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SYNTHESIS OF 3H- AND "C-LABELLED ASTENIZOLE ( R  4 3  512)  

J.B.A. T h i j s s e n ,  A.G. Knaeps a n d  J .J .P.  Heykants  
Depar tment  o f  Drug Metabol i sm 

J a n s s e n  P h a r m a c e u t i c a  R e s e a r c h  L a b o r a t o r i e s  
B-2340 B e e r s e ,  Belg ium 

SUMMARY 

A s t e m i z o l e ,  a new a n t i h i s t a m i n e  d r u g ,  was s p e c i f i c a l l y  l a b e l l e d  
w i t h  t r i t i u m  and  l 4 C  a t  t h r e e  d i s t i n c t  p o s i t i o n s .  T r i t i u m  w a s  
i n t r o d u c e d  e i t h e r  i n  t h e  4-methoxyphenyl  (11)  or i n  t h e  
4 - f l u o r o p h e n y l m e t h y l  ( I V )  m o i e t y  by c a t a l y t i c  d e h a l o g e n a t i o n  of t h e  
c o r r e s p o n d i n g  h a l o g e n a t e d  a n a l o g u e s  w i t h  t r i t i u m  gas,  y i e l d i n g  
3H-as temizole  w i t h  s p e c i f i c  a c t i v i t i e s  o f  28.7 a n d  5.0 Ci/mmol 
r e s p e c t i v e l y .  S t a r t i n g  from [ 1 4 ~ 1 u r e a ,  [ 1 4 ~ 1 a s t e m i z o l e  was 
s y n t h e s i z e d  w i t h  t h e  l a b e l  b e i n g  p l a c e d  i n  t h e  2 - p o s i t i o n  o f  t h e  
b e n z i m i d a z o l e  m o i e t y .  The r a d i o a c t i v e  y i e l d  of t h e  t h r e e - s t e p  s y n t h e s i s  
was 22.4 %, s p r e a d  o v e r  t h r e e  f r a c t i o n s  w i t h  s p e c i f i c  a c t i v i t i e s  o f  
4 .5  m C i / m o l ,  1.7 m C i / m o l  a n d  0.4 mCi/mmol. The l a b e l l e d  compounds were 
r a d i o c h e m i c a l l y  p u r e  a c c o r d i n g  t o  t h i n - l a y e r  (TLC) and  h igh-per formance  
l i q u i d  chromatography (HPLC) . 

Key Words: [ 3 H ] a s t e m i z o l e ,  [14C]as temizole ,  a n t i h i s t a m i n e  d r u g ,  
c a t a l y t i c  o e h a l o g e n a t i o n .  

INTRODUCTION 

A s t e m i z o l e  ( J a n s s e n  P h a r m a c e u t i c a ,  R 4 3  512)  is a new a n t i h i s t a m i n e  
d r u g  (1); its c h e m i c a l  s t r u c t u r e  is  shown i n  F i g u r e  1. 

F i g .  1. Chemica l  s t r u c t u r e  of a s t e r n i z o l e ,  1- [ ( 4 - f l u o r o p h e n y l ) m e t h y l ]  
-N- - [ 1- 12- (4-methoxyphenyl)  e thy11 -4-p iper  i a i n y l l  -@-benz i m i d a z o l -  
2-amine. The p o s i t i o n s  o f  t h e  t r i t i u m - l a b e l  are d e n o t e d  by a n  a r -  
row, and  t h a t  of t h e  c a r b o d 4 - l a b e l  is i n d i c a t e d  b y  a n  as te r i sk .  

T h i s  compound was s e l e c t e d  b e c e u s e  of i t s  p o t e n t  and  long  l a s t i n g  

a c t i o n ,  and  i t s  lack o f  s e d a t i v e  and  a n t i c h o l i n e r g i c  e f f e c t s .  

