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S U M M A R Y  

F i v e  compounds o f  a q r o u p  o f  2 - ( a r y l  i m i n o ) - i m i d a z o -  
l i d i n e s ,  among t h e n  C l o n i d i n e  ( S t  1 5 5 ) ,  h a v e  been l a h -  
e l e d  w i t h  14C i n  t h e  f o l l o w i n g  manner :  P o t a s s i u m  c y a -  
n i d e - [  C ]  was c o n v e r t e d  t o  p o t a s s i u m  t h i o c y a n a t e -  [ l 4 C 1  
and s u b s e q u e n t l y  t o  t h e  N ' - p h e n y l  t h i o u r e a  u s i n g  h e n z o y l  
c h l o r i d e  and  t h e  c o r r e s p o n d i n g  a n i l i n e .  The t h i o u r e a  was 
s a p o n i f i e d  and  r e a c t e d  w i t h  n e t h y l  i o d i d e  t o  g i v e  t h e  
q u a t e r n a r y  i s o t h i o u r e a  d e r i v a t i v e .  R i n g  c l o s u r e  t o  
t h e  i m i d a z o l i d i n e  was a c h i e v e d  t h r o u g h  c o n d e n s a t i o n  
w i t h  e t h y l e n e d i a m i n e .  - T r i t i u m  l a b e l e d  C l o n i d i n e  was 
o b t a i n e d  b y  c a t a l y t i c  d e b r o m i n a t i o n  o f  t h e  4-brOmO- 
d e r i v a t i v e  w i t h  t r i t i u m  gas.  - The t a r t i n g  m a t e r i a l  

d i  c h l  o r i d e .  
f o r  d e u t e r o c l  o n i d i  ne was e t h y l e n e - [  3 H 4 1 - d i  anmoni u m  
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INTRODUCTION 

Some compounds o u t  o f  t h e  group o f  a r y l  imino-imi dazol  i d i n e s  
have pronounced c a r d i o v a s c u l a r  e f f e c t s  v i a  s t i m u l a t i o n  of  
c e n t r a l  a d r e n e r g i c  r e c e p t o r s .  Bes t  known i s  t h e  hypo tens i  ve 
a c t i v i t y  of C l o n i d i n e  ( C a t a p r e s a n a ) ,  f i r s t  d e s c r i b e d  i n  1966 
[ l ,  2 ,  31.  The a n t i h y p e r t e n s i v e  p r o p e r t i e s  of t h e  N-a lkyl -  
d e r i v a t i v e s ,  e . g .  S t  567 ( a l k y l  = a l l y l ) ,  a r e  reduced i n  f a v o u r  
of a s t r o n g  a n a l g e s i c  a c t i v i t y .  R a d i o a c t i v e  l a b e l i n g  o f  t h e s e  
compounds was n e c e s s a r y  t o  s t u d y  b i o t r a n s f o r m a t i o n ,  pharmaco- 
k i n e t i c s  and pharmacodynamics.  Because o f  t h e  h i g h  po tency  
o f  t h e s e  drugs  a h igh  s p e c i f i c  r a d i o a c t i v i t y  was d e s i r a b l e .  
Deu te ra t ed  C l o n i d i n e  s e r v e d  a s  i n t e r n a l  s t a n d a r d  f o r  t h e  mass 
s p e c t r a l  f r a g m e n t a t i o n  [ 4 3 .  

DISCUSSION 

The s y n t h e s i s  o f  C l ~ n i d i n e - [ ' ~ C ]  has been mentioned a1  r eady  i n  
1969 [ 5 1 .  Some time l a t e r ,  E h r h a r d t  [61 p r e p a r e d  l a b e l e d  C l o n i d i n e  
by a n o t h e r  r o u t e ,  which r e s u l t e d  i n  l a b e l i n g  p o s i t i o n s  4 '  u n d  5 '  
o f  t h e  i m i d a z o l i d i n e  r i n g  w i t h  I4C. We mod i f i ed  t h e  e a r l i e r  
s y n t h e s i s ,  i n c r e a s i n g  t h e  r ad io -chemica l  y i e l d  more t h a n  t e n f o l d .  
The p r e p a r a t i o n  o f  N-pheny l - th iou rea  v i a  t h e  b e n z o y l - i s o t h i o -  
c y a n a t e  and N-benzoyl-N'-phenyl-isothiourea a s  d e s c r i b e d  by 
Zblyomi [ 7 1  proved t o  be very  u s e f u l ,  The s u b s e q u e n t  s t e p s  were 
t h e  same as  the  ones  p u b l i s h e d  i n  1966 181. 
The i m i d a z o l i d i n e  r i n g  i s  u s u a l l y  c l o s e d  i n  b o i l i n g  methanol 
s o l u t i o n  (Method A ) .  Only t h e  s t r o n g l y  s t e r i c a l l y  h i n d e r e d  
2 . 6 - d i s u b s t i t u t e d  d e r i v a t i v e s  have t o  be t r e a t e d  w i t h  e t h y l e n e  
d iamine  w i t h o u t  s o l v e n t  a t  170 - 180' (Method 8 ) .  
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F o r  t h e  p r e p a r a t i o n  o f  t r i t i u m  l a b e l e d  C l o n i d i n e  we used the 
4 - b r o m o - d e r i v a t i v e  a s  s t a r t i n g  m a t e r i a l .  We w e r e  a w a r e ,  t h a t  on 

