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SUMMARY 

3 S y n t h e s i s  o f  d i h y d r o c h l o r i d e  o f  ( - ) - c i s -2 ,8 -d ime thy l -6 -  [ H]-2,3,4, 

4a,5,~b-hexahydro-lH-pyrido[4,3b]indole b y  c a t a l y t i c  r e d u c t i v e  

deha logena t ion  o f  d i h y d r o c h l o r i d e  o f  (-)-cis-2,8-dimethyl-6-bromo- 

-2,3,4,4a,5,9b-hexahydro-lH-pyrido[4,3b]indole i s  d e s c r i b e d  t o -  

g e t h e r  w i t h  t h e  r e a c t i o n  c o n d i t i o n s  o f  t h e  t r i t i a t i o n  u s i n g  5:; 

Pd/BaS04 (UVVVR) i n  0.1 M phosphate b u f f e r  pH 7.4. S p e c i f i c  ac- 

t i v i t y  o f  t h e  p r o d u c t  was 0.9 TBq.mmol-', i t s  r a d i o c h e m i c a l  p u r i t y  

96$4. 

Ke ywo r d s : [3 H I  s t o bad i n  e , 6- b romo s t o  ba d i n  e , d e h a l o g  en a t i o n  
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INTRODUCTION 

V. Mark0 et al. 

Stobadine,  d i h y d r o c h l o r i d e  o f  (-)-cis-2,8-dimethyl-2,3,4,4a, 5, Sb- 

-hexahydro-1H-pyr ido [4,3b] i n d o l e  ( A ) ,  i s  a new c a r d i o p r o t e c t i v e  

agent f rom t h e  gamma-carboline s t r u c t u r a l  group ( 1 ) .  

W i t h i n  a l ong - te rm t o x i c o l o g i c a l  i n v e s t i g a t i o n  o f  

dogs, a s i m p l e  s p e c t r o f l u o r o m e t r i c  a n a l y t i c a l  method 

f o r  t h e  d e t e r m i n a t i o n  o f  serum c o n c e n t r a t i o n s  o f  

However, t h e  method i s  o f  l i m i t e d  s e n s i t i v i t y  and i s  

f o r  f u l l - r a n g e  e x p e r i m e n t a l  p h a r m a c o k i n e t i c  s t u d i e s  

l a b e l l e d  m a t e r i a l  was needed. 

s tobad ine  i n  

was developed 

t h e  d rug  ( 2 ) .  

i n a p p r o p r i a t e  

T h e r e f o r e  a 

A s  a t t e m p t s  t o  p r e p a r e  I3H ]s tobad ine  b y  i s o t o p e  exchange i n  t h e  

system g a s - s o l u t i o n  d i d  n o t  g i v e  a p r o d u c t  o f  m o l a r  a c t i v i t y  

h i g h e r  than  67 GBq.mmol-', i t  was necessa ry  t o  t r y  ano the r  way o f  

p r e p a r a t i o n  o f  t h e  l a b e l l e d  drug. 

T h i s  paper d e s c r i b e s  t h e  s y n t h e s i s  o f  [3H]stobadine o f  h i g h  mo la r  

a c t i v i t y  based on c a t a l y t i c  r e d u c t i v e  deha logena t ion  o f  t h e  bromo- 

d e r i v a t i v e  o f  s tobad ine .  

F i g u r e  1: Scheme of f 3 H j s t o b a d i n e  s y n t h e s i s  
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The f i r s t  s t e p  of  t h e  s y n t h e s i s  o f  [3H]stobadine ( s ) ,  i . e .  

b r o m a t i o n  o f  s t o b a d i n e  (A), was based on a p r e v i o u s  s y n t h e t i c  

work done on racemic gamma-carbolines ( 3 ) .  The p u b l i s h e d  p rocedure  

haa t o  be m o d i f i e d  due t o  t h e  d i f f e r e n t  s a l t  o f  t h e  s t a r t i n g  com- 

pound used i n  o u r  procedure.  As t h e  d i h y d r o c h l o r i d e  i s  n o t  s u f f i -  

c i e n t l y  s t a b l e ,  t h e  s a l t  of t h e  base w i t h  p a l m i t i c  a c i d  was used 

f o r  t h e  s t o r a g e  o f  t h e  drug.  T h i s  s a l t  was used a l s o  i n  t h e  reac-  

t i o n .  As t h e  a d d i t i o n  o f  t h e  d i p a l m i t a t e  t o  t h e  a c i d i c  r e a c t i o n  

medium r e s u l t e d  i n  a suspension,  a c o m p a r a t i v e l y  h i g h e r  volume o f  

a c e t i c  a c i d  and l o n g e r  r e a c t i o n  t i m e  were used t o  improve sus- 

pending and t o  p r o l o n g  t h e  c o n t a c t  o f  r e a c t i n g  molecules.  D r y i n g  

o f  c o l l e c t e d  e t h e r e a l  e x t r a c t s  can be cons ide red  t h e  " b o t t l e -  

-neck" o f  t h i s  p a r t  of s y n t h e s i s .  I n  t h e  case o f  i n c o m p l e t e  

d r y i n g  t h e  r e s u l t i n g  p r e c i p i t a t e ,  a f t e r  a c i d i f i c a t i o n  w i t h  hydro-  

gen c h l o r i d e ,  was u n s t a b l e  and i t  decomposed w i t h i n  a few minutes.  

