  a p p e a r e d  that  E E D Q  r e a c t e d  i n  a n  unusual  way. 

Fol lowing the  p r o c e d u r e  as  d e s c r i b e d  by Bel leau by s t i r r i n g  e q u i m o l a r  

p a r t s  of the  benzoic  a c i d  (I) and  of t h e  a m i n e  VI with a 10 % molar excess 

of E E D Q  ( s c h e m e  C )  i n  benzene  and/or  methanol  a t  r o o m  t e m p e r a t u r e  

f o r  s e v e r a l  h o u r s ,  h a r d l y  any benzamide  w a s  f o r m e d .  At  re f lux  t e m p e r a -  

t u r e  however ,  thin l a y e r  c h r o m a t o g r a p h y  showed the  d i s a p p e a r a n c e  of 

the s t a r t i n g  a m i n e ,  the  f o r m a t i o n  of Halopemide and of a n  unknown p r o -  

duct  within two h o u r s .  

Quant i ta t ive thin l a y e r  c h r o m a t o g r a p h y  showed tha t  the yield of the  benza  - 
m i d e  w a s  about  50 % of the  theore t ica l .  

By p r e p a r a t i v e  th in  l a y e r  c h r o m a t o g r a p h y  t h e  unknown product  could b e  

s e p a r a t e d  f r o m  ha lopemide  and i so la ted .  A f t e r  pur i f ica t ion  i t s  s t r u c t u r e  

w a s  e s t a b l i s h e d  by i r ,  uv ,  mass s p e c t r o m e t r y  and e l e m e n t a l  a n a l y s i s .  

It a p p e a r e d  t o  be  t h e  N-carbe thoxy d e r i v a t i v e  of the  s t a r t i n g  a m i n e .  

( e  thy1 1 2 - [4 - (  5 - c h l o r o -  2 ,  3 -dihydr  0-2  -oxo- IH-benzimidazol-  1 -yl)  - 1 - p i p e r i  - 
d i n y l l k t h y l j  c a r b a m a t e )  (VIIIkThe s t r u c t u r e  of t h e  product  w a s  p r o v e n  

by  c o m p a r i n g  i t  t o  the N-carbe thoxyder iva t ive  p r e p a r e d  by a d i f fe ren t  

unequivocal  r o u t e  of synthes is .  T h i s  s ide  r e a c t i o n  accounts  f o r  the  low 

yield of Halopemide, as half t h e  amount  of a m i n e  VI i s  consumed by t h e  

m i x e d  anhydr ide ,  t o  f o r m  the  N-carbe thoxy compound and half  the  a m o u n t  of 

4 - f luoro  benzoic  a c i d  i s  regenerated(scheme D). T h i s  m e a n s  a loss of half 

of the labe l led  benzoic  ac id .  

J 

So the  r e a c t i o n  w a s  r e p e a t e d  with 1 p a r t  of benzoic  a c i d ,  2 p a r t s  of the  

a m i n e  and 2. 2 p a r t s  E E D Q  i n  m e t h a n o l  a t  re f lux  t e m p e r a t u r e .  

A f t e r  2 h o u r s  u n r e a c t e d  a m i n e  w a s  s t i l l  p r e s e n t  but quant i ta t ive th in-  

l a y e r  c h r o m a t o g r a p h y  showed that only 25 % of t h e  t h e o r e t i c a l  y ie ld  of 

Halopemide  w a s  obtained w h e r e a s  90 % of the N-carbe thoxy d e r i v a t i v e  

w a s  f o r m e d ,  indicat ing the  inf luence of the  b a s i c i t y  of the  s t a r t i n g  a m i n e  

on the  c o u r s e  of the reac t ion .  
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T o  tes t  this possibility the reaction was repeated with the mono-HBr 

salt  of the amine VI. 

After mixing 1 p a r t  of carboxylic acid with 2 p a r t s  of the HBr  salt  and 

2. 2 p a r t s  EEDQ in methanol and refluxing for 2 hours ,  thin layer  ch ro -  

matography showed that Halopemide was formed quantitatively together 

with a quantitative yield of the N-carbethoxy compound, justifying the 

su rmise  of the unusual way in which EEDQ reac ted  in the  descr ibed  

circumstances.  (table 1) 

Summary  sf the cold runs  for the synthesis of 
TABLE (cf. Scheme Dl Halopemide in different reaction conditions. 

