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Chapter 34. The U s e  of Subs t i t uen t  Constants  i n  Drug Design 
Corwin Hansch, Pomona College,  Claremont, C a l i f o r n i a  

The sub jec t  of 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  i n  medicinal  chemistry 
is almost boundless.  Few papers  a r e  now published without some discus-  
s i o n  of t h i s  problem. The work considered i n  t h i s  review is  l imi t ed  t o  
t h a t  concerned wi th  mathematical  c o r r e l a t i o n s  between s t r u c t u r e  and ac- 
t i v i t y .  

The use  of physical-chemical r e fe rence  systems t o  se rve  a s  scales 
wi th  which one could d i scuss  i n  q u a n t i t a t i v e  t e r m s  t h e  r e l a t i o n  between 
b i o l o g i c a l  a c t i v i t y  and chemical s t r u c t u r e  exc i ted  g r e a t  i n t e r e s t  a t  t h e  
t u r n  of t h e  century.  C. Richet ,  J.  Traube, H .  Fiihner and e s p e c i a l l y  H .  
Meyer and E. Overton gave t h r u s t  t o  t h i s  movement. It was observed, al- 
most e n t i r e l y  i n  a l i p h a t i c  systems, t h a t  as one increased  t h e  cha in  l eng th  
i n  a homologous series a r egu la r  i nc rease  i n  a s tandard  b i o l o g i c a l  re- 
sponse occurred.  Linear  r e l a t i o n s  between a s tandard  response and t h e  
number of carbon atoms i n  t h e  cha in ,  w a t e r  s o l u b i l i t y ,  s u r f a c e  t ens ion  
lowering a b i l i t y ,  vapor p re s su re  and oi l -water  p a r t i t i o n  c o e f f i c i e n t s  
were o f t e n  found i n  many d i f f e r e n t  tests. An example of t h i s  type  of 
c o r r e l a t i o n  us ing  p a r t i t i o n  c o e f f i c i e n t s  coming from t h e  work of Overton 
is : 

log  1 / C  = 0.858 logP + 0.837 n = 28  r = 0.978 (1) 
I n  eq 1, C r ep resen t s  t h e  molar concent ra t ion  of var ious  a l coho l s ,  ketones 
and esters producing i sona rcos i s  i n  tadpoles ,  P is  t h e  octanol-water par- 
t i t i o n  c o e f f i c i e n t ,  n is  t h e  number of d a t a  used i n  f ind ing  t h e  cons t an t s  
v i a  t h e  method of least squares ,  and r is  t h e  c o r r e l a t i o n  c o e f f i c i e n t .  
The cons tan ts  i n  eq 1 are s l i g h t l y  d i f f e r e n t  from those  published'  and t h e  
c o r r e l a t i o n  is a l i t t l e  b e t t e r  because of t h e  use  of imprpved P va lues .  

An important advance w a s  made by Ferguson2y3 who showed t h a t  t h e  
fol lowing gene ra l i za t ion  holds .  

ci = kAi l / n  

I n  eq 2 ,  Ci is t h e  concent ra t ion  of t h e  ith member of a series producing 
an equiva len t  response,  k and n are t h e  cons t an t s ,  and A. is  a physical-  
chemical d i s t r i b u t i o n  cons tan t  of t h e  above mentioned kind.  Ferguson 
pointed out  t h a t  f o r  nonspec i f ic  n a r c o t i c s  i n  states of equi l ibr ium,  bio- 
l o g i c a l  a c t i v i t y  i s  r e l a t e d  t o  thermodynamic a c t i v i t y .  Ferguson's ap- 
proach was extended by Brink and Post-._-nak4 and i t  i s  now evident  t h a t  
t h e r e  a r e  many ins t ances  where equal  degrees  of na rcos i s  a r e  caused by 
molecules having equal  thermodynamic a c t i v i t i e s .  Other approaches t o  
expla in ing  t h e  e f f e c t  of n a r c o t i c  a c t i v i t y  i n  terms of physical-chemical 
parameters are those  of M c G ~ w a n ~ - ~  and Mullinsg . McGowan us ing  parachor 
and Mullins us ing  Hildebrand 's  s o l u b i l i t y  parameter and molal  volume, have 
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assembled evidence t o  suppor t  t h e  view t h a t  t h e  molecular  volume of t h e  
n a r c o t i c  is of c r i t i c a l  importance i n  determining na rcos i s .  

PaulinglO and Miller'' have suggested t h a t  a n e s t h e t i c  potency is 
r e l a t e d  t o  t h e  a b i l i t y  of a n e s t h e t i c s  t o  form hydra tes .  Miller,  Paton 
and Smith' and o t h e r s  have c r i t i c i z e d  t h e  Pauling-Miller view. 

