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A b s t r a c t - - - A  s e r i e s  o f  h e t e r o c y c l e s  have been p r e p a r e d  * t h e  P i c t e t - S p e n g l e r  

r e a c t i o n  and s e v e r a l  o f  t h e s e  ( 6 - c a r b o l i n e s  ?-E( ,  i m q u i n o l i n e  119 and 

l r n i d a z o p y r i d i n e  d e r i v a t i v e  !6b) have been f ound  t o  b i n d  t o  t h e  h e n z o d i a z e n i n e  

r e c e p t o r  vitro w i t h  mode ra te  t o  h i g h  a f f i n i t y .  

The d i s c o v e r y  o f  h i g h  a f f i n i t y ,  s a t u r a b l e  and s t e r e a s p e c i f i c  b i n d i n g  s i t e s  f o r  t h e  henzo-  

d i a z e p i n e s  has prompted an i n t e n s i v e  s e a r c h  f o r  endogenous l i g a n d s  f o r  t h i s  r e c e p t o r . ' "  

S i n c e  3 - s u b s t i t u t e d  B - c a r b o l i n e s  such as 3-carbaethaxy-B-carboline or a c l o s e l y  r e l a t e d  d e r i -  

v a t ~ v e ~ ~  have been proposed t o  b e  endogenous l i g a n d s  o f  t h e  b e n z o d i a r e p l n e  r e c e p t o r ,  we have 

p repa red  a  s e r i e s  o f  8 - c a r b o l i n e s  and t e s t e d  t h e i r  a b i l i t i e s  t o  b i n d  t o  b r a i n  b e n z o d i a z e p i n e  

r e c e p t o r s  *. These s t u d i e s  sugges t  t h a t  i n  t h e  B - c a r b o l i n e  s e r i e s ,  a c a r b o n y l  m o i e t y  

m a r k e d l y  augments a f f i n i t y  f o r  t h e  r e c e p t o r .  The syn theses  o f  compounds Z-! employed f o r  

t h i s  s t u d y  have been d e s c r i b e d  e l sewhe re .  3 h  

4 R e c e n t l y ,  s e v e r a l  r e p o r t s  have sugges ted  t h a t  endogenous p e p t i d e - l i k e  m a t e r i a l s  d i s n l a c e  

3 
[ H I - b e n z o d i a z e p i n e r  f rom r e c e p t o r  s i t e s  w i t h  a  r e l a t i v e l y  h i q h  a f f i n i t y .  Consequen t l y ,  t h e  

e f f e c t  o f  a 3 - c a r b o x a m ~ d e  m o i e t y  on t h e  a c t i v i t y  o f  8 - c a r b o l i n e s  has been d e t e r m i n e d .  The 

5  ca rboxam ide  8 was p repa red  by  t r e a t i n g  a  me thano l  s o l u t i o n  o f  2 w i t h  d r y  ammonia, mo reove r ,  

t h i s  arnide [I d i d  i ndeed  b i n d  t i g h t l y  t o  t h e  r e c e p t o r  (Ki=6R nM). The r e l a t e d  a l c o h o l s  an+ 

! b o t h  demons t ra ted  weaker b i n d i n g  w i t h  Ki's o f  1470 and 3160 nM, r e s p e c t i v e l y ,  w h i c h  a g a i n  

i n d i c a t e s  t h a t  t h e  c a r b o n y l  i s  e x t r e m e l y  i m p o r t a n t  f a r  b i n d i n q  o f  0 - c a r b a l i n e s  t o  t h e  d i a z e -  

pam r e c e p t o r ( s ) .  P a n d i t 6  has shown t h a t  t e t r a h y d r o - 8 - c a r b o l i n e s  can be s y n t h e s i z e d ,  i n  a 



1 0  b i o m i m e t i c  sense, f rom N', N -methylenetetrahydrofolate mode l s  w h i c h  sugges t s  t h e  b i a s y n -  

t h e t i c  m a c h i n e r y  f o r  s y n t h e s i s  o f  t h e  C-l  u n i t  o f  8 - c a r b o l i n e s  may be p r e s e n t  m. One 

can e n v i s a g e  t h e  p o s t u l a t e d  o r i g i n  o f  3 - c a r b o x y - 8 - c a r b o l i n e s  bn t o  he  d e r i v e d  f r om t r y p -  

t o p h a n  and a C-1 u n i t ,  moreover  2 need n o t  be  c o n s i d e r e d  t h e  o n l y  amino a c i d  i n v o l v e d  i n  such 

a p rocess .  O the r  a c i d s  such as p h e n y l a l a n i n e ,  t y r o s i n e ,  dopa and h i s t i d i n e  m i g h t  w e l l  con- 

