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SUMMARY 

D i f f e r e n t  methods o f  t r i t i u m  inco rpo ra t i on  have been app l i ed  t o  14 

a v a i l a b l e  t r i c y c l i c  ant idepressant  drugs. The s p e c i f i c  a c t i v i t i e s  o f  t he  l a b e l l e d  

compounds a r e  compared. The r e s u l t s  a re  discussed by comparison w i t h  hydroaen- 

deuterium exchange and w i t h  regard t o  the chemical s t r u c t u r e  o f  these d e r i v a t i v e s .  

INTRODUCTION 

The use o f  ant idepressant  drugs havinq a t r i c y c l i c  s t r u c t u r e  has been 

recognized by pharmacologists and p s y c h i a t r i s t s  a1 i k e  and i t  i s  genera l l y  

accepted t h a t  t h i s  c lass  o f  compounds has a s p e c i f i c  e f f e c t  i n  the  treatment o f  
p s y c h i a t r i c  depressive i l l n e s s  ( 1 )  . 

T r i c y c l i c  antidepressants d i f f e r  s t r u c t u r a l l y  from the  phenothiazines 

an t i psycho t i c  agents o n l y  by the replacement o f  t he  s u l f u r  atom i n  the  phenothia- 

z ine nucleus by an e thy len i c  l inkage,  so t h a t  they are formed from two benzene 

r i n g s  fused t o  a c e n t r a l  seven membered r i n g .  Th is  replacement l e d  t o  a skewed 

th ree  dimensional s t r u c t u r e  instead o f  a f l a t  two dimensional s t r u c t u r e ,  t y p i c a l  

of t he  phenothiazine d e r i v a t i v e s ( * ) .  I n  add i t i on ,  t h i s  m o d i f i c a t i o n  chanqed the  

c l i n i c a l  a c t i v i t y  from an t ipsycho t i c  t o  ant idepressant .  

The most potent  compounds were found i n  the dihydrobenzoazepine ( I ) ,  
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dibenzocycloheptadiene (11) and dibenzacycloheptatriene (111) se r ies .  Derivatives 
o f  the type (11) and (111) consisted i n  the replacement of the nitrogen atom by 
the i sos te r ica l ly  similar carbon in the central ring. 

I t  appears t ha t  the labell ing a t  high spec i f ic  a c t i v i t i e s  of neuroleptic 
drugs has become very important because the f a s t  development of radioimnunoassay 
procedures which a re  applied in the determination of drugs concentration i n  
human f lu ids (3 ) .  In sp i t e  of the extended use of t r i t i a t e d  t r i cyc l i c  antidepres- 
sants,  i t  i s  surprising tha t  very l i t t l e  has been reported(4) on labell ing 
methods of these derivatives,  excepting our  own work. Despite the close s imi la r i ty  
i n  t he i r  pharmacological and therapeutical potency, the modifications i n  t h e i r  
chemical structure were suf f ic ien t  to void the a t t r ac t ive  poss ib i l i ty  of a single 
process of t r i t i a t i o n  which could be applicable to a l l  these derivatives. We wish 
to emphasize tha t  i n  the present work we expressly wanted to avoid mu1 t i - s t ep  
syntheses involving the handling of small quantit ies of very "hot" material. In 
th i s  paper, we report the diversity of our labell ing attempts, the d i f f i cu l t i e s  
encountered, the incompatibilities between chemical s t ruc ture  and methods of 
t r i t i a t i o n  and the specific solutions suggested i n  order t o  obtain most of the 
t r i t i a t e d  antidepressants a t  high specific ac t iv i ty .  In a l l  cases, we s ta r ted  from 
available drugs. 

RESULTS AND DISCUSSION 

- BeEzyl i c  exchacgg 

In a previous work(5), we found tha t  a rapid hydrogen-tritium isotopic 
exchange occurred on the ethylenic s i t e s  of bibenzyl when catalyzed by pre-reduced 
PdO. Gle also found that t h i s  ca ta ly t ic  labell ing was controlled essent ia l ly  by 
two steps: activation of the ca ta lys t  by reductive t r i t i a t i o n  followed by isotopic 
exchange on the metal surface, where the f i r s t  s tep  was rate-determining i n  the 
exchange process. A relationship between the volume of solvent and the efficiency 
of labell ing was also measured. We applied systematically t h i s  process of i n  nLtu 

catalyzed general label1 ing(6) t o  a wide variety of antidepressant compounds 
( tab le  1). 
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Table 1: Hydrogen- t r i t ium exchange cata lyzed by pre-reduced PdO. 

