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The p r e p a r a t i o n  of [7 ,8 ,19 ,20  - 3 H ]  naloxone 1%) i s  

desc r ibed  s t a r t i n g  from noroxymorphone 2. A f t e r  s a t u r a t i o n  

o f  t h e  1 , 8  double  bond wi th  t r i t i u m  gas ( u s i n g  PdO c a t a l y s t )  

t h e  r e s u l t i n g  compound was p ropa rgy la t ed  under v e r y  mild 

cond i t ions  f o r  a s h o r t  t i m e  wi th  p ropa rgy l  bromide t o  g i v e  

N-propargyl,  [ 7 ,  8-3H] dihydro-noroxymorphone a t  925 GBq:mmole 

( 2 5 , l  Ci/mmole) s p e c i f i c  a c t i v i t y .  This  m a t e r i a l  was t r i t i a t e d  

a g a i n  i n  t h e  presence  of L i n d l a r  c a t a l y s t  i n  dimethylforma- 

mide ( D M F )  under c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s .  Pure ,  

t r i t i a t e d  naloxone wi th  a s p e c i f i c  a c t i v i t y  of  3,09 TBq/mmole 

(83,7 Ci/mmole) w a s  i s o l a t e d  f r o m  t h e  r e a c t i o n  mixture  by TLC 

i n  one dimension us ing  a two-step developing  system. B i o l o g i c a l  

a s says  on t h e  rad iochemica l ly  homogenous compound us ing  two 

- i n  v i t r o  systems (guinea  p i g  i leum and r e c e p t o r  b ind ing  

assays  i n  synaptosomes prepared  from r a t  b r a i n  s t e m )  a l s o  

confirmed t h e  p u r i t y  of t h e  l a b e l l e d  naloxone (C). 
Key words : naloxone,  t r i t i u m  l a b e l l i n g ,  p a r t i a l  s a t u r a t i o n  

I N T R O D U C T I O N  

There has  been a growing i n t e r e s t  i n  t h e  r e s e a r c h  of 

o p i a t e  r e c e p t o r s  a s  i n d i c a t e d  by t h e  i n c r e a s i n g  number of 

papers  publ i shed  i n  t h i s  f i e l d  ( f o r  r e c e n t  reviews see 1 , 2 ) .  

For  both t h e  i n  v ivo  and Ln v i t r o  s t u d i e s  it is  impor tan t  

t o  use  sma l l  molecular  weight  r e c e p t o r  l i g a n d s  ( e i t h e r  of 

t h e  a l k a l o i d  o r  t h e  p e p t i d e  t y p e )  l a b e l l e d  t o  h igh  s p e c i f i c  



(7,8,19,20-’Hl Naloxone of High S p e c i f i c  A c t i v i t y  1023  

r a d i o a c t i v i t y .  A s  f o r  the a lka lo id  su r roga te s ,  both agonis ts  

(morphine, dihydromorphine, e tc . )  and an tagon i s t s  (nalorphine,  

naloxone) have been commercially ava i l ab le  i n  r ad ioac t ive  

(mostly t r i t i a t e d )  form. One of the most important i n  both 

t h e  biochemical and pharmaceutical research i s  t h e  pure 

an tagon i s t ,  naloxone (N-allyl-noroxymorphon) . 
T r i t i a t e d  naloxone (general ly  l a b e l l e d )  has been f i r s t  

prepared by c a t a l y t i c  t r i t i u m  exchange r eac t ion  u s i n g  3 H 2 0  

s t a r t i n g  from the  unlabel led compound ( 3 ) .  The s p e c i f i c  

a c t i v i t y  of t h e  r ad ioac t ive  naloxone however, w a s  low 

( 2 2 5 , 7  GBq, 6 , l  Ci/mmole). Fishman ( 4 )  reported the  preparat ion 

of naloxone l abe l l ed  i n  t h e  pos i t i ons  7 , 8  by c a t a l y t i c  t r i t i a -  

t i o n  of t he  appropriate  unsaturated de r iva t ive  (noroxymorphone) 

using ethanol as  so lven t ,  followed by a l l y l a t i o n  w i t h  i n a c t i v e  

allylbromide. The authors  have claimed they obtained the  

compound a t  a s p e c i f i c  a c t i v i t y  of 1,48 TBq/mmole ( 4 0  Ci/mmole). 

