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I n t r o d u c t i o n  - T h i s  r e v i e w  c o v e r s  new d e v e l o p m e n t s  c o n c e r n i n g  
t h e  m e t h o d o l o g i c a l  a s p e c t s  of  q u a n t i t a t i v e  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  (QSAR), t h e  physicochemical/structural p a r a -  
meters employed ,  a p p l i c a t i o n s  o f  QSAR a p p r o a c h e s  t o  v a r i o u s  
p r o b l e m s  a n d  t h e  s i g n i f i c a n c e  o f  t h e  r e s u l t s  i n  d r u g  d e s i g n .  
P a r t i c u l a r  e m p h a s i s  has  b e e n  p l a c e d  on u s e s  o f  QSAR ap- 
p r o a c h e s .  Expans ion  o f  a c t i v i t y  i n  t h i s  f i e l d  has c o n t i n u e d  
s i n c e  t h e  l a s t  Annual R e p o r t s  r e v i e w  two y e a r s  ago.  The pro-  
c e e d i n g s  of two s y m p o s i a  h a v e  b e e n  p u b l i s h e d 1 s 2  and  t h e  s e c -  
ond Gordon C o n f e r e n c e  on QSAR was h e l d  i n  1977. The most 
w i d e l y  u s e d  a p  r o a c h  c o n t i n u e s  t o  be t h e  l i n e a r - f r e e  e n e r g y  
r e l a t e d  model .  P 
Methods - S e v e r a l  newer methods  f o r  c o r r e l a t i n g  b i o l o g i c a l  
a c t i v i t i e s  s u c h  as c l u s t e r  a n a l y s i s , 4  p a t t e r n  r e ~ o g n i t i o n ~ ' ~  
and F i b o n a c c i  numbers '  h a v e  b e e n  d i s c u s s e d .  The DARC-PELCOB 
and t h e  s e q u e n t i a l  s i m p l e x 9  p r o c e d u r e s  have b e e n  advanced  
as  p o s s i b l e  means o f  more r a p i d l y  a p p r o a c h i n g  t h e  most  a c t i v e  
d r u g  c o n g e n e r .  M o l e c u l a r  o r b i t a l  (MO) i n d i c e s I O  and c a l c u -  
l a t i o n s  of  l o w e s t  e n e r g y  c o n f o r m a t i o n s  have  c o n t i n u e d  t o  draw 
i n t e r e s t  . I 1  

A s e t  o f  m o l e c u l a r  c o n n e c t i v i t y  p a r a m e t e r s  was d e r i v e d  
and  u s e d  i n  c o r r e l a t i n g  v a r i o u s  m o l e c u l a r  and p h y s i c a l  p r o p -  
e r t i e s .  B i o l o g i c a l  d a t a  we%e a l s o  c o r r e l a t e d  and  p a r a b o l i c  
r e l a t i o n s h i p s  b e t w e e n  m o l e c u l a r  c o n n e c t i v i t y  p a r a m e t e r s  and  
b i o l o g i c a l  a c t i v i t i e s  were f o r m u l a t e d ,  The method h a s  t h e  
a d v a n t a g e  t h a t  e x p e r i m e n t a l l y  measured  p h y s i c o - c h e m i c a l  con- 
s t a n t s  a r e  n o t  r e q u i r e d . 1 2  To d a t e ,  however ,  o n l y  o n e  s t u d y  
has d e a l t  w i t h  t e s t i n g  t h e  c o r r e l a t i o n s .  l 3  

The Free-Wilson (F-W) model and t h e  m o d i f i e d  v e r s i o n  of 
F u j i t a  and  Ban h a s  b e e n  c a r e f u l l y  a n a l y z e d .  The method has 
b e e n  e x t e n d e d  t o  i n c l u d e  c o m b i n a t i o n s  of  c o n t i n u o u s  p a r a m e t e r s  
( e . g .  1, 7 r 2 ,  e t c . )  and F-W p a r a m e t e r s ,  a c o n c e p t  t h a t  i s  
e q u i v a l e n t  t o  H a n s c h ' s  i d e a  o f  u s i n g  i n d i c a t o r  v a r i a b l e s . 1 4  
The F-W model  h a s  b e e n  l i m i t e d  by i t s  i n a b i l i t y  t o  p r e d i c t  
a c t i v i t i e s  o f  c o n g e n e r s  h a v i n g  s u b s t i t u e n t s  n o t  p r e s e n t  i n  t h e  
m a t r i x .  T h i s  l i m i t a t i o n  was d u e  t o  t h e  u s u a l l y  i m p r e c i s e  c o r -  
r e l a t i o n  of "de novo" c o n s t a n t s  w i t h  e x p e r i m e n t a l l y  measured 
c o n s t a n t s .  K u b i n y i  has  shown t h a t  a m u l t i p a r a m e t e r  c o r r e l a -  
t i o n  c a n  b e  u s e d  t o  e x t e n d  t h e  a p p l i c a b i l i t y  o f  t h e  F-W 
model.  1 5 
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The t h e o r y  of l i n e a r  e q u a t i o n s  h a s  b e e n  r e v i e w e d  and 
d i f f i c u l t i e s  i n  a p p l i c a t i o n  t o  QSAR examined .16  A method h a s  
been  p r o p o s e d  f o r  i n c o r p o r a t i n g  d r u g  i o n i z a t i o n  i n  QSAR equa-  
t i o n s .  l 7  A b i l i n e a r  model w a s  f o r m u l a t e d  whereby l o w e r  a c t i v -  
i t y  c o n g e n e r s  were r e l a t e d  b y  a l i n e a r  e q u a t i o n  and  t h e  h i g h e r  
a c t i v i t y  con e n e r s  by an  a s y m p t o t i c  r a t h e r  t h a n  a p a r a b o l i c  
e q u a t i o n .  1 8 ’ p g  
o u t  t h e  u s e  o f  a computer  was d e s c r i b e d .  The p r o c e d u r e  i n -  
v o l v e s  c o m p a r i s o n  o f  t h e  p o t e n c y  o r d e r  o f  a smal l  i n i t i a l  s e t  
o f  compounds w i t h  t h a t  c a l c u l a t e d  f o r  v a r i o u s  p a r a m e t e r  depen-  
d e n c i e s . 2 0  One l i m i t a t i o n  o f  t h e  Hansch a p p r o a c h  h a s  b e e n  i t s  
i n a b i l i t y  t o  d e a l  w i t h  d i f f e r e n t  a c t i v i t i e s  of s t e r e o i s o m e r s .  
However,  a means o f  i n c o r p o r a t i n g  s t e r e o i s o m e r s  i n t o  o n e  equa-  
t i o n  h a s  b e e n  d e v i s e d  whereby t h e  p h y s i c o - c h e m i c a l  c o n s t a n t s  
o f  t h e  g r o u  s on t h e  c h i r a l  c e n t e r  a re  t r e a t e d  as i n d e p e n d e n t  
v a r i a b l e s . 2 P , 2 2  P r o g r e s s  h a s  a l s o  b e e n  made i n  r e p l y  t o  t h e  
c r i t i c i s m  t h a t  t h e  v a l i d i t y  of r e g r e s s i o n  e q u a t i o n s  a re  n o t  
e v a l u a t e d  b y  t h e  s y n t h e s i s  and t e s t i n g  o f  new compounds .23-25  