Agin, Hersh and Holtzman14 have shown t h a t  eq 3 g ives  an exce l l en t  
c o r r e l a t i o n  f o r  t he  r e l a t i o n  between minimum blocking concent ra t ion  (MBC) 
of 39  l o c a l  a n e s t h e t i c s  i n  f rog  s a r t o r i u s  muscle wi th  p o l a r i z a b i l i t y  (a) 
and t h e  i o n i z a t i o n  p o t e n t i a l  (I) of t h e  drugs.  

Zahradnik15, i n  a sys temat ic  s tudy  us ing  mice and c a r e f u l l y  con- 
t r o l l e d  cond i t ions ,  developed a set of cons t an t s  f o r  a l k y l  groups from 
t h e  l i n e a r  Hammett-like p o s t u l a t e  thattftog (T./T,,) = aB where T repre-  
s e n t s  t h e  molar concen t r a t ion  of t h e  i 
geners  producing a s tandard  b i o l o g i c a l  response and T~~ i s  t h e  concentra- 
t i o n  of t h e  e t h y l  d e r i v a t i v e .  6 i s  a cons tan t  c h a r a c t e r i s t i c  of t h e  sub- 
s t i t u e n t  (R  of RX) and a is  a cons tan t  c h a r a c t e r i s t i c  of t h e  system. The 
cons t an t  B w a s  determined f o r  25 R groups and a w a s  eva lua ted  f o r  39 d i f -  
f e r e n t  b i o l o g i c a l  systems. While t h i s  s i n g l e  parameter approach works 
w e l l  f o r  i n h i b i t o r y  s t u d i e s  of homologous groups of a l i p h a t i c  compounds 
where h ighly  s p e c i f i c  e l e c t r o n i c  and steric e f f e c t s  are no t  c r i t i c a l ,  i t  
has  n o t  been extended t o  more complex systems. 

1 member of a set of a l i p k a t i c  con- 

The above i d e a s  have provided i n s i g h t  i n t o  nonspec i f i c  b i o l o g i c a l  
i n h i b i t i o n s ;  however, t h i s  knowledge has  n o t  been of g r e a t  he lp  i n  t h e  de- 
s i g n  and mod i f i ca t ion  of drugs of h igh  s p e c i f i c i t y .  
been emerging i n  r ecen t  yea r s  t o  supplement t h e  medic ina l  chemis ts '  i n tu -  
i t i o n  on t h e  e f f e c t  of s u b s t i t u e n t  v a r i a t i o n  on drug a c t i v i t y .  I n  one ap- 
roach de novo s u b s t i t u e n t  cons t an t s  have been der ived by simply f ind ing  
t h e  "bes t  numbers'' t o  go wi th  g iven  s u b s t i t u e n t s  on a p a r t i c u l a r  drug 
a c t i n g  i n  a s tandard  test .  The o t h e r  approach has  used s u b s t i t u e n t  con- 
s t a n t s  der ived  from model nonbio logica l  systems. 
former of t h e s e  two t r a c k s  appears  t o  b e  t h a t  of Bruice,  Kharasch and 
Winzlerl  working wi th  thyroxine  d e r i v a t i v e s .  Thei r  ,approach has been 
s t a t e d  i n  more gene ra l  terms by Free  and Wilson17. The method can be il- 
l u s t r a t e d  wi th  t h e i r  example f o r  a set  of t e t r a c y c l i n e  (I) analogs .  The 
r e l a t i v e  b i o l o g i c a l  a c t i v i t y  f o r  each d e r i v a t i v e  can be formulated as t h e  

Two approaches have 

The f i r s t  work on t h e  

l i n e a r  combination of t h e  c o n t r i b u t i o n  of each 
of t h e  groups r ep resen ted  by X,  Y and R: 

B io log ica l  a c t i v i t y  = p + a[X.] + bEY.1 (1) 
1 1 

+ c[Ril 

One can w r i t e  a set of s imultaneous equat ions ,  one f o r  each compound 
t e s t e d ,  t h e  s o l u t i o n  of which g ives  t h e  c o n t r i b u t i o n  t o  t h e  a c t i v i t y  f o r  
each a [ X i ] ,  e t c .  Table  I l ists  t h e  r e s u l t s  f o r  t h e  t e t r a c y c l i n e s .  
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Of t h e  t o t a l  of 18 p o s s i b l e  d e r i v a t i v e s  r e s u l t i n g  from d i f f e r e n t  combina- 
t i o n s  of R, X and Y ,  10 had been t e s t e d .  Presumably, a c t i v i t i e s  f o r  t h e  
o t h e r  e i g h t  can be c a l c u l a t e d  from t h e  s u b s t i t u e n t  cons t an t s  i n  Table  I .  
The method i s  of g r e a t e s t  va lue  when a l a r g e  group of d e r i v a t i v e s  and 
func t ions  is  involved.  There are of course many ob jec t ions  t h a t  come t o  
mind i n  cons ider ing  t h e  above technique.  Modern chemistry has  long re- 
cognized t h e  g r e a t  importance of steric and e l e c t r o n i c  e f f e c t s  of s u b s t i t -  
uen t s  on rate and equi l ibr ium processes18.  From the  Meyer-Overton work 
and from more r e c e n t  t h e  hydrophobic bonding power of func- 
t i o n a l  groups i s  seen t o  be a very  important  s u b s t i t u e n t  e f f e c t .  These 
t h r e e  e f f e c t s  are lumped i n t o  each of t h e  cons t an t s  under R, X and Y of 
Table  I. Hence i t  would seem t h a t  i n  gene ra l ,  cons t an t s  der ived  f o r  one 
set  of congeners w i l l  no t  be u s e f u l  f o r  another  set causing a d i f f e r e n t  
b i o l o g i c a l  response.  Never the less ,  t h i s  empi r i ca l  method of de r iv ing  con- 
s t a n t s  f o r  t h e  r e l a t i v e  e f f e c t s  of chemical groups on b i o l o g i c a l  a c t i v i t y  
is  bound t o  be  more h e l p f u l  i n  t h e  long run than  unguided i n t u i t i o n .  Pur- 
ce l l34  has been s tudying t h e  Free-Wilson method. 

