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SUMMARY 

The Ga t te rmann  r e a c t i o n  was applied t o  t h e  n o - c a r r l e r - a d d e d  
r a d i o b r o m l n a t l o n  o f  b r o m o e r l d o l .  The s y n t h e s l s  w l t h  d l a z o t l t e d  
p r e c u r s o r .  n o - c a r r l e r - a d d e d  75Br- o r  77Br-.  and copper  powder 
p r o v e d  t o  g i v e  t h e  r a d l o b r o m i n a t e d  n e u r o l e p t l c  d r u g  I n  h l g h  
r a d i o c h e m i c a l  y i e l d  o f  60 - 70 X .  and In h lgh  s p e c l f l c  a c t l v l t y  
(-5 Cl / /umo le> .  The r a d l o b r o m i n a t l o n  also p r o v e d  t o  be r e g i o -  
s e l e c t i v e .  I n  t h e  r e a c t i o n ,  t h e  c o p D e r  c a t a l y s t  was obse rved  t o  
p l a y  an l m p o r t a n t  r o l e .  

F o r m a t i o n  o f  u n l a b e l e d  b y - p r o d u c t s  due t o  s t a b l e  c h l o r l n e  o r  
b romlne  c o n t a m l n a t l o n  I n  t h e  r e a c t i o n  m i x t u r e  was a l s o  s t u d l e d  
by n e u t r o n  a c t i v a t i o n  a n a t y s l s .  Removal o f  such  u n d e s i r a b l e  
h a l o g e n  n u c l t d e s  and s e e a r a t l o n  o f  t h e  u n a v o i d a b l y - f o r m e d  
c h l o r i n a t e d  compound f r o m  t h e  r a d l o b r o m i n a t e d  b r o m p e r l d o l  I s  
d i s c u s s e d .  

Key words: N o - c a r r l e r - a d d e d  r a d j o b r o m l n a t l o n .  Ga t te rmann  
r e a c t i o n ,  75Br - ,77Br -bromDer ldoL 

INTRODUCTION 

In n u c l e a r  m e d l c l n e ,  n e u r o r e c e p t o r  L tgands  l a b e l e d  w l t h  

p o s l t r o n  o r  s i n g l e  p h o t o n  e m l t t i n g  n u c l i d e s  have been u t l l l z e d  

f o r  i m a g i n g  v a r i o u s  b r a i n  n e u r o r e c e p t o r s  b y  means o f  p o s l t r o n  o r  

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

r e c e o t o r s  have been v i s u a l l z e d  w i t h  11C-LabeLed f l u n l t r a z e p a m  

<1) o r  Ro 15-1788 ( 2 . 3 ) .  and dopamlne r e c e p t o r s  w i t h  11C-. 18F-. 

o r  7 6 B r - l a b e l e d  s p l p e r o n e  o r  i t s  a l k r l a t e d  d e r i v a t i v e s  (4-7) o r  

a 11C-Labeled s u l p l r l d e  ana logue  (8). O p i a t e  r e c e p t o r  mapp ins  

was also per fo rmed  ( 9 ) .  
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The l a b e l e d  r e c e p t o r  l i g a n d s  f o r  such  pu rposes  a r e  r e q u i r e d  

t o  be s y n t h e s i z e d  v i a  s i m p l e  methods g i v i n g  h i g h  r a d i o c h e m i c a l  

y i e l d s  w i t h i n  a L i m i t e d  t i m e ,  and h i g h  s p e c i f i c  a c t i v i t y .  

Sometimes It i s  a l s o  r e q u i r e d  t h a t  t h e  l a b e l i n g  i s  r -eg io -  

s e l e c t i v e .  

We r e p o r t  h e r e  a l a b e l i n g  t e c h n i q u e  w i t h  n o - c a r r i e r - a d d e d  

r a d i o b r o m i n e ,  wh ich  meets  t h e s e  rec iu i remen ts .  

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

75Br  and 76Br .  and t h e  gamma r a y  e m i t t e r  776r w h i c h  a r e  p roduced  

b y  a medium s i z e  c y c L o t r o n  a r e  s u i t a b l e  f o r  Imag ing .  I n  S P l t e  o f  

some s h o r t c o m i n g s  i n  use o f  t h o s e  n u c l i d e s  f o r  imag ing .  such  as  

h i g h  energy  o f  t h e  o o s i t r o n s  l o w e r i n g  t h e  s p a c i a l  r e s o l u t i o n  o f  

t h e  images o r  c o - e m i t t i n g  gamma r a y s  g i v i n g  i n t e r f e r i n g  s i g n a l s  

e t c .  t h e y  a r e  s t i l l  u s e f u l .  F i r s t ,  t h e  h a l f  l i v e s  o f  t h o s e  

r a d i o b r o m i n e  n u c l i d e s  ( 7 5 B r : 9 8 m i n . ,  7 6 B r : 1 6 h r s . .  7 7 6 r : 5 7 h r s . )  

a r e  l o n g  enough f o r  t i m e - c o u r s e d  o b s e r v a t i o n  o f  t h e  images, 

wh ich  u s u a l l y  ta l<es  2 o r  3 h o u r s ,  second. n o - c a r r i e r - a d d e d  

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

i n  compar i son  w i t h  such n u c l i d e s  as  1 1 C .  and t h i r d ,  c h e m i s t r y  

f o r  n o - c a r r i e r - a d d e d  r a d i o b r o r n i n a t i o n  i s  e a s i e r  t h a n  t h a t  o f  

r a d i o f l u o r i n a t i o n  w i t h  1 8 F ,  o f t e n  g i v i n g  h i g h e r  r a d i o c h e m i c a l  

y i e l d s .  

R a d i o b r o m i n a t e d  s p i ~ e r o n e  e x p l o i t e d  b y  D e j e s u s  o r  Huang e t  

aL. ( 1 0 . 1 1 )  has r e c e n t l y  been used f o r  t h e  human b r a i n  r e c e p t o r  

imag ing  by  M a z i e r e  e t  a l . ( 7 >  and t h e i r  images appeared t o  be 

c l e a r  enough f o r  d i a g n o s i s .  