In  o r d e r  t o  f u l l y  i n v e s t i g a t e  t h e  m e t a b o l i s m  of a s t e m i z o l e ,  three 

d i f f e r e n t  p o s i t i o n s  i n  t h e  molecule were s e l e c t e d  f o r  l a b e l l i n g  e i t h e r  
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with t r i t i u m  or with 14C.  O u t  of  s e v e r a l  p o s s i b i l i t i e s ,  t h e  a - p o -  

s i t i o n s  of both phenyl groups were chosen tor l a b e l l i n g  with t r i t i u m  by 

c a t a l y t i c  dehalogenation of t h e  corresponding halogenated analogues of 

as temizole  (Figure 2 ) .  The s u i t a b l e  precursors  ( I )  and (111) could e a s i l y  

be prepared following t h e  usual  rou te  for  t h e  prepara t ion  of as temizole  ( 2 ) .  

12 1 P d / C  10% 

CI 

T 
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Fig. 2. Reaction scheme f o r  the  s y n t h e s i s  o f  [3H]astemizole. 

Considering the  p o s s i b l e  metabolic pathways of as temizole ,  1 4 C  

was incorporated a t  t h e  2-posi t ion of  t h e  benzimidazole moiety. 

The usual  rou te  f o r  the  prepara t ion  of as temizole  could not  be adapted t o  

t h e  miniscale  synthes is  due to complicated i s o l a t i o n  and p u r i f i c a t i o n  

procedures. Moreover using [14C]urea, [ 

t a ined  i n  a more e f f i c i e n t  and economical three-s tep s y n t h e s i s  (Figure 3 ) .  

14 Clastemizole could be ob- 
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Fig. 3 .  Reaction scheme for the synthesis of [14Clastemizole. 

1 Thus cyclization of N - [  (4-fluorophenyl)methyl]-l,2-benzene- 

14 diamine (V) with 1 Clurea, performed according to the method of Clark 

( 3 )  , resulted in '*C-labelled 1-[ (4-fluorophenyl)methyll-l,3- 

dihydro-2H_-benzimidazol-2-one (VI) , which was chlorinateu with phosphorus 

oxychloride giving ( V I I )  , 2-chloro-l-l(4-f luoropheny1)methyll-lg- 
benzimidazole, using the slightly adapted method of Rieci ( 4 ) .  Reaction 

of ( V I I )  with 1- (2- (4-methoxyphenyl)ethyl]-4-piperidinamine resulted 

after chromatographic purification in [14C]astemizole. Whereas 

14C-labelled astemizole was mainly used to study the excretion and 

biotransformation in animals and man, 3H-labelled astemizole was a l so  

applied in receptor binding studies (5)  and in the radioimmunologic 

determination of astemizole and metabolites in biological samples. 
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EXPERIMENTAL 

ANALYTICAL PROCEDURES 

The s p e c i f i c  a c t i v i t y  of t h e  l a b e l l e d  compounds was measured by 

l i q u i d  s c i n t i l l a t i o n  spec t romet ry  (Packard Tri-Carb 3380, equipped wi th  a 

Wang 2200 PCS 11, 4/2). The r a d i o a c t i v i t y  o f  t h e  samples  was counted i n  

10  m l  o f  Plasmasol (Packard 185) a s  a s c i n t i l l a t i o n  c o c k t a i l .  

Determ- t h e  radi-1 Duri&y 

A. Thin-layer  chromatography (TLC) 

An a p p r o p r i a t e  amount of t h e  l a b e l l e d  compound was chromatographed 

on  g l a s s  p l a t e s  (20 x 10 c m )  p recoa ted  w i t h  0.2 m m  of s i l i c a  g e l  60F 254 

(Merck AG, Darmstadt,  Germany) us ing  t h r e e  s o l v e n t  systems:  

- ch1oroform:methanol (90 :lo; v/v) 

- ch1oroform:methanol:ammonia (85:15 :l; v/v) 

- a c e t a t e  b u f f e r  pH 4.8: chloroform: methanol:  e t h y l  a c e t a t e  (5:23:18:54; v/v) 

The r a d i o a c t i v i t y  on  t h e  plates was scanned wi th  a Ber tho ld  

radiochromatogram scanne r  (LB 272 3) and spots were v i s u a l i z e d  by viewing 

under U.V.-light a t  254 nm. 