A n a l y t i c a l  p r o f i l e  o f  6-bromostobadine i s  i n  Tab le  I. The d a t a  

were compared w i t h  those p u b l i s h e d  f o r  s t o b a d i n e  (4 ) .  

The presence o f  bromine i n  t h e  mo lecu le  o f  bromostobadine i s  w e l l  

documented b y  mass spect rum o f  t h e  substance. The a p p r o x i m a t e l y  

e q u a l  occurence o f  two s t a b l e  i s o t o p e s  o f  bromine, i . e .  "Br and 

81Bt-, caused t h e  appearance o f  doub le  maxima d i f f e r i n g  i n  two 

u n i t s  o f  m/e i n  t h e  mass s p e c t r a .  I t  i s  v i s i b l e  i n  t h e  case o f  

t h e  maxima o f  t h e  m o l e c u l a r  i o n  Mi (m/e e q u a l  t o  280 and 282; t h e  

m o l e c u l a r  w e i g h t  o f  bromostobadine i s  281.20), o f  t h e  i o n  M'- 

- NH(CH3)* (m/e e q u a l  t o  235 and 2 3 7 ) ,  e tc .  

The e x a c t  p o s i t i o n  o f  bromine on t h e  a r o m a t i c  r i n g  was s p e c i f i e d  

b y  NMR spec t roscopy  u s i n g  homodecoupl ing o f  p r o t o n s  of t h e  a r o -  

m a t i c  m e t h y l  group and t h e  NOE d i f f e r e n t i a l  exper iment  ( 5 ) .  B o t h  
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methods c o n f i r m e d  t h e  o r t h o - p o s i t i o n  o f  a r o m a t i c  p r o t o n s  towards 

t h e  m e t h y l  group. 

Tab le  I. A n a l y t i c a l  p r o f i l e  o f  6-bromostobadine 

m.p. [ O C I  150-1 55 

uva E n m l  246 

305 

I R b  v [cm-'~ 3418, 3300 

2929, 2853 

2691  

2448 

1615, 1592 

14 70  

'H NMR' 6 /PPm 7.26 

7.15 

2.89 

2.29 

MSd m/e 280, 282 

235, 237 

( d e c o m p o s i t i o n )  

E = 8.85.10 

E = 3.64.10 

3 

3 

V( NH 1 

V(CH) 

V(NH+) 

v (  c=ca 1 
V(CH2 1 

V( NH; 1 

l H ,  d, H-7 

l H ,  d, H-9 

3H, s ,  NCH3 

3H, s ,  CH3 

M+ 

M+- NH(CH3l2 
- 

a methanol  

KBr p e l l e t s  

me t  hanol-d4 

E.I., 75  ev 

I n  t r a c e  exper imen ts  ( T a b l e  11) we s t u d i e d  t h e  i n f l u e n c e  o f  t h e  

t y p e  o f  c a t a l y s t  and r e a c t i o n  medium on s p e c i f i c  a c t i v i t y  and 

r a d i o c h e m i c a l  y i e l d  o f  t h e  r e a c t i o n .  H i g h  mo la r  a c t i v i t y  can be 

achieved o n l y  i f  t h e  r a t e  of c a t a l y t i c  r e d u c t i v e  d e h a l o g e n a t i o n  
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i s  s u b s t a n t i a l l y  h i g h e r  than  t h e  r a t e  o f  i s o t o p e  exchange ( 6 ) .  The 

h i g h e s t  s p e c i f i c  a c t i v i t i e s  were reached by u s i n g  5% Pd/BaS04 

(UVVVR) as a c a t a l y s t ,  when requ i remen ts  o f  b o t h  h i g h  r e a c t i o n  

r a t e  and l o w  exchange were met. The s p e c i f i c  a c t i v i t i e s  o b t a i n e d  

were c l o s e  t o  t h e o r e t i c a l  va lues .  

