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SUMMARY 

p-iodo-amphetamine was s y n t h e s i z e d  by t h e  Sandmeyer r e a c t i o n  from i o d i n e  and 

p-NH2-amphetamine, i n  which t h e  amino a l i p h a t i c  group was p r o t e c t e d  by a n  e a s i l y  

hydro lysab le  g roup  : t -bu ty loxyca rbony l .  I o d i n e  was o b t a i n e d  by o x i d a t i o n  of  Na 

1251 wi th  p e r i o d a t e  i n  a n  a c i d i c  medium. The y i e l d  was 50 ‘b; w i t h  a s p e c i f i c  a c t i -  

v i t y  o f  25 mCi/rrunol. 
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INTRODUCTION 

Iodopheny la lky l  amines  l a b e l l e d  wi th  1251 have been s t u d i e d  t o  develop a 

tracer which c o u l d  be  t a k e n  up i n  t h e  b r a i n  ( 1 ) .  Among t h e  s u b s t a n c e s  s t u d i e d  

isopropyl-p-iodo-amphetamine was s e l e c t e d  t o  measure r e g i o n a l  c e r e b r a l  blood 

f low i n  man (2,3). p-iodo-amphetamine, a m e t a b o l i t e  o f  isopropyl-p-iodo-ampheta- 

mine i s  a l s o  t a k e n  up i n  t h e  b r a i n  wi th  a h igh  index  (4 ) .  I t  was n e c e s s a r y  t o  

s y n t h e s i z e  t h i s  new tracer w i t h  a h igh  s p e c i f i c  a c t i v i t y  i n  o r d e r  t o  tes t  i ts  

p r o p e r t i e s .  

The s p e c i f i c  a c t i v i t y  a f t e r  t h e  exchange r e a c t i o n  between p-iodo-amphetamine 

and r a d i o a c t i v e  i o d i n e  is  a lways  low and t h e r e f o r e  we p r e f e r e d  t o  s y n t h e s i z e  t h i s  

molecule  d i r e c t l y  u s i n g  t h e  Sandmeyer r e a c t i o n  from r a d i o a c t i v e  i o d i n e  and p-amino- 

amphetamine (Scheme 1). 
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RESULTS AND DISCUSSION 

N i t r a t i o n  of t h e  D-amphetamine u s i n g  n i t r i c  a c i d  (d  = 1.49)  ( 5 )  g a v e  a m i x t u r e  

o f  n i t r o - 0 - - a m p h e t a m i n e  isomers from which  t h e  p a r a  isomer was o b t a i n e d  by d i s t i l -  

l a t i o n  o f  t h e  b a s e  a n d  c r y s t a l l i s a t i o n  o f  t h e  h y d r o c h l o r i d e  (6 .7 ) .  The amino 

a l i p h a t i c  g r o u p  was p r o t e c t e d  by t h e  t - b u t y l o x y c a r b o n y l  g r o u p  (BOC) which  was 

i n t r o d u c e d  by t -BOC-azide (8)  a n d  r a p i d l y  c l e a v e d  by m i l d  a c i d i c  c o n d i t i o n s .  The 

aromatic n i t r o  g r o u p  was r e d u c e d  by c a t a l y t i c  h y d r a z i n e  r e d u c t i o n  ( 9 )  i n s t e a d  o f  

c a t a l y t i c  h y d r o g e n a t i o n  ( 7 )  t o  g i v e  t h e  a r o m a t i c  amino g r o u p .  The Sandmeyer  r e a c -  

t i o n  c o u l d  be  c a r r i e d  o u t  e i t h e r  i n  a c h l o r h y d r i c  a q u e o u s  medium which  was incom- 

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

o r g a n i c  n i t r i t e  ( 1 0 )  i n s t e a d  of s o d i u m  n i t r i t e .  The r e a c t i o n  o f  amyl n i t r i t e  w i t h  

a r y l a m i n e s  g e n e r a t e s  a r y l  r a d i c a l s  a n d  i n  t h e  p r e s e n c e  of i o d i n e  g i v e s  t h e  corres- 

ponding  a r y l  i o d i d e s  ( 1 1 ) .  I n  a d d i t i o n  t o  t h e  e x p e c t e d  p r o d u c t ,  non s u b s t i t u t e d  

amphetamine and a b y - p r o d u c t  which  c o u l d  b e  a d i m e r e  were f o u n d .  Both o f  t h e s e  

were d e t e c t e d  by g a s  c h r o m a t o g r a p h y .  T h e i r  f o r m a t i o n  c o u l d  b e  m i n i m i z e d  cis ing a n  