Some information i s  a l r eady  i n  hand t o  show t h a t  such empi r i ca l  con- 
s t a n t s  are r e l a t e d  t o  more fundamental parameters .  C i l en to  and Berenholc 
have shownz6 t h a t  t h e r e  i s  a good l i n e a r  c o r r e l a t i o n  between f(X) obtained 
fo r16  thyroxine  analogs (11) and t h e  nega t ive  logari thm of t h e  l i f e t i m e  of 
t h e  phosphorescent s t a t e  (equiva len t  t o  t h e  t r i p l e t  t o  s i n g l e t  t r a n s i t i o n  
i n  naphthalene analogs)  f o r  t h e  f i v e  func t ions  where X = H ,  CH3,  C l ,  B r ,  
I. They conclude t h a t  t h e  s t rong  T+S t r a n s i t i o n  i n  d i iodo ty ros ine  and 
thyroxine  d e r i v a t i v e s  makes t h e s e  compounds ve ry  e f f i c i e n t  i n  t h e  t r a n s f e r  
of t r i p l e t - s t a t e  energy. 

n 

x Using t h e  sub- 
s t i t u e n t  o f o r  t h e  e l e c t r o n i c  e f f e c t  and <- \.-. 

/ \  H \  f o r  t h e  hydrophobic e f f e c t z 7  of /WH,CHNH,COOH s u b s t i t u e n t s ,  i t  is  seen  from eq 4 R-\.-/-\.-. 
t h a t  f(X’) der ived  by Bruice e t  a l .  x’/ X/ (11) 
is i n  f a c t  r e l a t e d  t o  these  more 
fundamental  cons t an t s .  

f(X’) = 0.3081~ - 0.5640 - 1.672 n = 7 r = 0.934 (4) 
It has  been shown28 t h a t  IT and o can be used t o  r a t i o n a l i z e  t h e  SAR 

of thyroxine  analogs and J ~ r g e n s e n * ~  has  t e s t e d  t h e  p r e d i c t i v e  va lue  of 
t h e  use of B and IT w i th  a t e r t - b u t y l  analog of thyroxine .  
been shown30 t h a t  Zahradnik‘s $ cons tan t s  are l i n e a r l y  r e l a t e d  t o  IT. 

It has  a l s o  

Kopeck; and Bozek31,32 have a l s o  been s tudying  t h e  u t i l i t y  of em- 
p i r i c a l  s u b s t i t u e n t  cons t an t s  i n  an i n v e s t i g a t i o n  of t h e  t o x i c i t y  of d i -  
s u b s t i t u t e d  benzenes. I n  t h e i r  equat ion  (5) they  have used an  i n t e r a c t i o n  
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term of t h e  type discussed by Miller33 f o r  t he  l i n e a r  combination of 
terms i n  t h e  formulat ion of mathematicalmodels .  

I n  eq. 5 ,  HH r ep resen t s  benzene and XY a d i s u b s t i t u t e d  de r iva t ive .  Quite 
good c o r r e l a t i o n s  w e r e  obtained using eq 5 f o r  nonspec i f ic  t o x i c i t y .  The 
constant  bX is  s t a t e d  t o  be l i n e a r l y  r e l a t e d  t o  f(X’) of Bruice e t  a l .  

Puree1136 , following t h i s  genera l  approach, has  s tud ied  amides which 
are i n h i b i t o r s  of cho l ines t e ra se .  P u r ~ e 1 1 ~ ~  Y 36 and co-workers have a l s o  
inves t iga t ed  a v a r i e t y  of phys ica l  chemical parameters t o  r a t i o n a l i z e  t h e  
S A R  f o r  t hese  i n h i b i t o r s .  