L i k e  s p i p e r o n e .  b r o m p e r i d o l  i s  o n e  of  t h e  b u t y r o p h e n o n e  

n e u r o l e o t i c  d r u g s .  w h i c h  has  p r o v e d  t o  be e f f e c t i v e  f o r  t h e  

t r e a t m e n t  o f  s c h i z o p h r e n i a  ( f o r  examp le :12 .13 ) .  and has  been 

r e p o r t e d  t o  have h i g h  a f f i n i t y  t o  dooamlne r e c e p t o r s  ( 1 4 ) .  

V i n c e n t  e t  aL .  d e s c r i b e d  t h e  s y n t h e s i s  o f  826r -Labe led-brom-  

p e r i d o L  v i a  t h e  Sandmeyer r e a c t i o n  (15). However. u n f o r t u n a t e l y ,  
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v i t y  r a d i o b r o m  

t o  t h e  n o - s a r r  

t h e l r  method w l t h  t h e  Low s p e c i f i c  a c v t  

n u c l i d e  82Br  i s  n o t  d l r e c t l y  appL lcabLe  

ne 

er-added 

r a d i o b r o m i n a t l o n .  T h e  a l t e r n a t l v e  s y n t h e t i c  method we a r e  

p r e s e n t i n g  i s  t h e  Ga t te rmann  r e a c t i o n .  The Ga t te rmann  r e a c t i o n  

1s a method m o d i f l e d  and s i m p l i f i e d  f r o m  t h e  Sandmeyer r e a c t i o n .  

i n  w h l c h  copper  powder i n  p l a c e  o f  copper  b romide  i s  used (16). 

I n  t h i s  a r t i c l e ,  d e t a l l s  o f  t h e  r a d i o b r o m i n a t i o n  t e c h n i q u e  

and q u a l i t y  o f  t h e  r a d l o b r o m t n a t e d  p r o d u c t  w i l l  b e  d e s c r l b e d .  

T h i s  l a b e l i n g  method can  be used n o t  o n l y  f o r  t h e  r a d i o b r o m i n a -  

t l o n  o f  b r o m p e r l d o l  b u t  a l s o  f o r  o t h e r  r e c e D t o r  L i g a n d s  and 

a r o m a t i c  compounds. 

75Br- and 7 7 B r - b r o m p e r l d o l  were s y n t h e s i z e d  a l s o  b y  M o e r l e i n  

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

p r e c u r s o r  (17). They r e p o r t e d  a r e g l o s p e c i f i c  r a d l o b r o m i n a t i o n  

g l v l n g  t h e  LabeLed b r o m p e r l d o l  I n  a r a d l o c h e m i c a i  y i e L d  o f  35 % 

and I n  h l g h  s p e c l f l c  activity( > l o c i /  umole) .  

MATERIALS AND METHOD 

P r o d u c t i o n  o f  75Br  and 77Br  

75Br  and 77Br  were p roduced  b y  a 160 cm c y c L o t r o n  I n s t a l l e d  

I n  t h e  I n s t l t u t e  o f  Chemlca l  & P h y s l a L  Researches  (Wakoshi ,  

Sa i tama) .  v i a  t h e  r e a c t i o n s  o f  7SAs(3He.3n)75Br and 75Ac,( a ,  2n>  

77Br  (18). I n  b o t h  cases .  GaAs was used as  t h e  t a r g e t .  I r r a d i a -  

t i o n  w l t h  6,uA o f  3He p a r t i c l e s  o f  40 MeV f o r  100 m i n u t e s  gave 

15-20 mC1 o f  75Br  and w i t h  a l p h a  p a r t l c l e s  o f  35 MeV f o r  5-6 

h o u r s ,  10-15 m C l  o f  77Br(EOB>. The t a r g e t  m a t e r i a l  was p u t  on a 

s m a l l  q u a r t z  b o a t  w l t h  copper  g r a l n s .  p l a c e d  I n  a q u a r t z  f u s i o n  

vessel, and 75Br  ( o r  77Br )  was s e p a r a t e d  as  s u b l i m a t e  b y  t h e  

r a d i o f r e q u e n c y  h e a t i n g .  75Br  ( o r  7 7 8 r )  o n  t h e  i n s l d e  w a l l  o f  t h e  

f u s l o n  v e s s e l  was washed o u t  w i t h  d i s t i L L e d  w a t e r .  
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S y n t h e s i s  o f  7SBr- and 7 7 B r - b r o m p e r i d o l  v i a  t h e  Gat te rmann 
r e a c t i o n  

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

1. l m g  (3,umoLes> o f  4- [4-hydroxy-4-(4-amino-phen~l ) -  

p i ~ e r l d ~ n y l ] - l - ( 4 - f l u o r o - ~ h e n y L ) b u t a n o n e ,  i . e .  " a m l n o p e r i d o l "  

( Y o s h i t o m i  P h a r m a c e u t i c a l  Co.)  was d i s s o l v e d  i n  0.5 ml o f  2N 

s u l f u r l c  a c i d  and d i a z o t i z e d  i n  an i c e - w a t e r  b a t h  by  a d d i n g  

s l i s h t l y  excess  amount o f  sod lum n i t r i t e  d i s s o l v e d  i n  10jL of  

d i s t i l l e d  w a t e r .  75Br ( o r  77Br )  s o l u t i o n .  w h i c h  had p r e v i o u s L r  

been c o n c e n t r a t e d  t o  a smaLL vo lume.  - 0 . 2  m l ,  was added. The 

c a t a l y s t ,  coDper g r a i n s ,  was p r e p a r e d  by  a d d i n g  S - 7 m g  o f  

I *  B%U powder 

Scheme 1 

z i n c  powder and 10 - 50,&l o f  

2N s u l f u r i c  a c i d  t o  100 - 200 

,UL o f  0 .5  M copper  s u l f a t e  

s o l u t i o n .  The copper  g r a i n s  

fo rmed  were washed t w i c e  w i t h  

d i s t i l l e d  w a t e r  and i m m e d i a t e l y  

added t o  t h e  r e a c t i o n  m i x t u r e .  