P a r a m e t e r s  - Hansch and  c o w o r k e r s  h a v e  u p d a t e d  t h e i r  1 9 7 3  com- 
p i l a t i o n  o f  s u b s t i t u e n t  p a r a m e t e r s  by a d d i n g  48 new s u b s t i t u -  
e n t s . 2 6  u o  v a l u e s  f o r  1 9 0  s u b s t i t u e n t s  h a v e  b e e n  d e t e r m i n e d  
from i n f r a r e d  s p e c t r o s c o p y . 2 7  S t e r i c  c o n s t a n t s  f o r  1 6 1  g r o u p s  
h a v e  b e e n  c o m p i l e d . 2 8  Molar r e f r a c t i o n  ( M R )  and i t s  u s e  h a s  
b e e n  r e v i e w e d . 2 9  Some newer p a r a m e t e r s  were p r o p o s e d  as a l -  
t e r n a t i v e s  t o  l o g  P i n  c o r r e l a t i n g  b i o l o g i c a l  d a t a  ( e . g .  s o l u -  
b i l i t ~ , ~ ~  d i s t r i b u t i o n ,  3 1  and c h r o m a t o g r a p h i c  R 3 2 ) .  A hydro-  
gen-bonding  p a r a m e t e r  w a s  d i s c u s s e d . 3 3  P h o t o i o n i z a t i o n  p o t e n -  
t i a l  w a s  u s e d  as an  i n d e x  f o r  c o r r e l a t i n g  t h e  b r a i n  l e v e l s  of 
p s y c h o t r o p i c  d r u g s .  34 

A method f o r  a p p l y i n g  t h e  Hansch a p p r o a c h  w i t h -  

Log P c o n t i n u e d  as t h e  i m p o r t a n t  p a r a m e t e r .  The most  
r e c e n t  Pomona C o l l e g e  o u t p u t  h a s  o v e r  1 0 , 0 0 0  m e a s u r e d  l o g  P ’ B .  
C h r o m a t o g r a p h i c  and a s o l v e n t  e x t r a c t i o n  meth- 
0 d 3 7  f o r  d e t e r m i n i n g  l o g  P ’ s  were d e s c r i b e d .  Methods f o r  es- 
t i m a t i n g  l o g  P were d e v e l o p e d .  The SCAP model  p r e d i c t e d  o c t a -  
n o l - w a t e r  l o g  P w i t h  an a v e r a g e  a b s o l u t e  d e v i a t i o n  of 946.38 
The h y d r o p h o b i c  f r a g m e n t a l  c o n s t a n t ,  f ,  i t s  d e r i v a t i o n  and 
a d d i t i v e  n a t u r e  w a s  d e s c r i b e d . 3 9 9 4 0  D e v i a t i o n s  b e t w e e n  c a l c u -  
l a t e d  and  e x p e r i m e n t a l  v a l u e s  were a t t r i b u t e d  t o  c o n f o r m a t i o n -  
a1 d i f f e r e n c e s 4 I  o r  d i m e r  f o r m a t i o n . 4 2  The r e l a t i o n s h i p  o f  
l o g  P t o  s u r f a c e  a r e a , 4 3  m o l e c u l a r  and  van  d e r  Waals 
volume4 w a s  d i s c u s s e d .  