Af te r  t h e  r a t h e r  i n t e n s e  work on t h e  c o r r e l a t i o n  of b i o l o g i c a l  ac- 
t i v i t y  wi th  p a r t i t i o n  c o e f f i c i e n t s  of t h e  e a r l y  years  of t h i s  century had 
reached a s t a n d s t i l l ,  new hope f o r  r a t i o n a l i z i n g  t h e  b i o l o g i c a l  a c t i v i t y  
of organic  compounds appeared i n  t h e  work of H a m m e t t 3 7 .  The H a m m e t t  equa- 
t i o n  and o t h e r  v a r i a t i o n s  of i t 1 a ~ 3 a  have proved t o  be very  success fu l  i n  
c o r r e l a t i n g  chemical r e a c t i v i t y  wi th  t h e  e l e c t r o n i c  o r  steric e f f e c t s  of 
s u b s t i t u e n t s  f o r  t h e  r e a c t i o n s  of organic  compounds i n  homogeneous solu- 
t i ons .  
H a m m e t t  equat ion t o  biochemical systems, t h e  r e s u l t s  have, with few excep- 
t i o n s ,  been d isappoin t ing .  Such an except ion is seen i n  t h e  enzymatic hy- 
d r o l y s i s  of phenyl su l f a t e s39  from which eq 6 r e s u l t s 2 4 .  

log  l / K m  = 0.9300 + 2.522 n = 10 r = 0.931 ( 6 )  

Although a good many at tempts  have been made39’47 t o  apply t h e  

I n  eq 6, K is  t h e  Michaelis cons tan t .  Good c o r r e l a t i o n  with o w a s  a l s o  
obtained wyth Vmax. 
ing more o r  less pure enzymes. 
systems has  gene ra l ly  been a t t r i b ~ t e d ~ ~  t o  s ter ic  i n t e r a c t i o n s  of s u b s t i t -  
uen t s  with t h e  enzyme o r  l i p o p r o t e i n  membranes. 
i n d i c a t e  t h a t  whi le  steric i n t e r a c t i o n s  are extremely important ,  t h e  con- 
cept  of lock-and-key f i t  of enzyme and s u b s t r a t e  has  been over-emphasized 
a t  t h e  expense of hydrophobic bonding. 
chemist of t h e  more f l e x i b l e  cha rac t e r  of enzymes which is emerging from 
t h e  work of Koshlandlt9 and others5O has  been analyzed by Belleau51. 

The b e s t  l i n e a r  r e l a t i o n s  wi th  o have been found us- 
The l a c k  of success  wi th  o i n  biochemical 

Recent work21-25 would 

The importance t o  t h e  medicinal  

A most important new concept f o r  t he  designer  of drugs is t h a t  of 
t h e  hydrophobic bond19 y 2 0  ,s2. The view of Hansch and co-workers is t h a t  
i f  a s u i t a b l e  parameter can be formulated f o r  t h i s ,  then by means of t he  
w e l l  known constants18 o ,  a+, O-, o*, and E,, many of t h e  powerful t o o l s  
of phys ica l  o rganic  chemistry might be brought t o  bear  on medicinal  chemi- 
cal  problems. To t h i s  end octanol-water p a r t i t i o n  c o e f f i c i e n t s  (P) have 
been s tudied  as a r e fe rence  standard1 Y ~ ~ Y ~ ~ .  

na tu re  of log  P and IT (IT = logP - logP where P r e f e r s  t o  a parent  mole- 
c u l e  and P 
log  P, many o t h e r s  can be calculated1,24,27,53,54. 
t hese  parameters f o r  measuring binding of n e u t r a l  molecules with p ro te ins  
is  i l l u s t r a t e d  i n  eq 7 - 2 .  

The add i t ive -cons t i t u t ive  

t o  a de r iva t ive )  means t h a t  from a r e l a t i v e l y  few values  Of X H H 
X The usefu lness  of 
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log  1 / C  = 0.71 logP + 1.51 n = 1 7  r = 0.950 (7) 

log 1 / C  = 0.58 logP + 2.40 n = 4  r = 0.961 (8) 

log 1 / C  = 0.681~ + 3.48 n = 19 r = 0.962 (9) 

I n  eq 7-9, C is t h e  molar concent ra t ion  of compound necessary t o  produce a 
1-to-1 complex wi th  bovine hemog1obin2l (eq 7 )  and bovine serum albumin 
(eq 8 and 9) .  Equation 7 c o r r e l a t e s  t h e  binding of 1 7  miscel laneous com- 
pounds (e .g . ,  phenols, a n i l i n e s ,  naphthalene) and eq 8 c o r r e l a t e s  t h e  
binding of 4  barbiturate^^^. 
used55 t o  c o r r e l a t e  t h e  binding of phenols by serum albumin. The s lopes  
of t h e  t h r e e  equat ions a r e  s u r p r i s i n g l y  c lose ,  i n d i c a t i n g  t h a t  t h e  binding 
of n e u t r a l  molecules t o  two d i f f e r e n t  p ro te ins  can be q u a n t i t a t i v e l y  de- 
f ined  using log  P o r  IT as hydrophobic bonding cons tan ts .  For these  s i t u a -  
t i o n s  no highly s p e c i f i c  steric o r  e l e c t r o n i c  parameters a r e  necessary t o  
r a t i o n a l i z e  the  r e s u l t s .  