However, our repeated attempts t o  achieve t h i s  value were 

unsuccessful,  t h e  maximum s p e c i f i c  a c t i v i t y  w e  could produce 

w a s  only 925 GBq/mole ( 2 5  Ci/mmole). This could be due t o  t h e  

observed t r i t i u m  l o s s  from pos i t i on  I i n  t h e  course of a l l y l a t i o n  

( 5 ) .  Another way t o  introduce t r i t i u m  i n t o  t h e  molecule has been 

described by Brine and Kepler ( 5 ) .  Naloxone i s  l abe l l ed  i n  

t h e  D r i n g  i n  the  pos i t i on  1 5 .  However, t h e  s p e c i f i c  a c t i v i t y  

of t h i s  product was a l s o  r a t h e r  low (148 GBq/mmole, 4 Ci/mmole). 

Beside some modif icat ions o f  t h e  r eac t ion  conditions i n  

the syn thes i s  of [7,8-3H] naloxone we a l s o  explored another 

p o s s i b i l i t y  t o  introduce t r i t i u m  atoms i n t o  t h e  pos i t i ons  
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1 9 , 2 0  of t h e  molecule  by means of p a r t i a l  r e d u c t i o n  of t h e  

p r o p a r g y l  d e r i v a t i v e  (s) w i t h  t r i t i u m  g a s .  I n  combina t ion  

w i t h  p r e v i o u s  l a b e l l i n g  i n  t h e  p o s i t i o n s  7 , 8 ,  naloxone  of v e r y  

h i g h  s p e c i f i c  a c t i v i t y  was o b t a i n e d .  

- EXPERIMENTAL 

1. M a t e r i a l s  and Methods 

T r i t i u m  g a s  w a s  purchased  from Technabexpor t  (USSR) and s t o r e d  

i n  t h e  form of uranium t r i t i d e .  Thebaine  was k i n d l y  p r o v i d e d  

by D r  P 6 t e r  Kerekes (KLTE, Debrecen,  Hungary) .  N o n r a d i o a c t i v e  

na loxone  was a generous  g i f t  from Endo I n c .  The c a t a l y s t  PdO 
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was from Merck, Lindlar c a t a l y s t  was from F l u k a .  Precoated 

s i l i c a g e l  p l a t e s  w e r e  Merck DC-Fertigplatten Kieselgel-60. 

A l l  t h e  o t h e r  chemical products and so lven t s  w e r e  of t h e  

highest  p u r i t y  ava i l ab le .  

Chemical concentrat ions of l a b e l l e d  compounds w e r e  

determined by comparison with UV absorption of t h e  standard 

s o l u t i o n ,  a t  287 nm, with t h e  use of a Beckman model DX-2A 

Spectrophotometer. Radioact ivi ty  was measured i n  a Sea r l e  Delta 

500 l i q u i d  s c i n t i l l a t i o n  spectrometer.  Radioscans of t h in - l aye r  

chromatographic p l a t e s  w e r e  performed with a Packard model 

7 2 0 1  Radiochromatogram Scanner. Autoradiography was achieved on 

Medifort RP X-ray f i lm  ( F o r t e ) .  

Hydrogenations and t r i t i a t i o n s  were performed i n  a g l a s s  

vacuum manifold described e a r l i e r  ( 7 ) .  

2 .  preparat ion of t h e  compounds 

2 . 1 .  Noroxymorphone (2).  The compound was synthesized from 

thebaine according t o  Iijama ( 6 ) .  The crude product was used 

for  the  f u r t h e r  syn thes i s  without p u r i f i c a t i o n .  

