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Reviews on t h e  e n d o r p h i n ~ l - ~  and o t h e r  a s p e c t s  of  o p i a t e  r e ~ e a r c h ~ - ~  
have  a p p e a r e d .  Resea rch  on t h e  o p i a t e s  h a s  c e n t e r e d  on  1) t h e  e l u c i d a t i o n  
of  t h e  p h y s i o l o g i c a l  l o c a t i o n s  and t h e  f u n c t i o n s  of  e n d o r p h i n s ;  2 )  t h e  
d i s c o v e r y  of  p e p t i d e  o r  c lass ica l  n a r c o t i c  s t r u c t u r a l  a n a l o g s  which  a re  
c l i n i c a l l y  e f f e c t i v e  f o r  t h e  r e l i e f  o f  p a i n  b u t  l a c k  a d d i c t  i o n  L i a b i l i t y ;  
3 )  t h e  d e t e r m i n a t i o n  of  t h e  n a t u r e  of  t h e  o p i a t e - r e c e p t o r ( s ) .  The ma jo r  
advancements  i n  e a c h  o f  t h e s e  a r e a s  are  r ev iewed  i n  t h i s  c h a p t e r .  

EndugcnoUn O p h & 5  

B i o s y n t h e s i s  and  C a t a b o l i s m  - Evidence  c o n t i n u e s  t o  mount t h a t  e n d o r p h i n s  
i n  t h e  p i t u i t a r y  g l a n d  a re  d e r i v e d  from a l a r g e r  p r e c u r s o r  by t h e  p a t h -  
way9-'': 
p h i n  + a-Endorphin .  ACTH i s  a l s o  d e r i v e d  from t h e  31K p e p t i d e .  Met- 
e n k e p h a l i n  c a n  b e  d e r i v e d  from t h e  d e g r a d a t i o n  of  l a r g e r  e n d o r p h i n s ;  how- 
e v e r ,  t h e  i m p o r t a n c e  of  t h i s  pathway r e m a i n s  u n c e r t a i n . 1 2  The o r i g i n  o f  
l e u - e n k e p h a l i n  r e m a i n s  unknown. The a c t i v i t i e s  o f  t h e  e n k e p h a l i n s  a r e  
t e r m i n a t e d  by t h e  r a p i d  c l e a v a g e  o f  tlie Tyr-Gly p e p t i d e  b ~ n d . l ~ - ' ~  T h i s  
c l e a v a g e  l i m i t s  t h e  d u r a t i o n  of a c t i o n  o f  t h e s e  a g e n t s  and  makes q u a n t i -  
t a t i v e  measurements  of  t h e i r  a c t i v i t y  d i f f i c u l t  i n  a l l  i n  v i v o ,  and some 
i n  v i t r o ,  tes ts .  

D i s t r i b u t i o n  - Immunohisto 
s p e c i f i c  r e c e p t o r  b i n d i n g ,  and  e l e c t r i c a l l y  s t i m u l a t e d  mouse v a s  
d e f e r e n s Z 7  a s s a y s  were used  t o  map e n d o r p h i n  d i s t r i b u t i o n  i n  s e v e r a l  a n i -  
mal s p e c i e s .  These  s t u d i e s  a g r e e  t h a t  t h e  l a r g e r  p e p t i d a l  e n d o r p h i n s  have  
h i g h e r  c o n c e n t r a t i o n  i n  t h e  p i t u i t a r y  t h a n  i n  o t h e r  r e g i o n s  o f  t h e  b r a i n  
o r  o t h e r  t i s s u e s .  C o n v e r s e l y ,  t h e  e n k e p h a l i n s  p r e d o m i n a t e  i n  n o n p i t u i t a r y  
t i s s u e s .  W i t h i n  t h e  r a t  p i t u i t a r y  t h e  e n d o r p h i n s  a re  l o c a t e d  i n  c e l l s  o f  
t h e  p a r s  i n t e r m e d i a  and p a r s  d i s t a l i s  b u t  are  exc luded  f rom t h e  neu ro -  
phypophys i s .  I n  ra t s  t h e  e n k e p h a l i n s  a r e  d i s t r i b u t e d  i n  r e g i o n s  of  t h e  
s p i n a l  c o r d ,  r e g i o n s  of  t h e  b r a i n  i n c l u d i n g  t h e  p e r i a q u e d u c t a l  g r e y  m a t t e r ,  
t ha l amus ,  hypo tha lamus ,  and b a s a l  g a n g l i a ,  and i n  t h e  g u t .  S t u d i e s  u s i n g  
e i t h e r  d e c a p i t a t i o n  o r  microwaves  t o  k i l l  r a t s  have  produced  e q u i v a l e n t  
r e s u l t s ;  26 however 
t o  k i l l  t h e  r a t s .  22 Radioimmunoassays u s i n g  me t -enkepha l in  s p e c i f i c a 8  o r  
m e t -  and  l e u - e n k e p h a l i n  n o n s p e c i f i c  a n t i b o d i e s 2 I  show e q u i v a l e n t  enkepha- 
l i n  d i s t r i b u t i o n  p a t t e r n s  i n d i c a t i n g  t h a t  t h e r e  i s  l i t t l e  a n a t o m i c a l  s epa -  
r a t i o n  be tween t h e  two p e p t i d e s .  The d i s t r i b u t i o n  o f  t h e  e n k e p h a l i n s  p a r -  
a l l e l s  t h e  d i s t r i b u t i o n  o f  o p i a t e  r e c e p t o r s  i n  many, b u t  n o t  a l l ,  b r a i n  
r e g i o n s .  