m e t a b o l i c  h y d r o x i  1 a t i o n  , which  o c c u r s  p r e d o m i n a n t l y  i n  4 - p o s i  t i o n ,  
the  l a b e l  would be l o s t ;  b u t  t h i s  d i d  n o t  m a t t e r  f o r  t h e  p a r t i -  
c u l a r  i n v e s t i g a t i o n  i n  q u e s t i o n  [ l l ] .  

For t h e  s y n t h e s i s  o f  d e u t e r a t e d  C l o n i d i n e  e t y l e n e - [  2 H41-diammonium 

d i c h l o r i d e  was a v a i l a b l e .  O r i g i n a l l y  we i s o l a t e d  t h e  f r e e  e t h y l e n e -  
d i a m i n e  by t r i t u r a t i o n  w i t h  s o d i u m  h y d r o x i d e ,  which  r e s u l t e d  i n  some 

l o s s  of  m a t e r i a l ,  and r e a c t e d  i t  w i t h  ( 3 )  a s  shown a b o v e .  L a t e r  we 
showed t h a t  r i n g  c l o i u r e  t o  t h e  i m i d a z o l i d i n e  was a c h i e v e d  a l s o  w i t h  
the  e t h y l e n e d i a m m o n i u m  d i c h l o r i d e  i n  m e t h a n o l i c  sodium h y d r o x i d e .  

E X P E R I ME Pi T A L P A R T  
1 4  

[ C ] - L a b e l e d  Compounds 

The a r y l - t h i o u r e a s  ( 2 )  w e r e  p r e p a r e d  a s  shown i n  the  scheme 
a c c o r d i n g  t o  [ 7 1 .  P o t a s s i u m  ~ y a n i d e - [ ' ~ C ]  was o b t a i n e d  f r o m  t h e  
r a d i o c h e m i c a l  l a b o r a t o r y  o f  F a r b w e r k e  H o e c h s t  A G ,  F r a n k f u r t  o r  
f rom New E n g l a n d  N u c l e a r  Corp .  , D r e i e i c h e n h a i n ,  Germany. 

3 . 3  mMol ( 2 )  were  d i s s o l v e d  i n  5 ml m e t h a n o l ,  0 . 3  ml methyl  i o d i d e  
w e r e  added  and the  m i x t u r e  was  s t i r r e d  w i t h  a magnet  b a r  f o r  
2 . 5  h rs .  and h e a t e d  t o  r e f l u x .  I t  was t h e n  c o n c e n t r a t e d  i n  v a c u o  
and t h e  r e s i d u e  d i l u t e d  w i t h  l i t t l e  methanol  and t h e  i s o t h i o u r o n i u m  
s a l t  p r e c i p i t a t e d  w i t h  e t h e r .  

I m i d a z o l i d i n e  r i n g  c l o s u r e  (Method A ) :  3 m'lol o f  t h e  2 . 3 -  o r  
2 . 5 - d i s u b s t i t u t e d  a r y l i s o t h i o u r o n i u m  s a l t  ( 3 )  w e r e  d i s s o l v e d  i n  10 ml 
methanol  and 360 mg ( 6  mFlol) e t h y l e n e d i a m i n e  w e r e  a d d e d .  The m i x t u r e  
was r e f l u x e d  f o r  10 h o u r s ,  e v a p o r a t e d  and t h e  r e s i d u e  d i s s o l v e d  i n  
2 ml m e t h a n o l .  A f t e r  a d d i t i o n  o f  5 ml 59  % Kr)H t h e  s o l u t i o n  was 
e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The  c r u d e  b a s e  was t r e a t e d  
w i t h  a c t i v a t e d  c h a r c o a l  and  r e c r y s t a l l i z e d  f r o m  a c e t o n e  w h e n  
n e c e s s a r y .  The h y d r o c h l o r i d e  was p r e c i p i t a t e d  f r o m  t h e  m e t h a n o l i c  
s o l u t i o n  w i t h  e t h e r i c  h y d r o g e n  c h l o r i d e .  The h y d r o c h l o r i d e s  c o u l d  
be r e c r y s t a l l i z e d  from m e t h a n o l / e t h e r .  
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I m i d a z o l i d i n e  r i n g  c l o s u r e  ( M e t h o d  B): T h e  2 . 6 - d i s u b s t i t u t e d  
a r y l i s o t h i o u r o n i u m  s a l t  ( 3 )  was immersed  t o g e t h e r  w i t h  a t w i c e  

