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SUMIARY 

Attempts t o  reach phenothiazine d e r i v a t i v e s  l a b e l l e d  w i t h  t r i t i u m  a t  

h igh  s p e c i f i c  a c t i v i t y ,  are descrihed. A l l  t he  syntheses are based on cata lysed 
dehalogenation procedures. The most encouraging r e s u l t s  are those obtained 

by halogenation o f  t he  des i red  compound fo l l owed  by c a t a l y t i c  dehalogenation 
w i t h  Pd/C. The s p e c i f i c  a c t i v i t i e s  are i n  the  range o f  10,000-40,000 mCi/mnol. 

INTRODUCTION 

Phenothiazine d e r i v a t i v e s  have a t r a n q u i l i z i n g  e f f e c t  and have been 
responsib le  f o r  r e v o l u t i o n a r y  changes i n  t h e  treatment o f  p s y c h i a t r i c  disorders. 
They have been proved t o  be remarkably safe agents when compared w i t h  p rev ious l y  
used sedat ive and hypnot ic  drugs. They are the  drugs o f  choice f o r  r e l i e v i n g  
a g i t a t i o n  and o the r  symptoms c h a r a c t e r i s t i c  o f  schizophrenia, such as ha l l uc ina -  
t i ons ,  delusions, and paranoid tension‘’). The phenothiazines appear t o  
produce changes a t  a l l  l e v e l s  o f  t he  cerebrospina l  a x i s  and o f t e n  produce the  
parkinsonism syndrome (2 )  . 

S t r u c t u r a l l y ,  these compounds have a three-r inged skeleton i n  nh i ch  two 
benzene r i n g s  are l i n k e d  by a s u l f u r  and a n i t rogen  atom. Usual s u b s t i t u t i o n s  
a re  i n  p o s i t i o n  2 o r  10 (n i t rogen  atom). A l l  the phenothiazines used i n  

psych ia t r y  have a three-carbon b r idge  between the  r i n g  and t h e  side-chain 
n i t rogen  atoms. The i n v e s t i g a t i o n  o f  t h e i r  c l i n i c a l  e f f e c t s  has improved 
immensely i n  t h e  l a s t  decade, p a r t i c u l a r l y  w i t h  t h e  development o f  radioimmuno- 
assay procedures which r e q u i r e  l a b e l  l e d  compounds a t  h igh  s p e c i f i c  r a d i o a c t i v i t y .  
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Attempts to label with tritium some of the phenothiazine derivatives 
provided promising results. A decarboxylation method was used for the preparation 
o f  compounds labelled in position 5(3), giving a specific activity of 120 - 
160 mCi/mmol with chlorpromazine, 3-methylthiophenothiazine, thioridazine and 
thiethylperazine. We obtained different results when applying a non-specific 
labelling method, catalyzed by platinum oxide, to chlorpromazine (2,000 mCi/mmol) 
and to perphenazine (1,100 mCi/mnol)(4). On the basis of this latter procedure 
and using palladium oxide as catalyst(5), we tritiated a series of piienothiazine 
derivatives under standard experimental conditions. The speci f i c act i vi t i es 
reached were in the range of 140 - 1,300 mCi/mnol, except in the case of 
phenothiazine (3,800 mCi/mmol) (6) . 

RESULTS AND DISCUSSION 

In the present work, we describe our attempts in order to raise the 
specific activities of the most available and potently active phenothiazine 
derivatives using tritium labelling. Our main interest has been focused on 
developing a tritiation procedure which could be applied to as large a 
number of compounds as possible. We were convinced that to reach increased 
specific activities the approach must be by direct incorporation of tritium 
through synthesis. Firstly, we took into consideration the possibility of 
performing the radioactive synthesis by adapting procedures as developed 
in the literat~re(~)and which may be summarized as in scheme I: 

It seems obvious that such a scheme requires the use of high specific 
activity phenothiazine (Rl = H) already in the early steps o f  the synthesis. 
We preferred to keep this option as a last alternative. 