P h y s i o l o g i c a l  A c t i o n s  and F u n c t i o n s  - The e x a c t  p h y s i o l o g i c a l  f u n c t i o n  of  
endogenous  o p i a t e s  r e m a i n s  unknown. 28 
exogenous ly  a d m i n i s t e r e d  e n d o r p h i n s  and e n k e p h a l i n s  p roduce  m o r p h i n e - l i k e  
a c t i o n s  i n  a n i m a l s .  2 9  S t u d i e s  show t h a t  me t -enkepha l in  i n h i b i t s  t h e  mor- 
p h i n e  a b s t i n e n c e  syndrome i n  mice .30  8-Endorphin a d m i n i s t r a t  i o n  t o  a n i m a l s  

8 

31K p e p t i d a l  p r e c u r s o r  + @ - L i p o t r o p i n  + @-Endorphin  + y-Endor- 

____ 

16-20 r a d i o  immunoassay , 21-24 s t e r e o -  $ p _ e y p l '  

t h e s e  r e s u l t s  a p p a r e n t l y  depend on t h e  p r o c e d u r e  used  

Ev idence  c o n t i n u e s  t o  mount t h a t  
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c a u s e s  a n a l g e s i a  and development of t o l e r a n c e  t o  i t s  a n a l g e t i c  
Ana lges i a  is  produced by i n j e c t i o n  of e n k e p h a l i n s  i n t o  areas of t h e  s p i n a l  
co rd  .34-35 The s e l f - a d m i n i s t r a t i o n  of t h e  e n k e p h a l i n s  by mice s u g g e s t s  
t h a t ,  l i k e  morphine,  t h e  e n k e p h a l i n s  cause  euphor i a  and d r i v e - r e d u c t i o n  
reward.  36 Rats s e l f - a d m i n i s t e r  l eu -enkepha l in  t o  a g r e a t e r  e x t e n t  t h a n  
met-enkephal in ,  i n d i c a t i n g  t h a t  l eu -enkepha l in  may p l a  a predominant r o l e  
i n  e u p h o r i a  and b e h a v i o r a l  a s p e c t s  of o p i a t e  a c t i v i t y . 3 6  Leu-enkephalin 
produced a morphine- l ike a n a l g e t i c  e f f e c t  when i n j e c t e d  i n t r a c e r e b r o v e n -  
t r i c u l a r l y  ( i . c . v . )  i n t o  r a t s  (45°C h o t - p l a t e ) ;  however, when t e s t e d  i n  a 
s imi l a r  manner, met-enkephal in  caused a n  i n c r e a s e d  s e n s i t i v i t y  t o  p a i n  and 
induced r e p o n s e s  r e sembl ing  t h o s e  s e e n  i n  n a r c o t i c  w i thd rawa l .  I n j e c t i o n  
( i . c . v . )  of 6-endorphin i n t o  c a t s  caused b e h a v i o r a l  r e s p o n s e s  a t  1 2 . 5  ug 
and bo th  b e h a v i o r a l  and a n t i n o c i c e p t i v e  r e s p o n s e s  a t  25.0 and 50.0 ug 
d o s e s ;  however, no e f f e c t  from met-enkephalin was o b ~ e r v e d . ~ '  A n a l g e s i a ,  
an t agon ized  by naloxone,  w a s  produced by met-enkephal in  i n j e c t e d  i n t o  t h e  
p e r i a q u e d u c t a l  g rey  matter of ra ts .39 
p h a l i n s  i s  n o t  r e v e r s e d  by n a l o ~ o n e . ~ ~  
r a t i o  o p e r a n t  behav io r  i n  rats.41 
i n j e c t e d  ( i . c . v . )  i n t o  c a t s  caused eme t i c  and hype r the rmic  e f f e c t s  similar 
t o  t h o s e  caused by morphine.42 H y p e r m o t i l i t y  i n  ra ts ,  which i s  blocked by 
naloxone b u t  n o t  h a l o p e r i d o l ,  i s  produced by i n j e c t i o n  o f  mor h i n e  o r  D- 
a la-met-enkephal in  amide i n t o  t h e  n u c l e u s  accumbens of ra t s .  

Amnesia produced i n  r a t s  by enke- 
f3-Endorphin a l s o  i n h i b i t s  f i x e d  