2 . 2 .  [ 7 , 8 - 3 H I  dihydro-noroxymorphone (&) . I n  a small  f l a s k  t o  

5 mg (about 1 6 , 6  pmole) of crude noroxymorphone dissolved i n  

0 . 5  m l  DMF were added t o  1 0  mg PdO. Afte r  connecting t o  the  

vacuum manifold ( 7 )  i t  w a s  evacuated and t r e a t e d  with about 

592 GBq ( 1 6  C i )  tritium gas ,  under constant  magnetic s t i r r i n g  

a t  2 S 0 ,  f o r  60  m i n .  To remove c a t a l y s t ,  t h e  so lu t ion  was 

f i l t e r e d  through a Whatman GF/C g l a s s  fZber f i l t e r .  DMF was 

removed from t h e  f i l t r a t e  by evaporation. 
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2.3. N-propargyl [ 7 ,  8-3H I dihydro-noroxymorphone (g) . 
The r e s i d u e  o b t a i n e d  i n  t h e  p r e v i o u s  s t e p  (2) w a s  immediately 

d i s s o l v e d  i n  600 pR DMF and t o  t h i s  s o l u t i o n  2-3 mg K2C03 and 

3 ,5  p k  ( 4 4 , 7  v m o l e )  p r o p a r g y l  bromide w e r e  added and t h e  flask 

w a s  connec ted  t o  t h e  mani fo ld  sys tem.  A f t e r  e v a c u a t i o n ,  N2 

gas  4 , 9  x l o 4  Pa,  

v e s s e l  and t h e  m i x t u r e  w a s  s lowly  s t i r r e d  m a g n e t i c a l l y  a t  

25' f o r  20 min. The l a b i l e  t r i t i u m  w a s  removed by r e p e a t e d  

e v a p o r a t i o n s  w i t h  a l a r g e  excess of  aqueous methanol  (150 m l )  . 
The r e s i d u e  w a s  d i s s o l v e d  i n  2 0 0  p R  methanol  and 2 w a s  

s e p a r a t e d  on S i l i c a  g e l  TLC s h e e t s  u s i n g  ch loroform : meth- 

a n o l  : conc.NH3 ( 9 0  : 10 : 1) for development .  A f t e r  au to-  

rad iography t h e  band c o r r e s p o n d i n g  t o  2 w a s  s c r a p e d  off 

and t h e  compound w a s  e l u t e d  w i t h  4x3ml e t h a n o l .  T o t a l  

a c t i v i t y  : 3 , 3  GBq (96 ,8  m C i ) ,  y i e l d  : 3.85 pmole, i c .  s p e c i f i c  

a c t i v i t y  925 GBq/mmole ( 2 5 , l  C i / m m o l e ) .  The m a t e r i a l  w a s  a l s o  

found t o  be  homogenous by TLC u s i n g  the f o l l o w i n g  s o l v e n t  

system f o r  development ; e t h a n o l  : ace t ic  a c i d  : H 2 0  

( 6 0  : 30 : 10) ( 4 ) .  ( R f  = 0 , 4 3 1 .  

(370 t o r r )  w a s  expanded i n t o  t h e  r e a c t i o n  

2 . 4 .  [ 7 , 8 , 1 9 , 2 0  - 3H] naloxone ( 3 c ) .  To a s o l u t i o n  of 1 , 3  GBq 

(35 m C i ,  1,39 pmole) 2 i n  2 m l  DMF, 1 , 6 0  mg L i n d l a r  c a t a l y s t  

w a s  added. A f t e r  e v a c u a t i o n ,  t r i t i u m  g a s  a t  4 . 6  x l o 4  Pa (350 t o r r )  

ahout  555 GBq ( 1 5  C i )  w a s  a l lowed t o  reac t  w i t h  t h e  s t i r r e d  

m i x t u r e .  A f t e r  15  min the r e a c t i o n  w a s  s t o p p e d  by c h i l l i n g ,  

t h e  c a t a l y s t  f i l t e r e d  off and l a b i l e  tritium removed, as above.  
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The f i n a l  product  (&) was p u r i f i e d  by TLC us ing  a 

two-step developing system : ether : hexane ( 9 0  : 15) fol lowed 

by d ry ing  and developing t h e  chromatogram i n  chloroform : meth- 

ano l  ( 1 0  : 1) . Autoradiography r evea led  t h a t  naloxone & c l e a r l y  

separated from unreac ted  3b and from t h e  propyl  d e r i v a t i v e  

- 3d, E l u t i o n  from t h e  s i l i c a  was made aga in  wi th  e t h a n o l .  