Ne attempted bromination o f  the aromatic rings of phenothiazine 
derivatives with molecular bromine, by adaptation of the method used for 
phenothiazine(8). The syntheses were followed by catalytic dehalogenation 
with tritium gas (scheme 11): 
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I n  the  f i r s t  experiments, t he  exchange o f  the aromatic bromine w i t h  t r i t i u m  

was cata lyzed by p la t inum black, which was a c t i v a t e d  by the  i n  b L t ~ ( ~ ) r e d u c t i o n  
o f  Pt02 w i t h  t r i t i u m  gas. Data o f  t he  s p e c i f i c  a c t i v i t i e s  obtained a re  g iven 
i n  t a b l e  1. These r e s u l t s  were d i sappo in t i ng  and, therefore,  t h i s  procedure 
was discontinued. 

Table 1: Debromination w i t h  a c t i v a t e d  p la t inum c a t a l y s t .  

3 Compound To ta l  t r i t i u m  T r i t i u m  used Incorporated H(mmo1) Spec.Act. 
consumed ( C i )  i n  c a t a l y s t  Subst rate (moll m C i  /mmol 

a c t i v a t i o n  ( c i )  

Perphenaz i ne 20 6 1.2 

Promethazine 16 6 0.9 

Levomepromazine 18 6 2.0 

Chlorpromazine 20 G 1.1 

decomp. 

400 

0 

1,800 

Experimental cond i t i ons :  0.1 mnol subs t ra te  i n  0.5 m l  methanol and 0.1 m l  t r i e t h y l -  
amine, 0.05 m o l  Pt02, r e a c t i o n  temp.: 25OC. 

I n  a second se r ies  o f  experiments, i n  which Pd/C was used as c a t a l y s t ,  t h e  
r e s u l t s  were more encouraging. But, i n  s p i t e  o f  t h e  i nco rpo ra t i on  o f  0.75 - 
2.6 t r i t i u m  atoms per  molecule i n t o  the  crude brominated compounds, t h e  f i n a l  
products were r e l a t i v e l y  p o o r l y  l abe l l ed .  The s p e c i f i c  a c t i v i t i e s  were improved 
( t a b l e  2) by a d d i t i o n  o f  a g r e a t  excess o f  t r i e t h y l a m i n e  t o  t he  bromo d e r i v a t i v e .  
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Table 2: Debromination w i t h  Pd/C c a t a l y s t .  

Compound R1 
3 * 

Incorporated tt Speci f ic  A c t i v i t y  
R2 Substrate mC 1 /mnol 

Phenothiazine H tt 2.0 39,100 

Promethazine t i  C H ~ C H ( C H ~ ) N (  C H ~ ) ~  2.5 36,700 

Promaz i ne 2.0 25,600 

* 
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 h e  best  r e s u l t s  obta ined w i t h  
p u r i f i e d  products. 

An i n s o l u b l e  tr iethylamnonium bromide s a l t ,  which p r e c i p i t a t e d  f rom t h e  medium 

(dioxane), was discarded and the  t r i t i a t i o n s  were performed on the free-base 
compounds. This prevents the  compe t i t i ve  hyd rogen- t r i t i um exchange i n  the 
hydrobromide s a l t s  o f  the phenothiazines. Comparative r e s u l t s  are g iven i n  t a b l e  3. 

I n  add i t i on ,  t he  so l ven t  e f f e c t  on the  e f f i c i e n c y  o f  t r i t i a t i o n  was 
determined w i t h  several d e r i v a t i v e s .  The r e s u l t s  shown i n  t a b l e  4 were n o t  found 
p o s i t i v e  enough t o  decidewhether a n a p r o t i c  so l ven t  such as dioxane i s  more 
e f f e c t i v e  than methanol, genera l l y  employed as the  t r i t i a t i o n  medium i n  our 
previous However, due t o  the  good s o l u b i l i t y  o f  the bromo d e r i v a t i v e s  
i n  dioxane, and i n  order  t o  f a c i l i t e  comparative experiments, a l l  t he  l a b e l l i n g s  

were performed i n  t h i s  so lvent .  
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Table 3: E f f e c t  o f  t r i e t h y l a m i n e  on s p e c i f i c  a c t i v i t y .  