* 
Compound S p e c i f i c  a c t i v i t y  

C i /mmol 

Imipramine ( I c )  12.8 - 20.4 

Desipramine ( I b )  14.7 - 18.4 

10, l l -D i  hydrobenzocycl oheptane (I I a )  35.0  

Trimipramine ( I d )  10.2 

Clomipramine ( I e )  12.0 

Desmethyl c l  omi pramine ( I f )  6.2 

Didesmethylclomipramine ( I g )  6.7 

Doxepin (V) 0.03 

Hepzidine ( I I d )  3.4 

hi t r i p t y l  i n e  ( I 1  b) 1.1 

N o r t r i p t y l  i n e  ( I I c )  1.4 
* 

The s p e c i f i c  a c t i v i t i e s  a r e  g iven f o r  p u r i f i e d  products. 

Experimental cond i t i ons :  0.1 mmol subs t ra te  i n  0.3 mL so l ven t  (methanol 

o r  dioxane), 0.1 mmol PdO; temp.: 25OC.; r e a c t i o n  t ime: t ime needed 

t o  reduce PdO t o  Pd by gaseous t r i t i u m  ( 5  min. t o  40 min.).  

From the  r e s u l t s  g iven i n  t a b l e  1, i t  appeared t h a t  molecules w i t h  a 

dihydrobenzoazepine skeleton underwent r e l a t i v e l y  h igh  i s o t o p i c  exchange. However, 

when the  molecular  s t r u c t u r e  was o f  t he  dibenzocycloheptadiene type, which 

inc ludes a double bond between the carbon i n  p o s i t i o n  5 and the a l i p h a t i c  moiety, 

low s p e c i f i c  a c t i v i t i e s  were reached. T ry ing  t o  e x p l a i n  t h i s  behaviour, we a l so  
performed the  hydrogen-deuterium exchange i n  b i  benzyl (VI) , l0, l l -d ihydrodibenzo-  

cycloheptane ( I I a ) ,  iminobibenzyl ( I a ) ,  imipramine ( I c )  and n o r t r i p t y l  i n e  ( I I c ) .  
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Table 2: Hydrogen-deuterium exchange cata lyzed by pre-reduced PdO. 
* 

Compound Number o f  hydrogen atoms exchanged 

CAI(3 ppm) I B l ( 3 . 8  ppm) [C1(4 ppm) IDI(6 PP) 

10, l l -D i  hydrodi benzo- 

cycloheptane ( I I a )  2.4 --- 

Iminobibenzyl ( I a )  1.1 --- 

I m i  prami ne ( I c )  0.9 0.2 

N o r t r i p t y l i n e  ( I I c )  0.65 --- 

* 
determined by i n t e g r a t i o n  o f  t he  NMR spectra. 

0.6 

--- 0.15 

The d i s t r i b u t i o n  o f  t he  deuterium atoms showed t h a t  the exchange occurred 

ma in l y  and p r e f e r e n t i a l l y  a t  the benzy l i c  p o s i t i o n s  i n  bibenzyl and dihydrodibenzo- 

cycloheptane. This  e f f e c t  i s  observed when the  T-charge- t ransfer  o f  e lec t rons  from 

the aromatic r i n g s  t o  the  t r a n s i t i o n  metal c a t a l y s t  i s  comparable t o  the charge- 

t r a n s f e r  i n  benzene. 
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The presence of a double bond between the central carbon and the a l ipha t ic  
chain (nor t r ip ty l ine  I I c )  resulted i n  a dras t ic  decrease of the number of hydrogen 
atoms exchanged. I t  seems tha t  a high conjugation e f fec t  takes place between the 
aromatic rings and  the seven membered ring, causing the delocalization of the 
double bond. A consequence of t h i s  electronic rearrangement i s ,  very probably, a 
cause of the deactivation of the benzylic groups and the weakening of their a l l y l i c  
character. This can be explained by analogy with the naphthalenic system, where 
the conjugation of the aromatic system improves the n-electrons charge-t'ransfer 
to the activated ca ta lys t  and the molecule i s ,  therefore, more strongly adsorbed 
on i t s  surface. The exchange i s ,  thus, slowed because the second reagent ( i . e .  heavy 
water or  deuterium gas) i s  preferentially displaced from the ca ta lys t  surface ( 7 )  . 