T o t a l  a c t i v i t y  i n  C : 2 , 1 7  GBq ( 5 8 , 6  m C i ) ,  y i e l d  0,7 pmole 

( 5 0 % ) ,  s p e c i f i c  a c t i v i t y  3,09 TBq/mmole (83 ,7  Ci/mmole). 

As s i d e  product  3 was a l s o  i s o l a t e d  (0 ,38  umole, 2 7 % ) ,  

s p e c i f i c  a c t i v i t y  4,32 TBq/mmole ( 1 1 7  Ci/mmole). 

The p u r i t y  and homogenity o f  & was checked by TLC us ing  

t h r e e  d i f f e r e n t  s o l v e n t  systems : chloroform : methanol : conc.NI13 

(90-  : 1 0  : 1) I e t h a n o l  : a c e t i c  a c i d  : H 2 0  ( 6 0  : 30 : 1 0 )  and 

by a r g e n t a t i o n  chromatography (8)  I us ing  chloroform : methanol 

( 7 0  : 3 0 )  f o r  development. Rf va lues  of & i n  these systems 

w e r e  0,60 I 0,40 and 0 , 3 0 ,  r e s p e c t i v e l y .  I n  a l l  systems t e s t e d  

t h e  m a t e r i a l  proved t o  be homogenous. The p u r i f i e d  compound 

showed a s i n g l e  maximum a t  287 nm. 

3. B i o l o g i c a l  a s s a y s .  B i o l o g i c a l  a c t i v i t y  of & was measured 

accord ing  t o  K o s t e r l i t z  ( 9 )  i n  i s o l a t e d  p r e p a r a t i o n s  of  

e l e c t r i c a l l y  s t i m u l a t e d  l o n g i t u d i n a l  muscle s t r i p  of guinea 

p i g  ileum. The KE va lue  w a s  determined a g a i n s t  normorphine and 

w a s  found t o  be  3 . 3  2 0.3  mM, i n  good agreement wi th  t h e  

va lue  obta ined  f o r  s t anda rd  naloxone.  Opia te  r e c e p t o r  b ind ing  

a s says  were performed b a s i c a l l y  by the method of P e r t  and 

Snyder ( 3 ) .  Synaptosomes from r a t  b r a i n  stem were prepared 

w i t h  s l i g h t  mod i f i ca t ion  of  t h e  method of Halos ( 1 0 ) .  S p e c i f i c  
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b i n d i n g  o f  t h e  t r i t i a t e d  n a l o x o n e  t o  t h e  r e c e p t o r  w a s  

d e f i n e d  as t h e  d i f f e r e n c e  be tween  t h e  t o t a l  b i n d i n g  and  

n o n s p e c i f i c  b i n d i n g  ( i n  t h e  p r e s e n c e  o f  M u n l a b e l l e d  

n a l o x o n e )  i n  T r i s - H C 1  pH 7 . 4  1 0 0  mM NaCl a t  2 5 " .  S t e r e o -  

s p e c i f i c i t y  o f  t h e  b i n d i n g  w a s  p r o v e d  by u s i n g  d e x t r o r p h a n e  

Two d i s t i n c t ,  i n d e p e n d e n t  b i n d i n g  s i tes  w e r e  d e t e c t e d  w i t h  

t h e  a p p a r e n t  K d ' s  o f  6 and  63 nM. 

RESULTS a n d  DISCUSSION 

T o  improve  s p e c i f i c  a c t i v i t y  and  a l so  t o  m i n i m i z e  s i d e  p r o d u c t  

f o r m a t i o n  w e  u n d e r t o o k  several  m o d i f i c a t i o n s  o n  t h e  r e p o r t e d  

r e a c t i o n  r o u t e s  l e a d i n g  t o  [ 7 ,  8-3H1 n a l o x o n e  . 
W e  o b s e r v e d  t h a t  1 7  , 8-3H] d ihydro-noroxymorphone  (z) c o u l d  be 

o b t a i n e d  i n  much s h o r t e r  t i m e  t h a n  d e s c r i b e d  by Fishman e t  a l .  