* 
Compound T r i e t h y l  amine S p e c i f i c  a c t i v i t y  

added ( m l )  m C i  /mnol 

F1 uphenazine 0.1 7 , 500 
0.1 9 , 300 
0.25 18,800 

Promethazine 0.1 11,800 
0.25 36 , 700 

T r i f l uo roperaz ine  0.1 12,800 
0.25 24,000 

* 
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. 

Table 4: E f f e c t  of so l ven t  on s p e c i f i c  a c t i v i t y .  

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

mCi/mmol 

F1 uphenazine Methanol 13,200 
Dioxane 13,000 
Dioxane 16,500 
Dioxane 11,700 

Levomepromazine Methanol 19,400 
D i oxane 17,300 

Promethazine Methanol 11,800 
Dioxane 34,300 

z 
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  t he  p u r i f i e d  products. 
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We a lso  attempted t o  improve the  s p e c i f i c  a c t i v i t i e s ,  f o l l o w i n g  the  

steps as described f o r  t he  synthes is  o f  promazine i n  scheme 111: 

Two f a c t s  l e d  us t o  t ry  t h i s  l a s t  scheme: the  h igh  s p e c i f i c  a c t i v i t y  provided 
by c a t a l y t i c  debromination o f  bromo phenothiazine (39,000 mCi/mnol, t a b l e  2 )  
and the  success i n  synthes iz ing dihalogeno phenothiazine de r i va t i ves ,  s t a r t i n g  
from d i c h l o r o  p h e n o t h i a ~ i n e ( ~ ) .  However, t h i s  procedure (scheme 111) provided 
t r i t i a t e d  promazine w i t h  a s p e c i f i c  a c t i v i t y  o f  30,200 m C i / m l ,  a value n o t  
very much h igher  than t h a t  obtained by d i r e c t  t r i t i a t i o n  o f  promazine by 
debromination (25,600 mCi/mmol, t a b l e  2). Therefore, t he  use o f  t h i s  method 
o f  synthes is  w i t h  o the r  r i ng -unsubs t i t u ted  phenothiazines was discontinued. 

I n  most cases, the t r i t i a t i o n  by c a t a l y t i c  debromination was app l i ed  
with success on d e r i v a t i v e s  s u b s t i t u t e d  i n  p o s i t i o n  2 ( t a b l e  5) .  The t r i t i a t i o n  
o f  t h ie thy lpe raz ine ,  con ta in ing  the  group -SCH2CH3, f a i l e d  because o f  the 
r a p i d  and t o t a l  decomposition o f  t he  l a b e l l e d  compound by au to - rad io l ys i s .  
Decomposition r e s u l t e d  even when a l e s s  e f f i c i e n t  t r i t i a t i o n  procedure was 
performed us ing non-speci f ic  exchange, w i t h  PdO as c a t a l y s t  15) . 

The behavior o f  t he  2 -ch lo ro -subs t i t u ted  compounds was o f  p a r t i c u l a r  
i n t e r e s t  ( t a b l e  6) .  2-Chlorphenothiazine underwent spontaneous decomposition 

when the  t r i t i a t i o n  was performed on the b r o m  d e r i v a t i v e ,  w h i l e  the  non-speci f ic  
l a b e l l i n g  provided a p u r i f i a b l e  r a d i o a c t i v e  molecule w i t h  a s p e c i f i c  a c t i v i t y  
o f  500 mCi/mmol(6). I . l i th  t he  o the r  ch lo ro -subs t i t u ted  compounds inves t i ga ted ,  
t he  main d i f f i c u l t y  was in t he  a b i l i t y  t o  cease t h e  i n c o r p o r a t i o n  o f  t r i t i u m ,  
stopping the  r e a c t i o n  when the estimated q u a n t i t y  o f  bromine atoms had reacted, 
wh i l e  l eav ing  the  c h l o r i n e  atom i n t a c t .  
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Table 5 :  Debromination o f  2 -subs t i t u ted  de r i va t i ves ,  cata lyzed by Pd/C. 