Scheme I 

dense fin w i t h  a C-1 u n i t  t o  p r o v i d e  p l a n a r ,  3 - c a r b o x y - s u b s t i t u t e d  sys tems s i m i l a r  t o  B -  

~ a r b o l i n e s . ~  I n  f a c t ,  B a r k e r  Kt. have r e c e n t l y  r e p o r t e d  t h e  i s o l a t i o n  o f  6, ' -d imethoxy- 

7 t e t r a h y d r o i s o q u i n o l i n e  and 6,'-dihydroxytetrahydvoisoquinoline from mammalian systems; a 

r e s u l t  which adds impe tus  t o  t h e  p r e s e n t  i n v e s t i g a t i o n .  Our s t u d i e s  i n  t h i s  area are il- 

l u s t r a t e d  i n  Schemes I 1  and 111. 

P h e n y l a l a n ~ n e  ?a was c o n v e r t e d  t o  t h e  t e t r a h y d r o i s a q u i n o l i n e  ! i l a  by way o f  a P i c t e t -  

Speng le r  r e a c t i o n  w i t h  formaldehyde, '  f o l l o w e d  b y  e s t e r i f i c a t i o n  o f  t h e  r e s u l t i n g  a c i d  w i t h  

9 m e t h a n o l i c  hyd rogen  c h l o n d e .  The d e s i r e d  3-methoxycarbonylisoquinoline I !? was o b t a i n e d  hy  

h e a t i n g  !Oa . . w i t h  p a l l a d i u m  on ca rbon  i n  x y l e n e .  I n  t h e  h i s t i d i n e  s e r i e s  t h e  i n t e r m e d i a t e ,  

s p i n a c i n e  ( m o n o h y d r o c h l o r i d e )  !!?10 was s y n t h e s i z e d  i n  90% y i e l d  b y  h e a t i n g  an aqueous s o l u -  

t i o n  o f  t h e  m o n o h y d r o c h l o r i d e  s a l t  o f  1 2  w i t h  f o rma ldehyde .  T rea t l nen t  o f  !3? w i t h  m e t h a n o l i c  

hydrogen c h l o r i d e  p r o v i d e d  t h e  d e s i r e d  e s t e r  126,  w h i c h  was c o n v e r t e d  t o  16a11 on h e a t i n g  "or  .-. 

f i f t e e n  m i n u t e s  w i t h  s e l e n i u m  d i o x i d e  i n  a c e t i c  a c i d .  The 1 -pheny l  d e r i v a t i v e s  !a?1Z and 

13 
!?b were p repa red  oy  t h e  method o f  w i l l e 1 4  a a b a s e - c a t a l y z e d  P i c t e t - S p e n q l e r  r e a c t i o n  

o f  h i s t i d i n e  12 w i t h  benza ldehyde,  and we re  t h e n  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  e s t e r s  15 
.. 

and !!!,I6 r e s p e c t i v e l y  on h e a t i n g  i n  m e t h a n o l i c  hyd rogen  c h l o r i d e  s o l u t i o n .  The s t e r e o -  

c h e m i s t r y  o f  t h e  two d i a s t e r e o m e r s  1 5 5  and !:! w a s  a s s i g n e d  by  C-13 s p e c t r o r c o o y ;  a method 

p r e v i o u s l y  employed i n  o u r  l a b o r a t o r y  unde r  s i m i l a r  c i r c u m s t a n c e s  i n  t h e  t e t r a h y d r o - 6 - c a r b o -  

l i n e  s e r i e s . ' '  The s i g n a l s  f o r  c a r b o n - l  and carbon-3  i n  t h e  trans d i a s t e r e o m e r  !5b (53 .83 

and 51.98 ppm) were  u p f i e l d  from t h o s e  o f  t h e  i somer  (57 .37 and 56.06 ppm) as  ex-  

pec ted. ' '  The f u l l y  a r o m a t i c  t a r g e t  L6b1' was o b t a i n e d  by  h e a t i n g  !?? w i t h  s e l e n i u m  d i o x i d e  

i n  a c e t i c  a c i d  ( s e e  Scheme 1 1 1 ) .  
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The b i n d i n g  a f f i n i t i e s  o f  t h e  i s o q u i n o l i n e s  and i rn idazopy r id ine  d e r i v a t i v e s  determined 

t o  d a t e  a r e  shown i n  parentheses i n  Schemes I 1  and 111. Wh i le  t h e  t e t r a h y d r o  d e r i v a t i v e s  