Then, t h e  copper  g r a i n s  were 

s o n i c a t e d  i n t o  powder f rom 

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

w i t h  an u l t r a - s o n i c a t o r  f o r  a 

f e w  m i n u t e s .  And t h e  r e a c t i o n  

m i x t u r e  was h e a t e d  i n  a w a t e r  

b a t h  t o  80 @C. Ten  m i n u t e s  

L a t e r .  t h e  v e s s e l  was talcen o u t  

o f  t h e  h o t  w a t e r  and c o o l e d .  Then. t h e  m i x t u r e  was d i L u t e d  w i t h  

d l s t l l l e d  w a t e r .  aLKaL ized w i t h  8N ammonium h y d r o x i d e .  and t h e  

p r o d u c t s  were e x t r a c t e d  w i t h  c h l o r o f o r m .  The e x t r a c t  was washed 

w l t h  w a t e r ,  and t h e  s o l v e n t  was e v a p o r a t e d  f o r  p u r i f i c a t i o n  o r  

f o r  a n a l y s i s .  

A L L  t h e  r e a g e n t s  and t h e  s o l v e n t s  used were o f  g u a r a n t e e d  

pur  i t y  . 
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O p t i m i z a t i o n  o f  t h e  s y n t h e t i c  r e a c t i o n  c o n d i t i o n s  

The f o l l o w i n g  f a c t o r s  were v a r i e d  i n  t h e  s y n t h e t i c  r e a c t i o n  

d e s c r i b e d  above t o  o b t a i n  t h e  o p t i m a l  c o n d i t i o n s .  Those f a c t o r s  

were.  t h e  amount o f  t h e  s u b s t r a t e  a m i n o p e r i d o l .  w h i c h  was v a r i e d  

f r o m  1 t o  7 m g .  t h e  amount o f  sod ium n i t r i t e .  f r o m  1 t o  5 

e q u i v a l e n t s  o f  t h e  amount o f  t h e  s u b s t r a t e ,  t h e  c o n c e n t r a t i o n  o f  

s u l f u r i c  a c i d  i n  wh ich  d i a z o t a t i o n  and r a d i o b r o m i n a t i o n  t o o k  

p l a c e .  f r o m  0 . S  t o  18 N. t h e  amount o f  77Br .  f rom l O p C i  t o  1 

m C i .  t h e  amount o f  copper  c a t a l y s t ,  f rom 0 t o  17 m g ,  and t h e  

t e m p e r a t u r e  f o r  t h e  b r o m i n a t i o n .  f rom 40 t o  80 ‘C. 

P u r i f i c a t l o n  o f  7 5 B r ( o r  7 7 B r > - b r o m p e r i d o l  

S i m i L a r  P rocedures  as V i n c e n t  e t  a l .  r e p o r t e d  (15) were used;  

A f t e r  e x t r a c t i o n  w i t h  c h l o r o f o r m  f o l l o w i n g  r a d i o b r o m i n a t i o n .  

a l u m l n a  co lumn ch romatog raphy  was pe r fo rmed  u s i n g  a g l a s s  column 

o f  10 mm I n n e r  d i a m e t e r  and 70 - 80 rnm l e n s t h  Dacked w i t h  a l u m i -  

num o x i d e  ( a c t i v a t i o n  s t a g e  I1 - 111). C h l o r o f o r m  was used a s  

e l u a n t .  The e l u a t e  c o n t a i n l n g  r a d l o a c t i v l t y  was c o l l e c t e d  and 

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

ance L i q u i d  ch romatog raphy  (HPLC). HPLC was c a r r i e d  o u t  u s i n g  

T r i  R o t o r  I11 (JASCO, Tokyo)  w i t h  a r e v e r s e  phase p r e p a r a t i v e  

column (00s; 20 mmID x 250 m m L >  and w i t h  a s o l v e n t  sys tem o f  

e t h a n o l - a c e t i c  ac id -0 .2M ammonium a c e t a t e  < 8 0 : 4 : 1 4 3 >  o r  

me thano l -0 .8N ammonium h y d r o x i d e  (7:3). The e l u a t e  was 

c o n t i n u o u s l y  m o n l t o r e d  w i t h  UV s D e c t r o m e t e r  (UVIDEC 100 :JASCO) 

a t  245 nm and w i t h  N a I  s c i n t i l l a t i o n  d e t e c t o r  (Oken ; ‘ T o k y o > .  

The f r a c t i o n s  c o n t a i n i n g  r a d i o a c t i v i t y  were c o l l e c t e d  and 

e v a p o r a t e d  t o  d r y n e s s  f o r  a n a l y s i s .  From t h e  UV a b s o r p t i o n  and 

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

b romDer ido1  was a l s o  e s t i m a t e d .  

AnaLYs ls  o f  t h e  p r o d u c t  and b y - p r o d u c t s  

Mass s p e c t r o m e t r y  
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The p r o d u c t  and  b y - p r o d u c t s  f o r m e d  v i a  t h e  G a t t e r m a n n  r e a c -  

t i o n  w e r e  a n a l y z e d  b y  mass s p e c t r o m e t r y  u s i n g  a s e c t o r  mass 

s p e c t r o m e t e r  (Shimazu-LI<B 9 0 0 0 8 ) .  I o n i z a t i o n  was p e r f o r m e d  b y  

d i r e c t  e l e c t r o n  bombardmen t  ( 7 0 e V )  on  t h e  samDLe m o u n t e d  o n  a 

p r o b e ,  and  m/e r a n g i n g  f r o m  0 t o  500 was s c a n n e d  a t  v a r i o u s  

t e m o e r - a t u r e s .  40 t o  260 O C .  