Compound R1 
3 * 

Incorporated H S p e c i f i c  a c t i v i t y  
Subst rate mCi/mmol R2 

T r i  f 1 uorome t h y l  - CF3 H 
phenothiazine 

1.8 23,300 

Levomepromazi ne O C H ~  C H ~ C H ( C H ~ ) C H ~ N (  C H ~ ) ~  2.6 17,300 

Etymemazi ne C2H5 Ct12CH(CH3)CH,ti(CH3)2 1.5 11,500 

n 
T r i f l u o r o p e r a z i n e  CF3 ( C H 2 ) 3 F L N C H 3  1.4 24,000 

n 
F1 uphenazine cF3 (CH2)3F?_,NCH2CH20H 1.9 18,800 

3-Chl oropropyl -  cF3 (CH2)3C1 1.5 19,400 
2- tr i f 1 uorome t h y l  - 
phenothiazine 

Thiethy lperaz ine SCH2CH3 (CH ) N NCH3 0.8 decomp. 2 3 u  
A 

* 
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  t he  bes t  r e s u l t s  obta ined w i t h  
p u r i f i e d  products. 

I n  fac t ,  i t  was n o t  poss ib le  t o  i s o l a t e  the  debromination s tep  completely 
from t h e  d e c h l o r i n a t i o n  one. However, an ab rup t  decrease i n  t h e  r a t e  o f  
r e a c t i o n  was observed and considered as the  end o f  t he  e l i m i n a t i o n  o f  t h e  
bromine atoms. The r e s u l t s  ( t a b l e  6) showed t h a t  t h e  bromo aromatic atoms, 
probably bonded i n  the  p o s i t i o n s  3, 7 and/or 9(8), are  genera l l y  more 
r e a c t i v e  than c h l o r i n e  i n  p o s i t i o n  2 .  
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Table 6: Debromination of 2-chloro-substituted derivatives, catalyzed by Pd/C. 

Compound 
* ** 3 R Incorporated H Cechlorinated Specif.activ. 

Substrate compound (%)  mCi/mnml 

Chl orphenothiazine t! 1.8 --- decomp. 

Chlorpromazine ( CH2 1 3N CH3 12 2.4 35 25,300 

Prochl orperazine ( CH2)3NyllCH3 1.2 40 3,700 
n 

n 
Perphenazine (CH2)3Pi>CH2Cti20H 1.7 50 25,900 

* 
** Calculated from the radioscanning of the crude tritiated compound. 
The specific activities are given for the best results obtained with 
purified products. 

Encouraginq results were obtained with two of these compounds by tritiation 
through deiodination of the related derivatives: perphenatine (4,600 mCi/mml) 
and prochlorperazine (1G,100 mCi/mnol). The competition between chlorine and 
iodine durinq the halogen-tritium exchange favoured the iodine and the reaction 
v!as so fast that it left the chlorine atom unaffected. This procedure of tritiation, 
including the synthesis of the iodinated precursors of the chloro-substituted 
compounds, is still under investigation. 

EXPERIFIENTAL 

The tritiation experiments were performed on a vacuum manifold, as 
previously described'''). U1 tra-violet spectra were recorded kiith a Perkin-Elmer 
UV - visible spectrophotometer, Model 402. Radiochemical and chemical purity 
were determined by radiochromatogram scanning of thin-layer chromatography (t.1 .c.) 
plates on Berthold Dunnschicht Scanner 11, Model LB 2722; total and specific 
activity were measured on Packard Tri-Carb Liquid Scintillation spectrometer, 
Model 3375. 
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Typica l  t r i t i a t i o n  by  debromination (Pd/C c a t a l y s t ) :  

a) Bromination 
0.1 mnol o f  t he  phenothiazine d e r i v a t i v e ,  d i sso l ved  i n  a c e t i c  a c i d  ( s a l t  form) 

o r  i n  ch loroform ( f r e e  base), i s  reacted w i t h  about 6 equiva lents  o f  molecular  