Large d o s e s  (1-2 mg) of met-enkephal in  
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The p u t a t i v e  r o l e  of e n k e p h a l i n s  as  n e u r o t r a n s m i t t e r s  i s  enhanced by 
s t u d i e s  which show t h a t  e l e c t r i c a l  s t i m u l a t i o n  (10 Hz) of gu inea  p i g  i leum 
s t r i p s  c a u s e s  release o f  e n k e p h a l i n ~ . ~ ~ , ~ ~  T h i s  p r e p a r a t i o n  may p r o v i d e  a 
v a l u a b l e  motz l  f o r  t h e  s t u d y  of t h e  s y n t h e s i s ,  s t o r a g e  and release of 
endorph ins .  The i n h i b i t o r y  e f f e c t s  of m e t -  and l eu -enkepha l ins  have been 
shown on a c e t y l c h o l i n e  re lease i n  m y e n t e r i c  p l e x u s  neu rons .  46 
of a c e t y l c h o l i n e  re lease and t u r n o v e r  by t h e  e n k e p h a l i n s  h a s  been shown i n  
b r a i n   tissue^.^^-^' 
some d ~ p a m i n e ~ ~ ,  50 and s u b s t a n c e  *P mediated neurons .  51 M i c r o i o n t o p h o r e t i c  
a p p l i c a t i o n  of endogenous o p i a t e s  i n t o  r a t  b r a i n s  showed a n  i n h i b i t o r y  
r e s p o n s e  on a l l  r e s p o n s i v e  c e l l s 5 2 ,  53 e x c e p t  t h o s e  i n  t h e  hypothalamus 
where t h e s e  compounds caused an e x c i t a t o r y  r e sponse .  54 

I n h i b i t i o n  

The e n k e p h a l i n s  have similar i n h i b i t o r y  e f f e c t s  on 

The endorph ins  c a u s e  a n  o p i a t e - l i k e  i n h i b i t i o n  of c-AMP f o r m a t i o n  i n  
neuroblastoma X glioma hybr id  cel ls .55-57 The e f f e c t s  of  endorph ins  on 
t h e  release o r  p h y s i o l o g i c a l  blood l e v e l s  of p r o l a c t i n ,  l u t e i n i z i n g  hor- 
mone, f o l l i c l e  s t i m u l a t i n g  hormone, t h y r o i d  s t i m u l a t i n  hormone, growth 
hormone and a r g i n i n e  v a s o p r e s s i n  have been s t u d i e d .  58-g2 

The h y p o t h 6 s i s  t h a t  endogenous o p i a t e s  f u n c t i o n  i n  modulat ing s e v e r e  
s t r e s s f u l  o r  p a i n f u l  s t i m u l i  i s  suppor t ed  by t h e  e l e v a t e d  endorphin l e v e l s  
found i n  dehydrated63 and foo t - shock  s t r e s s e d 6 4  rats.  T h i s  e f f e c t  h a s  n o t  
been shown i n  man.65 Treatment  o f  dep res sed  p a t i e n t s  w i t h  naloxone f a i l e d  
t o  g i v e  n o t i c e a b l e  improvement a l t h o u g h  t h e  naloxone t r e a t m e n t  d i d  c a u s e  a 
d e c r e a s e  i n  CSF endorph in  l e v e l s . 6 6  
n i f i c a n t  e f f e c t s  when t e s t e d  i n  a doub le -b l ind  experiment  on s c h i z o p h r e n i c  
p a t i e n t s . 6 7  
on sch izophren& p a t i e n t s .  
e f f e c t  i n  man. I n j e c t i o n  ( i . v . )  of 1 . 5  mg of @-endorphin i n t o  t h r e e  

Naloxone a l s o  f a i l e d  t o  produce s i g -  

Na l t r exone ,  i n  h igh  d o s e s ,  does  n o t  have b e n e f i c i a l  e f f e c t s  
Naloxone c a u s e s  a d o s e  r e l a t e d  a n t i a n x i e t y  
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s c h i z o p h r e n i c  p a t i e n t s  exace rba ted  t h e i r  c l i n i c a l  c o n d i t i o n ;  however, a 
s i m i l a r  d o s e  of 6-endorphin t o  two depres sed  p a t i e n t s  r e s u l t e d  i n  marked 
improvement of t h e i r  ~ o n d i t i o n . ~ ~  A subsequen t  t r e a t m e n t  of t h e s e  same 
p a t i e n t s  w i t h  6-endorphin o b t a i n e d  from a d i f f e r e n t  s y n t h e t i c  p r e p a r a t i o n  
f a i l e d  t o  produce t h e  r e s u l t s  of t h e  f i r s t  s t u d i e s . 6 9  

Conformation of Enkepha l ins  - S t u d i e s  c o n t i n u e  t o  show a g r e a t  d e a l  of 
confo rma t ion  m o b i l i t y  f o r  e n k e p h a l i n s  and t h e r e  i s  d i sag reemen t  as  t o  t h e  
most p r o b a b l e  confo rma t ion  i n  s o l u t i o n .  70-74 Some of t h e  d i s c r e p a n c i e s  
i n  NMR c o n f o r m a t i o n a l  s t u d i e s  can b e  e x p l a i n e d  from t h e  f a c t  t h a t  s p e c t r a l  
changes occur  on d i l u t i o n  w i t h  d i m e r i c  s t r u c t u r e s  e x i s t i n g  a t  h i g h  con- 
c e n t r a t i o n s ,  7 0  and t h a t  t h e  e n k e p h a l i n s  can  e x i s t  i n  z w i t t e r i o n i c  and 
c a t i o n i c  forms which d i f f e r  i n  s p e c t r a l  f e a t u r e s . 7 1  T h e o r e t i c a l  s t u d i e s  
i n d i c a t e  a number of p o s s i b l e  low ene rgy   conformation^.^^, 76 
t i o n s  w i t h  a t y p e  611-bend a t  o r  a t y p e  BI-bend a t  p o s i t i o n  3 and 4 have 
been proposed.  E i t h e r  of t h e s e  e n k e p h a l i n  confo rma t ions  have some s t r u c -  
t u r a l  p a r a m e t e r s  i n  common w i t h  s y n t h e t i c   opiate^.^^,^' A s t u d y  h a s  been 
made w i t h  a se r ies  of e n k e p h a l i n  a n a l o g s  i n  which mouse v a s  d e f e r e n s  ac- 
t i v i t y  and r e c e p t o r  b i n d i n g  i n  b r a i n  homogenates were c o r r e l a t e d  w i t h  
a l l o w a b l e  confo rma t ions  of t h e  p e p t i d e  c h a i n .  By t h i s  p rocedure  a confo r -  
m a t i o n a l  map showing e n k e p h a l i n  confo rma t ions  a l l o w a b l e  f o r  a c t i v i t y  w a s  
c o n s t r u c t e d  . 