HPLC a n a l y s i s  

HPLC a n a L y s i s  was c a r r i e d  o u t  u s i n g  a r e v e r s e  p h a s e  (ODs)  

a n a i y t i c a l  c o l u m n  ( 4 . 6  mmID x 250 m m L ) .  The s o l v e n t  s y s t e m  was 

t h e  same a s  d e s c r i b e d  a b o v e .  As t h e  r e f e r e n c e s  f o r  a s s i g n m e n t  o f  

t h e  UV a b s o r p t i o n  peal<s,  a u t h e n t i c  h a l o p e r i d o l .  b r o m p e r i d o l  and  

4 - [ 4 - h ~ d r ~ o x y - ~ h e n ~ l - ~ l ~ e r i d i n y l ] -  l - ( 4 - f l u o r ~ o ~ h e n ~ l ) b u t a n o n e .  

i . e .  " h y d r o p e r i d o l "  o r  " p e r i d o l  (17) "  w e r e  u s e d .  A u t h e n t i c  

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

P h a r m a c e u t i c a l  C o . .  H y d r o p e r i d o l  was s y n t h e s i z e d  v i a  t h e  s i m i l a r  

p r o c e d u r e s  a s  b r o m p e r - i d o l  s y n t h e s i s  d e s c r i b e d  a b o v e .  b u t  b y  

d e c o m p o s i n g  t h e  d i a z o t i z e d  a m i n o p e r i d o l  i n  50% h y p o p h o s p h o r o u s  

a c i d :  MS m/e 341(M+); 1H NMR 8 .00-8 .04  ( 2 H . F - A r ) .  7.25-7.49 

( S H . G r ) ,  7 . 1 2 - 7 . 1 6  (2H. F -Ar ) .1 .69 -3 .00  ( 1 5 H ) ;  

G n a t .  (CZlH24FN02). C,H,N C:74.3,  c a t .  7 3 . 9  

P r o t o n  NMR s p e c t r o m e t r y  

The r e g i o s p e c i f i c i t y  o f  t h e  b r o m i n a t i o n  b y  t h e  G a t t e r m a n n  

r e a c t i o n  was e x a m i n e d  b y  p r o t o n  NMR s p e c t r o m e t r y .  The s a m p l e  

b r o m p e r i d o t  f o r  t h e  NMR a n a l y s i s  was s y n t h e s i z e d  v i a  t h e  

G a t t e r m a n n  r e a c t i o n  s i m i l a r  a s  d e s c r i b e d  a b o v e  b u t  w i t h  

u n l a b e l e d  s o d i u m  b r o m i d e  i n  P l a c e  o f  7 5 8 r -  o r  770r-, a n d  i n  t e n  

t i m e s  L a r g e r  s c a l e .  P u r i f i c a t l o n  was c a r r i e d  o u t  s i m i l a r l y  t o  

t h a t  o f  r - a d i o b r - o m i n a t e d  b r o m o e r i d o l  a s  d e s c r i b e d  a b o v e .  The 

s a m p l e  was d i s s o l v e d  i n  CDCL3 and  p r o t o n  NMR s D e c t r a  w e r e  

o b t a i n e d  w i t h  a 400 MHz h i g h  r e s o l u t i o n  NMR s o e c t r o m e t e r  ( J e o l  

G X 4 0 0 ) .  TMS was u s e d  as  t h e  s t a n d a r d .  The s p e c t r u m  o f  t h e  
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s ~ n t h e s i z e d  b r o m p e r i d o t  was compared w i t h  t h a t  o f  t h e  a u t h e n t i c  

b r o m p e r l d o t .  

Asse 2 i t h  
m a t e r l a l s  used f o r  t h e  Ga t te rmann  r e a c t i o n  

N e u t r o n  a c t l v a t l o n  a n a t y s i s  was DerfOrmed. U s i n g  RiI<I<yo T R I G A  

I1 r e a c t o r .  t h e  m a t e r l a l s .  namely ,  a m i n o p e r i d o t ,  s u l f u r i c  a c i d ,  

z i n c  powder.  cooper  s u l f a t e .  d i s t i l l e d  w a t e r  and 77Br  s o l u t i o n ,  

were i r r a d l a t e d  w l t h  a n e u t r o n  f l u x  d e n s l t r  o f  5 .5  x 1 0 E l l . n -  

cm-2 sec-1 f o r  1 - 10 m i n u t e s  f o r  c h l o r i n e  and 1 - 6 h o u r s  f o r  

b r o m l n e .  A f t e r  c o o l i n g  t l rne ,  r a d l o m e t r i c  a n a l y s i s  was c a r r i e d  

o u t  w i t h  a Ge(L1) d e t e c t o r .  F o r  a l l  t h e  samples exceDt  t h e  z i n c  

powder.  38CL f r om 3 7 C l ( n .  I >38Cl  and 8261- f rom 8 1 B r ( n , r  )E2Br 

were  measured. F o r  t h e  z i n c  Dowder. 80Er  f rom 7 9 B r ( n V r ) 8 0 B r  was 

used t o  a v o i d  t h e  i n f l u e n c e  o f  r a d l o a c t i v e  z i n c  such  a s  65Zn o r  

69mZn. 

