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S U N H A R Y  

Activated palladium is used as catalyst for the tiydroaen-tritium 

exchange i n  tricyclic antidepressants. The specific activities obtained are: 

desipramine: 44.9  Ci/mmol; imipramine: 14.9 Ci/mmol; notriptyline: 2.0 Ci/mmol 

and amitriptyline: 1.7 Ci/mmol. 
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If~JTRODUCTION 

Imipramine, a dibenzazepine derivative, amitriptyline, a dibenzo- 

cycloheptadiene derivative and other closely related compounds are the most 

widely used drugs for the treatment of depression. Their therapeutic efficacy 

has been established(’), although little is known regarding their mechanism 

o f  action. 

In the last years, investiqations of the metabolism and the 

biological action of these drugs have been undertaken(*). The introduction 

o f  radioactive lahelled antidepressants as a research tool has been proved 
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u s e f u l  (3). As a r e s u l t  o f  the development of the radioimmunoassay procedure, 

t h e  need has a r i s e n  f o r  compounds o f  h igh  s p e c i f i c  a c t i v i t y  ( 4 )  . 
The molecular s t r u c t u r e  o f  these drugs, described as t r i c y c l i c  

antidepressants, i s  c o n s t i t u t e d  p r i n c i p a l l y  by two aromatic r i n g s  l i n k e d  by 

a n  ethy lene group ( b i  benzyl-1 i k e  s t r u c t u r e ) .  The hydrogen atoms o f  t he  

e thy lene  group i n  bibenzyl have been found very a c t i v e  i n  cata lyzed i s o t o p i c  

exchange w i t h  molecular t r i t i u m ( 5 ) .  The a p p l i c a t i o n  o f  t h e  c a t a l y t i c  exchange 

procedure, which we have developed, enable the l a b e l l i n g  o f  these t r i c y c l i c  

compounds, producinq l a b e l l e d  d e r i v a t i v e s  o f  h igh  s p e c i f i c  a c t i v i t y .  

RESULTS 

Using ac t i va ted  pal ladium, prepared by reduc t i on  o f  pa l lad ium 

ox ide,  imipramine and desipramine (desmethylimipramine) were l a b e l l e d  w i t h  

a s p e c i f i c  a c t i v i t y  o f  14.9 C i / m o l  and 19.7 Ci/mnol, respec t i ve l y .  These 

r e s u l t s  were above our expectat ions when compared t o  the a v a i l a b l e  l i t e r a t u r e  

(1.5 mCi /mo l ) (6 )  o r  t o  our  prev ious r e s u l t s  (460 mCi/mm01)(~), when a c t i v a t e d  

p la t i num was used as c a t a l y s t .  

The pos i t i ons  undergoing exchange were confirmed by N.M.R. 

spect ra o f  t he  compounds which were deuterated by the  same procedure performed 

f o r  t he  t r i t i a t i o n s .  The on lv  observed e f f e c t  was the  decrease o f  ahout 50% 

o f  the i n te rga ted  peaks r a t i o  o f  t he  e t h y l e n i c  hydroqen atoms, showing the 

s p e c i f i c i t y  o f  t he  a c t i v e  s i t e s .  

I n  the cases o f  a m i t r i p t y l i n c  and n o r t r i p t y l i n e ,  according t o  

t h e  same t r i t i a t i o n  procedure, most o f  t he  t r i t i u m  reduced the  o l e f i n i c  bond 

between the p o s i t i o n  5 i n  the cycloheptene r i n g  and the a l i p h a t i c  moiety. 

Only a small f r a c t i o n  o f  t he  t r i t i u m  reacted i n  the  des i red exchange reac t i on .  
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The reduced products  ob ta ined  by t h e  above t r i t i a t i o n s  i nc luded  about 80 - 90% 

o f  t h e  t o t a l  r a d i o a c t i v i t y .  Eeferencc compounds o f  t h e  reduced form o f  n o r t r i p -  

t y l i n e  and a n i i t r i p t y l i n e  were prepared by c a t a l y t i c  hydrogenat ion on p a l l a d i u m  

h l a c k .  

A l t e r n a t i v e l y ,  we t r i e d  o t h e r  c a t a l y s t s  u s u a l l y  employed f o r  

t h e  genera l  l a b e l l i n g  w i t h  t r i t i u m ,  e.9. FtO?(8) o r  Pd@/BaX!,(”). I n  these 

cases the  t r i t i a t e d  p roduc ts  ob ta ined  were found t o  be more than 90% i n  t h e  

reduced form. To minimize t h e  undesi red r e d u c t i o n ,  we separated t h e  s t e p  of  

c a t a l y s t  a c t i v a t i o n  ( r e d u c t i o n  o f  PdO) f rom t h e  exchanoe s tep  of  hydroaen 

i n  t h e  o rgan ic  molecule.  The f i r s t  s tep  was performed w i t h o u t  s o l v e n t  i n  o r d e r  

t o  keep a t  a minimum t h e  volume o f  l i q u i d  i n  t h e  r e a c t i o n  system. It has been 

s tiown(5) t h a t  a s m a l l e r  volume o f  s o l v e n t  f a v o r s  t h e  o h t e n t i o n  o f  h i g h e r  

s p e c i f i c  a c t i v i t y  o f  t h e  subs t ra te .  