A p p l i c a t i o n s  o f  QSAR Approaches  - Hansch and  c o w o r k e r s  c o r r e -  
l a t e d  t h e  i n h i b i t i o n  of d i h y d r o f o l a t e  r e d u c t a s e  (DHFR) from 
d i f f e r e n t  o r g a n i s m s  w i t h  p h y s i c o c h e m i c a l  p a r a m e t e r s  i n  t h r e e  
compound s e r i e s .  These  s t u d i e s  r e p r e s e n t e d  a t t e m p t s  t o  d i s -  
c e r n  v a r i a t i o n s  i n  enzyme c h a r a c t e r i s t i c s .  An i n d i c a t o r  v a r i -  
a b l e  merged p a r a l l e l  s e t s  o f  DHFR i n h i b i t i o n  by d i h y d r o t r i a -  
z i n e s  f rom two d i s t i n c t  tumor c e l l s . 4 6  Two e q u a t i o n s  were nec-  
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e s s a r y  f o r  c o r r e l a t i n g  t h e  i n h i b i t o r y  a c t i v i t i e s  o f  p y r i m i -  
d i n e s ,  p o s s i b l y  b e c a u s e  o f  s p e c i e s  v a r i a t i o n s  and  b e c a u s e  two 
s e p a r a t e  s e t s  o f  p y r i m i d i n e s  were i n v e s t i g a t e d . 4 7 s 4 8  TWO 
q u i n a z o l i n e  Q S A R  e q u a t i o n s  d i f f e r  s i g n i f i c a n t l y  f rom e a c h  
o t h e r  i n  t h a t  t h e  b a c t e r i a l  D H F R  e q u a t i o n  shows no d e p e n d e n c e  
on s u b s t i t u e n t  p r o p e r t i e s  a t  p o s i t i o n  6. T h e s e  two q u i n a z o -  
l i n e  e q u a t i o n s  c a n  be q u a n t i t a t i v e l y  compared s i n c e  common 
c o n g e n e r s  w e r e  u s e d  i n  t h e  two enzyme s t u d i e s . 4 8 ’ 4 9  Based on 
t h e s e  r e s u l t s ,  a map o f  t h e  a c t i v e  s i t e  o f  DHFR was construc-• 
t e d  and s p e c i f i c  areas o f  t h e  map were d e s c r i b e d  as hydropho-  
b i c ,  p o l a r  and  s t e r i c a l l y  s e n s i t i v e .  The X-ray s t r u c t u r e  of 
m e t h o t r e x a t e - b o u n d  D H F R  was d e t e r m i n e d s 0  and i t s  c h a r a c t e r i s -  
t i c s  d i f f e r  from t h e  map p r o p o s e d  by Hansch. 

A s  w i t h  D H F R ,  i n t e r e s t  i n  c h y m o t r y p s i n  c e n t e r e d  on c h a r -  
a c t e r i z i n g  t h e  a c t i v e  s i t e  e n v i r o n m e n t .  A s i n g l e  e q u a t i o n  
c o r r e l a t e d  t h e  b i n d i n g  c o n s t a n t s  o f  s t e r e o i s o m e r i c  D- and L- 
amides  a c t i n g  as i n h i b i t o r s  and  s u b s t r a t e s ,  r e s p e c t i v e l y ,  w i t h  
MR t e rms .22  The  p r e s e n c e  o f  t h e  MR terms a l l o w e d  t h e  i d e n t i -  
f i c a t i o n  o f  t h r e e  “ p o c k e t s ”  as p o l a r  and  n o t  l i p o p h i l i c  areas .  
F u r t h e r  s u p p o r t  f o r  t h e s e  d e s c r i p t i o n s  was e l a b o r a t e d  i n  an 
e x t e n s i v e  s t u d y  where  s e t s  o f  e s t e r s  and  amides were r e l a t e d  
t o  MR and n o t  n . 5 1  

S t u d i e s  on t h e  b i n d i n g  o f  two s e t s  of  l i g a n d s  t o  P a p a i n ,  
a n o t h e r  h y d r o l y t i c  enzyme, d e m o n s t r a t e d  t h e  i m p o r t a n c e  of  
MR. 52 The  X-ray s t r u c t u r e ,  however ,  showed a b a n k  o f  l i p o -  
p h i l i c  amino ac ids  n e a r  t h e  c l e f t  i n  p a p a i n .  A s e p a r a t e  s e t  
o f  s u b s t r a t e s  were d e s i g n e d  t o  s p e c i f i c a l l y  e x p l o r e  t h i s  
a rea ,  c a r e  b e i n g  t a k e n  t o  e n s u r e  o r t h o g o n a l i t y  b e t w e e n  n and 
MR. The Q S A R  f o r  t h i s  new s e t  o f  s u b s t r a t e s  w a s  r e l a t e d  t o  
l i p o p h i l i c i t y  and n o t  MR. The t h r e e  e q u a t i o n s ,  t a k e n  t o g e t h e r ,  
c l e a r l y  d e f i n e  a l i p o p h i l i c  and  a p o l a r  p o c k e t  for p a p a i n . 5 3  

Tumor c e l l s  e x h i b i t  abnormal  l e v e l s  o f  c e r t a i n  enzymes. 
The enzymes a re  i n v o l v e d  i n  D N A  s y n t h e s i s ,  p r o t e o l y s i s  o r  
c e l l u l a r  o x i d a t i o n s .  Q S A R  summarized i n  a c o n s i s t e n t  way, 
t h e  b u l k  o f  t h e  d a t a  g a t h e r e d  by Baker  and  h i s  g r o u p .  I n h i b i -  
t o r y  p o t e n c i e s  o f  t h e  v a r i o u s  compound s e r i e s  were r e l a t e d  t o  
MR a n d / o r  n .  I n d i c a t o r  v a r i a b l e s  were u s e d  t o  p a r a m e t e r i z e  
m a j o r  s t r u c t u r a l  v a r i a t i o n s . 4 7 , 5 4  Q S A R  s t u d i e s  on malate 
d e h y d r o g e n a s e , 5 5  t h y m i d y l a t e  s y n t h e t a s e S 6  and  r i b o n u c l e o t i d e  
d i p h o s p h a t e  r e d u c t a s e S 7  were r e p o r t e d .  
p h o b i c  f a c t o r s  were  i n v o l v e d  i n  t h e  i n h i b i t i o n  o f  c h o l i n e s t e r -  
ase by c a r b a m a t e s S 6  and d i s  l a c e m e n t  o f  v i n b l a s t i n e  f rom 
t u b u l i n  b y  Vinca  a l k a l o i d s .  p g  S i z e  (Es) and h y d r o p h i l i c i t y  
( - n )  of s u b s t i t u e n t s  were i m p o r t a n t  i n  t h e  u n c o u p l i n g  o f  mi to-  
c h o n d r i a l  o x i d a t i v e  p h o s p h o r y l a t i o n s  b y  d i c o u m a r o l  d e r i v a -  
t i v e s .  6 0  