RESULTS AND DISCUSSION 

Rad iochemlca t  y l e l d  o f  756 r -  and 7 7 B r - b r o m ~ e r i d o l  

Among t h e  v a r i o u s  f a c t o r s  w h i c h  were  assumed t o  a f f e c t  t h e  

r a d l o c h e m l c a l  y l e l d ,  t h e  most  i m p o r t a n t  r o t e  was obse rved  t o  be 

p l a y e d  b y  t h e  copper  g r a l n s .  t h e  c a t a t y s t  f o r  t h e  r a d l o b r o m i n a -  

t l o n .  W i t h o u t  them, no  r a d l o b r o m i n a t e d  b r o m p e r l d o l  was formed. 

a l t h o u g h  r a d i o f r e a u e n c y  h e a t i n g  o f  t h e  GaAs t a r g e t  w l t h  copper '  

g r a i n s ,  w h i c h  was c a r r l e d  o u t  a f t e r  c y c l o t r o n  p r o d u c t l o n  o f  

75Br  ( o r  7 7 B r > ,  c o u l d  Presumably  g i v e  copper -758r (77Br )br ,omide 

w h i c h  wou ld  p o s s i b l y  be  r e a d y  f o r  r a d i o b r o m i n a t i o n  v i a  t h e  

Sandmeyer r e a c t l o n .  With t h e  c o p o e r  g r a i n s  w i t h o u t  s o n i c a t i o n ,  

r a d i o c h e m i c a l  y i e L d s  v a r i e d  f r o m  8 t o  38 % .  and were i ndependen t  

o f  o t h e r  f a c t o r s .  And t h e  r e o r o d u c i b i l i t r  was P o o r .  A lmos t  a t t  

( > 9 7  % >  t h e  u n r e a c t e d  r a d i o b r o m i n e  was f o u n d  t o  be adsorbed on 

t h e  s u r f a c e  o f  t h e  c o p p e r .  BY s o n i c a t i n g  t h e  coDper g r a i n s  i n t o  

f i n e  powder.  r a d l o c h e m l c a l  y i e l d s  i n c r e a s e d  t o  60 - 68 % ,  and 

were h i g h L y  r e p r o d u c l b t e .  
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The o t h e r  f a c t o r s  d i d  n o t  seem t o  g i v e  much d e t e r m i n i n s  

e f f e c t s  e x c e p t  f o r  t h e  c o n c e n t r a t  on o f  s u L f u r i c  a c i d  i n  w h i c h  

d i a z o t a t l o n  and b r o m i n a t i o n  tool< p l a c e  ( F i g .  1) and t h e  r e a c -  

t i o n  t e m p e r a t u r e  (TabLe 1). 

Those f i n d l n g s  sugges ted  t h a t  t h e  Ga t te rmann  r e a c t i o n  t o o K  

pLace on t h e  s u r f a c e  o f  t h e  copper  and t h e  " f r e s h n e s s "  o f  t h e  

s u r f a c e  was i m p o r t a n t  f o r  t h e  r e a c t i o n  t o  p r o c e e d .  P resumab ly ,  

on  t h e  " f r e s h "  c o p p e r  s u r f a c e .  CuBr* (Br* :  r a d i o b r o m i n e  o f  t r a c e r  

amount) o r  Cu,Br*,,,(n > m )  was formed and t h e  copper  b romide  was 

r e a d y  t o  r e a c t  w i t h  t h e  d i a z o n i u m  i o n .  Around t h e  s i t e s  where 

t h e  r a d i o b r o m i d e  i o n s  were adso rbed .  n u c L e o p h i L i c  e n v l r o n m e n t s  

t o  w h i c h  t h e  d l a z o n i u m  c a t l o n s  c o u l d  e a s i l y  access  were formed 

T a b l e  1 R e a c t i o n  t e m p e r a t u r e  and r a d i o c h e m i c a l  y i e l d  
( S u b s t r a t e :  l m g ,  c o n c e n t r a t l o n  o f  s u l f u l i c  
a c l d  : 2N. r e a c t i o n  t i m e  : 10 m i n u t e s )  

Tempera tu re (  'C) Y i e l d ( % )  
40 12 
60 32 
80 61 

I 
0.5 2 4  
concedtriition of H2S04 'ON 

F i g .  1 E f f e c t  o f  s u l f u r i c  a c i d  c o n c e n t r a t i o n  o f  s y n t h e t i c  
r e a c t i o n  m i x t u r e  on r a d l o c h e m i c a l  y i e L d  o f  r a d i o -  
b r o m l n a t e d  b r o m p e r i d o l .  

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

Thus it seems more advantageous t o  use  copper  powder c a t a l y s t  

t h a n  cooPer  b romide  f o r  such  a purpose  a s  n o - c a r r i e r - a d d e d  
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r a d l o b r o m i n a t i o n  where t r a c e r  amount (<ng> o f  r a d l o b r o m l n e  I s  

I n v o l v e d .  s l n c e  e l e c t r o n  t r a n s f e r  f rom B r -  t o  Cu and /o r  f rom 

C u B r ( o r  Cu,Br,,,:n>m) t o  a d l a z o n l u m  c a t l o n  wou ld  be more f r e e l y  

and e a s l l r  DerfOrmed on t h e  s u r f a c e  o f  t h e  c a t a l y s t .  On t h e  

o t h e r  hand. t h e  r e a c t i o n  w i t h  c o p p e r  b romlde  t a K e s  t l m e  (15). 

u n l e s s  L a r g e r  amount o f  coDDer b romlde ,  f o r  example e a u l m o l a r  t o  

t h a t  o f  d i a z o n l u m  s a l t s .  1s i n v o l v e d  (19). 

The s u r f a c e  o f  t h e  coDDer g r a l n s  p r e p a r e d  f rom z l n c  powder and 

copner s u L f a t e  was a u i c k l y  o x l d i z e d  t u r n l n g  t o  b l a c k .  And on  

t h e  o x l d i z e d  s u r f a c e  o f  copper ,  b r o m l n a t l o n  seemed t o  be  p r e -  

v e n t e d .  P r t l m o t l o n  o f  such  o x l d a t i o n  m i g h t  be one o f  t h e  reasons  

why h i g h  c o n c e n t r a t i o n  o f  s u l f u r l c  a c i d  i n  w h i c h  b r o m l n a t l o n  

t o o k  p l a c e  Lowered t h e  r a d l o c h e m l c a l  y i e l d  ( F l g  1). 