Conforma- 

Enkephal in  Analogs - S e l e c t e d  e n k e p h a l i n  a n a l o g s  which have been p repa red  
i n  an  a t t e m p t  t o  d i s c o v e r  a n a l g e t i c  a g e n t s  w i t h  improved pha rmaco log ica l  
p r o f i l e s  a r e  r e p o r t e d  i n  Tab le  I .  Compound 9 (FK 33-824) i s  l O O O X  more 
p o t e n t  t han  morphine (mouse h o t - p l a t e ,  i . c . v T )  .85 T h i s  compound r e t a i n s  
o n e - f i f t h  t h e  a c t i v i t y  of morphine when g i v e n  o r a l l y .  A D-amino a c i d  i n  
p l a c e  of Gly2 f a c i l i t a t e s  o r a l  o r  i . v .  a c t i v i t y  by d e c r e a s i n g  m e t a b o l i c  
i n a c t i v a t i o n  of t h e  p e p t i d e s .  S t u d i e s  have shown t h a t  1 and 9 r e t a i n  t h e  
a d d i c t i n g  p r o p e r t i e s  of m ~ r p h i n e . ~ ~ , * ~  
h a s  been r e p o r t e d  t o  b e  n o n a d d i c t i n g .  The e n k e p h a l i n  a n a l o g s  do have 
dec reased  r e s p i r a t o r y  e f f e c t s  compared t o  morphine; however , t hey  produce 
a c a t a t o n i c  s t a t e  which i s  u n l i k e  morph ine ’ s  a ~ t i o n . ~ ~ , ’ ~  The dange r  of 
depending on i n  v i t r o  t e s t s  t o  measure a n a l g e t i c  po tency  s demons t r a t ed  
by t h e  h igh  i n  v i t r o  a c t i v i t i e s  s een  f o r  h e x a p e p t i d e s  12 ’‘ - 1386 which 
were p o o r l y  a c t i v e  o r  i n a c t i v e  i n  v i v o .  

No p e p t i d e  w i t h a n a l g e t i c  a c t i v i t y  

Repor t s  on t h e  a g o n i s t - a n t a g o n i s t  a c t i v i t y  of s e v e r a l  N - a l l y l t y r o -  
s y l  an  o g s  of e n k e p h a l i n s  have app gitfgfl. N-Allyl-[D-ala] 2 - met-enke- 
pha l in” ’  and N-al lyl-met-enkephal in  
c i a b l e  a n t a g o n i s t  p r o p e r t i e s .  N- l y l - l e u - e n k e p h a l i n  d o e s  have a n t a g o n i s t  
a c t i v i t y  on t h e  gu inea  p i g  i leum. 

were found n o t  t o  have appre -  

$8 
Misce l l aneous  Endogenous O p i a t e s  - Two compounds hav ing  o p i a t e - l i k e  ac t i -  
v i t y  have been d e t e c t e d  i n  t h e  blood of s e v e r a l  an ima l  s p e c i e s .  These two 
compounds, c a l l e d  s low moving mater ia l  (SMM) and f a s t  moving material  
(FMM) on t h e  b a s i s  of t h e i r  t l c  b e h a v i o r ,  a re  n o t  degraded by p r o n a s e  and 
show d i f f e r g g t  a c t i v i t i e s  on gu inea  p i g  i leum t h a n  6-endorphin o r  m e t -  
enkepha l in .  A nonpep t ide  morphine l i k e  s u b s t a n c e  (MLS) h a s  been i s o -  
l a t e d  from beef b r a i n s  and human u r i n e . 9 0  MLS b i n d s  w i t h  a s p e c i f i c  a n t i -  
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Table I .  Se lected Enkephalin Analogs. 