Furthermore, the reductive attack on the double bond did not, in f ac t ,  
s t a r t  so long as the PdO ca ta lys t  was not completely reduced to  Pd. Under our 
experimental conditions, even a f t e r  the formation of the activated ca ta lys t ,  the 
o le f in ic  bond underwent reduction slowly. 

In the derivatives having nitrogen as the central atom, the unpaired 
electrons undergo overlapping with the n-electrons of the aromatic rings. As 
appears from molecular models, a t  l e a s t ,  one aromatic ring of the t r i cyc l i c  
system i s  co-planar with the nitrogen-containing ring. The result ing conjugative 
e f fec t  consisted o f  a posit ive charae on the nitrogen and d i f fe ren t  resonative 
forms of the aromatic ring w i t h  a negative charge. As a consequence of t h i s  
mesomerism, the ac t iv i ty  of the benzylic positions will be lowered and olny a 
partial  isotopic exchange will occur, as shown from the NMR r e su l t s  ( tab le  2 ) .  
However, even such a lowered exchange provided t r i t i a t e d  derivatives w i t h  a 
specific ac t iv i ty  of 10 - 20 Ci/mmol which may be considered h i g h  enough fo r  
research purposes ( tab le  1).  

Another explanation of the re la t ive ly  low exchange could be a stronger 
bonding of the antidepressant to the ca ta lys t ,  due to the unpaired electrons,  and 
t h u s ,  the weakened activation of T20 on the metal surface. 

- Chl or0 dgrLva-tivgs 

Detailed r e su l t s  a re  given i n  t ab le  3 fo r  the general labell ing of 
these compounds. 
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Table 3 

Hydrogen- t r i t ium exchange o f  c h l o r o  d e r i v a t i v e s ,  cata lyzed by pre-reduced PdO. 

Compound 
* * ** 

% dech lo r ina ted  % o the r  r a d i o a c t i v e  spec. a c t i v i t y  
camoound i m p u r i t i e s  Ci/mnol 

12.1 --- Clomipramine ( I e )  60 

N-Desmethylclomipramine ( I f )  51.5 26.5 6.2 

N-Desmethylclomipramine 18 2 1.6 
*** 

6.7 N-Didesmethylclomipramine ( I g )  65 --- 
* 

percentage c a l c u l a t e d  from t h e  t o t a l  r a d i o a c t i v i t y  obtained; determined from t h e  
r e l a t i v e  peak areas a f t e r  radioscanning o f  a n a l y t i c a l  t .1 .c. p la tes.  ** 
*** the  s p e c i f i c  a c t i v i t i e s  a re  g iven f o r  t he  p u r i f i e d  products. 

a f t e r  a d d i t i o n  o f  0.2 mL o f  conc. HC1 be fo re  the  exchange reac t i on .  

I t  i s  ev ident  t h a t  t h e  .in n i h  format ion o f  pa l lad ium b lack prov ided a 
h i g h l y  a c t i v a t e d  c a t a l y s t  which, i n  the  presence o f  t r i t i u m  gas, enhanced dechlo- 
r i n a t i o n ,  together  w i t h  the  simultaneous compe t i t i ve  i s o t o p i c  exchange: On the  
o the r  hand, t h e  i nc reas ing  format ion o f  TC1 caused a p a r t i a l  and a d d i t i v e  i n h i b i t i o n  

e f f e c t  o f  t he  c a t a l y s t .  This l a t t e r  e f f e c t  slowed the  r a t e  o f  dehalogenation. I n  
add i t i on ,  t he  c h l o r i n e  atom l i n k e d  t o  the  aromatic r i n g  caused some d e l o c a l i z a t i o n  
which deact ivated the  benzy l i c  pos i t i ons .  As a consequence o f  these combined 
e f f e c t s ,  t he  c h l o r o  d e r i v a t i v e s  cou ld  o n l y  be t r i t i a t e d  w i t h  low s p e c i f i c  a c t i v i t i e s  
( t a b l e  1, compounds Ie ,  I f  and Ig). 

An i l l u s t r a t i v e  experiment was performed w i t h  desmethylclomipramine ( I f )  

where concentrated HC1 was added before the  c a t a l y s t  a c t i v a t i o n  w i t h  t r i t i u m .  