( 4 ) .  Us ing  DME i n s t e a d  o f  e t h a n o l ,  PdO c a t a l y s t  and  a h i g h e r  

e x c e s s  o f  t r i t i u m  g a s  o v e r  t he  m a t e r i a l ,  a l r e a d y  o n e  h o u r  

t r i t i a t i o n  r e s u l t e d  i n  , ( a f t e r  a l l y l a t i o n  w i t h  u n l a b e l l e d  

a l l y l b r o m i d e )  

a c t i v i t y .  PdO/A1203 c a t a l y s t  p r o v e d  t o  b e  less e f f i c i e n t  

(532 .8  GBq/mmole, 1 4 . 4  C i / n u n o l e ) .  Also, r e a c t i o n  c o n d i t i o n s  

o€ t h e  a l l y l a t i o n  ( l i k e w i s e  t h e  p r o p a r q y l a t i . o n )  s tep w e r e  

g r e a t l y  a l . t e r e d  a s  compared  t o  t h o s e  r e p o r t e d  by o t h e r s  

(4,6). Czle found  t h a t ,  on t h e  mg s c a l e ,  i n c r e a s i n g  t h e  

t e m p e r a t u r e  r e s u l t e d  i n  many s i d e  p r o d u c t s .  However , u n d e r  

[ 7 ,  8-3til n a l o x o n e  o f  r e a s o n a b l e  s p c c i f i - c  

i n e r t  a t m o s p h e r e ,  i n  DMF i f  3-5 f o l d  e x c e s s  o f  a l l y 1  

( o r  p r o p a r g y l )  b romide  w a s  r e a c t e d  w i t h  t h e  c r u d e  3a, t h e  

r e a c t i o n  t o o k  p l a c e  r a p i d l y  ( 2 0  min)  a t  room t e m p e r a t u r e ,  and  

o n l y  one  s i d e  p r o d u c t  w a s  formed as r e v e a l e d  by TLC ( d a t a  n o t  shown) 
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I n  t h e  s y n t h e s i s  of t h e  m u l t i p l e  l a b e l l e d  naloxone 2 t h e  

most c r u c i a l  s t e p  was the p a r t i a l  r educ t ion  o f  t h e  propargyl  

s i d e  cha in  t o  t h e  a l l y l i c  one and t h e  subsequent  s e p a r a t i o n  

of  t h e  p roduc t s  formed i n  t h i s  r e a c t i o n  (s, s, and 3). 
The s a t u r a t i o n  r e a c t i o n  was extremely s e n s i t i v e  t o  even minor 

changes i n  c o n c e n t r a t i o n s  of t h e  c a t a l y s t  and t h e  s t a r t i n g  

material ,  t o  H 2  o r  T 2  p r e s s u r e  and was a l s o  g r e a t l y  in f luenced  

by t h e  t i m e  a l lowed f o r  t h e  r e a c t i o n  t o  proceed.  The occurence 

of o v e r - t r i t i a t e d  (propyl - )  d e r i v a t i v e  l_d was unavoidable  

i f  w e  wished t o  ach ieve  an apprec i ab ly  h igh  y i e l d  of z. 
Under opt imal  r e a c t i o n  cond i t ions  50 p e r  c e n t  of  naloxone,  

and about 27 pe rcen t  o f  t h e  propyl  d e r i v a t i v e  were produced. 

Sepa ra t ion  of  2, *, and was made by TLC i n  one dimension 

u s i n g  a two-step developing  system. 

Using t h e  improved methods o u t l i n e d  above w e  succeded i n  

p r e p a r a t i o n  of pure h igh ly  t r i t i a t e d  naloxone (Z) a t  

r e l a t i v e l y  good y i e l d  ( r e l a t e d  t o  2) t h a t  r e t a i n e d  i t s  f u l l  

b i o l o g i c a l  a c t i v i t y ,  a s  checked by two independent  i n  v i t r o  

b i o l o g i c a l  a s says .  
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