Molar ra t io  of the reac tan ts  

Benzoic acid Amine EEDQ 

1 1 (base)  1. 1 

1 2 (base)  2. 2 

1 l ( m o n o -  1. 1 

1 2 (mono- 2. 2 
HBr salt)  

HBr salt)  

yield obtained and expressed  
a s  a percentage of the theore t ica l  
as suggested in  Scheme D 

Halopemide (VII) amine  derivate(VIU1 

50 % 40 % 
25 % 90 % 
50 % 50 % 

N -ca r  be thoxy 

100 % 100 % 

3. RESULTS 

3. 1 Table 1 shows a summary  of the cold runs  for  the synthesis 

of Halopemide (R 34301). 

3. 2 4-fluorobenzoic-2t-acid (I) 

4 - fluorobenzoic - 2t - acid was labelled with t r i t ium at I. R. E. 

(F leurus ,  Belgium) by catalytic tr i t iat ion of 2ch lo ro -4  fluorobenzoic 

ac id in  dioxane and P d / C  10 % a s  a catalyst  and triethylamine as an 

HC1 scavenger. The specific activity was 30 Ci/mM. 

After dilution with unlabelled 4-fluorobenzoic 

vity of 10 Ci/mM the product was s tored  at  -20°C in methanol a t  a 

concentration of 1 mCi  pe r  ml of methanol. 

acid to  a specific ac t i -  

3 .  3 N-fZ- - r4-(5-chloro-2,  3 - dihydro-Z-oxo-lH-benzimidazol-l-yl)-l- 
piperidinyo ethyl1 -4-fluorobenzamide -2t ( V a =  R 3430 1 

A 0. 06 mMol aliquot of 4-fluorobenzoic-2 t acid was evaporated 

to d ryness  in an  oil-bath of 5 0 "  under a gentle cur ren t  of dus t - f ree  ni-  
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t r o g e n  and  the  r e s i d u e  d isso lved  i n  0. 7 ml of methanol .  

A f t e r  adding 0. 12 m M  1 -[ 1 -(2-aminoethyl)-4-piperidi n y g  - 5 - c h l o r o -  

1,3-dihydro-2H-benzimidazol-2 one ( V I )  and 0.  13 m M  EEDQ,the  s o l u -  

t ion w a s  hea ted  i n  anoi l -ba tha t  80 "C f o r  2. 5 h o u r s ,  us ing  a p e a r - s h a -  

ped  v e s s e l ,  f i t ted with a r e f l u x  c o n d e n s e r .  

A f t e r  cool ing,  the  r e a c t i o n  m i x t u r e  w a s  c h r o m a t o g r a p h e d  on a p r e p a r a -  

t ive  t h i n - l a y e r  p l a t e ,  c o v e r e d  with a 0 .  25 mm l a y e r  of S i l  F 254 ( M e r c k ) .  

T h e  p la te  w a s  developed with a m i x t u r e  of 90 ml CHCl 

and 1 ml NH O H  (conc. ). 4 

A f t e r  loca t ion  of H-Halopemide  by  U. V. (254 n m )  and scanning  with a 

Ber thold  r a d i o  c h r o m a t o g r a p h  s c a n n e r  LB 2723, the  zone w a s  s c r a p e d  

off and  e x t r a c t e d  with methanol .  

10 ml C H 3 0 H  3 '  

3 

T h e  solut ion w a s  s t o r e d  a t  - 2 0 ° C  i n  a concent ra t ion  of 1 m C i  p e r  m l .  

T h e  r a d i o c h e m i c a l  p u r i t y  w a s  c o n f i r m e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  

i n  t h r e e  d i f fe ren t  solvent  s y s t e m s  : CHC13 90 t CH OH 10; CHCl 8 5  t 

C H 3 0 H  15 t N H 4 0 H  1;  a c e t a t e  buf fer  solut ion (pH 4. 8) 5 t CH OH 18 t 

CHCl 23 t e thylace ta te  54 and by the  i n v e r s e  i so tope  di lut ion method.  

T h e  s tab i l i ty  of t h e  product  w a s  inves t iga ted  a t  d i f fe ren t  pH by hea t ing  

a small a l iquot  f o r  80 m i n  i n  a n  oi l  ba th  of 6 0 ° C  i n  0 ,  01 N HC1, 0 ,  1 N HC1, 

1 N HC1 r e s p e c t i v e l y  NaOH. 

O n l y i n l  N NaOH Halopemide  i s  ins tab le  due  t o  t h e  h y d r o l y s i s  of the  

a m i d e  bond i n  the  r e a c t i o n  condi t ions u s e d .  

3 3 

3 

3 
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