EXPERIMENTAL 

UV s p e c t r a  w e r e  measured i n  methanol  u s i n g  a M 4 0  spec t ropho to -  

meter  ( C a r l  Z e i s s ,  Jena, GDR). I R  s p e c t r a  were reco rded  on a Per- 

k in -E lmer  983G appara tus  u s i n g  KBr technique.  'H NMR s p e c t r a  were 

o b t a i n e d  on a B r u k e r  AM-300 appara tus  i n  methanol-d4 a t  2981<; TMS 

was used as an i n t e r n a l  s tandard.  Mass s p e c t r a  were recorded on a 

J e o l  JMS D 100 appara tus  u s i n g  e l e c t r o n  impac t  (75  eV) technique.  

F o r  t h i n - l a y e r  chromatography o f  6-bromostobadine, S i l u f o l  UV 254 

p l a t e s  ( K a v a l i e r ,  V o t i c e ,  Czechos lovak ia )  were used. The two s o l -  

v e n t  systems used were benzene-isopropanol-methanol-conc. ammonia 

70:30:20:5 ( sys tem A) and cyclohexane-benzene-methanol-triethyl- 

amine 70:20:10:5 ( sys tem B) .  R f  v a l u e s  o f  s t o b a d i n e  and i t s  b ro -  

m o d e r i v a t i v e ,  u s i n g  systems A and B, a r e  i n  Tab le  111. F l u o r e s c e n t  

s p o t s  were d e t e c t e d  u s i n g  a UV lamp 254 nm. 

A c t i v i t i e s  were measured on a Packa rd - f r i -Carb  appara tus  i n  t h e  

l i q u i d  s c i n t i l a t o r  SLD (Lachema, Brno,  Czechoslovak ia) .  Radio-  

chemica l  p u r i t y  was de te rm ined  by HPLC method on a model 8500 

V a r i a n  l i q u i d  chromatograph. The s e p a r a t i o n  was c a r r i e d  o u t  on a 

CGC 3 . 3 ~ 1 5 0  mm column packed w i t h  Sepharon SGX C18 7 Fm (Labora-  

t 6 r n i  p r r i s t r o j e ,  Prague, Czechos lovak ia ) .  The m o b i l e  phase, 

aqueous s o l u t i o n  o f  NaH2P04 (0.05 M), t r i b u t y l a m i n e  (0.005 M )  and 

methanol  (876), pH 2.6, was pumped th rough  t h e  column a t  a f l o w -  

- r a t e  o f  1 ml.min-'. 
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Tab le  111. R f  v a l u e s  o f  s t o b a d i n e  and i t s  b r o m o d e r i v a t i v e  

+ b s y s  t ema Compound R f  - S.D. 

A s t o b a d i n e  0.52 2 0.01 

bromostobadine 0.64 2 0.02 

0 s t o b a d i n e  0.16 2 0.01 

bromos t o b a d i n e  0.25 2 0.01 . 
a f o r  d e s c r i p t i o n  o f  systems see t e x t  

s t a n d a r d  d e v i a t i o n s  o f  f i v e  measurements 

T r i t i u m  ( w i t h o u t  c a r r i e r )  i n  a volume a c t i v i t y  o f  200 MBq.ml-' was 

purchased f rom Techsnabexport  (USSR). C a t a l y s t  5% Pd/BaS04 (UVVVR)  

was p repared  a t  t h e  I n s t i t u t e  f o r  Research, P r o d u c t i o n  and A p p l i -  

c a t i o n  o f  Rad io i so topes ,  Prague, Czechoslovak ia,  5% PdO/BaS04 was 

f rom Merck, Darmstadt,  FRG, 10% Pd/C f rom Fluka,  Buchs, S w i t z e r -  

l and .  

O the r  chemicals  were f rom Lachema, Brno,  Czechoslovak ia.  

F o r  s t u d i e s  o f  h y d r o g e n a t i o n  r e a c t i o n s  i n  c o l d  and t r a c e  e x p e r i -  

ments, t h e  appara tus  d e s c r i b e d  e a r l i e r  ( 7 )  was used. F o r  p repara -  

t i o n  o f  C3H]stobadine i n  a h i g h e r  mo la r  a c t i v i t y ,  t h e  m o d i f i e d  

appara tus  o f  Wenzel ( 8 )  was used. I m m e d i a t e l y  a f t e r  f i n i s h i n g  t h e  

r e a c t i o n  t r i t i u m  was r e t u r n e d  t o  t h e  c o n t a i n e r  and by measur ing 

p r e s s u r e  t h e  consumption o f  t r i t i u m  was determined.  

