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SUMMARY 

Apomorphine and N-i-propylnorapomqrphine were t r i t i a t e d  using 
t r i f l u o r o a c e t i c  acid- t r i t i a t e d  water mixtures. This provides 
a route  t o  t h e  synthes is  of t r i t i a t e d  0,O-dipivaloylapomorphine. 
Deuterium exchange and NMR s t u d i e s  i n d i c a t e  t h a t  exchange only 
involves protons a t  the  C-8 and C-9 pos i t ions .  

Key Words: Apomorphine, N-n-propylnorapomorphine, 0,O-dipivaloylapomorphine, 
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INTRODUCTION 

Apomorphine and N-n-propylnorapomorphine a r e  dopaminergic agonis ts  with po- 

t e n t i a l  use i n  a v a r i e t y  of c l i n i c a l  d i seases  i n  which subnormal dopaminergic 

t ransmission occurs o r  has been i m p l i ~ a t e d l - ~ .  

As p a r t  of  ongoing s t u d i e s  on t h e  metabolism of aporphines, r a d i o a c t i v e l y  

labe l led  1. and 2 were required t o  study t h e  b i o a v a i l a b i l i t y  and metabolism of 

these  compounds. 

t i o n  of  aporphine d i e s t e r s ,  such as 3, which have been shown t o  prolong t h e  

h a l f - l i f e  of  the  parent  aporphine'-l? 

parable  by t h e  use o f  3H3P0411 

the  publ ished procedures i n  t h e  synthes is  of l a b e l l e d  prodrugs i s  l imi ted ,  p r i -  

marily due t o  the  presence of  aqueous media. 

of apomorphine i n  s t rong  ac id ,  t r i f l u o r o a c e t i c  a c i d - t r i t i a t e d  water mixtures 

were s tud ied  as  means of  preparing t h e  t r i t i a t e d  aporphines 1, z, and 3. 

Synthet ic  routes  were desired t h a t  would a l s o  allow prepara- 

T r i t i a t e d  apomorphine i s  repor ted ly  pre-  

and is  ava i lab le  commercially'2, however, use of 

Because o f  t h e  exce l len t  s t a b i l i t y  
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RESULTS AND DISCUSSION 

The t r i t i a t i o n  o f  t h e  aporphines  goes smoothly and i n  r easonab le  y i e l d  due 

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

u l a r ,  e l i m i n a t e s  t h e  problem of o x i d a t i o n  o f  apomorphine and opening of t h e  hy- 

d ropyr id ine  r i n g  t h a t  i s  commonly seen  wi th  a p ~ r p h i n e s ’ ~ .  

apomorphine was ob ta ined  i n  h i g h e r  s p e c i f i c  a c t i v i t y  than  [ 3 H ] - a p ~ m ~ r p h i n e  

The u s e  of t r i f l u o r o a c e t i c  a c i d ,  i n  p a r t i c -  

[ 3H]-N-n-Propylnor- 

1 I I , L  t l L L l :  : : : : i : : : : : 1 : , L I U I . L J  ’ -, , , , , , , , I , , , , L  
I ’ ‘ ’ ’ ’ ’ 

n.0 7 . 0  6 8.0 7.0 6 

Figure 1. The 100-MHz pmr spectrum of t h e  a romat i c  p ro tons  o f  apomorphine-HC1 
i n  CF3C02D a f t e r  A) 0.5 h r ,  B) 72 h r .  

which is  probably due t o  t h e  l a t t e r ’ s  i n c r e a s e d  s o l u b i l i t y  i n  t r i f l u o r o a c e t i c  

ac id .  

compounds of r e l a t i v e l y  low s p e c i f i c  a c t i v i t y  were s a t i s f a c t o r y ,  however, t h e  

desc r ibed  procedures  are p o t e n t i a l l y  s u i t a b l e  for  o b t a i n i n g  compounds o f  much 

h ighe r  s p e c i f i c  a c t i v i t y  by u s i n g  more T20 o r  CF3C02T. 

exchange was determined based on a deuter ium exchange s t u d y  u s i n g  NMR. 

bands o f  t h e  a romat i c  p r o t o n s  o f  1 had been p r e v i o u s l y  a s s igned”  f o r  s o l u t i o n  

i n  DMSO-d6. I n t e r e s t i n g l y ,  

however, t h e  p r o t o n s  on C-8  and C-9 exchange so r a p i d l y  i n  CF3C02D t h a t  t h e  ex- 

pec ted  doub le t s  a t  6.726 and 6.926 beg in  t o  c o l l a p s e  t o  s i n g l e t s  b e f o r e  t h e  pmr 

spectrum is run ( see  F igu re  1). The i n c r e a s i n g  exchange of  t h e  C-8 and C-9 

I n  ou r  s t u d i e s  on t h e  b i o a v a i l a b i l i t y  and metabolism o f  a p ~ r p h i n e s ’ ~ ,  

The l o c a t i o n  of t r i t i u m  

The pmr- 

The spectrum of L i n  CF3C02D i s  s l i g h t l y  modif ied.  
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protons with time and the  unal tered na ture  of t h e  remaining pmr spectrum when 1 
i s  allowed t o  remain i n  CF3C02D f o r  72 hours suggests  t h a t  t h e  C-8 and C-9 posi-  

t i o n s  a r e  the  exclusive s i t e s  of t r i t i a t i o n  i n  the  compounds described here in .  