E l e c t r o n i c  and  h y d r o -  

A p p l i c a t i o n s  of  Q S A R  a p p r o a c h e s  h a v e  b e e n  q u i t e  numerous 
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1 - 2 
R - 

Me 

i n  t h e  CNS f i e l d .  E l e c t r o n i c  i n d i c e s  seemed t o  b e  a m a j o r  
f a c t o r  i n  a number o f  s t u d i e s .  C o r r e l a t i o n s  were o b s e r v e d  
be tween v a r i o u s  CNS a c t i v i t i e s  o f  b e n z o d i a z e p i n e s  ( m i n o r  t r a n -  
q u i l i z e r s )  and  c a l c u l a t e d  t o t a l  m o l e c u l a r  d i p o l e  moment.61 
QSAR f o r  b e n z o d i a z e p i n o o x a z o l e s  I;, a l s o  o f  i n t e r e s t  as minor  
t r a n q u i l i z e r s ,  d e m o n s t r a t e d  t h e  s i g n i f i c a n c e  o f  t h e  f i e l d  
e f f e c t ,  as measured  by F ,  f o r  n i n e  b i o l o g i c a l  t e s t  s y s t e m s .  
T h e s e  e u a t i o n s  d i d  n o t  i d e n t i f y  f a c t o r s  f o r  s e l e c t i v i t y  o f  
a c t  i o n .  '' 
[3-(di-  and  m o n o a l k y 1 a m i n o ) p r o p y q p h t h a l a n s  2 p o s s e s s i n g  p o t e n t  

s e l e c t i v e  5-HT u p t a k e  i n h i b i t i n g  p r o p e r t i e s  a p p e a r e d  t o  demon- 
s t r a t e  an  i m p a c t  o f  F o f  t h e  a r o m a t i c  s u b s t i t u e n t s  on d r u g -  
r e c e p t o r  i n t e r a c t i o n . 6 3  The  monoamine o x i d a s e  i n h i b i t o r y  
p o t e n c i e s  o f  N - i s o p r o p y l a r y l  h y d r a z i d e s  r e l a t e d  t o  t h e  a n t i -  
d e p r e s s a n t  d r u g  i p r o n i a z i d e  were found t o  c o r r e l a t e  w i t h  t h e  
e l e c t r o n  w i t h d r a w i n g  c a p a c i t y  o f  t h e  a r y l  r i n g  s u b s t i t u e n t s . 6 9  
T h i s  r e s u l t  a l o n g  w i t h  p r e v i o u s l y  p u b l i s h e d  d a t a  on o t h e r  
c l a s s e s  of M A 0  i n h i b i t o r s 6 5  l e d  t o  a p r o p o s a l  o f  a g e n e r a l  
model f o r  t h e  i n h i b i t o r  pharmacophore .  A r e l a t i o n s h i p  w a s  es- 
t a b l i s h e d  b e t w e e n  l o g  P ,  s t e r i c  b u l k  i n  t h e  para p o s i t i o n  and 
t h e  a b i l i t y  t o  s t i m u l a t e  s e r o t o n i n  r e c e p t o r s  i n  a n  i n - v i t r o  
s h e e p  u m b i l i c a l  a r t e r y  p r e p a r a t i o n  f o r  a s e r i e s  o f  p s y c h o t o -  
m i m e t i c  p h e n y l e t h y l a m i n e  d e r i v a t i v e s .  The l o g  P and  s t e r i c  
b u l k  te rms  f o r  t h e  p a r a  s u b s t i t u e n t s  were i n t e r p r e t e d  as i n d i -  
c a t i n g  d i r e c t i o n a l  h y d r o p h o b i c i t y .  The r e l a t i v e  a c t i v i t y  i n  
man o f  a g r o u p  o f  f o u r  compounds was s u c c e s s f u l l y  p r e d i c t e d  
u s i n g  t h i s  model .  66 An e q u a t i o n  c o r r e l a t i n g  p o t e n c y  w i t h  t h r e e  
c o n n e c t i v i t y  terms and p e r m i t t i n g  an i n t e r p r e t a t i o n  o f  SAR was 
f o u n d .  T h e  e q u a t i o n  g a v e  r e a s o n a b l e  p r e d i c t i o n s  of p o t e n c i e s  
f o r  amphetamines  n o t  i n  t h e  l i s t  as w e l l  as m e s c a l i n e s  and 
t r y p t a m i n e s .  E l e c t r o n i c  ( a )  and m o l a r  volume terms were 
u s e d  t o  c o r r e l a t e  t h e  a t a x i c  a c t i v i t i e s  o f  1 0 - p i p e r a z i n o d i -  
b e n z o [ b , f ] t h i e p i n s  % . 6 7  
f a c t o r s  i n  t h e  b i n d i n g  o f  e l e v e n  t r i c y c l i c  t r a n q u i l i z e r s  a n d  
a n t i d e p r e s s a n t s  t o  human serum a l b u m i n  w a s  s t u d i e d .  The r e -  
s u l t s  i n d i c a t e d  t h a t  t h e  m a j o r  f a c t o r  i n f l u e n c i n g  b i n d i n g  i s  
t h e  a b i l i t y  of  t h e  d r u g s  t o  form a s t r o n g  c h a r g e  t r a n s f e r  
complex w i t h  t h e  t r y p t o p h a n  r e s i d u e  o f  HSA, w i t h  h y d r o p h o b i c -  
i t y  p l a y i n g  o n l y  a minor  r o l e . 6 8  C o n f o r m a t i o n s  o f  t h e  t r i -  