e x c e s s  o f  i o d i n e ,  which  was n o t  f e a s i b l e  i n  t h e  c a s e  o f  a s y n t h e s i s  u s i n g  r a d i o -  

a c t i v e  i o d i n e .  The p e r c e n t a g e  of b y - p r o d u c t s  was k e p t  t o  a minimum i f  tllere was 

a n  e x c e s s  o f  i o d i n e  (1 .2)  and  i f  amyl  n i t r i t e  was added  t o  t h e  m i x t u r e  o f  i o d i n e  

and t-BOC-p-amino-amphetamine. The y i e l d  of p- iodo-amphetamine  was i n c r e a s e d  u s i n g  

a l a r g e  e x c e s s  of amyl  n i t r i t e .  P o l y m e r i s a t i o n  was r e d u c e d  t o  a minimum i f  t h e  

t e m p e r a t u r e  d i d  n o t  e x c e e d  1 0 5 O C .  R a d i o a c t i v e  i o d i n e  was o b t a i n e d  by o x i d a t i o n  o f  

Na '*'I u s i n g  m e t a p e r i o d a t e  i n  a n  a c i d i c  medium, f o l l o w e d  by e x t r a c t i o n  w i t h  t h e  

s o l v e n t  used  i n  t h e  Sandrneyer r e a c t i o n .  



Synthesis of plz5I-Arnphetmine 

EXPERIMENTAL SECTION 

T a b l e  I 

M e l t i n g  p o i n t s  were d e t e r m i n e d  u s i n g  a h o t  s t a g e  m i c r o s c o p e  ( R e i c h e r t ) .  

1 Compound s t r u c t u r e s  were e s t a b l i s h e d  by I R  ( P e r k i n  Elmer 4 5 7 )  a n d  

C-60 HL) s p e c t r a .  R e f r a c t i c n  i n d e x  was measured  a t  22OC (O.P.L. r e f r a c t o m e t e r ) .  

T h i n  l a y e r  c h r o m a t o g r a p h y  was c a r r i e d  o u t  o n  Merck 60 F 2 5 4  s i l i c a  g e l  p l a t e s  

i n  CHC13 - AcOEt (4  : 1 ) .  S p o t s  were v i s u a l i z e d  i n  UV a t  250 nm and w i t h  I2 

v a p o u r s  a n d  n i n h y d r i n .  P u r i t y  of t h e  f i n a l  p r o d u c t  was a l s o  v e r i f i e d  by g a s  

c h r o m a t o g r a p h y  ( G i r d e l  3000)  : 2.10  m column packed  w i t h  3 % OV17 o n  chromosorb  

WHP, f l a m e - i o n i z a t i o n  d e t e c t o r ,  column t e m p e r a t u r e  2OO0C, n i t r o g e n  c a r r i e r  30 m l /  

min. 

H NMR ( 3 e o l  

p - n i t r o - a m p h e t a m i n e  h y d r o c h l o r i d e  2 

100 g (0.74 m o l )  of dexamphetamine (De L a i r e )  were a d d e d  v e r y  s l o w l y  t o  a 

o n e  l i t e r  t h r e e - n e c k e d  f l a s k  c o n t a i n i n g  500 m l  of HNO ( d  F 1 . 4 9 )  f r o z e n  t o  - 2OoC 

by d r y  ice  . After s t i r r i n g  for  2 h a t  room t e m p e r a t u r e ,  t h e  o r a n g e  l i q u i d  

was p o u r e d  i n t o  2 1 o f  c o l d  w a t e r  a n d  t h e n  e x t r a c t e d  w i t h  3 X 200 m l  benzene .  

A f t e r  n e u t r a l i s a t i o n  w i t h  1.5 1 NaOH 6N, t h e  o r a n g e  o i l y  p r e c i p i t a t e  was e x t r a c -  

t e d  w i t h  1 1 a n d  t h e n  2 X 0.5 1 benzene .The  b e n z e n i c  e x t r a c t s  were washed w i t h  

water, d r i e d  o n  Na2 SO 

u n d e r  1 mm Hg p r e s s u r e  be tween 120-125OC. The d i s t i l l a t e  was d i s s o l v e d  i n  EtOH 

and s a t u r a t e d  w i t h  g a s e o u s  HC1. 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  by a d d i t i o n  

of e t h e r  and  r e c r y s t a l l i s e d  from e t h a n o l .  Y i e l d  = 32 %. 