I n  eq 9 ,  t h e  comparative constant  IT is  

Going t o  t h e  next  more complex s i t u a t i o n ,  t h a t  of enzymic r eac t ions ,  
i t  can be shown t h a t  t h e  l i n e a r  combination of IT and 0 can account f o r  t he  
s u b s t i t u e n t  e f f e c t s  i n  t h e  hydro lys is  of phenyl g lucos ides  by e m ~ l s i n ~ ~ .  
Using regress ion  ana lys i s ,  eq 10-13 are der ived t o  i l l u s t r a t e  how one can 
f a c t o r  s u b s t i t u e n t  e f f e c t s  on a biochemical r eac t ion .  

Para  Groups log Ke = 0.52a + 2.03 n = 8 r = 0.753 (10) 

log Ke = 0.331~ + 0.620 + 1.80 n = 8 r = 0.921 (11) 

Meta Groups log Ke = 0.95a + 1.63 n = 6 r = 0.949 (12) 

log  Ke = 0 . 1 2 ~  + 0.96 + 1.59 n = 6 r = 0.963 (13) 

Ke r ep resen t s  t h e  equi l ibr ium constant  €o r  t he  enzyme s u b s t r a t e  complex. 
Comparison of eq 10 and 11 f o r  t h e  para  d e r i v a t i v e s  i n d i c a t e s  t h a t  complex 
formation depends on both e l e c t r o n i c  and hydrophobic f a c t o r s .  The corre-  
l a t i o n  c o e f f i c i e n t  i s  much b e t t e r  and s t a t i s t i c a l l y  q u i t e  s i g n i f i c a n t  f o r  
eq 11. The p o s i t i v e  s igns  of t he  c o e f f i c i e n t s  f o r  IT and a i n d i c a t e  t h a t  
l i p o p h i l i c  and e l ec t ron -a t t r ac t ing  groups promote complex formation. Com- 
par ing eq 12 and 13, one f i n d s  t h a t  f o r  meta isomers hydrophobic bonding 
i s  apparent ly  not  poss ib le .  N o  s i g n i f i c a n t  improvement i n  c o r r e l a t i o n  re- 
s u l t s  on t h e  in t roduc t ion  of t h e  v term. A s i m i l a r  set of equat ions was 
der ived56 t o  show t h e  s u b s t i t u e n t  e f f e c t  on t h e  hydro lys is  rate cons tan t  
k3. Equally good c o r r e l a t i o n s  were obtained except i n  t h i s  s t e p ;  as one 
might expect ,  t he  c o e f f i c i e n t  wi th  IT has  a negat ive  s ign .  This  i n d i c a t e s  
t h a t  hydrophobic bonding slows down desorp t ion  of t he  cleaved products .  
Since good c o r r e l a t i o n s  w e r e  obtained i n  eq 11 and 13 without  t h e  use  of 
steric cons tan ts ,  i t  is assumed t h a t  t hese  are unimportant, a t  least f o r  
func t ions  as l a r g e  as those  s tud ied .  