Hansch and F-W a n a l y s e s  f o r  a s e r i e s  o f  l - a r y l - l -  

The r o l e  of h y d r o p h o b i c  and e l e c t r o n i c  
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cyclic and butyrophenone type neuroleptics have been compared 
to the trans conformation of dopamine. The need to consider 
neuroleptic conformations other than those found experimental- 
ly, in drawing conclusions about the correlation between anti- 
psychotic activity and similarity to portions of the dopamine 
structure, was stressed.11 

In the cardiovascular field QSAR studies were reported 
for antihypertensive agents and B-blockers. In a series of 
clonidine analogs 4, differing in the aromatic ring substitu- 
tion, a QSAR analysis showed the critical dependence of the 
a-mimetic activity in the pithed rat on a steric effect in the 

H-N r - l  N-H & H xR @ OCH 2CHCH PH 2NH CHMe 

4$jJ X - 

so; y OCH2CHCH2NHCHMe2 
xo 
- 5 I 

‘f( 

OH - 
6 

ortho positions. The resulting equation allowed the accurate 
prediction of the activities of three subsequently synthesized 
highly active compounds. However, no significant correlation 
between physicochemical parameters and central hypotensive 
activit for the seven analogs having such activity, was 
found . 6g ’  Another study of 26 clonidine analogs successfully 
correlated hypotensive activity with steric, electronic and 
lipophilic factors. An ingenious approach was developed in 
which “kinetic“ aspects of the compounds were separated out 
allowing drug activity at the central a-adrenoreceptor level 
to be related to molecular structural characteristics of the 
compounds. The results were used to construct an interesting 
speculative working model for drug-receptor interactions in 
this series.70 The activities of a series of antihypertensive 
substituted benzothiadiazine derivatives 5 has been correlated 
with their binding energies to a receptor model calculated 
using the monopole bond polarizability method.’l This com- 
pound series had been previously analyzed using MO, Hansch 
and F-W methods.72 A parabolic relationship between hydro- 
phobicity, measured by octanol-water partition coefficients, 
and the non-specific antiarrhythmic and cardiodepressant ac- 
tions of a series of 8-adrenergic blocking drugs, determined 
in the isolated frog heart, guinea pig and cat models was es- 
tablished. Thus, the hydrophobicity of 8-adrenergic blocking 
drugs should be a useful predictor of their non-specific ac- 
tivities. 7 3  A similar parabolic dependence of the non-speci- 
fic activities of a small series of alkyl substituted 1,l’- 
(~-phenylenedioxy)bis(3-isopropylamino-2-propanols~ 6 on hy- 
drophobicity was noted. Tracheal 8-adrenergic blocking ac- 
tivity correlated with the steric parameter E, whereas affin- 
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i t y  t o  r i g h t  a t r i a l  8 - a d r e n o r e c e p t o r s  w a s  d e p e n d e n t  on b o t h  
E, and IT. 

Hansch a p p r o a c h  f o r  a s e r i e s  of s u b s t i t u t e d  8 - a z a p u r i n e s  1 
h a v i n g  a n t  i - a l l e r g i c  p r o p e r t i e s  was r e p o r t e d .  Through a 
s e r i e s  of s t ages  i n  which  p r e d i c t i v e  u s e  of  t h e  Hansch t e c h -  
n i q u e  p l a y e d  a m a j o r  r o l e ,  t h e  a c t i v i t  of t h e  o r i g i n a l  l e a d  
compound w a s  e n h a n c e d  o v e r  lo5 t i m e s .  7 y  A l s o  i n  t h e  a l l e r g y  
f i e l d  a q u a n t i t a t i v e  l i n e a r  r e l a t i o n s h i p  was o b t a i n e d  b e t w e e n  
t h e  a c t i v i t y  of a s e r i e s  of s u b s t i t u t e d  o x a l i n i c  a c i d s  8 i n  
p r e v e n t i n g  t h e  r e l ease  o f  m e d i a t o r s  of immediate  h y p e r s e n s i -  
t i v i t y  f rom t h e  r a t  m a s t  c e l l  and t h e  e n e r g y  of a l o w - l y i n g  
a n t i - b o n d i n g  n o r b i t a l  l o c a l i z e d  i n  t h e  p h e n y l  r i n g .  A t h e o -  
r e t i c a l  b a s i s  f o r  t h e  c o r r e l a t i o n  i n v o l v i n g  a c h a r g e - t r a n s f e r  
i n t e r a c t i o n  i n  which  t h e  d r u g  a c t s  a s  a n  e l e c t r o n  a c c e p t o r  w a s  
p r o p o s e d . 7 6  