D i h v d r o c h l o r i d e  of (-)-cis-2.8-dirnethvl-6-bromo-2.3.4.4a.5.9b- 

-hexahydro-1H-pyr ido 4.3b i n d o l e  (2) 

To 3.3 g (4.6 mmol) o f  d i p a l m i t a t e  o f  s t o b a d i n e  a c o l d  m i x t u r e  o f  

H2S04 (0.75 rnl) CH3COOH (12  m l )  was added and t h e  r e s u l t i n g  and 
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suspens ion  was w e l l  s t i r r e d .  0.8 g ( 5  mmol) o f  b romine  was dropped 

i n  d u r i n g  1 5  m i n u t e s  and t h e  o r a n g e - c o l o u r e d  s u s p e n s i o n  was mixed 

a t  room t e m p e r a t u r e  f o r  2 hours .  Then 40 m l  o f  c o l d  w a t e r  were 

added and t h e  s u s p e n s i o n  was made a l k a l i n e  w i t h  t h e  c h i l l e d  s o l u -  

t i o n  o f  2 0  g NaOH i n  100 m l  o f  w a t e r .  The r e s u l t i n g  p r e c i p i t a t e  

( N a - p a l m i t a t e )  was f i l t e r e d  o f f  and washed 3 t i m e s  w i t h  d i e t h y l  

e t h e r .  The c l e a r  f i l t r a t e  was a l s o  e x t r a c t e d  3 t i m e s  w i t h  d i e t h y l  

e t h e r .  The y e l l o w  e x t r a c t s  were c o l l e c t e d  and d r i e d  o v e r n i g h t  

above a m o l e c u l a r  s i e v e  (Dusimo S-3A. Lachema, B rno ,  Czechos lo -  

v a k i a ) .  S a t u r a t e d  d i e t h y l  e t h e r  s o l u t i o n  o f  hyd rogen  c h l o r i d e  was 

dropped i n t o  t h e  d r y  e x t r a c t s  and t h e  w h i t e  p r a c i p i t a t e  was f i l -  

t e r e d  o f f  and vacuum d r i e d .  The y i e l d  o f  t h e  p r o d u c t  was 1.35 g 

(83%). The p u r i t y  o f  t h e  p r o d u c t  was c o n f i r m e d  b y  TLC (one  s p o t  

i n  b o t h  sys tems) .  

C a t a l y t i c  r e d u c t i v e  d e h a l o q e n a t i o n  o f  6 -b romos tobad ine  (2) ( t r a c e  

e x p e r i m e n t s 1  

I n t o  a 1 m l  r e a c t i o n  f l a s k  7.8 mg ( 2 2 ~ m o l )  o f  6 -b romos tobad ine  

(2) was p l a c e d  a l o n g  w i t h  c a t a l y s t  ( 8  mg o f  556 Pd/BaS04, 8 mg o f  5:$ 

PdO/BaS04, 3 mg o f  10% Pd/C), as  w e l l  as  0.5 m l  o f  s o l v e n t  ( s e e  

T a b l e  11). The f l a s k  was connec ted  t o  t h e  a p p a r a t u s  f o r  t r a c e  ex-  

p e r i m e n t s  and c h i l l e d  t o  210  I<. A f t e r  d e g a s i n g  t r i t i u m  was i n t r o -  

duced and t h e  m i x t u r e  was s t i r r e d  a t  a t e m p e r e t u r e  o f  2 9 5  I<. A f t e r  

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

was d e t e r m i n e d  and l a b i l e  r a d i o a c t i v i t y  was removed b y  3x2 m l  o f  

methano l .  C a t a l y s t s  were  f i l t e r e d  o f f  b y  2 cm column o f  s i l i c a g e l .  

D i h y d  r o c h l o r i d e  o f  ( - 1 -c is-2,8-dime t hyl-6- r3Hl -2 ,3  ,4,4a, 5,9b- 

-hexahydro-1H-pyr ido  4 .3b  i n d o l e  ( 3 )  

7.8 mg (22 F m o l )  o f  2 was d i s s o l v e d  i n  0.6 m l  o f  0.1 Pi phospha te  
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b u f f e r ,  pH 7.4, and p l a c e d  w i t h  a c a t a l y s t  ( 8  mg o f  Pd/BaS04) i n t o  

a 1 m l  r e a c t i o n  f l a s k .  C a t a l y t i c  r e d u c t i v e  d e h a l o g e n a t i o n  t o o k  

p l a c e  f o r  26 m inu tes  a t  295 I< and a t  t r i t i u m  p r e s s u r e  o f  0.10 MPa. 

A f t e r  f i n i s h i n g  t h e  r e a c t i o n  t r i t i u m  f rom l a b i l e  b i n d i n g s  was r e -  

moved i n  a c l o s e d  system b y  3x2 m l  o f  methanol  and t h e  c a t a l y s t  

was f i l t e r e d  o f f  b y  a 2 x 1  cm column o f  s i l i c a g e l .  The y i e l d  o f  3 
was 18.8 GBq w i t h  a s p e c i f i c  a c t i v i t y  o f  0.91 TBq.mmo1-' and 

r a d i o c h e m i c a l  p u r i t y  o f  96%. 
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