Two expected e f f e c t s  were observed ( t a b l e  3 ) :  an impor tant  reduc t i on  o f  t he  
percentage o f  d e c h l o r i n a t i o n  and a considerable drop i n  i s o t o p i c  exchange. However, 
t h i s  l a t t e r  e f f e c t  cou ld  a l s o  be due t o  a h igh  i s o t o p i c  d i l u t i o n  by HC1. 
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- S tgr ic-h indra nc e 

Another f a c t o r  i n f l u e n c i n g  the  a b i l i t y  o f  exchange i s  the  conformation 

o f  the a l i p h a t i c  chain, where i t s  r a m i f i c a t i o n  ( t a b l e  1, compound I d )  o r  t he  

presence o f  an he te rocyc l i c  moiety  ( t a b l e  1, compound I I d )  has a decreasing e f f e c t  

on the l a b e l l i n g  e f f i c i e n c y .  This  cou ld  be expla ined by an a c t i v e  p a r t i c i p a t i o n  

o f  the a l i p h a t i c  moiety  i n  the  c a t a l y t i c  process as a f u n c t i o n  o f  i t s  s p a t i a l  

conformation. When no s t e r i c  hindrance occurs, a t  l e a s t ,  one aromatic r i n g  i s  

So, an eas ie r  and a c l o s e r  con tac t  w i t h  the  c a t a l y s t  sur face can be reached, 

r e s u l t i n g  i n  a f a s t e r  i s o t o p i c  exchange. 

i n  the  same plane as the  a l i p h a t i c  chain, as descr ibed by Maxwell e t  a l .  (2a) 

!t%-c&t&l ysL 

I n  a prev ious work(8), we determined t h a t  t he  in n i t u  general l a b e l l i n g ,  

cata lyzed by pre-reduced Pt02 i n  p lace o f  PdO, acted as a m i l d e r  and slower 

Table 4: I s o t o p i c  exchange cata lyzed by pre-reduced PtO,. 
** 

Compound % o f  reduced % o f  o t h e r  % o f  f i n a l  s p e c i f i c  a c t i v i t y  * * * 
form i m p u r i t i e s  compound Ci/mmol 

Desipramine ( I b )  --- 8 92 0.4 

N o r t r i p t y l i n e  ( I I c )  25 25 50 0.7 

--- --- _-_ Opipramol ( I V )  100 

Cyproheptadine ( I I I a )  40 5 55 2.8 

Cyclobenzaprine ( I I I b )  18 8 74 0.5 

* 
percentage ca l cu la ted  from the  t o t a l  r a d i o a c t i v i t y  obtained; determined from the 

r e l a t i v e  peak areas a f t e r  radioscanning o f  a n a l y t i c a l  t .1.c. p la tes .  ** 
the  s p e c i f i c  a c t i v i t i e s  a re  g iven f o r  t he  p u r i f i e d  products. 

experimental cond i t i ons :  0.1 mmol subs t ra te  i n  0.3 mL methanol; 0.05 mmol Pt02; 

temp.: 25°C.; r e a c t i o n  t ime: 16 hours. 
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hydrogen- t r i t i um exchange process. Taking i n  cons ide ra t i on  t h a t  some s p e c i f i c  

ant idepressant  compounds have a very s e n s i t i v e  double bond c lose  t o  the  seven 

membered r i n g  and, therefore,  undergo r e d u c t i v e  t r i t i a t i o n  before exchange, we 

app l i ed  the  Pt02-general l a b e l l i n g  on f o u r  se lected d e r i v a t i v e s .  The l a b e l l i n g  

o f  these d e r i v a t i v e s  had p rev ious l y  f a i l e d  us ing PdO as c a t a l y s t .  For comparison, 
the same t r i t i a t i o n  was a l s o  performed on desipramine ( I b )  and the  r e s u l t s  are 
g iven i n  t a b l e  4. 

I n  s p i t e  o f  i t s  h ighe r  s e l e c t i v e  p roper t i es  as a c a t a l y s t ,  Pt02 was 

found t o  be o f  poor e f f i c i e n c y  i n  t h e  i s o t o p i c  exchange process a t  t h e  benzy l i c  

pos i t i ons .  With n o r t r i p t y l i n e  ( I I c ) ,  n e a r l y  the same s p e c i f i c  a c t i v i t y  was reached 

as w i t h  PdO ( t a b l e  1). 