74 

A c o m p e l l i n g  example  of a c t i v i t y  enhancement  u s i n g  t h e  
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T h a t  p a r t i t i o n i n g  c h a r a c t e r i s t i c s  can  h a v e  a p r o f o u n d  
e f f e c t  on t h e  p h a r m a c o l o g i c a l  a c t i v i t y  of a compound i s  i l l u s -  
t r a t e d  b y  p i r e n z e p i n e  2, a new t y p e  o f  a n t i - u l c e r  d r u g .  Des- 
p i t e  s t r u c t u r a l  s i m i l a r i t i e s  w i t h  p s y c h o t r o p i c  t r i c y c l i c  com- 
p o u n d s ,  p i r e n z e p i n e  i s  d e v o i d  of any c e n t r a l  a c t i v i t y .  I n  
r a t s  i t  d o e s  n o t  p e n e t r a t e  t h e  b l o o d  b r a i n  b a r r i e r  and p r o -  
d u c e s  no CNS e f f e c t s  a f t e r  i n t r a c e r e b r a l  a d m i n i s t r a t i o n .  The  
i n a b i l i t y  o f  t h e  compound t o  p a s s  t h e  b l o o d  b r a i n  b a r r i e r  and 
t o  a c t i v a t e  t h e  p s y c h o t r o p i c  r e c e p t o r s  w a s  a t t r i b u t e d  t o  t h e r -  
modynamic f a c t o r s  r e l a t i n g  t o  i t s  low p a r t i t i o n  c o e f f i c i e n t ,  
l o g  P 0 .10  compared t o  4 . 8 0  f o r  i m i p r a m i n e  G.77 
c o l o g i c a l  e q u i v a l e n c e  o f  t h e  t h i o u r e a  and  c y a n o g u a n i d i n e  group-  
i n g s  i n  t h e  a n t i u l c e r  H p  r e c e p t o r  a n t a g o n i s t s  met iamide  11 and 
c i m e t i d i n e  12 r e s p e c t i v e l y ,  w a s  l i n k e d  t o  t h e  c l o s e  c o r r e s p o n -  
d e n c e  i n  t h e  p h y s i c o c h e m i c a l  p r o p e r t i e s  of t h e s e  g r o u p i n g s  
w i t h  r e g a r d  t o  a c i d i t y ,  h y d r o p h o b i c i t y ,  d i p o l e  moment and  
geometry .  T h i o u r e a  and c y a n o g u a n i d i n e  a r e  t h e r e f o r e  es tab-  
l i s h e d  as b i o i s o s t e r e s  and t h e  deve lopment  of c i m e t i d i n e  from 

The pharma- 
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met iamide  i s  an  e x c e l l e n t  example  of  t h e  u s e  of t h e  c o n c e p t  
of b i o i s o s t e r i s m  i n  d r u g  d e s i g n . 7 8  

C o n f o r m a t i o n a l  a n a l y s i s  o f  a n t i i n f l a m m a t o r y  a r y l a c e t i c  
a c i d s  was u s e d  t o  h y p o t h e s i z e  a d e t a i l e d  model f o r  t h e  a c t i v e  
s i t e  of t h e  f a t t y  a c i d  d i o x y g e n a s e  u n i t  of t h e  PG s y n t h e t a s e  
enzyme and t h e  mechanism o f  P C G  f o r m a t i o n  was i n t e r p r e t e d  i n  
te rms  of  t h i s  model.  The model  r a t i o n a l i z e s  o b s e r v e d  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  among enzyme s u b s t r a t e s  and  i n h i -  
t o r s ,  i n c l u d i n g  s e v e r a l  n o n s t e r o i d a l  a n t i i n f l a m m a t o r y  d r u g s  
a n d  i s  o f  p o t e n t i a l  u t i l i t y  i n  d e s i g n i n g  n o v e l  s p e c i f i c a l l y  
a c t i n g  a n t i i n f l a m m a t o r y  d r u g s .  7 9  The a n t i i n f l a m m a t o r y  e f f e c t s  
o f  a s e r i e s  o f  4 - b e n z y l o x y a r y l a c e t i c  a c i d s  s u b s t i t u t e d  i n  t h e  
3 - p o s i t i o n  showed a p a r a b o l i c  d e p e n d e n c e  on t h e  l i p o p h i l i c i t y  
o f  t h e  v a r i a b l e  s u b s t i t u e n t s  and a p o s i t i v e  r e l a t i o n s h i p  w i t h  
t h e  e l e c t r o n  w i t h d r a w i n g  e f f e c t  o f  s u b s t i t u e n t s  i n  t h e  meta 
p o s i t i o n  w i t h  r e s p e c t  t o  t h e  a c e t i c  a c i d  c h a i n .  The  a c t i v i t y  
o f  a compound s y n t h e s i z e d  a f t e r  t h e  a n a l y s i s  h a d  b e e n  comple- 
t e d  w a s  c o n s i s t e n t  w i t h  t h e  r e g r e s s i o n  equat ion . 'O 