As t h e  c a t a l y s t .  i n  p l a c e  o f  coPDer. i r o n ,  c o b a l t .  o r  z l n c  

m i g h t  a l s o  be  w o r t h  e x a m l n l n g  (20). And, s l n c e  t h e  Ga t te rmann  

r e a c t l o n .  t h e  Sandmeyer r e a c t l o n .  and o t h e r  s i m i l a r  r e a c t i o n s  

a r e  o x l d a t l o n - r e d u c t l o n  r e a c t i o n s .  t h e  e l e c t r o l v t l c  method such  

as d e s c r i b e d  b y  Vo tocek ,E . ,  e t  a l .  (21) m i g h t  a l s o  be u s e f u l .  

F i g  ..2 
E l u t i o n  o f  7 7 B r - b r o m p e r l d o l  
(6)  f r o m  t h e  a l u m l n a  co lumn 
w i t h  chLoro fo rm.  
E L u t l o n  c o n d i t i o n s :  see t e x t  

Fraction Number 
(2ml fraction) 
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l a b e l i n g  e f f i c i e n c y  

L a b e l i n g  e f f i c i e n c y  was h i g h  ,and more t h a n  98 % o f  t h e  

r e a c t e d  r a d i o b r o m i n e  was r e c o v e r e d  as  r a d i o b r o m i n a t e d  

b r o m p e r i d o l . ( F i s  2,B) The r e s t  2%.  was observed  t o  be  i n c o r P 0 -  

r a t e d  i n t o  a L iPOPhiL?C comDound w i t h  Low P o l a r i t y .  w h i c h  was 

e L u t e d  i n  t h e  f i r s t  f r a c t i o n s  f r o m  t h e  a l u m i n a  co lumn ( F i g . 2 . A ) .  

R e q i o s D e c i f i c i t Y  o f  t h e  b r o m i n a t i o n  r e a c t i o n  

H i g h  r e s o L u t i o n  NMR s p e c t r o m e t r y  d e m o n s t r a t e d  t h e  r e s i o -  

s p e c i f l c i t y  o f  t h e  b r o m l n a t i o n  v’ia t h e  Ga t te rmann  r e a c t i o n  

c a r r i e d  o u t  u n d e r  t h e  c o n d l t i o n s  d e s c r i b e d  above.  The s p e c t r u m  

o f  t h e  s y n t h e s i z e d  b r o m p e r i d o l  showed 4 Peaks a t  6 8.00 - 8 . 0 4  

ppm and 3 peaks a t  7 . 1 2  - 7 . 1 6  ppm w h i c h  were r e l a t e d  t o  4 

p r o t o n s  i n  t h e  a r o m a t i c  r i n g  w i t h  f l o r i n e ,  and. 2 peaks  a t  7 .47 -  

7 . 4 5  ppm and 2 peaks  a t  7.34 t o  7.32 PPm w h i c h  were r e l a t e d  t o  

4 p r o t o n s  i n  t h e  o t h e r  a r o m a t i c  r i n g  t h a t  was i n v o l v e d  i n  t h e  

b r o m i n a t i o n .  Th is  s p e c t r u m  a g r e e d  w i t h  t h a t  o f  a u t h e n t i c  brom- 

p e r i d o l  i n  w h i c h  b romine  Is bound a t  t h e  p a r a  p o s i t i o n .  No a d d i -  

t i o n a L  peaks  n o r  c h e m i c a l  s h i f t s  w h i c h  i n d i c a t e d  t h e  p resence  o f  

b r o m i n a t e d  i somers  were o b s e r v e d .  B r o m i n a t l o n  o r  c h l o r i n a t i o n  

v i a  t h e  Sandmever r e a c t i o n  o r  o t h e r  s i m i l a r  r e a c t i o n s  w i t h  

copper  b romide  o r  c h l o r i d e  has  been c o n s i d e r e d  t o  be r e g i o -  

s p e c i f i c ,  and o u r  r e s u l t  d e m o n s t r a t e d  t h a t  t h i s  i s  t h e  case  a l s o  

i n  t h e  Ga t te rmann  r e a c t i o n .  On t h e  o t h e r  hand. i n  t h e  e l e c t r o -  

D h i L i c  r a d i o b r o m i n a t i o n  w l t h  o x i d i z i n g  a g e n t s  such  as  hyd rogen  

p e r o x i d e .  w h i c h  i s  a l s o  a s i m p l e  and u s e f u l  t e c h n i q u e  f o r  t h e  

s y n t h e s i s  o f  v a r i o u s  r a d i o b r o m l n a t e d  n e u r o l e p t i c  d r u g s  (10.11, 

22 ,23> ,  b r o m i n a t e d  P o s i t i o n  I s  n o t  u s u a l l y  c o n t r o l l a b l e  (24) 

e x c e p t  f o r  t h e  case where s p e c i f i c  p r e c u r s o r  such  as t h e  one 

s t a n n v L a t e d  a t  t h e  s p e c i f i c  p o s i t i o n  i s  used ( 1 7 ) .  

UnLaheLed by -Drod&s O f  t h e  r e a c t t o n .  s o e c i f j r  s r t i v i t y  and 
m t e d  f r b rnmDe r l d o l  

The mass s p e c t r a  showed m a j o r  b y - p r o d u c t  m o l e c u l a r  peaks  (M+> 
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a t  m/e 339. 341, 356, and 377+375 ( t w i n ) .  The compounds w i t h  m/e 

339 and 356 were removed by t h e  a l u m i n a  column w h l l e  t h e  o t h e r s  

passed t h r o u g h  It. The o b s e r v a t l o n  sugges ted  t h a t  t h e  compound 

c o r r e s D o n d l n 9  t o  m/e 339 was 4 - C ( 4 - ~ h e n ~ L ) - 1 . 2 , 3 , 6 - t e t r a h ~ d r o -  

p y r i d ~ n ~ ~ ~ - ~ - ( 4 - f L u o r o p h e n y L ~ - b u t a n o n e  <C21H22N02F> w h l c h  was 

a p p a r e n t l y  d e r i v e d  b y  s u b s t l t u t l o n  o f  the  amino g roup  o f  amino- 

p e r i d o l  b y  t h e  h y d r o x y  9rouD. and m/e 356 was u n r e a c t e d  amino- 

D e r l d o l .  The o t h e r  Peaks were a s s i g n e d  t o  b e  h y d r o p e r l d o l  

(C21H24N02F). and haLoper1doL (C21H23N02F35CL+C21H23NO2F37CL). 