The meaning of t h e  words s ter ic  and e l e c t r o n i c  i n  these  d iscuss ions  
is somewhat ambiguous. For example, t h e  l i n e a r  r e l a t i o n s  between parachor 
and t o x i c i t y  found by McGowan o r  t h e  use  of t h e  s o l u b i l i t y  parameter 6 by 
Mullins could be viewed as ind ica t ing  a d i r e c t  r e l a t i o n  between the  s i z e  
of t he  s u b s t i t u e n t  and i t s  a b i l i t y  t o  produce a given b i o l o g i c a l  response. 
The a f f i n i t y  of an apolar  group f o r  a l i p i d  phase w i l l  a l s o  be  a func t ion  
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of i t s  s i z e  and, t o  a lesser e x t e n t ,  i t s  shape. Thus i t  i s  no t  always 
easy,  even i n  t h e  a b s t r a c t ,  t o  s e p a r a t e  t h e  binding r o l e  of hydrophobic 
bonding by an apo la r  func t ion  from i t s  r o l e  of d i s t o r t i n g  a hydrophobic 
reg ion  by i t s  s i z e .  We are a t tempt ing  t o  use  hydrophobic bonding as &- 
f ined  by p a r t i t i o n  c o e f f i c i e n t s  as s imple holding of t h e  drug t o  the  ac- 
t i v e  s i t e ,  r e a l i z i n g  t h a t  o f t e n  t h i s  r o l e  cannot be separa ted  from t h e  
conformational  change t h e  apo la r  group w i l l ,  i n  t h e  b inding  process ,  pro- 
duce i n  an enzyme o r  membrane.’ S t e r i c  e f f e c t s ,  then ,  are those  due t o  
s i z e  o r  arrangement i n  space  of s u b s t i t u e n t s  which cannot be accounted f o r  
by t h e  hydrophobic cons t an t s  log  P and TI. These w i l l  be  both i n t r a -  and 
in te rmolecular  i n  na tu re .  I n  t h e  same way, e l e c t r o n i c  e f f e c t s  w i l l  over- 
l a p  wi th  hydrophobic bonding s i n c e  t h e  p o s i t i o n  of equi l ibr ium i n  the  d i s -  
t r i b u t i o n  of a drug between phases w i l l  be  a func t ion  of i t s  e l e c t r o n i c  
s t r u c t u r e .  Indeed, i t  has  been shown27 t h a t  TI v a r i e s  wi th  O. However, 
t h i s  va r i ance  i s  no t  g r e a t  i f  t h e  s u b s t i t u e n t s  are sepa ra t ed  by one o r  
more atoms. The term e l e c t r o n i c  e f f e c t s  means h ighly  s p e c i f i c  e f f e c t s  i n  
gene ra l  no t  a s soc ia t ed  wi th  t h e  p a r t i t i o n i n g  process .  These would be e f -  
f e c t s  involved i n  a chemical r e a c t i o n  o r  charge t r a n s f e r  process  where a 
change i n  e l e c t r o n  dens i ty  too  small t o  make a s i g n i f i c a n t  d i f f e r e n c e  i n  
log  P could cause a l a r g e  change i n  a ra te  o r  equi l ibr ium cons tan t .  Using 
t h e s e  somewhat a r b i t r a r y  d i v i s i o n s  of s u b s t i t u e n t  e f f e c t s  and r eg res s ion  
a n a l y s i s ,  a start  can be  made i n  sepa ra t ing  t h e e f f e c t s  of groups of atoms 
on t h e  b i o l o g i c a l  a c t i v i t y  of a set  of congeners.  Hansch and co-workers 
have n o t ,  f o r  example, a t tempted t o  f a c t o r  ou t  hydrogen bonding. I n  gen- 
e r a l  they have worked wi th  systems where t h i s  could be  accounted f o r  i n  
terms of o and IT. P u r c e l l  et a l .  have suggested a way of dea l ing  s p e c i f i -  
c a l l y  wi th  t h i s  t e r m 3 6 .  

I n  a d d i t i o n  t o  many e a r l y  examples1 , b i o l o g i c a l  response has been 
found t o  be q u a n t i t a t i v e l y  l i n e a r l y  dependent on log  P o r  IT i n  t h e  inh ib i -  
t i o n  of t h e  H i l l  r eac t ion57  9 5 8  a c t i v i t y  of p e n i c i l l i n s s 9  , t o x i c i t y  of ben- 
zo ic  a c i d s  t o  mosquito larvae28, phenol c o e f f i c i e n t s 2 8 ,  c h o l i n e s t e r a s e  in-  
h i b i t o r ~ ~ ~  , and catechol-amine a c t i v i t y 6 0 .  

Hernker61 w a s  one of t he  f i r s t  to at tempt  t h e  q u a n t i t a t i v e  co r re l a -  
t i o n  of biochemical  response us ing  both p a r t i t i o n  c o e f f i c i e n t s  and ion i -  
z a t i o n  cons t an t s  t o  account f o r  t h e  uncoupling a c t i o n  of phenols .  The 
l i n e a r  combination of TI and 0 has been found t o  hold f o r  s e v e r a l  enzymic 
 reaction^^^^^^ as w e l l  as the  binding of phenols by p r o t e i n 5 5 ,  t h e  toxic-  
i t y  of phenols62,  t h e  uncoupling a c t i o n  of phenols62,  and t h e  r e l a t i v e  
sweetness of n i t r ~ a n i l i n e s ~ ~ .  
McMahon63. 
mat ic  ketones t o  a l coho l s .  

An i n t e r e s t i n g  a p p l i c a t i o n  is  t h a t  of 
Equation 14 w a s  formulated f o r  t he  enzymic reduct ion  of aro- 

logVm,, = 0 . 3 3 4 ~  + 1.2390 + 0.824 n = 1 0  r = 0.89  ( 1 4 )  

O f  course t h e  most i n t e r e s t i n g  and d i f f i c u l t  drug s t u d i e s  are those  
i n  which whole organisms are involved.  It has  been pos tu l a t ed64  t h a t  i n  
gene ra l ,  f o r  t h e s e  s t u d i e s  one would expect  a pa rabo l i c  r e l a t i o n  between 
l o g  1/C and log  P. This  has  l e d  t o  t h e  d e ~ e l o p m e n t ~ ~ ~ ~ ~  of eq 15.  