Structural  Variations a t  a . a .  P o s i t i o n  I d e n t i f i c a t i o n  
Number 

H-Tyr 
BW18Oc 
I C I l N ,  518 
ICI121.444 

FK33-824 

H-Tyr 
H-Tyr 
H-Tyr 
H-Tyr 
H-Tyr 
HTyr 
HTyr 
HTyr 

H-Arg-Tyr 
H-Lys-Tyr 

D-Me t 
D-Me t 
D-Ala 
D - N l e  

D-Ala 
D-Ala 
D-Ala 
D-Ser 

4 

Phe 
Phe 
Phe-NH- 

Phe 
Phe 
Phe 
Phe 
Phe 
N-Me-Phe 
Phe 
Phe 
Phe 
Phe 

5 

D-Leu-OH 

Pro-NHE t 
Met -OH 

Leu-NH-CHZ -CH2 -NHCH3 
Met (0) -0 1 
Met-ol 
Met-(0)-ol 
Met -0Me 
Me t-OH 

T K O - N H E t  

78.79 

81,82  

85 
85 

84 
86 

LC 3 morphine which does not  c r o s s  react wi th  pep t ide  o p i a t e s .  body 
b inds  t o  o p i a t e  r e c e p t o r s  i n  neuroblastma X glioma hybrid ce l l s  i n  a s i m i -  
lar  f a sh ion  t o ,  bu t  20-40X g r e a t e r  t han ,  naloxone. 

Nonpeplide Opiate A g o d a  and A n T h g o d Z b  

O r i  av ines  Deta i led  animal pharmacology of buprenorphine has  been re- 
h g j  Buprenorphine i s  more poten t  and longer  a c t i n g  as  an  ana l -  
g e t i c ,  shows less a d d i c t i o n  l i a b i l i t y ,  and causes  less r e s p i r a t o r y  de- 
p re s s ion  a t  h igh  doses ,  when compared t o  morphine s u l f a t e .  

Morphines and Morphinans - Double-blindg3 3 94 and placebo-control ledg5 
s t u d i e s  wi th  butorphanol show i t  t o  be an  e f f e c t i v e  a n a l g e t i c  agent  i n  
man. 
Formyl and propionyl  homologs of 6-acetyl-  and 3,6-diacetylmorphine were 
shown t o  have 4 X  longer  du ra t ion  than morphine i n  monkeys.97 
isomer of morphine was synthes ized  and shown n o t  t o  be an  a n a l g e t i c ,  bu t  
t o  r e t a i n  some of t h e  pharmacological e f f e c t s  of  ~ p i a t e s . ' ~  
c e p t o r s  were proposed on t h e  basis of t h e  a c t i v i t y  of (+)-morphine. 

96 An eva lua t ion  of hero in  i n  te rmina l  cancer  p a t i e n t s  w i l l  be  made. 

The (+)- 

Mul t ip l e  re- 

The N-(2s@-tetrahydrofurfuryl  d e r i v a t i v e  *a (Mr 2096 CL) w a s  re- 
ported t o  be a mixed agonis t -an tagonis t  wi th  25X t h e  potency of morphine 
i n  the  mouse wr i th ing  test and t o  p a r t i a l l y  suppress  morphine abs t inence  
i n  monkeys.99,100 The epimeric  2'*-analog 3 b  i s  a pure  an tagon i s t  w i th  
0.2 t h e  a c t i v i t y  of na lorphine .  

ported. lol  Both g a  and g b  are equipoten t  w i th  morphine i n  the  ho t -p l a t e  
test; 

Homo- and homoisomorphinan d e r i v a t i v e s  g a , b ,  and g a , b  were re- 

however, g b  suppor ts  phys i ca l  dependence whi le  g a  n e i t h e r  sup- 

0 
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- 1 8 a , h  R = a l l y l  

- 1 9 a , b  R = CH2-c-C3H5 

presses nor  p r e c i p i t a t e s  withdrawal  i n  monkeys. The cyc lop ropy lme thy  de- 
r i v a t i v e s  (16a ,b )  have 0.12 and 0.05 t h e  a n a l g e t i c  a c t i v i t y  of morphine,  
l a c k  a c t i v i t y  and do  no t  s u b s t i t u t e  f o r  morphine i n  a d d i c t e d  
monkeys. Compound 17, a r e p r e s e n t a t i v e  example of a se r ies  o f  N-aralkyl-  
morphinans p repa red  as  p o t e n t i a l  o p i a t e  r e c e p t o r - s i t e - d i r e c t e d  a l k y l a t i n g  
a g e n t s ,  was 4 X  a s  p o t e n t  as morphine s u l f a t e  i n  t h e  h o t - p l a t e  t e s t  and 
caused some i n h i b i t i o n  of morphine a c t i v i t y  i n  t h i s  same t e s t .  Receptor  
b i n d i n g  s t u d i e s  f a i l e d  t o  show i r r e v e r s i b l e  b i n d i n g  of c . I o 2  
6-amino d e r i v a t i v e s  g a , b  and s a , b ,  were found t o  b e  l e s s  p o t e n t ,  b u t  
l o n g e r  a c t i n  a n t a g o n i s t s  t h a n  t h e i r  k e t o  p r e c u r s o r s ,  naloxone and 
n a l  t r e x o n e .  183 

a n t a g o n i s t  

Epimeric  

Benzomorphans - An e x c e l l e n t  r ev iew on s y n t h e t i c  and chemica l  a s p e c t s  of 
t h e  benzomorphans was pub l i shed  .lo4 A c o n t r o l l e d  t r e a t m e n t  s t u d y  con- 
f i rmed t h a t  n a l t r e x o n e  produced fewer s i d e  e f f e c t s  t h a n  c y c l a z o c i n e  i n  
man.105 
p a r i n g  morphine and 8-methoxycyclazocine (Win 20,836) r e v e a l e d  t h a t  d o s e s  
of 8-methoxycyclazocine e q u i a n a l g e t i c  w i t h  a morphine s t a n d a r d  caused 
u n a c c e p t a b l e  l e v e l s  of  psychotomimetic  s i d e  effects ." '  

