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A RAPID SYNTHESIS OF NITROGEN-13 LABELLED AMPHETAMINE 

R. D. Finn*, D. R. Christman, and A. P. Wolf 
Chemistry Department, Brookhaven National Laboratory, 
Upton, New York 11973 

SUMMARY 

The preparation of nitrogen-13 labelled amethylphenyl- 

ethylamine (amphetamine), utilizing a sealed reaction system 

is described. 
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INTRODUCTION 

The clinical interest (1-3) in compounds structurally related to amphetamine 

as well as the potential of being able to describe at a physiological-biochemical 

level the mechanism of action of this sympathomimetic stimulant prompted our in- 

vestigation into rapid synthetic methods for the preparation of nitrogen-13 

labelled a-methyl-phenylethylamine. 

Nitrogen-13 is a short-lived radioisotope of nitrogen well suited to a tracer 

role in biomedical applications. = 9.96 m) 

imposes limits on the chemical reaction sequences, a number of complex compounds 

*University of Miami School of Medicine, Baumritter Institute of Nuclear 
Medicine, Mt. Sinai Medical Center, Miami Beach, Florida 33140 

Research carried out at Brookhaven National Laboratory under contract with the 
Department of Energy and supported by its Office of Health and Environmental 
Research, and Public Health Service Grant, DHEW, NINCDS, NS 15380. 

Although its short half-life (t, 
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have been l a b e l l e d  by u t i l i z i n g  r a p i d  e f f i c i e n t  syn theses  (4-8). Nitrogen-13 

decays by p o s i t r o n  emission wi th  a B end p o i n t  of 1 .98 MeV ( 9 ) .  The p o s i t r o n  

can be d i r e c t l y  d e t e c t e d  o r  t h e  n u c l i d e  may be assayed by u t i l i z i n g  t h e  two 

511 keV photons c r e a t e d  by a n n i h i l a t i o n  o f  t h e  p o s i t r o n .  

Product ion of Radionucl ide 

+ 

The number of n u c l e a r  r e a c t i o n s  which r e s u l t  i n  t h e  p roduc t ion  of nitrogen-13 

i s  l a r g e  indeed;  however, t h e  most commonly employed r e a c t i o n s  a r e :  C12(d,n)N13, 

016(p,a)N13. 

atoms produced v i a  t h e  l6O(p,a)  

t a r g e t  o r  a l t e r n a t i v e l y ,  oxygen gas  t a r g e t ,  a r e  b e l i e v e d  t o  b e  a complex func t ion  

of r a d i a t i o n  chemistry and ho t  atom chemistry (11-15). 

t o  t h e  formation of ni t rogen-13 l a b e l l e d  ox ides  of n i t r o g e n ,  which are r e a d i l y  

reduced t o  l a b e l l e d  ammonia (4 ,lo) . 

The chemical po rduc t s ,  r e s u l t i n g  from t h e  i n t e r a c t i o n  of nitrogen-13 

N n u c l e a r  r e a c t i o n  with 18 MeV p ro tons  on a water  13 

Both t a r g e t  systems l ead  

Using p r i n c i p a l l y  water  a s  t h e  t a r g e t  m a t e r i a l  f o r  t h e  p ro ton  r e a c t i o n  and a 

mod i f i ca t ion  of t h e  r e d u c t i o n  procedure r e p o r t e d  by Vaalburg (10) t h e  s y n t h e s i s  

of t h e  ni t rogen-13 l a b e l l e d  a-methyl-phenylethylamine w a s  achieved.  Following a 

25 UA-min i r r a d i a t i o n ,  t h e  r a d i o a c t i v e  w a t e r  w a s  i n t roduced  i n t o  a r e d u c t i o n  

f l a s k  con ta in ing  200 mg Devarda's a l l o y  (Baker Chemical Co., P h i l l i p s b u r g ,  N J )  

and 4 g of sodium hydroxide.  The r a d i o l a b e l l e d  ammonia w a s  d i s t i l l e d  i n  a stream 

of n i t rogen  and c o l l e c t e d  i n  1 m i l l i l i t e r  of e t h a n o l  con ta in ing  0.04 m l  of phenyl 

acetone.  