m o l a r  e x c e s s  o f  e t h y l e n e d i a m i n e  i n  a b a t h  o f  120'. The b a t h  
t e m p e r a t u r e  was r a i s e d  t o  180' w i t h i n  one h a l f  h o u r  and  t h e  
m i x t u r e  k e p t  a t  t h i s  t e m p e r a t u r e  u n d e r  s t i r r i n g  f o r  15 m i n .  A f t e r  
c o o l i n g  t h e  r e s i d u e  was d i s s o l v e d  i n  l i t t l e  m e t h a n o l  and  w o r k e d - u p  
as d e s c r i b e d  f o r  m e t h o d  A. 

2 - [ N - A l l y l  - N - ( 2 . 6 - d i c h l o r o p h e n y l ) a m i n o ] - 2 - i m i d a z o l  i r ~ e - [ Z - ' ~ C ]  h y d r o -  
b r o m i d e  ( =  S t  5 6 7 - [  
o f  14 m C i  ( 7 5  uC i /mg)  was l i b e r a t e d  and  t r a n s f e r r e d  t o  an ampoule 
t o g e t h e r  w i t h  85 mg a l l y 1  b r o m i d e  i n  2 m l  a c e t o n i t r i l e ,  w h i c h  was 
s e a l e d .  The m i x t u r e  was s t i r r e d  f o r  5 days  a t  60°, t h e  ampou le  
opened  and  t h e  c o n t e n t s  c o n c e n t r a t e d  i n  vacuo .  The o i l y  r e s i d u e  
was r e c r y s t a l  1 i z e d  s e v e r a l  t i m e s  f r o m  n e t h a n o l / e t h e r .  Y i e l d  8 7  ng  
( 4 4  % c a l c u l a t e d  f o r  C l ~ n i d i n e - [ ' ~ C ] ) .  

14 C ] ) :  The f r e e  base  f r o m  105 mg C l ~ n i d i n e - [ ' ~ C I  

3 
[ H I - L a b e l e d  C l o n i d i n e  

155 mg ( 0 . 5  m l l o l )  2 - ( 2 . 6 - d i c h l o r o - 4 - b r o m o p h e n y l i m i n o ) - 2 - i m i d a -  
z o l i d i n e  ( f r e e  b a s e )  w e r e  d i s s o l v e d  i n  2.5 m l  t e t r a h y d r o f u r a n  i n  
a 5 m l  f l a s k  w i t h  s t a n d a r d  j o i n t .  A p i n c h  o f  p a l l a d i u m - o n - c h a r c o a l  
( 1 0  % )  was added and  1400 mg CH30r3H]  w i t h  3 C i  w e r e  d i s t i l l e d  
i n t o  t h e  f l a s k  i n  vacuo .  The s u b s e q u e n t  h y d r o g e n a t i o n  was c a r r i e d  
o u t  i n  an a p p a r a t u s  d e s c r i b e d  b y  Wenzel [ 3 3 ,  a t  f i r s t  w i t h  7 C i  
t r i t i u m  gas ,  l a t e r ,  u n t i l  c o m p l e t i o n ,  w i t h  h y d r o g e n .  The c a t a l y s t  
was f i l t e r e d  b y  s u c t i o n  and t h e  s o l v e n t  as w e l l  as t h e  t r i t i u m  i n  
l a b i l e  p o s t i o n s  w e r e  removed as u s u a l .  The t r i t i a t e d  C l o n i d i n e  base  
was l i b e r a t e d  f r o m  t h e  r e s i d u e ,  e x t r a c t e d  w i t h  e t h e r  and p r e c i -  
p i t a t e d  as h y d r o c h l o r i d e ,  w h i c h  was r e c r y s t a l l i z e d  s e v e r a l  t i m e s  
f r o m  m e t h a n o l / e t h e r .  Y i e l d  54 rng w i t h  a s p e c i f i c  a c t i v i t y  o f  
5.9 mCi/mg. By a d d i t i o n  o f  n o n - r a d i o a c t i v e  C l o n i d i n e  t o  t h e  
m o t h e r  l i q u o r s  a s e c o n d  c r o p  o f  115  m C i  w i t h  2 4 0  uC i /mg  was ob -  
t a i  ned.  