The mass s p e c t r a  o f  t h e  a u t h e n t i c  compounds s u p p o r t e d  t h e  

a s s l g n m e n t .  I n  compar l son  w i t h  h y d r o p e r l d o l  and h a l o p e r i d o l  mass 

419 & 421)  were s m a l l ,  l o n  c u r r e n t s .  t h o s e  o f  b r o m p e r l d o l ( m / e :  

and o n l y  s l l g h t l y  d e t e c t a b l e .  

I n  n o - c a r r l e r - a d d e d  r a d l o b r o m l n a t l o n  

n a t e d  b y - p r o d u c t s  dese rves  a t t e n t i o n .  s 

ComDounds a r e  o f t e n  b l o l o g l c a l l y  as  a c t  

f o r m a t i o n  o f  c h l o r i -  

nce  such  c h l o r i n a t e d  

ve  as  t h e  b r o m l n a t e d  

one, and a r e  u s u a l l y  formed I n  l a r g e r  amount. and a r e  h a r d  t o  

s e p a r a t e  f r o m  t h e  o b j e c t i v e  p r o d u c t  due t o  t h e i r  s l m i l a r l t y  i n  

c h e m i c a l  s t r u c t u r e .  I n  t h l s  case a l s o .  a c h l o r i n a t e d  compound. 

1.e. h a l o p e r l d o l  w h l c h  has  an  a f f i n l t y  t o  dopamlne r e c e p t o r s  as 

h lgh a s  b r o m p e r l d o l  ( 1 4 > ,  was d e m o n s t r a t e d  t o  be p roduced .  I t  

was o b v l o u s  t h a t  t h e  u n d e s l r a b L e  c h l o r i n a t e d  compound was formed 

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

i m p u r i t y .  N e u t r o n  a c t l v a t l o n  a n a l y s i s  r e v e a l e d  t h a t  t h e  mate- 

r l a L s  w h l c h  were used f o r  t h e  Ga t te rmann  r e a c t i o n  c o n t a i n e d  30  

mg/g t o  4 /Ug/g  o f  c h l o r t n e  ( T a b l e  2 ) .  The a n a l y s i s  aLso r e v e a l e d  

t h e  c o n t a m l n a t l o n  w l t h  s t a b l e  b romlne  as  h i g h  as  0 . 3 1  mg/9. 

wh lch  s l g n l f l c a n t l y  Lowered t h e  s p e c l f l c  a c t i v i t y  o f  t h e  r a d i o -  

b r o m t n a t e d  compound. The h i g h e s t  c o n t a m l n a t l o n  w i t h  b o t h  

c h l o r i n e  and b romlne  was found i n  t h e  s u b s t r a t e  amlnoDer ldoL 

< T a b l e  2.1). w h l c h  suggests t h a t  when 1 mg o f  am inoper idoL  was 

used f o r  t h e  s y n t h e s l s .  3 0 ~ 9  o f  C L  and 0 . 3 ~ 9  o f  B r  were 
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i n c o r p o r a t e d  i n t o  t h e  r e a c t i o n  m i x t u r e .  A s i m p l e  r e p u r i f l c a t i o n  

o f  a m l n o p e r i d o l  b y  e x t r a c t i o n  w i t h  CHCL3 f rom a l l < a l i z e d  s o l u t i o n  

reduced  t h e  amount o f  c h l o r i n e  b y  22 t i m e s .  b u t  stFLL rema ined  

1 .4  mg/g. whereas t h e  amount o f  b romine  was n o t  much changed. 

( T a b l e  2 , I I )  C o n t a m i n a t i o n  i n  t h e  r a d i o b r o m i n e  s o l u t i o n  was 

a l s o  q u l t e  s i g n l f l c a n t ,  w h i c h  was DresumabLy d e r i v e d  f rom t h e  

t a r g e t  m a t e r i a l  GaAs. 

T a b l e  2 S t a b l e  c h l o r i n e  and b romlne  c o n t a m i n a t i o n  i n  t h e  
m a t e r i a l s  used f o r  t h e  Gat te rmann r e a c t i o n .  

Sample 
A m i n o p e r l d o l  (I) 

D i s t i l L e d  w a t e r  
S u L f u r i c  a c i d  
Copper s u l f a t e  
Z i n c  powder 
77Br  s o l u t l o n  

(11) 

C L  B r  
31 * 2  ms/s 0 . 3 1  f 0 .02  mg/s 

1 . 4  f 0 . 0 7  mg/g 0 . 2 7  f 0.01 mg/g 
0.55 f 0 . 0 3  ,us/mL 0.006 * 0.001 &g/m 

< 0 . 4  ,uus/mL (0.01 Ag/m 
0.006 f 0 .004  mg/g <0.0002 mg/g 
0.014 f 0.006 mg/g 0 . 0 1 5  f 0 .001  mg/g 
0.077 f 0.004 m s / m L  0 . 0 0 1  f 0.0002 m g / m  

Copper s u l f a t e  o r  z i n c ,  a l s o ,  appeared t o  c o n t a i n  r a t h e r  h i g h  

amount o f  C L  and B r  w h l c h  c o u l d  g i v e  3 0 - 4 O p g  o f  C L  and B r  t o  

t h e  r e a c t l o n  m i x t u r e .  However. t h e s e  m a t e r i a l s  were used f o r  

D r e p a r l n s  t h e  copper  c a t a l y s t ,  and C L  and B r  i n  t h o s e  m a t e r i a l s  

were  p robabLy  removed o r  reduced  i n  s i g n t f i c a n t  amounts 

b y  wash ing  t h e  c a t a l y s t  w i t h  d i s t i L L e d  w a t e r .  C o n t a m i n a t i o n  

f rom o t h e r  s o u r c e s  such  a s  s u l f u r i c  a c i d  was r e l a t i v e l y  

n e s l i s l b l e .  Adam e t  aL. a l s o  r e p o r t e d  on t h e  s t a b L e  b romine  

c o n t a r n l n a t i o n  r a n g i n g  f r o m  0.09 t o  650,ug /g  i n  t h e  r e a g e n t s .  

s o l v e n t s  and s u b s t r a t e s  f o r  t h e  e L e c t r o p h i L i c  r a d i o b r o m i n a -  

t i o n  (25). 