A ' ' twin c r o s s o v e r  r e l a t i v e  po tency  a n a l g e s i c  a s s a y "  i n  man com- 

Compounds 20 and 21 gave r e s p e c t i v e l y  0.20 and 1 .0  t h e  a n a l g e s i a  of 
An tagon i s t  a c t i v i t y  g r e a t e r  t h a n  t h a t  morphine i n  t h e  h o t - p l a t e  test.107 

of n a l o r p h i n e  was seen  f o r  1, b u t  20 i s  n o t  a n  a n t a g o n i s t  i n  t h e  t a i l -  
f l i c k  s c r e e n .  N e i t h e r  20 nor  2 suppres sed  a b s t i n e n c e  s i g n s  i n  morphine 
dependent  monkeys. Benzomorphan a n a l o g s  22 and 23 i n c o r p o r a t e  t h e  9$-OH 
i n  t h e  p o s i t i o n  e q u i v a l e n t  t o  t h e  1 4 - p o s i t i o n  of t h e  morphinan r i n g  
n u c l e u s . l o 8  Compound (-)-g i s  e q u i p o t e n t  as  an  a g o n i s t  (mouse w r i t h i n g )  
and 2 X  more p o t e n t  t h a n  bu to rphano l  as  a n  a n t a g o n i s t  ( s t r a u b  t a i l  t e s t ) .  
Compound 23 i s  v i r t u a l l y  devoid of a g o n i s t  a c t i v i t y  b u t  s l i g h t l y  more 
a c t i v e  t h a n  naloxone as  an  a n t a g o n i s t .  

2 0  
21 

2 2  
2 3  

2 4  
2 5  

2 6  

R 

n-C6H13 
C H Z - C - C ~ H ~  
C H ~ - C - C ~ H ~  
C H Z - C - C ~ H ,  

- 

Me 

C H ~ - C - C J H ~  

C H Z - C - C ~ H ~  OH 

HO 

R 1  - 
Me 

Me 

a l l y l  
a l l y l  
M e  

Me 

Me 

2 7  M e  
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A s e r i e s  of e i g h t e e n  benzomorphans w i t h  9-propanol s u h s t i t u e n t s ,  a s  
i n  o r i p a v i i i e  s t r u c t u r e s ,  i nc luded  compounds _ _  24,25 and ,109 These compounds 
had a g o n i s t  ED501s of 2 .6 ,4 .5  and >25 mg/kg ( a c e t y l c h o l i n e  w r i t h i n g )  and 
a n t a g o n i s t  AD50is of >80, 0.006, and 0.022 mg/kg (phenazocine antagonism) 
r e s p e c t i v e l y ,  compared t o  v a l u e s  of 2 . 8  (ED50) and 0 .1  (AD50) f o r  n a l o r -  
ph ine .  A series of N - s u b s t i t u t e d  9w-n-propyl-6,7-benzomorphans w a s  p re -  
pared and t h e  N-CH3 t o  N-CgH13 d e r i v a t i v e s  found t o  have p o t e n t  (unquan- 
t i f i e d )  and long  l a s t i n g  ( t o  10 h r )  a n t a g o n i s t  e f f e c t s  i n  s i n g l e  d o s e  sup-  
p r e s s i o n  s t u d i e s  i n  monkeys .l10 The N-( 2,4,5-trihydroxyphenylethyl) nor- 
me tazoc ine  d e r i v a t i v e  27 w a s  p repa red  i n  a n  a t t e m p t  t o  d e l i v e r  a 6-hydroxy- 
dopamine-like a l k y l a t i n g  moiety t o  t h e  a n a l g e t i c  r e c e p t o r ;  however, t h i s  
compound h a s  on1 weak a f f i n i t y  f o r  t h e  o p i a t e  r e c e p t o r  (neuroblastoma X 
glioma c e l l s ) .  The C-ring-N-posit ional a n a l o g  of t h e  benzomorphans pos- 
s e s s e s  a c t i v i t y  e q u i v a l e n t  t o  c o d e i n e  (mouse t a i l  p r e s s u r e )  . I 1 2  
methano-bridged a n a l o g  gave nal  o r p h i n e  l e v e l  antagonism ( r a t  t a i l - f l i c k )  
h u t  o n l y  weak a g o n i s t  e f f e c t s . l 1 3  