I n  the  case o f  opipramol ( I V )  which i s  s t r u c t u r a l l y  s t i l b e n e - l i k e ,  the 

r a p i d  and complete reduc t i on  o f  t he  double bond cou ld  n o t  be stopped o r ,  even, 

p a r t i a l l y  c o n t r o l l e d .  Molecular models showed t h a t  t he  r i g i d i t y  caused by t h i s  

double bond s t r a i n e d  the  t r i c y c l i c  s t r u c t u r e  i n  such a way t h a t  t he  th ree  r i n g s  

were n e a r l y  i n  the  same plane. 

The experimental r e s u l t s  obta ined by t r i t i a t i o n  o f  cyproheptadine ( I I I a )  

and cyclobenzaprine ( I I I b )  were o f  p a r t i c u l i a r  i n t e r e s t  and agreed w i t h  our  

expectat ions. The e l e c t r o n i c  rearrangement prov ided a d e l o c a l i z a t i o n  e f f e c t  o f  

t he  two double bonds. This  e f f e c t  r e s u l t e d  i n  a s lowing down o f  the t r i t i u m  

reduc t i on  on the s t i l b e n e - l i k e  double bond pos i t i ons ,  as observed, and the  des i red 

t r i t i a t e d  d e r i v a t i v e s  cou ld  be reached, b u t  a t  low s p e c i f i c  a c t i v i t i e s ( t a b 1 e  4 ) .  

--- Bromi n c t i o n  

o f  a se r ies  o f  phenothiazine de r i va t i ves ,  f o l l owed  by t r i t i o  debromination("), 

we a1 so attempted a d i r e c t  halogenation approach on t he  t r i c y c l i c  ant idepressant  

compounds. We performed p r e l  im ina ry  brominations on bibenzyl (V I ) ,  iminobibenzyl ( I a )  

and imipramine ( I c )  and determined by NMR t h a t  t he  bromine ma in l y  s u b s t i t u t e d  one 

o r  two a c t i v e  hydrogen atoms i n  the  e t h y l e n i c  p o s i t i o n s  o f  t he  c e n t r a l  r i n g .  

C a t a l y t i c  hydrogenation o f  these bromo compounds r e s u l t e d  i n  ob ta in ing  the s t a r t i n g  

m a t e r i a l s  once again. I t  has t o  be mentioned t h a t  the brominat ion does n o t  occur 

i n  the  aromatic r i n g s ,  i n  c o n t r a s t  w i t h  the r e s u l t s  o f  bromination on phenothiazine 

der ivat ives( ' ' ) .  I t  seems t h a t  t he  " b u t t e r f l y "  s p a t i a l  conformation o f  t he  t r i c y c l i c  

On t h e  bas is  o f  t he  p o s i t i v e  r e s u l t s  obta ined f o r  t he  molecular  bromination 
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antidepressants(2), together  w i t h  the  benzyl i c  a c t i v a t i o n ,  determined t h e  prefe-  

r e n t i a l  a t tack  of t he  bromine on these l a t t e r  pos i t i ons .  These promising r e s u l t s  

encouraged us t o  perform a l s o  the brominat ion on t h e  unsaturated d e r i v a t i v e s .  

I n  a f i r s t  se r ies  o f  experiments, we determined the  behaviour o f  some 

rep resen ta t i ve  compounds, namely dibenzoheptadienol ( I I I c ) ,  a m i t r i p t y l  i n e  ( I I b )  

and opipramol ( I V )  ,under the  experimental cond i t i ons  o f  t r i t i o  dehalogenation. 

Two p a r a l l e l  experiments were performed w i t h  each o f  these compounds: 

a)  Pd/C cata lyzed hydrogenation w i thou t  and b)  i n  the  presence o f  a base (tri- 

ethylamine o r  NaOH). I n  the  f i r s t  case, complete s a t u r a t i o n  o f  t h e  double bond 

occurred r a p i d l y  (20 - 90 min.) where, under a l k a l i n e  cond i t i ons ,  t he  r e d u c t i v e  

r e a c t i o n  was completely i n h i b i t e d .  