A number o f  a p p l i c a t i o n s  of QSAR were r e p o r t e d  f o r  che-  
m o t h e r a p e u t i c  a g e n t s .  An i n t e r e s t i n g  example w a s  t h e  u s e  o f  
QSAR i n  s t u d y i n g  t h e  mode of a c t i o n  o f  t u b e r c u l o s t a t i c  d r u g s  
o f  t h e  i s o n i c o t i n i c  a c i d  h y d r a z i d e  t y p e .  A n t i b a c t e r i a l  a c t i v -  
i t y  and r a t e  c o n s t a n t s  f o r  t h e  q u a t e r n i z a t i o n  of 2 - s u b s t i t u t e d  
p y r i d i n e s  w i t h  m e t h y l  i o d i d e  showed a s imi l a r  d e p e n d e n c e  on 
t h e  s t e r i c  and e l e c t r o n i c  e f f e c t s  o f  t h e  s u b s t i t u e n t s .  T h e s e  
c o r r e l a t i o n s  p r o v i d e d  e v i d e n c e  t h a t  t h e  r e a c t i v i t y  of t h e  
p y r i d i n e  n i t r o g e n  atom i s  e s s e n t i a l  f o r  t h e  b i o l o g i c a l  a c t i v -  
i t y  o f  2 - s u b s t i t u t e d  i s o n i c o t i n i c  a c i d  h y d r a z i d e s  and  s u p p o r t  
t h e  h y p o t h e s i s  t h a t  i s o n i c o t i n i c  a c i d  d e r i v a t i v e s  a re  i n c o r -  
p o r a t e d  i n t o  an  NAD a n a l o g u e . 8 1  I n  a s imi l a r  v e i n  QSAR s t u d -  
i e s  of a n t i f u n g a l  l-alkylsulfonyl-2-arylacetylenes 13 s u p p o r -  
t e d  a mechanism o f  a c t i o n  b a s e d  on a r e a c t i o n  o f  t h e  compounds 
w i t h  n u c l e o p h i l e s  p r e s e n t  i n  t h e  f u n g a l  c e l l s  which  w a s  con-  
f i r m e d  by k i n e t i c  s t u d i e s  w i t h  a model  n u c l e o p h i l e .  A com- 
pound d e s i g n e d  f o r  h i g h  a c t i v i t y  b a s e d  on t h e  r e g r e s s i o n  equa-  
t i o n  w a s  s y n t h e s i z e d  b u t  w a s  f a r  l e s s  a c t i v e  t h a n  p r e d i c t e d . "  
A h i g h  i n v e r s e  c o r r e l a t i o n  w a s  found b e t w e e n  a n t i b a c t e r i a l  ac-  
t i v i t y  a g a i n s t  a d e n t a l  p l a q u e  f o r m i n g  o r g a n i s m  and t h e  s i z e  
of t h e  s u b s t i t u e n t s  as measured  by MR,  i n  t h e  5 - p o s i t i o n  of  a 
s e r i e s  of  5 - s u b s t i t u t e d  8 - h y d r o x y q u i n o l i n e s .  8 3  A QSAR a n a l y -  
s i s ,  b a s e d  on t h e  Hansch m o d e l ,  o f  t h e  a n t i b a c t e r i a l  p r o p e r -  
t i e s  of  a s e r i e s  of  l o n g  c h a i n  a l i p h a t i c  monoamines r e l a t e d  
a c t i v i t y  p r i n c i p a l l y  t o  t h e  s u r f a c e  a c t i v e  p a r a m e t e r ,  c r i t i c a l  
m i c e l l e  c o n c e n t r a t i o n . 8 4  The & - v i t r o  a n t i b a c t e r i a l  a c t i v i t y  
of  a s e r i e s  of l-phenyl-4,6-diamino-l,2-dihydro-2,2-dimethyl- 
s - t r i a z i n e s  14 showed a p a r a b o l i c  d e p e n d e n c e  on  p a r t i t i o n  w i t h  
no s i g n i f i c a n t  c o n t r i b u t i o n  from e l e c t r o n i c  o r  s t e r i c  terms. 
T h a t  no i n - v i v o  a c t i v i t y  w a s  o b s e r v e d  was a t t r i b u t e d  t o  s t r o n g  
n o n - s p e c i f i c  b i n d i n g  i n  v i e w  o f  t h e  h i g h  v a l u e  of t h e  optimum 
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p a r t i t i o n  f o r  t h e  s e r i e s . 8 5  

C E C - S O 2  R 

1 3  

X 

I n  a w e l l  d e s i g n e d  t e s t  o f  t h e  p r a c t i c a l  w o r t h  o f  t h e  
method o f  physicochemical-activity r e l a t i o n s h i p s ,  a s e r i e s  o f  
s u b s t i t u t e d  2-aryl-2-(p-methoxyphenyl)-l,l,l-trichloroethanes 
I 15 were  s e l e c t e d  t o  o b t a i n  w e l l - s p r e a d  s e t s  o f  m i n i m a l l y  c o r r e -  
l a t e d  p h y s i c o c h e m i c a l  p a r a m e t e r  v a l u e s .  The compounds were  
t h e n  s y n t h e s i z e d  a n d  t e s t e d  f o r  t o x i c i t y  t o w a r d s  h o u s e f l i e s .  
A s t a t i s t i c a l l y  s i g n i f i c a n t  r e g r e s s i o n  e q u a t i o n  w a s  o b t a i n e d  
i n d i c a t i n g  t h a t  t o x i c i t y  i n c r e a s e s  w i t h  l i p o p h i l i c  c h a r a c t e r  
and d o n a t i o n  of e l e c t r o n s  t o  t h e  b e n z e n e  r i n g  by  r e s o n a n c e ,  
and  d e c r e a s e s  by  t h e  i n t r o d u c t i o n  o f  b u l k y  s u b s t i t u e n t s  i n  
t h e  b e n z e n e  r i n g  p a r t i c u l a r l y  a t  t h e  o r t h o  p o s i t i o n s .  The 
r e g r e s s i o n  e q u a t i o n  o b t a i n e d  f o r e c a s t  t h e  a c t i v i t y  o f  e i g h t  
f u r t h e r  members of t h e  s e r i e s  s u f f i c i e n t l y  w e l l  s o  t h a t  by  a 
s t a t i s t i c a l  t e s t  t h e  h y p o t h e s i s  t h a t  t h e  same f u n c t i o n  ap-  
p l i e s  t o  a l l  members o f  t h e  s e r i e s  c o u l d  n o t  b e  