103, !OF, j 3 5 .  !!a, and !Sb were v i r t u a l l y  i n a c t i v e  as e ~ p e c t e d , ~  t h e  p l a n a r ,  f u l l y  a romat i c  -.. 
i s o q u i n o l i n e  !!a and t h e  4 - p h e n y l i m i d a z o p y n d i n e  d e r i v a t i v e  !fib demonstrated moderate a c t i v i t y  

Scheme I 1  19 

X z  
93, H  H  Pha ( 1 )  

9b,  H  OH Ty r  

t~;, OH OH Dopa (d.1)  -. 

12, H is  ( 1 )  -. 

Scheme 111 1'3 

R1 R2 
13a, H  H  (>25O uM) -.. 
13b, H CH3 - - -  
14a, PI1 H  cis -. . 
14b. Ph H  tranS 
iG, ~ h  C H ~  (,loo UM) . . . 
15b, Ph CH3 trans ( > I 0 0  ub) . . - 

.-- 
l l c ,  OH OH -. - 

a t  13.2 uEI and 10 "H, r e s p e c t i v e l y .  I t  i s  no tewor thy  t h a t  t h e  b ~ n d i n g  a f f i n i t i e s  o f  !!a and 

16b are q u i t e  s i m i l a r  t o  t h a t  o f  t h e  B - c a r b a l i n e ,  harmane; a mo lecu le  propared a s  a p u t a t i v e  - - -  
endogenous l i g a n d  f o r  t h e  benzodiazepine r e c e p t o r  by  Rommelspacher a However, n e i t h e r  

t h e  potency,  c o n c e n t r a t i o n ,  nor neuroanatomic l o c a l i z a t i o n  o f  harmane i n  rnamnalian b r a i n  

s u p p o r t  t h i s  hypo thes is  (see r e f e r e n c e  3 f o r  d e t a i l s ) ,  nonetheless 8 - c a r b o l i n e s  d i d  i n  genera l  

b i n d  w i t h  a h i g h e r  a f f i n i t y ,  as  shown i n  Scheme I 

The ~n a c t i v i t y  o f  t h e  i s o q u i n o l i n e  !!a and t h e  4 - p h e n y l i m i d a r o p y r i d i n e  d e r i v a t i v e  

!$b i s  i n t e r e s t i n g  f rom a s t r u c t u r e - a c t i v i t y  s t a n d p o i n t ,  a s  w e l l  a s  i n  a b iom imet i c  sense. 

The f a c t  t h a t  amino ac ids  o t h e r  than  t r y p t o p h a n  ! can be condensed w i t h  a  C-1 u n i t  and l a t e r  

conver ted  t o  3 - c a r b o x y - s u b s t i t u t e d  h e t e r o c y c l e s  which b i n d  t o  t h e  r e c e o t o r  o rov ides  chemical 

6 
p r o o f  t h a t  such a process i s  p o s s i b l e  inn. Moreover, t h e  r e c e n t  work o f  P a n d i t  and 

7 .  
Ba rke r  9 z. ( ~ s o q u i n o l i n e  a rea )  p rov ides  t a n g i b l e  ev idence t h a t  s i m i l a r  t r a n s f o r m a t i o n s  

a r e  a l s o  p o s s i b l e  bn. I n  a d d i t i o n ,  success fu l  e x t r a p o l a t i o n  o f  s t r u c t u r e - a c t i v i t y  r e -  

l a t i o n s h i p s  i n  t h e  8 - c a r b o l i n e  area3"' t o  o t h e r  h e t e r o c y c l e s  such as 115 and !$) has heen 



accomp l i shed  and t h e  a c t i v i t i e s  o f  such compounds kvitro and in- may h e l p  t o  shed l i g h t  

on  t h e  s t r u c t u r e  o f  t h e  endogenous l i g a n d  f o r  t h e  b e n r o d i a z a p i n e  r e c e p t o r ( s ) .  
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