\!hen t h e  unsa tu ra ted  compound was added a f t e r  t h e  complete 

r e d u c t i o n  o f  PdO, b u t  i n  t h e  presence(”) o f  t h e  r e s i d u a l  gaseous t r i t i u m ,  

o n l y  20 - 30% o f  t h e  o l e f i n i c  bond underwent reduc t i on .  The s p e c i f i c  a c t i v i t i e s  

a s  measured f o r  a m i t r i p t y l i n e  and n o r t r i p t y l i n e  were r e l a t i v e l y  low: 1.7 C i / m l  

and 2.0 Ci/mmol, r e s p e c t i v e l y ,  a f t e r  p u r i f i c a t i o n .  However, t h i s  l e v e l  o f  

l a b e l l i n g  i s  h i g h  enough t o  pe r fo rm radioimmunoassay t e s t s  and b i o l o g i c a l  

research .  

EXPER I NCNTAL 

T y p i c a l  t r i t i a t i o n  o f  desipramine tIC1; l 0 , l l  -dihydro-5-(3-methylaminopropyl)-5H- 

d i  benz[b , f ]azepi  ne hyd roch lo r i de .  

12.7 mg (0.1 m o l )  PdO ( P f a l t z  6 Rauer) a r e  added t o  t h e  r e a c t i o n  

vesse l  c o n t a i n i n g  3O.Lg(O.1 mmo1)desipramine d i s s o l v e d  i n  0.3 ml methanol .  The 
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d e t a i l s ,  bu t  w i t h  23.8 mg desipramine and 78 mg PdO which reacted w i t h  13 C i  

t r i t i u m  gives a chemical ly  and rad iochemical ly  pure product ( > 98%) w i t h  a 

s p e c i f i c  a c t i v i t y  o f  44.9 Ci/mmol. 

Typ ica l  t r i t i a t i o n  o f  imipramine HC1; 10 , l  l-dihydro-5-(3-dimethylaminopropyl 

d i benz[b ,f]azepine hydrochlor ide.  

24.8 mg (0.2 ml) PdO a re  added t o  the r e a c t i o n  vessel conta 

-5t1- 

n ing  

s o l u t i o n  i s  frozen, t he  r e a c t i o n  system i s  washed tw ice  w i t h  n i t rogen  gas 

and evacuated t o  a res idua l  pressure o f  1 1 3 ~ ~  mn tlg. Then, 7 C i  o f  t r i t i u m  

gas (C.E.A.) a re  t r a n s f e r r e d  i n t o  the  r e a c t i o n  vessel, developing an i n i t i a l  

pressure o f  about 100 mm Hg. The s o l u t i o n  i s  al lowed t o  come back t o  ambient 

temperature and the  suspension i s  v igo rous l y  s t i r r e d .  Decrease o f  t he  pressure 

g i ves  a measure of progress i n  reduc t i on  o f  the metal oxide w i t h  simultaneous 

fo rma t ion  o f  t h e  a c t i v a t e d  Pd c a t a l y s t .  The reduc t i on  i s  stopped by f r e e z i n q  

a f t e r  3 C i  (0.05 mmol) o f  t r i t i u m  a re  consumed (approx. 45 min). The 

r e s i d u a l t r i t i u m  i s  evacuated and the  so lvent  i s  separated by cryo-subl imat ion.  

The ca ta l ys t - subs t ra te  m ix tu re  i s  washed tw ice  w i t h  2 m l  methanol a l i q u o t s  

which a re  then removed by cryo-subl imat ion.  The subst rate i s  then d i sso l ved  

i n  5 m l  methanol and f i l t e r e d  from the c a t a l y s t  through a M i l l i p o r e  p r e - f i l t e r  

g i v i n g ,  w i thou t  f u r t h e r  p u r i f i c a t i o n ,  t r i t i a t e d  desipramine chemical ly  and 

rad iochemical ly  pure ( > 931) ,  as determined by a n a l y t i c a l  t h i n - l a y e r  

chromatography (T.L.C.) on s i l i c a - g e l  precoated p l a t e s  (0.25 mm, t ' lerck). The 

f o l l o w i n g  so lvent  systems were used: [A] :  hexane, d ie thy lamine (9:1),  R f :  0.20; 

[ B]: cyclohexane, acetone, d ie thy lamine (6:3:1), R f :  0.50. The concentrat ion 

o f  t he  so lu t i ons  i s  determined by U.V. spectrum i n  methanol (max. 255 mp). 

S p e c i f i c  a c t i v i t y  obtained: 19.7 Ci/mmol. 