B. High performance l i q u i d  chromatoqraphy (HPLC) 

The a p p a r a t u s  c o n s i s t e d  o f  two Waters A s s o c i a t e s  model 6000 A pumps 

w i t h  a Waters model 660 s o l v e n t  programmer fo r  g r a d i e n t  e l u t i o n .  

S t a i n l e s s - s t e e l  columns (4.6 mm I D  x 3 0  c m )  were packed w i t h  L ich roso rb  

RP-8 (5 p m )  bonded phase.  The samples  (about  0.45 C i  o f  each  f r a c t i o n )  

were i n j e c t e d  using a Waters model U6K u n i v e r s a l  i n j e c t o r  and e l u t e d  wi th  

I.' 
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a l i n e a r  g r a d i e n t  r u n n i n g  f rom 1 0 0  % of 0 .1  M ammonium acetate t o  1 0 0  % 

o f  1 k ammonium acetate:methanol:acetonitrile (10:45:45; v/v) o v e r  a 

30-minute  p e r i o d  ( f l o w - r a t e  1 ml/min) .  

On- l ine  r a d i o a c t i v i t y  d e t e c t i o n  o f  t h e  HPLC-eluates  was c a r r i e d  o u t  

w i t h  a B e r t h o l d  R a d i o a c t i v i t y  M o n i t o r  LB 5025 HP s y s t e m ,  u s i n g  a 

f l o r t h r o u g h  c e l l  of 200 1. The e l u a t e  was mixed w i t h  a s c i n t i l l a t i o n  

c o c k t a i l  ( P i c o - f l u o r  TM30, P a c k a r d )  i n  a n  LKB U l t r o g r a d  mixing  u n i t .  

The n o r m a l i z e d  areas o f  t h e  r a a i o a c t i v i t y  p e a k s  were computed by a SP 

4000 s y s t e m  ( S p e c t r a - P h y s i c s )  . 

P 

SYNTHESIS 

1. [3H]Astemizole ,  l a b e l l e d  i n  t h e  4-methoxyphenyl  m o i e t y  (11) 

To a s o l u t i o n  o f  1 0 0  mg (0.186 m m o l e )  of ( I )  i n  t e t r a h y d r o f u r a n  ( 5  

mi) were s u c c e s s i v e l y  a d d e d  1 0 0  mg of 1 0  % PdrC ( c a t a l y s t )  and  0.2 m l  

t r i e t h y l a m i n e  (HBr acceptor). To a v o i d  p o s s i b l e  d e b e n z y l a t i o n ,  0 .015 m l  

o f  a 4 % t h i o p h e n e  s o l u t i o n  i n  t e t r a h y d r o f u r a n  w a s  also a a d e d  t o  the 

m i x t u r e .  T r i t i a t i o n  [I.R.E., F l e u r u s ,  Belgium] o f  compound ( I )  was 

p e r f o r m e d  a t  room t e m p e r a t u r e  f o r  1 5  h o u r s ,  u s i n g  a p p r o x i m a t e l y  30 C i  o f  

t r i t i u m  g a s .  The e x c e s s  o f  t r i t i u m  was a d s o r b e d  o n  a c t i v e  c h a r c o a l  (Merck 

N o  2 1 8 4 ) .  The c a t a l y s t  was removed by Millipore f i l t r a t i o n  and  t h e  

f i l t r a t e  was l y o p h i l i z e d  t w i c e  w i t h  m e t h a n o l  to remove l a b i l e  t r i t i u m .  

The r e s i d u e  was p u r i f i e d  by p r e p a r a t i v e  t h i n - l a y e r  chromatography o n  a 

s i l i c a  g e l  p l a t e  ( 6 0  F 254, Merck 20 x 20 x 0.2 c m )  u s i n g  c h l o r o f o r m :  

e t h y l  a c e t a t e :  m e t h a n o l  (4 :4 :2 ,  v/v)  a s  d e v e l o p i n g  s o l v e n t .  The 

r a d i o a c t i v e  Tone c o r r e s p o n d i n g  to a u t h e n t i c  a s t e m i z o l e  was s c r a p e d  o f f  

a n d  e l u t e d  w i t h  e t h a n o l  y i e l d i n g  2.17 C i  p u r e  [ H l a s t e m i z o l e  (11) w i t h  

a s p e c i f i c  a c t i v i t y  o f  28.7 C i / m m o l  ( r a d i o c h e m i c a l  y i e l d  40 % ) .  