3 

a n d  e v a p o r a t e d  t o  a n  o i l y  r e s i d u e .  T h i s  o i l  was d i s t i l l e d  4 

t-B0C-p-N03-amphetamine 2 

30 m l  of a n  e t h e r  s o l u t i o n  c o n t a i n i n g  50 mrnol t -BOC-N3,  1 0 9  MgO i n  s u s p e n s i o n  

and 110 ml d i o x a n n e  were added  10 g (50 mrnol) o f  p - N O  -amphetamine-HC1 d i s s o l v e d  

i n  40 m l  w a t e r .  After s t i r r i n g  f o r  2 4  h , t h e  o r g a n i c  s o l v e n t s  were evapo-  

r a t e d  and  t h e  r e s i d u e  was e x t r a c t e d  w i t h  4 X 100 ml e t h e r .  The e t h e r  e x t r a c t  was 

2 

washed w i t h  a c i t r i c  a c i d  s o l u t i o n ,  w a t e r  and  d r i e d  o n  Na SO .The s o l u t i o n  was 

e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  c r y s t a l s  were r e c r y s t a l l i s e d  f rom e t h e r - h e x a n e .  

2 4  



1 5 2  D .  Duterte e t  a l .  

Y i e l d  = 65 %. 

t-BOC-p-NH2-amphetamine 5 

4 g (14 mmol) of t-B0C-p-N02-amphetamine were d i s s o l v e d  i n  150 ml e t h a n o l  

and  a n  e x c e s s  o f  h y d r a z i n e  (70 mmol). The s o l u t i o n  was r e f l u x e d  w i t h  100 mg Pd 

10 % o n  C.  The e n d  of t h e  r e a c t i o n  was v e r i f i e d  by TLC. The c a t a l y s t  was f i l t e r e d ,  

t h e  s o l v e n t  was e v a p o r a t e d  and  t h e  o i l  wa5 d i s s o l v e d  i n  c y c l o h e x a n e  and  a l l o w e d  

t o  c r y s t a l l i s e .  Y i e l d  = 70 %. 

t-BOC-p-I-amphetamine 1. 

20 mg ( 0 . 0 8  mmol) of t-BOC-p-NH2-amphetamine i n  2 m l  b e n z e n e  were added t o  

a 100 m l  f l a s k  c o n t a i n i n g  1 2 . 6  mg (0.1 mmol) i o d i n e  t h e n  a s o l u t i o n  o f  47 mg 

(0 .4  mmol) o f  amyl n i t r i t e  ( n  = 1.3860)  i n  3 ml b e n z e n e  was added  d r o p w i s e .  A f t e r  

1 h o f  r e f l u x i n g , i n  a n  o i l  b a t h  h e a t e d  t o  105OC,the b e n z e n e  was e v a p o r a t e d .  

p - I -amphetamine  h y d r o c h l o r i d e  6 

The p r o d u c t  o b t a i n e d  by t h e  method a b o v e  was s t i r r e d  t o g e t h e r  w i t h  c h l o r h y -  

d r i c  e t h a n o l .  When t h e  r e a c t i o n  was c o m p l e t e ,  t h e  s o l v e n t  was e v a p o r a t e d  and t h e  

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

f rom e t h a n o l .  Y i e l d  = 50 %. 

R e t e n t i o n  times o f  t h e  b a s e s  i n  GC : 

amphetamine : 2 . 3  min 

p- I -amphetarn ine  : 2.6 min 

b y - p r o d u c t s  : 6 . 3  and  9 . 6  rnin. 

p 1251-amphetamine,  HC1 

1 2 . 3  mg (0.83 mmol) Ida1 , 3 . 6  rng (0 .17  rnmol) KI03, 3 m l  b e n z e n e  and  5 m l  

H2S04 0.1 t I  were added  Na 1251 ( 2 . 5  m C i ) ( c a r r i e r  free - CEA S a c l a y ) . T h e  i o d i n e  p r o d u -  

c e d  1 2  mg (SA 12.5  rnCi/mmol) Has e x t r a c t e d  w i t h  benzene .The  a q u e o u s p h a s e  was a g a i n  
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e x t r a c t e d  wi th  2 X 3 ml benzene. The 9 ml o f  s o l u t i o n  ob ta ined  were used fo r  t h e  

Sandmeyer modif ied r e a c t i o n .  The p 1251-amphetamine, HC1 can be  used w i t h o u t  

p u r i f i c a t i o n  and it i s p o s s i b l e  t o  enhance t h e  s p e c i f i c  a c t i v i t y  by u s i n g  a l a r g e r  

dose  o f  Na 1251. 

Scheme 1 
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