The method o f  d i s c r i m i n a n t  a n a l y s i s  w a s  u s e d  t o  a n a l y z e  
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  a s e r i e s  o f  a n t i t u m o r  
l-phenyl-3-benzyl-3-methyltriazenes. The a n a l y s i s  c l a s s i f i e d  
11 o f  1 3  compounds c o r r e c t l y .  8 7  A n t i l e u k e m i c  a c t i v i t y  ( L -  
1 2 1 0 )  f o r  t h r e e  s e r i e s  o f  homologous d i a l k a n e s u l f o n i c  e s t e r s  
w a s  c o r r e l a t e d  w i t h  a b i n o m i a l  e x p r e s s i o n  i n  l i p o p h i l i c - h y d r o -  
p h i l i c  b a l a n c e .  S i n c e  t h e - s u l f o n y l o x y  f u n c t i o n  i s  s t r o n g l y  
h y d r o p h i l i c  c o n s i d e r a b l e  l a t i t u d e  i s  a v a i l a b l e  f o r  t h e  i n t r o -  
d u c t i o n  o f  v a r i o u s  l i p o p h i l i c  m o i e t i e s  i n  a l k y l a t i n g  a g e n t s  
w i t h  s u l f o n a t e  e s t e r s  as l e a v i n g  g r o u p s . 8 8  I n  a s t u d y  on t h e  
d e l i v e r y  o f  a v a r i e t y  o f  a n t i t u m o r  a g e n t s  t o  t h e  c e n t r a l  n e r -  
vous  s y s t e m  b r a i n  l e v e l  m e a s u r e m e n t s  i n d i c a t e d  t h a t  most  d r u g s ,  
e v e n  t h o s e  w i t h  v e r y  low l o g  P v a l u e s ,  h a v e  some a c c e s s i b i l i t y  
t o  t h e  C N S .  I n  a d d i t i o n  t o  t h e  w e l l  known c o n s i d e r a t i o n s  o f  
l i p i d  s o l u b i l i t y ,  d e g r e e  o f  i o n i z a t i o n  and p r o t e i n  b i n d i n g ,  
m o l e c u l a r  s i z e  p l a y s  an i m p o r t a n t  r o l e  i n  d e t e r m i n i n g  pene-  
t r a t i o n  o f  t h e  b l o o d  b r a i n  b a r r i e r . ”  A b s o r p t i o n  o f  a n t i t u m o r  
rhod ium I1 c a r b o x y l a t e s  by c e l l s  i s  g o v e r n e d  p r i m a r i l y  by  t h e  
compound’s  h y d r o p h o b i c  c h a r a c t e r .  Optimum a c t i v i t y  w a s  ob- 
t a i n e d  i n  t h e  p e n t a n o a t e .  

I n  t h e  hormone f i e l d  a d e t a i l e d  QSAR s t u d y  of a n d r o s t -  
4-en-3-one d e r i v a t i v e s  and t h e i r  a f f i n i t y  f o r  p u t a t i v e  p r o g e s -  
t e r o n e  r e c e p t o r s  l e d  t o  t h e  d e r i v a t i o n  o f  a s i x  v a r i a b l e  r e -  
g r e s s i o n  e q u a t i o n  wh ich  s a t i s f a c t o r i l y  p r e d i c t e d  t h e  a f f i n i -  
t i e s  o f  o t h e r  l i t e r a t u r e  compounds.  A n o v e l  f e a t u r e  o f  t h e  
a n a l y s i s  w a s  t h e  u s e  o f  a s u r f a c e  a r ea  p a r a m e t e r  f o r  non- 
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h y d r o x y l  s u b s t i t u e n t s  as a measure  of h y d r o p h o b i c  b o n d i n g  of 
r e l a t i v e l y  n o n p o l a r  g r o u p s . 9 1  I n  a c o m p r e h e n s i v e  QSAR s t u d y  
of t h y r o i d  hormone a n a l o g s  c o r r e l a t i o n s  b e t w e e n  i n - v i v o  a n t i -  
g o i t e r  a c t i v i t i e s  and  i n - v i t r o  n u c l e a r  r e c e p t o r s  s u p p o r t  t h e  
i d e a  t h a t  b i n d i n g  t o  n u c l e a r  r e c e p t o r s  i s  t h e  f i r s t  s t e p  i n  
i n i t i a t i n g  e v e n t s  l e a d i n g  t o  s u b s e q u e n t  hormonal  e f f e c t s .  
F a c t o r s  t h a t  need t o  b e  c o n s i d e r e d  i n  d e s i g n i n g  new a n a l o g u e s  
were i d e n t i f i e d . 9 2  

F i n a l l y  a n  i m p r e s s i v e  c a s e  of t h e  use  of m o l e c u l a r  mod- 
e l s  i n  c o n j u n c t i o n  w i t h  knowledge o f  t h e  s t r u c t u r e  of t h e  re-  
c e p t o r  s i t e  t o  d e s i g n  compounds which s h o u l d  b i n d  t o  and 
s t a b i l i z e  t h e  deoxy c o n f o r m a t i o n  of human haemoglobin  h a s  
b e e n  d e s c r i b e d .  The compounds so d e s i g n e d  were n o t  c l o s e l y  
r e l a t e d  t o  t h e  n a t u r a l  s t a r t i n g  s u b s t a n c e  b u t  had  t h e  e x p e c t e d  
p r o p e r t y  of p r o m o t i n g  oxygen l i b e r a t i o n  and t h e i r  r e l a t i v e  
p o t e n c i e s  were i n  t h e  p r e d i c t e d  s e q u e n c e .  T h i s  example i l l u s -  
t r a t e s  t h e  p o t e n t i a l  of d r u g  d e s i g n  when t h e  r e c e p t o r  s i t e  i s  
u n d e r s t o o d  i n  s u f f i c i e n t  d e t a i l  and may w e l l  b e  a p o r t e n t  of 
a f u t u r e  e r a  i n  q u a n t i t a t i v e  d r u g  d e s i g n . 9 3  
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