The B , C -  

R 1  R 
N-R 28a Me Me 

- - 

- 28b phene thy l  M e  
28c Me propiophenone 
- 28d Me prop ionoxy 
- 

HO & R 1  

4 -Pheny lp ipe r id ines  - The most e x c i t i n g  r e p o r t  i n  t h i s  area w a s  t h e  p o t e n t  
and pu re  a n t a g o n i s t  a c t i v i t i e s  s e e n  f o r  t h e  4-(3-hydroxyphenyl)-3-methyl- 
p i p e r i d i n e  d e r i v a t i v e s  of s t r u c t u r e  28.114 Thus 28a, g b  and - 28c had AD50 
v a l u e s  of 0.24, 0.11 and 0.056 m g / k g F s . c .  ( " r a t  tail hea t ' '  a g a i n s t  mor- 
p h i n e ) ,  r e s p e c t i v e l y ,  compared t o  a v a l u e  of 0.022 mg/kg f o r  naloxone.  
The (+)-isomer of 28a (AD50=O.O29) i s  more a c t i v e  t h a n  t h e  (-)-isomer 
(AD50=0.22). The &-3,4-Me compounds a r e  50-100X less  a c t i v e .  The 3- 
methyl  group i s  b e l i e v e d  t o  c o n f e r  a n t a g o n i s t  p r o p e r t i e s  t o  t h i s  compound 
s i n c e  t h e  8-prodine a n a l o g  s d  i s  a pu re  a n t a g o n i s t  2-3X more p o t e n t  t han  
p e n t a z o c i n e .  
t han  t h e i r  N-methyl c o u n t e r p a r t s .  

N-Ally1 d e r i v a t i v e s  of - 28 a r e  l e s s  p o t e n t  as  a n t a g o n i s t s  

OH 
30a; R= -M1"' P h  CHCH 2CH2 - 

CH3 CH3 

It K O  H 
2 9  O H  
- 

30a; R= -M1"' P h  CHCH 2CH2 - 

CH3 CH3 

""""""""""""""""""""H3 It K O  H 

f - f '  2 9  - O H  

The c o r r e l a t i o n  observed between r e c e p t o r  b i n d i n g  and h o t - p l a t e  
a n a l g e s i a  of a- and 8-prodine a n a l o g s  s u b s t i t u t e d  w i t h  Me, E t ,  a l l y 1  and 
hexyl  a t  t h e  3 - p o s i t i o n  l e d  t o  t h e  c o n c l u s i o n  t h a t  a c t i v i t y  i n  t h i s  s e r i e s  
i s  determined by r e l a t i v e  r e c e p t o r  a f f i n i t y  r a t h e r  t h a n  d i s t r i b u t i o n  and/  
o r  metabol ism of t h e  compounds.115 
p h e n y l p r o p y 1 ) p i p e r i d i n e  w a s  i n a c t i v e  i n  t h e  t a i l - f l i c k  t e s t  bu t  was a weak 
a g o n i s t  i n  t h e  w r i t h i n g  tes t  (80.5 and 32 mg/kg r e s p e c t i v e l y )  1- 
Methyl-4-piper idinol  es ters  w i t h  bu lky  a r o m a t i c  s u h s t i t u e n t s  gave c o d e i n e  

The ester 29, of 3-(3-hydroxy-3- 
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l e v e l  a n a l g e t i c  a c t i v i t y  ( 4 . 9 ,  7.3 mg/kg f o r  30a and x b ,  respect ive1.y)  i n  
t h e  mouse h o t - p l a t e  t e s t .  
30,OOOX less  t h a n  morphine) t o  o p i a t e  r e c e p t o r s  i n  mouse b r a i n  homogenates 
and x b  had no dependence l i a b i l i t y  i n  monkeys.'17 

These compounds showed o n l y  weak b i n d i n g  (300- 

' 31 - 

3 4  - 

R& -CH3 

35a; K=H 

-cH 3 

COCH2Ph - 

36 I 
Ph - 

Misce l l aneous  - E x t e n s i v e  S A R  on t h e  6-azabicyclo[3.2.l]octanes (31)  were 
pub l i shed  .l18 
N-Me, ED50=2.9; h o t - p l a t e  t e s t )  w h i l e  a methyl  a t  C-8 g i v e s  compounds 
which are i n a c t i v e  as  a g o n i s t s  b u t  r e t a i n  a n t a g o n i s t  a c t i v i t y  (8-Me-N-Me, 
AD50=0.18 v s .  0.16 f o r  n a l o r p h i n e ;  morphine r e s p i r a t o r y  d e p r e s s i o n ,  r ab -  
b i t s ) .  7,8-Dimethyl s u b s t i t u t i o n  r e s u l t s  i n  i n a c t i v e  compounds. SAR of 
N-subs t i t u t ed  a n a l o g s  somewhat p a r a l l e l  t h a t  obse rved  f o r  o t h e r  a n a l g e t i c  
series w i t h  e x c e p t i o n  of t h e  N-phenethyl s u b s t i t u e n t  which i s  i n a c t i v e  i n  
t h e  nonmethylated r i n g  system bu t  i n  combina t ion  w i t h  a 7-Me s u b s t i t u e n t  
produced t h e  most p o t e n t  a g o n i s t  of t h e  series (ED50=0.3 mg/kg v s .  1 . 2  
mg/kg f o r  morphine; h o t - p l a t e  t e s t ) .  None of t h e  compounds d i s p l a y e d  ap- 
p r e c i a b l e  p h y s i c a l  dependence c a p a c i t y .  The N-Me-7,8-unsubstituted and 
t h e  N-Me-7-exo-methyl compounds were r e s o l v e d  and o n l y  t h e  (+)- isomers  
found t o  be a c t i v e  as  a g o n i s t s ;  however, t h e  ( - ) - isomers  ma in ta ined  antag- 
o n i s t  a c t i v i t y .  Members of o t h e r  b i c y c l o a l k a n e  ser ies  such  as  t h e  3- 
hydroxyphenyl d e r i v a t i v e s  of  2-a-zabicyclo [ 2 . 2 . 2 ] o c t a n e Y  2 -azab icyc lo  
[ 3.2.  l l o c t a n e  and 3 -azab icyc lo  [ 3 . 3 .  l l n ~ n a n e l ~ ~  were i n a c t i v e  as ago- 
n i s t s  b u t  produced p e n t a z o c i n e  l e v e l  an tagon i sm i n  t h e  r a b b i t  r e s p i r a t o r y  
d e p r e s s i o n  a s s a y .  