l og  1/C = -k( logP)2 + k‘logP + pa + k” (15) 
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I n  t h e  development of t h i s  model a p r o b a b i l i s t i c  view i s  taken  f o r  move- 
ment of drug from t h e  exobiophase o r  po in t  of i n j e c t i o n  t o  t h e  sites of 
a c t i o n .  It i s  assumed t h a t  as P-to drugs become more and more i s o l a t e d  i n  
t h e  water phase and even tua l ly  become unable  t o  c r o s s  l i p i d  b a r r i e r s .  A s  
P- t h e  r eve r se  is  t r u e .  Somewhere between P=O and P=m t h e r e  w i l l  be  an 
i d e a l  va lue  (Po) f o r  a g iven  set of congeners i n  a g iven  b i o l o g i c a l  systein 
such t h a t  t hose  members having t h i s  va lue  w i l l  f i n d  t h e  sites of a c t i o n  
v i a  a random walk process  i n  t h e  minimum time. This  assumes s te r ic  and 
e l e c t r o n i c  (pKa, e t c . )  f a c t o r s  are cons t an t .  I n  o t h e r  words, a g r e a t e r  
number of molecules of drug wi th  Po would reach  t h e  sites of a c t i o n  i n  t h e  
t es t  i n t e r v a l  than  drugs having o the r  P va lues .  I n  e f f e c t ,  one expec ts  a 
change i n  t h e  mechanism of movement i n  a set of drugs having a s u f f i c i e n t  
spread  i n  P va lues .  The movements of t h e  lower members of t h e  series w i l l  
be  mostly determined by i n t e r a c t i o n s  wi th  water, wh i l e  t hose  of t h e  h ighe r  
members w i l l  be  determined by hydrophobic i n t e r a c t i o n s  wi th  l i p i d s .  Such 
pa rabo l i c  r e l a t i o n s  may even be  found i n  c losed systems of t h e  type  used 
i n  n a r c o s i s  s t u d i e s .  Ferguson66 has  s t a t e d  t h a t  probably i n  most experi-  
ments on n a r c o s i s  a complete equi l ibr ium is  never  reached i n  t h e  per iod  of 
exposure and t h e  r e s u l t s  are t i m e  dependent. Resu l t s  w i l l  be  even more 
t i m e  dependent i n  open systems such as whole animals where e l imina t ion  and 
b io t ransformat ion  are cont inuous processes .  Such r e s u l t s  can even be ex- 
pected i n  t i s s u e  experiments o r  work wi th  p a r t i a l l y  p u r i f i e d  enzymes. 
S ince  a c t i v i t y  i s  u s u a l l y  expressed as log  1 / C ,  t h e  most a c t i v e  compounds 
t e s t e d  are o f t e n  i n  very  low concen t r a t ion ,  sometimes less than  M. 
While log  1/C may be l i n e a r  w i th  r e s p e c t  t o  log  P a t  h igher  concen t r a t ions  
eq 6-8 i n d i c a t e  t h a t  h igh ly  l i p o p h i l i c  molecules  w i l l  be  ve ry  t i g h t l y  
bound t o  p r o t e i n s  s o  t h a t  t r u e  equi l ibr ium is  no t  reached i n  test t i m e .  
The lower t h e  t es t  concen t r a t ions  become, t h e  more l i k e l y  t h e  depa r tu re  
from l i n e a r i t y  through l o c a l i z a t i o n  of molecules  i n  p a r t i c u l a r l y  l i po -  
p h i l i c  material. 

Of course  t h e r e  are reasons  o t h e r  than  binding by l i p i d s  o r  p r o t e i n s  
which might cause a depa r tu re  from l i n e a r i t y  i n  t h e  r e l a t i o n s h i p  of l o g  
1 / C  and log  P o r  TI. Metabol ic  o r  e l imina t ion  r e a c t i o n s  no t  s i g n i f i c a n t  a t  
low va lues  of log  P could,  wi th  inc reas ing  l o g  P ,  become ve ry  important .  
A good example of t h i s  i s  i n  t h e  metabolism of a l k y l a r y l  e t h e r  i n  r a b b i t s  
67 .  I n  (111) when R i s  e t h y l  o r  methyl ,  dea lky la t ion  is  
t h e  main r e a c t i o n .  When R i s  propyl  o r  b u t y l ,  w - 1  hydrox- Po. 
y l a t i o n  becomes more important .  S ince  t h e  r a t e  of m e t a -  o/ 