Fur ther  t r i t i a t i o n ,  performed f o l l o w i n g  the  above experimental 



Tricyclic Antidepressants 267 

31.7 mg (0.1 mmol) imipramine* d isso lved i n  0.3 m l  methanol. 6 C i  (0.1 m m o l )  

t r i t i u m  reacted w i t h  PdO. The experimental d e t a i l s  are the  same as f o r  des i -  

pramine. A f t e r  f i l t r a t i o n  from the  c a t a l y s t  and v i t h o u t  f u r t h e r  p u r i f i c a t i o n ,  

t r i t i a t e d  imipraii i ine i s  obtained chemical ly  and rad iochemical ly  pure ( > 98%) 

a s  determined by T.L.C. i n  the so lvent  systems [A]:  R f :  0 . 5 5 ;  [B]: R f :  0.80 

and by U.V. spectrum i n  methanol (max. 255 mu). S p e c i f i c  a c t i v i t y :  14.3 Ci/mnol. 

T y? i ca l  t r i t i a t i o n  o f  n o r t r i p t y l  i n e  t!C1; 10 , l l  - d i  hydro-5-( 3-methylaminopropyl- 

idene) -511-di benzo[ a ,d]cycl opentene hydrochlor ide . 
The exchange r e a c t i o n  i s  performed i n  a s p e c i a l l y  desioned 

** 
vessel ( f i q . 1 ) .  29.5 mg (0.1 mmol) n o r t r i p t y l i n e  , d isso lved  i n  0.2 m l  

methanol, a re  in t roduced i n  the s ide  arm (a )  and 28.0 mg (0.23 mmol) PdO 

a r e  in t roduced i n  the main arm (b) .  It i s  necessary t o  in t roduce 20 C i  t r i t i u m  

i n  the  vessel t o  develop an i n i t i a l  t r i t i u m  pressure o f  about 100 mn Hg. 

A f t e r  PdO reacted w i t h  13 C i  (0.22 nimol) t r i t i u m  (approx. 30 min.), t he  s o l u t i o n  

o f  subs t ra te  i s  added t o  the a c t i v a t e d  c a t a l y s t  by opening the stopcocks (c) ,  

t h e  suspension i s  v igo rous l y  s t i r r e d  30 min. and t i l e  r e a c t i o n  i s  stopped by 

f r e e z i n g  the  s o l u t i o n .  Fur ther  experimental d e t a i l s  are as f o r  desipramine. 

The crude product i s  p u r i f i e d  by p repara t i ve  T.L.C. on s i l i c a - g e l  precoated 

p l a t e s  (2 mm, Flerck) i n  the so l ven t  system [A]  and ex t rac ted  from s i l i c a - g e l  

w i t h  methanol. The p u r i f i e d  product i s  checked by a n a l y t i c a l  T.L.C. i n  t h e  

s o l v e n t  systems [A]:  R f :  0.38, (reduced form, Rf :  0.25); [C ] :  benzene, ethanol, 

ammonia (95:15:5), R f :  0.63, (reduced form, Rf :  0.56); [D]:  methanol, ammonia 

(100;1.5), Rf :  0.40, (reduced form, Rf:  0 . 2 5 )  

(max. 240 n q ~ ) .  Chemical and radiochemical p u r i t y :  > 38%; s p e c i f i c  a c t i v i t y  

obta ined:  2.0 Ci/mmol. 

and by U.V. spectrum i n  methanol 

* 
g i f t  from Plantex L td .  ,Chemical and Pharmaceutical works, Netanya, I s r a e l .  

**  
g i f t  from Ikapharm, Ramat-Gan, I s r a e l .  
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Fig. 1: Vessel f o r  
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the two-step triti a t i on .  

Typ ica l  tri t i a t i o n  o f  ami tr i p t y l  i n e  HC1; 10.1 1 - d i  hydro-5-( 3-dimethyl ami no- 

propyl idene) -5H-di benzo[ a ,d]cycl oheptene hydrochlor ide.  

The r e a c t i o n  i s  performed as f o r  n o r t r i p t y l i n e .  A f t e r  r e a c t i o n  

o f  28.0 mg (0.23 mmol) Pd0 w i t h  13 C i  (0.22 mmol) t r i t i u m ,  15.1 mg (0.05 ml) 

a m i t r i p t y l i n e  

pal ladium. The crude product  i s  p u r i f i e d  by p repara t i ve  T.L.C. on s i l i c a - g e l  

i n  the so lvent  system [El: acetone, ammonia ( 9 9 : l )  and ex t rac ted  w i t h  methanol. 

The p u r i f i e d  product i s  checked by a n a l y t i c a l  T.L.C. i n  the  so lvent  systems 

[El: R f :  0.74, (reduced form, Rf :  0.48); [D]: Rf:  0.65, (reduced form, K f :  0.50); 

[GI: acetone, methanol (08:22), R f :  0.20, (reduced form, R f :  0.15), and by 

U.V.  sDectrum i n  methanol (max. 240 mp). Chemical and radiochemical p u r i t y :  > 983; 

s p e c i f i c  a c t i v i t y  obtained: 1.7 Ci/mmol. 

*** 
dissolved i n  0.2 m l  methanol i s  added t o  the  a c t i v a t e d  

I 
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10) The necessity o f  tritium gas to be present in the vessel ,after activation 

o f  the catalyst, has been established in the case of bibenzyl labelling. 

This will be published elsewere. 