The t r i t i a t e d  aporphines 1, 2, and 2 a r e  s tored  as  t h e i r  HC1 s a l t s  because 

o f  t h e i r  rap id  decomposition a t  n e u t r a l  and b a s i c  pH16. 

a re  q u i t e  s t a b l e  and appear t o  remain chemically pure f o r  severa l  weeks when 

s tored  a t  - 2 O O C .  

pensive route  t o  aporphines labe l led  with i so topes  of hydrogen. 

These l a b e l l e d  H C l ' s  

In summary, t h i s  method provides a simple, rap id ,  and inex- 

EXPERIMENTAL 

R-(-)-Apomorphine hydrochloride hemihydrate (MacFarland Smith, Ltd., 

Edinburg, Scot land) ,  t r i f l u o r o a c e t i c  a c i d  (Matheson, Coleman and Bel l ,  Norwood, 

OH) and t r i t i a t e d  water, 5 C i / m l  (Amersham/Searle Corporation, Arlington Heights, 

IL ) were used a s  purchased. 

Winthrop Research I n s t i t u t e  (Rensselaer, N.Y.). A l l  o ther  so lvents  and reagents  

were a n a l y t i c a l  reagent grade. 

trophotometer. 

t i l l a t i o n  counter  a t  30-40% ef f ic iency .  

N-n-Propylnorapomorphine was a g i f t  from S t e r l i n g  

UV s p e c t r a  were obtained with Aminco DW-2 spec- 

Radioactive samples were counted i n  a Beckman LS8000 l i q u i d  sc in-  

J3H] -R-  (-)-Apomorphine-HC1 

R-(-)-Apomorphine.HCl-l/2 H20 (100 mg, 0.33 mmol) was placed i n  a 16x100 mm 

te f lon-sea led  screwcap c u l t u r e  tube and dissolved i n  0 . 5  m l  ( 6 . 7 3  mmol) tri- 

f luoroace t ic  acid.  Af te r  d i sso lu t ion ,  10 p1 (50 mCi) T20 was added and t h e  reac-  

t i o n  kept i n  t h e  dark and a t  room temperature f o r  a minimum of  72 h r s .  

f l u o r o a c e t i c  ac id  was then removed under a stream of  n i t rogen  leaving a pa le  

brown o i l .  The o i l  was t r e a t e d  with a sa tura ted  so lu t ion  of  sodium bicarbonate  

and t h e  mixture ex t rac ted  with e t h e r  (4 x 5 ml). The e t h e r  e x t r a c t  was evapora- 

t e d  t o  dryness under reduced pressure and redissolved i n  dry e t h e r  (15 ml). The 

H C 1  s a l t  was obtained by bubbling gaseous HC1 through the  e t h e r  s o l u t i o n ,  f i l t e r -  

ing and drying a t  65'C t o  give 60 mg (60-80% y i e l d s  a r e  usua l ly  obtained) of an 

o f f  white t o  pa le  green powder. 

t y  of  10.5 mCi/mmol, with chemical p u r i t y  g r e a t e r  than 99%; chemical p u r i t y  was 

The tri- 

The t r i t i a t e d  apomorphine had a s p e c i f i c  a c t i v i -  



600 14. H. Soine,  P. Sa lgo  and R. V .  Smith 

determined by UV spectrophotometry a t  273 nm a s  compared t o  standard apomorphine 
H O  

('max 

re ten t ion  time of t h e  0,O-diheptafluorobutyrate' 

ta ined with au thent ic  apomorphine. 

= 273 nm, E = 17,300). The UV spectrum of 3H-apomorphine*HC1 and the  g l c  

were i d e n t i c a l  t o  t h a t  ob- 

[ 3H] -N-n-Propylnorapomorphine . H C 1  

The des i red  compound was synthesized t h e  same a s  [ 3H]-apomorphine, except 

t h a t  N-fi-propylnorapomorphine was dissolved i n  only 0.25 m l  t r i f l u o r o a c e t i c  

acid;  91 mg (91% t h e o r e t i c a l  y ie ld)  of an o f f  white t o  pa le  green powder with a 

s p e c i f i c  a c t i v i t y  of 1 7  mCi/mmol and chemical p u r i t y  g r e a t e r  than 99% was ob- 

ta ined.  The chemical p u r i t y  was determined by UV spectrophotometry a t  273 nm 

as  compared t o  s tandard (AH2' = 273 nm, & = 17,000). The W spectrum o f  [ 3 f 1 ] - N -  