HPLC s e p a r a t l o n  of t h e  7 S B r - b r o m ~ e r l d o L  f rom o t h e r  by- 

p r o d u c t s  w h i c h  passed t h r o u g h  a l u m i n a  co lumn i s  shown i n  F i g . 3 .  

The UV a b s o r p t l o n  peaK 3 r e p r e s e n t e d  t h a t  o f  h y d r o p e r i d o l ,  b 

h a l o p e r i d o l ,  and & b r o m p e r i d o l .  I n  t h i s  case.  r e p u r i f i e d  amino- 

p e r i d o l  was used  as  s u b s t r a t e ,  and e l u t i o n  was p e r f o r m e d  w i t h  

CH30H - 0.8N NH40H ( 7 : 3 ) .  Tne r e s o l u t i o n  be tween haLoDer ldoL 

and b r o m o e r i d o l  was 1.52. The a l t e r n a t i v e  e l u t i o n  sys tem w i t h  
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Retention Time (Min.1 

F19 .3  
HPLC s e p a r a t l o n  o f  
75Br-bromper i d o l  f r o m  
o t h e r  b y - P r o d u c t s .  
CoLumn:0DS(20mm~x250mmL> 
ELuant:CH3OH-O.BNNH4OH 

( 7 : 3 )  
a : h y d r o D e r I d o L  
b : h a l o P e r l d o L  
c : b r o m p e r l d o l  

e t h a n o l - a c e t i c  ac id -0 .23M ammonium a c e t a t e  <80 :4 :143)  gave t h e  

r e s o l u t i o n  o f  1.26. W i t h  such  r e s o l u t i o n s .  1/10 - 1/15 of  

h a L o p e r i d o 1  was Dresumed t o  be  I n c o r p o r a t e d  I n t o  t h e  r a d l o -  

b r o m i n a t e d  b r o m p e r i d o l  due t o  t h e  t a i l i n g  e f f e c t .  

Thus. t a K l n g  a l C  t h o s e  f l nd ings  d e s c r i b e d  above i n t o  a t c u u n t .  

and assuming t h a t  t h e  r a d i o c h e m i c a l  y l e L d  o f  t h e  Ga t te rmann  

r e a c t i o n  was 60 %. 20 m C l  o f  7SBrCor 77Br )  was c a l c u l a t e d  t o  

g i v e  t h e  r a d l o b r o m t n a t e d  b r o m p e r i d o l  o f  5 Ci/&moLe. w h l c h  a g r e e d  

w e l l  w l t h  t h e  a c t u a l  o b s e r v a t i o n .  BY a d d l t l o n a l  assumDt Ions  t h a t  

1/10 o f  t h e  unavo ldab ly - fo rmed  h a l o p e r i d o l  was I n c o r p o r a t e d  I n t o  

t h e  r a d l o b r o m i n a t e d  bromDer tdoL due t o  t h e  t a l l i n 9  e f f e c t  o f  

HPLC, and t h a t  t h e  a f f l n l t y  o f  b r o m p e r i d o l  f o r  t h e  dopamIne 

r e c e p t o r  was 1.2 t i m e s  h l g h e r ' t h a n  t h a t  of h a L o D e r i d o l  ( 1 4 ) .  t h e  

e f f e c t i v e  s p e c i f i c  a c t l v l t y  was c a l c u l a t e d  t o  be  1 . 2  Ct/)mole. 

CONCLUSION 

The Ga t te rmann  r e a c t i o n  Droved  t o  be  u s e f u l  f o r  t h e  no- 

c a r r i e r - a d d e d  r a d i o b r o m i n a t i o n .  75Br -  and 77Br -  b r o m p e r l d o l .  as  

examples,  were demons t ra ted  t o  b e  s y n t h e s i z e d  v l a  t h e  r e a c t l o n  

i n  good c h e m l c a l  y f e l d  (60-70 % > ,  i n  h igh s o e c l f t c  a c t l v l t y  (-5 
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C i / A m o L e ) ,  and r e g i o s p e c i f i c a L L y .  S t a b t e  c h l o r i n e  and b romine  

c o n t a i n e d  i n  t h e  r e a c t t o n  mtx tu r -e  as i m p u r i t t e s  caused L t m l t a -  

t l o n  o f  s p e c i f i c  a c t i v i t y  and e f f e c t i v e  s p e c i f i c  a c t l v i t r  o f  t h e  

r a d i o b r o m i n a t e d  b r o m p e r i d o t .  

AC I<N 0 W L E DGME N T 

The a u t h o r s  thanK M r  Y.Tanal<a o f  M e t r o p o t i t a n  I n s t i t u t e  o f  

G e r o n t o l o g y  f o r  h i s  s k l L L f u L  o p e r a t i o n  o f  t h e  mass s p e c t r o m e t e r ,  

M r  H.FuKushima o f  t h e  Japan A n a l y t i c a l  C e n t e r  f o r  p e r f o r m i n g  

a c t i v a t i o n  a n a l y s i s .  and D r  T.Abe o f  t h e  T o r a y  Research  C e n t e r  

f o r  d i s c u s s i o n  o f  t h e  NMR d a t a .  
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