On the  bas is  o f  these r e s u l t s ,  t h e  t r i t i a t i o n  procedure was performed 

as fo l l ows :  a )  t he  brominat ion o f  t h e  un labe l l ed  molecule r e s u l t i n g  i n  ob ta in ing  

the  bromo d e r i v a t i v e ,  separated as i t s  f r e e  base; b) t h e  s e l e c t i v e  c a t a l y t i c  

removal o f  the halogen atom by t r i t i u m  gas i n  a l k a l i n e  s o l u t i o n .  The a d d i t i o n  

o f  a base e f f e c t i v e l y  i n h i b i t e d  complete ly  the  c a t a l y s t  sur face t o  any a t t a c k  

on the  o l e f i n i c  bond(12). This i n h i b i t i o n  o f  t h e  c a t a l y s t  was s e l e c t i v e  and d i d  

n o t  a f f e c t  the simultaneous promotion o f  t r i t i o  debromination through a l k a l i n e  

n e u t r a l i z a t i o n  o f  t he  a c i d  formed. 

$gci-fLc-tFiLi&tioI 

By a p p l i c a t i o n  o f  t h i s  method, t h e  t r i t i a t i o n  o f  bromo a m i t r i p t y l i n e  

and bromo n o r t r i p t y l i n e  prov ided the  l a b e l l e d  compounds t r i t i a t e d  i n  p o s i t i o n s  

10 and 11 w i t h  a s p e c i f i c  a c t i v i t y  o f  15.8 Ci/mnol and 14.2 Ci/mnol, r e s p e c t i -  

ve l y  ( t a b l e  5) .  
The same procedure o f  brominat ion - debromination a l s o  enhanced t h e  s p e c i f i c  

a c t i v i t i e s  of t he  sa tu ra ted  compounds. The r e s u l t s  were p a r t i c u l a r l y  a t t r a c t i v e  
when the bromo in termediate cou ld  be i s o l a t e d  and p u r i f i e d  be fo re  the  t r i t i a t i o n  

step, as f o r  desipramine and imipramine. 

Bromination o f  doxepin provided, s u r p r i s i n g l y ,  a compound i n  which the  

bromine atom was incorporated i n  t h e  a l i p h a t i c  moiety, i n c l u d i n g  i t s  double bond 

I o d i n a t i o n  o f  t h i s  compound fo l l owed  by t r i t i a t i o n  under t h e  usual cond i t i ons  

provided the  des i red  l a b e l l e d  d e r i v a t i v e ,  ma in l y  t r i t i a t e d  i n  p o s i t i o n  10 b u t  

a l so  i n  the  aromatic r i n g s ,  w i t h  a s p e c i f i c  a c t i v i t y  o f  19.6 Ci/mnol. 
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Table 5: S p e c i f i c  t r i t i a t i o n s  

S t a r t i n g  compound T r i t i a t i o n  method Lab. p o s i t i o n ( s )  F ina l  compound Spec. ac t .  

CiJmmol 

A m i t r i p t y l i n e  ( I I b )  debromination 10 -11 

* --- 
* --- 

Clomipramine ( I e )  

Clomipramine ( I e )  

ne( I 

I b )  

Cyclobenzapr 

Desi prami ne 

Doxepin (V) 

I m i  prami ne ( I c )  

debromi n a t i o n  

de iod i  n a t i o n  

I b )  p a r t i a l  0 - 11 
s a t u r a t i o n  

debromination 10 - 11 

de iod i  na t i o n  10 (main ly)  

de brom i n a t i o n  10 - 11 

N o r t r i p t y l  i n e  ( I I c )  debromination 10 -11 

* 
t h e  l a b e l l e d  p o s i t i o n s  were n o t  determined by NMR 

b u t  a re  supposed t o  be l oca ted  on carbons 10 and 11. 

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

C1 omi prami ne 

C1 omi prami ne 

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

Desipramine 

Doxepin 

I m i  pramine 

N o r t r i p t y l  i n e  

14.2 

22.1 

7 .a 

19.5 

84.9 

19.6 

45.0 

15.8 

I n  another experiment, cyclobenzaprine ( I I I b )  , which has two double 
bonds c lose  t o  the  seven membered r i n g ,  was s e l e c t i v e l y  reduced t o  g i v e  t r i t i a t e d  
l 0 , l l - a m i t r i p t y l i n e  w i t h  a s p e c i f i c  a c t i v i t y  o f  19.5 Ci/mnol. As discussed i n  
a preceding paragraph, the  s e l e c t i v e  t r i t i a t i o n  cou ld  be performed because o f  the  
r e l a t i v e l y  h ighe r  r e a c t i v i t y  o f  t h i s  l a t t e r  o l e f i n i c  bond. 