Trace radiocontaminants  p r e s e n t  i n  t h e  wa te r ,  such as f luo r ine -18  ( t  = 109.7 m), % 
carbon-11 ( t  = 20.4 m) and vanadium-48 (tl = 16.0 d) , are n o t  d i s t i l l e d  wi th  t h e  

nitrogen-13 p roduc t ,  a s  confirmed by gamma r a y  spectroscopy u t i l i z i n g  a Ge(Li) 

d e t e c t  o r .  

s -5 

EXPERIMENTAL 

The f a c i l e  s y n t h e s i s  of amphetamine (16) has  been modif ied f o r  t h e  s y n t h e s i s  

of t h e  l a b e l l e d  amphetamine as i l l u s t r a t e d  i n  F igu re  1. 
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CH 
I 3  F 3  ' 13 I 

CH2 -C=O 

The mixture  of nitrogen-13 l a b e l l e d  ammonia and phenylacetone w a s  introduced 

i n t o  an aluminum r e a c t i o n  bomb (2 cc volume) a long  wi th  0.2 m l  concentrated 

ammonium hydroxide,  100 mg aluminum (10 mesh and f i n e r )  and 1 mg mercuric 

ch lor ide .  The sea led  v e s s e l  w a s  heated on a hot  p l a t e  at  100°C f o r  15  minutes,  

followed by immediate cool ing of t h e  v e s s e l  i n  i c e  water. 

added t o  1 m l  of i c e  water, t h e  s o l u t i o n  made a l k a l i n e  (pH > 9)  with 0.5 g 

potassium hydroxide,  and e x t r a c t e d  with d i e t h y l  e t h e r .  The e x t r a c t i o n s  a r e  

t r e a t e d  with 3 N hydrochlor ic  a c i d ,  t h e  r e s u l t i n g  aqueous layer  made a l k a l i n e  

and e x t r a c t e d  with d i e t h y l  e t h e r ,  t h e  e t h e r  d r i e d  over  sodium s u l f a t e  and 

f i n a l l y  t h e  so lvent  removed i n  vacuo. 

The conten ts  were 

The chemical i n t e g r i t y  of t h e  nitrogen-13 l a b e l l e d  compound was confirmed by 

t h i n  l a y e r  chromatography (s i l ica  ge l )  i n  two so lvent  systems, i.e. chloroform 

and ethanolammonium hydroxide (99: l ) .  All t h e  a c t i v i t y  w a s  congruent with t h e  

amphetamine s tandard.  

amonium hydroxide used. The synthes is  w a s  performed on a l a r g e r  s c a l e ,  which 

allowed t h e  determinat ion of t h e  index of r e f r a c t i o n  ( n t 6  = 1.518) i n  agreement 

(17) wi th  t h e  s tandard,  as w e l l  as nuc lear  magnetic resonance a n a l y s i s  of t h e  

vacuum d i s t i l l e d  product.  The chemical y i e l d  based on phenyl acetone w a s  30%. 

Thus, with 100 m C i  of I3N l a b e l l e d  ammonia a v a i l a b l e  as r e a c t a n t ,  13N l a b e l l e d  

a-methyl-phenylethylamine SA * 8 mCi/mmole i s  r e a d i l y  obtained f o r  experimental  

s t u d i e s .  It i s  important t o  point  ou t  t h a t  an  excess  of ammonia 6 s  requi red  i n  

order  t o  avoid t h e  formation of t h e  secondary amine. 

DISCUSSION AND CONCLUSION 

Radiochemical y i e l d s  a r e  near ly  3.5% based on t h e  l a b e l l e d  

Renewed i n t e r e s t  i n  amphetamine and s t r u c t u r a l l y  r e l a t e d  drugs caused us  t o  

i n v e s t i g a t e  t h e  p o s s i b i l i t y  of developing a rap id  s y n t h e t i c  procedure f o r  
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l a b e l l i n g  t h i s  compound. 

such as t h e  amphetamine w i l l  a l l o w  doses  below t h e  pharmacological  a c t i v i t y  

th re sho ld  such t h a t  e l u c i d a t i o n  of me tabo l i c  pathways and r e s o l u t i o n  of s p e c i e s  

d i f f e r e n c e s  i n  metabolism may b e  understood.  

one-step procedure f o r  c l i n i c a l  a p p l i c a t i o n  i s  t h e  low s p e c i f i c  a c t i v i t y  of t h e  

f i n a l  product due t o  t h e  n e c e s s i t y  of adding c a r r i e r  amounts of ammonia. 

It i s  hoped t h a t  t h e  p r e p a r a t i o n  o f  radiopharmaceut icals  

The main d i sadvan tage  of t h e  
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