Methyl s u b s t i t u t i o n  a t  C-7 enhances a g o n i s t  a c t i v i t y  (7-Me- 

The B,C-ring a n a l o  32) of morphine w a s  s y n t h e s i z e d  b u t  f a i l e d  t o  
show a n a l g e t i c  a c t i v i t y . f 2 b h e  (-)-isomer of t h e  novel  5 ,  l l - d i a z a d i t w i s -  
t a n e  d e r i v a t i v e  33 had a n a l g e t i c  a c t i v i t y  2 X  g r e a t e r  f5gn  morphine ( r a t  
hind paw p r e s s u r e )  w h i l e  t h e  (+)-isomer w a s  i n a c t i v e .  The (+)-isomer 
of t h e  l Y 3 - d i o x a n e  34 gave a n a l g e t i c  a c t i y 3 8 y  comparable t o  c o d e i n e  
(ED50is 6 .2  v s .  6 .7  mg/kg, AcOH w r i t h i n g )  
Replacement of t h e  phenyl. w i t h  3 -py r idy l  o r  a 2-Me s u b s t i t u e n t  on t h e  
d ioxane  r i n g  gave a 2-3 f o l d  i n c r e a s e  i n  a g o n i s t  a c t i v i t y .  The s p i r o -  
p e r i d i n e  a n a l o g s  35a ( I C I  86,458)  and 35b ( I C I  91,356)  a r e  r e p o r t e d  
have 0 .5  and 1 .0  t h e  po tency  of morphine i n  t h e  AcOH w r i t h i n g  a s s a y .  
Both t h e  cis- and t r a n s - a m i n o t e t r a l i n  d i a s t e r e o m e r s  of 36 were r e p o r t e d  t o  
have c o d e i n e  l e v e l  a g o n i s t  a c t i v i t y  (mouse h o t - p l a t e )  and ,  a t  3 mg/kg, 
t o  g i v e  a 100% i n h i b i t i o n  of an  ED80 d o s e  of morphine (mouse t a i l  
f l i c k )  

which w a s  blocked by na loxone .  

€4 5 
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i o u s  3H-labeled pept ide  and nonpept ide o p i a t e s  from r e c e p t o r s  ( s te reospe-  
c i f i c  binding s i t e s )  i n  b r a i n  t i s s u e  has  l ed  a number of i n v e s t i g a t o r s  t o  
conclude t h a t  t h e r e  are m u l t i p l e  r e c e p t o r s  a s soc ia t ed  wi th  o p i a t e  a c t i v i -  
tY.12'-131 The conten t ion  of m u l t i p l e  r e c e p t o r s  i s  augmented by t h e  d i f -  

The d i f f e r e n t i a l  compet i t ive  displacement by n a r c o t i c  agents  of var- 

f e r e n t i a l  i n  v i t r o  and i n  v ivo  pharmacological responses  seen wi th  v a r i o u s  
~ p i a t e s . l ~ ~ ~ T n  example of t h i s  is  t h e  equipoten t  a c t i v i t i e s  seen f o r  
morphine and met-enkephalin on the  guinea p ig  ileum compared t o  30X grea- 
ter a c t i v i t y  of met-enkephalin on t h e  mouse v a s  deferens.131 

A q u a n t i t a t i v e  r e l a t i o n s h i p  between o p i a t e  r ecep to r  binding and ac- 
t i v i t y  i n  v ivo  could be made f o r  t e n  s t r u c t u r a l l y  d i v e r s e  o p i a t e s  when 
l i p o p h i l i c i t y  w a s  a l s o  taken  i n t o  account.136 
which binding r a t i o s  i n  t h e  presence and absence of Na' f a i l e d  t o  p r e d i c t  
t h e  n a r c o t i c  an tagon i s t  a c t i v i t y  which undoubtedly ex i s t ed  i n  the  com- 
pounds. Also some pure  a g o n i s t s  have been found t o  have low sodium bind- 
ing  r a t io s .13$  Two proposa ls  on t h e  n a t u r e  of t h e  o p i a t e  r ecep to r  ap- 
peared. One of t hese  is similar t o  t h e  Becket t  model bu t  proposes a n  ex- 
tended aromatic  ( l i p o p h i l i c )  binding region.138 The o t h e r  p i c t u r e s  t h e  
r ecep to r  s i t e  as  a cup shaped area formed by fou r  pentapept ide  segments 
i n  a n t i p a r a l l e l  B-Pleated sheets.139 A s  wi th  a l l  prev ious  o p i a t e  r ecep to r  
models, both of t hese  proposa ls  are  based on SAR c o r r e l a t i o n s  of some, but 
no t  a l l  agen t s  having o p i a t e  a c t i v i t y  and n e i t h e r  are supported by exper i -  
mental  evidence. 

Cases have been r epor t ed  i n  
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