3 
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3 2. [ HIAstemizole ,  l a b e l l e d  i n  t h e  ( 4 - f l u o r o p h e n y 1 ) m e t h y l  m o i e t y  (IV) 

To a s o l u t i o n  o f  1 0 0  mg (0 .203  m m o l e )  o f  (111) i n  t e t r a h y d r o f u r a n  

( 5  m l )  were added  1 0 0  mg o f  1 0  % Pd/C ( c a t a l y s t )  a n d  0.2 g o f  calcium 

o x i d e  (HC1 a c c e p t o r ) .  T r i t i a t i o n  [I.R.E., F l e u r u s ,  Belgium] o f  compound 

(111) was p e r f o r m e d  a t  room t e m p e r a t u r e  f o r  1 5  h o u r s ,  u s i n g  a p p r o x i m a t e l y  

30 Ci o f  t r i t i u m  g a s .  A f t e r  r e m o v a l  o f  t h e  e x c e s s  a n d  l a b i l e  t r i t i u m  and  

t h e  c a t a l y s t  as  d e s c r i b e d  a b o v e ,  t h e  r e s i d u e  was d i s s o l v e d  i n  0.5 m l  o f  

c h l o r o f o r m .  T h i s  s o l u t i o n  was p u r i f i e d  o n  a L i c h r o s o r b  W-18 (10 pm) 

bonded p h a s e  (Chrompack 2 5  c m  x 0.9 c m )  column.  The sample was e l u t e d  

w i t h  a m i x t u r e  o f  a c e t o n i t r i l e :  w a t e r :  d i i s o p r o p y l a m i n e  (60:40:0.1; v/v)  

a t  a f l o w  r a t e  o f  8 ml/min. The e l u t i o n  o f  t h e  p r o d u c t s  was v i s u a l i z e d  by 

W - a b s o r p t i o n  a t  280 nm ( P e r k i n  Elmer LC-75 v a r i a b l e  U.V d e t e c t o r )  a n d  

y i e l d e d  430 m C i  p u r e  [ H l a s t e m i z o l e  w i t h  a s p e c i f i c  a c t i v i t y  o f  

5.0 Ci/mmol ( r a d i o c h e m i c a l  y i e l d  7 $1. 

3 

1 4  
3. [ Cl As t e m i z o l e  ( I X )  

14 1- [ (4-fluorophenyl)methyll-l,3-dihydro-2~-[2- C I b e n z i m i d a z o l e - 2 ~ n e  ( V I L  

I n  a two-necked f l a s k  of 1 0  m l ,  60 .2  mg (1 mmole) o f  [ 1 4 C l ~ r e a  

(spec. a c t .  5.14 n i€ i /mmol )  [AMERSHAM INTERNATIONAL p l c ,  Amersham (U.K.)] 

a n d  212 mg (1 mmole) of (V) were s u s p e n d e d  i n  1 . 5  m l  o f  x y l e n e  a n d  h e a t e d  

i n  a n  o i l - b a t h  a t  1 4 0 °  f o r  24 h o u r s .  The s o l v e n t  was e v a p o r a t e d  and  t h e  

r e s i d u e  was u s e d  i n  t h e  n e x t  reaction s tep w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

14 2-chloro- l - [  (4-fluorophenyl)methyll-~-(2- C l b e n z i m i d a z o l e  ( V I I )  