I n  the  case o f  opipramol ( I V )  which has an o l e f i n i c  bond between the  

p o s i t i o n s  10 and 11, as expected, t r i t i u m  a d d i t i o n  o c c u r r e d ' i n  p lace o f  exchange. 
T r i t i u m - l a b e l l e d  compounds w i t h  a s t i l b e n e - l i k e  s t r u c t u r e  cou ld  be obta ined o n l y  

by a m u l t i - s t e p  synthesis. 
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Most of  t he  saturated t r i c y c l i c  ant idepressants  cou ld  be e a s i l y  t r i t i a t e d  

by the in oLtu pre-reduced PdO c a t a l y s t  method. General ly, t he  s p e c i f i c  a c t i v i t i e s  

reached a re  h igh  enough f o r  the use o f  these compounds i n  drua metabolism research. 

Unsaturated compounds must be l a b e l l e d  v i a  an halogenation in termediate 

step, when h igh  s p e c i f i c  a c t i v i t i e s  a re  des i red.  The same method i s  very usefu l  

when app l i ed  t o  saturated d e r i v a t i v e s .  

Compounds w i t h  two double bonds cou ld  be obta ined o n l y  by "hot"  syntheses 

i f  h igh s p e c i f i c  a c t i v i t i e s  have t o  be reached. The o n l y  way t o  l a b e l  compounds 

w i t h  a s t i l b e n e - l i k e  s t r u c t u r e  i s  by m u l t i - s t e p  "ho t "  synthes is .  

EXPERIMENTAL 

U1 t r a - v i o l e t  spect ra were recorded on a Perkin-Elmer UV-v i s ib le  spectro- 

photometer, Model 402 and NMR spect ra on a Varian EM 360 spetrometer. Radiochemical 

and chemical p u r i t y  were determined by radiochromatogram scanning on t h i n - l a y e r  

chromatography ( t . 1  .c . )  p l a t e s  on a Ber tho ld  Dunnschicht Scanner 11, Model LB 2722; 

t o t a l  and s p e c i f i c  a c t i v i t y  were measured on a Packard Tr i -Carb L i q u i d  S c i n t i l l a -  

t i o n  spectrometer, Model 3375. 

- T r L t l a t i  on s and deu t e  r&t lons 

mani fo ld ,  as p rev ious l y  described(') .  The experimental cond i t i ons  were as described 

f o r  PdO cata lyzed exchange(6), f o r  Pt02 cata lyzed exchange(8) and f o r  t r i t i u m  

dehalogenation("), respec t i ve l y .  

The t r i t i a t i o n  and deu te ra t i on  experiments were performed on a vacuum 

- PuEilification and a n a l y t i c a l  goztEol- 

The p u r i f i c a t i o n  and the  a n a l y t i c a l  checking o f  t he  d i f f e r e n t  compounds 

was performed on pre-coated s i l i c a  gel p la tes ,  us ing 2 o r  3 o f  t he  f o l l o w i n g  

solvents systems: 1. methanol -ammonia (100:1.5); 2. benzene-methanol (80:ZO); 

3. chloroform-acetone-triethylamine (50:40:10); 4. hexane-diethylamine (9O:lO); 
5. heptane; 6. carbon t e t r a c h l o r i d e ;  7.  acetone-methanol (88: lZ) ;  8. benzene- 

methanol -ammonia (95:15:5); 9. cyclohexane-acetone-diethylamine (60:30:10); 

10. e t h y l  acetate-acetone-ammonia (20:20:0.5). 
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Compound System 

Desipramine ( I b )  1, 4, 9 
I m i  prami ne ( I c  1 
Trimipramine ( I d )  1, 7 

Clomipramine ( I e )  1, 7 

1, 4 

Desmethyl c l  omi pra- 1, 4, 8 
mine ( I f )  

Didesmethylclomi- 1, 4, 8 
pramine ( I g )  

Compound 

10,l l-Dihydrobenzo- 
cycloheptane( I I a )  

A m i t r i p t y l i n e  ( I I b )  
N o r t r i p t y l i n e  ( I I c )  

Hepzidine ( I I d )  

Cyproheptadine ( I I I a )  

Cyclobenzaprine( I I I b )  

Opipramol ( I V )  

Doxepin (V) 

System 

5, 6 

1, 7 

1, 4, 8 

2, 3 

2, 4 
1, 10 

1, 4 

2, 3 

The p u r i t y  o f  t he  compounds was a l s o  c o n t r o l l e d  by UV spectroscopy. 
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