D e u t e r a t e d  C l o n i  d i n e  
A s m a l l  f l a s k  was f i l l e d  w i t h  3.64 g ( 1 0  rnMol) 2 . 6 - d i c h l o r o p h e n y l -  
i s o t h i o u r o n i u m  s a l t  ( 3 )  , 1.38 g ( 1 0  mMol)  e t h y l e n e - [  H41-d iammonium 
d i c h l o r i d e  ( H u n t i n g d o n  R e s e a r c h  C e n t r e ,  H u n t i n g d o n  PE 1 8  6 E S ,  I ! . K . )  , 
and 750  mg powdered  s o d i u m  h y d r o x i d e  suspended  i n  5 m l  m e t h a n o l .  
I t  was i m m e r s e d  i n  a b a t h  o f  120' u n t i l  t h e  m e t h a n o l  was e v a p o r a t e d .  
Then t h e  t e m p e r a t u r e  was r a i s e d  t o  180' w i t h i n  20 m i n  and  k e p t  a t  
t h i s  t e m p e r a t u r e  f o r  a d d i t i o n a l  10 m i n .  A f t e r  c o o l i n g  t h e  b rown  

2 
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mass was d i s s o l v e d  i n  l i t t l e  m e t h a n o l  , a q u o u s  ammonia was a d d e d  
a n d  t h e  a l k a l i n e  p r o d u c t s  w e r e  e x t r a c t e d  w i t h  e t h e r .  The e t h e r  
e x t r a c t s  were  washed s e v e r a l  t i m e s  w i t h  w a t e r  and  t h e  h y d r o -  
c h l o r i d e  p r e c i p i t a t e d  a s  d e s c r i h e d  a b o v e .  Y i e l d  1 .86 9 
C l o n i  d i  n e -  ;*HI = 70 % c a l  cu l  a t e d  f o r  e t h y l  e n e d i  ammoni urn d i  - 
c h l  o r i  d e .  

A n a l y t i c a l  C o n t r o l s  

The p u r i t y  o f  a l l  compounds was c h e c k 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  and by m e a s u r i n g  t h e  U V  s p e c t r a ,  The c h a r a c t e r i s t i c  d a t a  
a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b l e :  

S t  9 1  

S t  155 

S t  5 6 7  

S t  600 

s t  608 

Thin  l a y e r  
S y s t e m  Ho 

I 
IV 

I 1 1  
\/ 

V 

V I  

I 1  
V 

R F  

0,49 
0 ,50  

% 
1 cm 

23,2 ( 2 6 4  nm) 

0,43 19  ( 2 7 1  nn) 
0.58 

0,20 19  ( 2 7 3  nm) 

0,45 75,4 ( 2 7 3  nm) 
0,38 
0,44 

0,52 2 2  ( 2 6 5  nm) 
0,39 

I .  n - b u t a n o l / f o r m i c  a c i d / w a t e r  5 0 / 5 / 2 5  ( v . / v . )  ( u p p e r  l a y e r )  

1 1 .  s - b u t a n o l / f o r m i c  a c i d / w a t e r  7 5 / 1 5 / 1 0  ( v . / v . )  

111.  n - b u t a n o l / a c e t i c  a c i d / w a t e r  4 / 1 / 5  ( v . / v . )  ( u p p e r  l a y e r )  

IV.  e t h a n o l / a c e t i c  a c i d  9 0 / 1 0  ( v . / v . )  

V. b e n z e n e / d i o x a n e /ethanol/ammoni a 5 0 / 4 0 / 5 / 5  ( v . / v .  ) 
( u p p e r  1 a y e r )  

VI . e t h y l a c e t a  t e / d i o x a n e / m e t h a n o l  / w a t e r /  t r i e t h y l  ami ne 
6 0 / 3 0 /  1 0 /  1 0 /  10  ( v .  / v .  ) 

When n e c e s s a r y ,  t he  compounds w e r e  p u r i f i e d  by column c h r o m a t o -  
g r a p h y  ( s i l i c a  w i t h  a c h l o r o f o r m / m e t h a n o l  g r a d i e n t ) .  T h e  r a d i o -  
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c h e m i c a l  p u r i t y  was a s s e s s e d  b y  r e v e r s e d  d i l u t i o n  a n a l y s i s ;  t h e  

i d e n t i t i e s  w e r e  c o n f i r m e d  b y  c o m p a r i s o n  o f  mass  s p e c t r a  ( V a r i a n  
MAT C H  7 ) .  
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