bromine a t  roam temperature, i n  a c losed vessel and under continuous s t i r r i n g ,  
d u r i n g  3 - 10 days. The so l ven t  and the  unreacted bromine a re  removed by i n  uucuo 

d l s t i l l a t i o n ,  t h e  res idue i s  washed tw ice  w i t h  5 m l  methanol and t h e  so l ven t  
i s  evaporated. The bromo d e r i v a t i v e  i s  dissolved, unde r e f l u x ,  i n  a s o l u t i o n  o f  
5 m l  dioxane and 1 m l  t r i e thy lam ine .  The tr iethylamnonium s a l t  i s  separated 
by  c e n t r i f u g a t i o n .  The f i l t r a t e  i s  evaporated and the  res idue  i s  d i sso l ved  
i n  2 m l  dioxane. 

b)  T r i t i a t i o n  

To about a qua r te r  o f  t h e  above s o l u t i o n  i s  added 0.25 m l  o f  t r i e t h y l a m i n e  
and 15 mg o f  10% Pd/C c a t a l y s t .  The s o l u t i o n  i s  frozen, t h e  r e a c t i o n  system 

i s  washed t w i c e  w i t h  n i t r o g e n  gas and evacuated t o  a res idua l  pressure o f  
lO-'mn Hg. 20 - 40 C i  t r i t i u m  gas a r e  then t r a n s f e r r e d  i n t o  t h e  r e a c t i o n  
vessel, developing an i n i t i a l  pressure o f  300 - 500 mn Hg. The s o l u t i o n  i s  
al lowed t o  r e t u r n  t o  room temperature and the  suspension i s  v igo rous l y  
s t i r r e d .  Decrease o f  t h e  pressure g ives a measure o f  progress i n  the  debromination 
with simultaneous inco rpo ra t i on  o f  t r i t i u m  atoms i n t o  the  molecule. 

With t h e  end o f  t h e  react ion,  2 - 12 C i  (0.03 - 0.2 mnol) o f  t r i t i u m  a re  
consumed. The r e a c t i o n  vessel i s  frozen, r e s i d u a l  t r i t i u m  i s  evacuated and 
the  so l  vent  i s  separated by cryo-sub1 imation. 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 are removed by  cryo-subl imation. 
The subs t ra te  i s  then d i sso l ved  i n  10 m l  o f  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  t h e  crude t r i t i a t e d  phenothiazine 
d e r i v a t i v e  i n  t h e  free-base form. The s o l u t i o n  i s  evaporated, 10 m l  NaOH 
s o l u t i o n  1 N a n d  15 m l  CC14 are added and v igo rous l y  shaked. The organic  phase 
i s  separated, d r i e d  over  MgS04, f i l t e r e d  and evaporated. The res idue  i s  
d i sso l ved  i n  10 m l  o f  a s o l u t i o n  o f  methano1:HCl (1: l) .  The s o l u t i o n  i s  evaporated 

and t h e  r e s i d u a l  s o l i d  (phenothiazine d e r i v a t i v e  i n  i t s  IC1 form) is d isso lved  

i n  methanol. 
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c )  P u r i f i c a t i o n  and a n a l y t i c a l  c o n t r o l  
The p u r i f i c a t i o n  i s  performed by p repara t i ve  t.1 .c. on pre-coated s i l i c a - g e l  
p la tes  ( 2  mm. Flerck) i n  the approp r ia te  so l ven ts  system. The chemical and the 

radiochemical p u r i t y  a re  determined by a n a l y t i c a l  t .1 .c. on pre-coated s i l i c a -  

gel p l a t e s  (0.25 mn, Merck) i n  th ree  d i f f e r e n t  so lvents  systems. The concentrat ion 
o f  the s o l u t i o n s  i s  determined by UV spectrum o f  t he  free-base i n  methanol. 
The s p e c i f i c  a c t i v i t i e s  are c a l c u l a t e d  f rom t h e  r a d i o a c t i v e  concen t ra t i on  of 
t he  so lu t i ons ,  as obta ined by  l i q u i d  s c i n t i l l a t i o n .  
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