The f l a s k  was e q u i p p e d  w i t h  a g a s - i n l e t  a n d  w i t h  a c o n d e n s e r  

c o n n e c t e d  t o  a d r y i n g  t u b e .  5 m l  of p h o s p h o r u s  o x y c h l o r i d e  w a s  added  t o  

t h e  r e s i d u e  ( V I )  a n d  t h e  m i x t u r e  was h e a t e d  i n  a n  o i l - b a t h  a t  14OOC f o r  8 

h o u r s ,  hydrogen  c h l o r i d e  b e i n g  p a s s e d  d u r i n g  t h e  l a s t  7 h o u r s .  The 

r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d  a n d  t h e  r e s i d u e  was t r e a t e d  w i t h  5 m l  



3 1 4  C H, ClAstemizole 867 

o f  ice-water and 1.5 ml o f  ammonium hydroxide (25 8 ) .  The r e s u l t i n g  

a l k a l i n e  mixture  was e x t r a c t e d  r e p e a t e d l y  with chloroform (1 x 10 ml, 3 x 

5 ml) . The combined o r g a n i c  l a y e r s  were d r i e d  o v e r  molecular  sieves 4 x 
(Merck a r t  5708) and evapora t ed  t o  dryness .  According t o  TLC 

(ch1oroform:hexane:methanol; 55:35:10;v/v), t h e  r e s i d u e  con ta ined  mainly 

( V I I ) ,  and was used i n  t h e  n e x t  r e a c t i o n  s t e p  wi thou t  f u r t h e r  p u r i f i c a t i o n .  

1- (4-fluoropheny1)methyll  -N- [ l -  [2- (4-methoxyphenyl) e t h y l ]  -4 -p ipe r id iny l ]  

-1H-12- Cl benzimidazol-2-amine ( I X )  
14 

The r e s i d u e  con ta in ing  ( V I I )  w a s  mixed wi th  703 mg (3 m m o l e )  of 

( V I I I )  and hea ted  i n  an  o i l - b a t h  a t  13OOC f o r  4 1  hours .  A f t e r  c o o l i n g  t o  

room temperature, 10 m l  o f  water w a s  added and t h e  mix tu re  was e x t r a c t e d  

r e p e a t e d l y  w i t h  chloroform (1 x 10 ml, 3 x 5 ml) . The combined e x t r a c t s  

were d r i e d  over molecular s i e v e s  4 x (Merck, a r t  5708) and evapora t ed  & 

E. The r e s i d u e  was p u r i f i e d  by s i l i c a  g e l  column chromatography, 

fol lowed by p r e p a r a t i v e  th in - l aye r  chromatography on  a s i l i c a  g e l  p l a t e ,  

(Merck 60F 254, 20 x 20 x 0.2 c m ) .  I n  bo th  cases, ch1oroform:metha- 

no1 (9O:lO; v/v) was used as  t h e  e l u t i n g  s o l v e n t .  The r a d i o a c t i v e  zone 

co r re spond ing  t o  a u t h e n t i c  a s t e m i z o l e  was sc raped  off and e l u t e d  wi th  

methanol. The s o l v e n t  w a s  evapora t ed  and c r y s t a l l i z a t i o n  from 2-propanol 

y i e l d e d  a f i r s t  f r a c t i o n  of  [l4C1 a s t e m i z o l e  (546 p C i ;  r a d i o a c t i v e  y i e l d  

10.9 %).  F o r t i f i c a t i o n  o f  t h e  mother l i q u o r  wi th  t w o  a d d i t i o n a l  1OO-mg 

amounts o f  u n l a b e l l e d  a s t e m i z o l e  r e s u l t e d  i n  second and t h i r d  f r a c t i o n s ,  

c o n t a i n i n g  r e s p e c t i v e l y  467 p C i  (9.3 % )  and 107 pCi  (2.1 % )  of 

[ 

m C i  or 22.4 % s t a r t i n g  from [14C]urea. The s p e c i f i c  a c t i v i t i e s  of t h e  

t h r e e  f r a c t i o n s  were 4.55, 1.71 and 0.43 m C i / m m o l  r e s p e c t i v e l y  and were 

14 Clastemizole .  The o v e r a l l  y i e l d  o f  [14Clastemizole ( I X )  w a s  1 . 1 2  

shown to  be r ad iochemica l ly  pu re  by th in - l aye r  chromatography and by 

high-performance l i q u i d  chromatography. 
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