2-propylnorapomorphine-HC1 and t h e  g l c  r e t e n t i o n  time o f  t h e  0,O-diheptofluoro- 

bu tyra te '  were i d e n t i c a l  t o  t h a t  observed with au thent ic  N-n-propylnorapomor- - 

phine. 

max 

5 3H] -0,O- Dipivaloy lapomorphine - H C 1  

Apomorphine was t r i t i a t e d  as out l ined  above but ,  ins tead  of removing the  

excess CF3C02H under a stream of N 2 ,  t h e  mixture was t r e a t e d  with 1.5 m l  of  p i -  

valoyl  ch lor ide ,  and t h e  reac t ion  was heated a t  l0O'C f o r  1 hour (a  s l i g h t  modi- 

f i c a t i o n  of  t h e  procedure by Borgman, e t  a l e . ) .  

cen t ra ted  t o  a th ick  o i l  under a stream of N2, made a l k a l i n e  with a s a t u r a t e d  

so lu t ion  o f  sodium bicarbonate and ex t rac ted  with e t h e r  (3  x 10 ml). 

e x t r a c t  was evaporated t o  dryness, redissolved i n  dry e t h e r ,  and t h e  HC1 s a l t  

was generated with gaseous HC1.  

t e red  and dr ied  t o  give 143 mg o f  an o f f  white  powder, which upon TLC (alumina, 

CHC13) appeared t o  contain b e t t e r  than 85% des i red  product. 

solved i n  a s a t u r a t e d  so lu t ion  of  NaHC03, ex t rac ted  with e t h e r ,  concentrated t o  

an o i l  and passed over a column (50 g ;  25 mm i . d . )  of n e u t r a l  alumina (CHC13). 

The f r a c t i o n s  corresponding t o  t h e  des i red  product were pooled and t h e  H C 1  s a l t  

generated t o  give 30 mg ( .07 mmol, 204, t h e o r e t i c a l  y ie ld)  with a s p e c i f i c  a c t i -  

v i t y  of 10.0 mCi/mmol. 

the f r e e  base (alumina, CHC13). 

The reac t ion  mixture was con- 

The e t h e r  

The [ 3H] -0,O-dipivaloylapomorphine.HC1 was f i l -  

The powder was d i s -  

The chemical p u r i t y  was determined t o  be 97% by TLC of 



Tritiated Apornorphines 601 

ACKNOWLFDGEblENTS 

This work was supported in part by grant NS-12259 from the National Insti- 
tute of Neurological and Communicative Disorders and Stroke. The authors are 
grateful to the Sterling-Kinthrop Research Institute for a generous supply of 
N -"-propylnorapomorphine . 

REFERENCES 

Cotzias, G.C., Papavasiliou, P.S., Tolosa, E.S., Mendez, J.S., and Bell- 

Midura, M.- New Engl. .T. Med. =: 567 (1976). 
Schwab, R.S., Amador, L.V., and Littvin, J.Y. - Trans. her. Neurol. Assoc. 

76: 251 (1951). 

Tolosa, E.S. and Sparber, S.B. - Life Sci. Is: 1371 (1974). 

Gessa, R . ,  Tagliamonte, A . ,  and Gessa, G . L .  - Lancet 11-4: 981 (1972). 

Cotzias, G.C., Lawrence, W.H., Papavasiliou, P.S., Duby, S.E., Ginos, J.Z., 

and Mena, I., - Trans. Amer. Neurol. Assoc. 97: 156 (1972). 
Castaigne, P., Laplane, D., and Dordain, G. - Res. Commun. Chem. Path. 

Pharmacol. 2: 154 (1971). 

Tamminga, C.A., Schaffer, M . H . ,  Smith, R.C., and Davis, J.H. - Science 200: 

567 (1978). 

Borgman, R.J., Baldessarini, R.J., and Walton, K.G. - J. Med. Chem. 19: 717 
(1976). 

Baldessarini, R.J., Walton, K.G., and Borgman, R.J. - Neuropharmacol. Is: 

471 (1976). 

Worms, P. and Scatton, B. - J. Pharmacol. 5: 395 (1977). 
Ginos, J.Z., LeMonte, A., Cotzias, G.C., Bose, A.K., and Brambilla, R.J.- 

J. Amer. Chem. SOC. E: 2991 (1973). 

[3H(G)]-R-(-)-Apomorphine, packaged in 0.03 N ascorbic acid under nitrogen, 

New England Nuclear, Boston, Massachusetts. 

Baaske, D.M., Keiser, J.E., and Smith, R.V. - J. Chromztogr. 140: 57 (1977). 
Borginan, R.J., Smith, R.V., and Keiser, J.E.-Synthesis: 249 (1975). 

Riffee, W.J., Wilcox, R.E., Soine, W.H., and Smith, R.V. - Pharmacologist 

__ 20: 184 (1978). 

Kaul, P.N., Brochmann-Hanssen, E., and Way, E.L. - J. Am. Pharm. Assoc. 48: 
638 (1959). 

- 