‘7’ bCH,  t h i s  may be an  important  con t r ibu t ing  f a c t o r  f o r t h e  
pa rabo l i c  dependence of a c t i v i t y  on l i p o p h i l i c  char- 
acter. Another unknown i s  t h e  l i p o p h i l i c  space a t  
t h e  s i t e  of a c t i o n  a v a i l a b l e  f o r  t h e  hydrophobic moiety of t h e  drug.  
t h i s  i s  q u i t e  l i m i t e d ,  then  a po in t  is soon reached where l o g  1/C and log  
P are no longer  l i n e a r l y  a s soc ia t ed .  The p r o b a b i l i s t i c  n a t u r e  of t h e  log  
P terms i n  eq 15 does a good d e a l  t o  i n s u r e  a reasonable  f i t  of a set of 
d a t a  as long as i n d i v i d u a l  congeners i n  t h e  set do no t  d e p a r t  r a d i c a l l y  
from t h e  behavior  of t hose  having similar l i p o p h i l i c  c h a r a c t e r .  I n  pr in-  
c i p l e ,  l o s s  through metabolism o r  e l imina t ion  is  n o t  d i f f e r e n t  than  loss  
through binding i f  t hese  l o s s e s  depend only on log  P. Good r e s u l t s  have 

bolism of drugs may be l i n e a r l y  r e l a t e d 6 8  t o  log  P ,  u c  (111) 

OR 

I f  
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been obta ined  wi th  eq 15 f o r  plant-growth  regulator^^^ , chloromycetin ana- 
l o g ~ ~ ~  (Garrett69 and co l leagues  have found a more l i n e a r  dependence of 
chloromycet in  a c t i v i t y  under d i f f e r e n t  test cond i t ions ) ,  thyroxine  ana- 
l ogs28  , phenol coef f i c i e n t s 2 8  , ca rc inogen ic i ty  of a romat ic  compounds2* , 
and t h e  l o c a l i z a t i o n  of benzeneboronic a c i d s  i n  b r a i n  and tumor t i s sue7( ] .  

A cons tan t  which may prove t o  be very  u s e f u l  i n  drug des ign  is  log  
Po ( o r  no).  This  f i g u r e  can be found by t ak ing  t h e  p a r t i a l  d e r i v a t i v e  of 
eq 1 5  and s e t t i n g  t h i s  equal  t o  zero.  Once t h i s  has  been e s t a b l i s h e d  f o r  
a set of drugs,  i t  becomes a u s e f u l  bench mark from which t o  s t a r t  t h e  de- 
s i g n  of a completely new drug t o  act  on t h e  same sites. 
w a s  found t h a t  l o g  Po f o r  phenoxyacetic a c i d s  a c t i n g  as plant-growth regu- 
l a t o r s  is  2.03. 
is  2.47. I f  one wished t o  des ign  a new a c i d  t o  act  i n  t h i s  system, one of 
t h e  f e a t u r e s  which one would des ign  i n t o  t h e  f i r s t  test molecule  would be  
log  P of about 2.2. By means of t h e  a d d i t i v e - c o n s t i t u t i v e  c h a r a c t e r  of 
l o g  P one could des ign  such compounds on paper  wi thout  ca r ry ing  o u t  exten- 
s i v e  p a r t i t i o n  c o e f f i c i e n t  s t u d i e s .  

For example, i t  

Log Po f o r  phenylace t ic  a c i d s  a c t i n g  i n  t h e  same system 

While s u i t a b l e  techniques t o  handle  s t e r i c  e f -  / @ \ / O T z E t  
0 1  (IV) 

f e c t s  between s u b s t r a t e  and t h e  material comprising 
t h e  sites of a c t i o n  are a t  p re sen t  o u t  of reach ,  
i n t r amolecu la r  s t e r i c  i n t e r a c t i o n s  can be 
handled q u a n t i t a t i v e l y ,  a t  least i n  some ins t ances  us ing  T a f t ' s  E, para- 
meter22,56. 
Fukuto c o r r e l a t e 2 2  s u b s t i t u e n t  e f f e c t s  of R i n  (IV) on t h e  i n h i b i t i o n  of 
c h o l i n e s t e r a s e  by alkylphosphonic  a c i d  esters. 

log  K = 3.74 E, + 7.54 n = 13 r = 0.901 (16) 
log  K = -1.680* + 0.1511 + 4.05 E, + 7 . 2 1  (17) 

ozd './ 
Equations 16 and 17,  formulated from t h e  work of Metcalf and 

n = 13  r = 0.907 

Comparison of eq 16 and 1 7  i n d i c a t e s  t h a t  n e i t h e r  e l e c t r o n i c  nor hydro- 
phobic f a c t o r s  p lay  an  important  p a r t  i n  t h e  i n h i b i t i o n .  Thus i t  appears  
t h a t  t h e  phosphonates i n t e r a c t  wi th  t h e  enzyme i n  such a way t h a t  they 
cannot come i n  con tac t  w i th  a hydrophobic reg ion  of t h e  p r o t e i n .  
range of e l e c t r o n i c  f o r c e s  covered by t h e  R groups w a s  s m a l l  so t h a t  u 
may be  more important  than  eq 17 would i n d i c a t e .  
and o* cons tan t s  tends  t o  obscure t h e  r o l e  of u*. The f a c t  t h a t  Es, a 
cons tan t  der ived  from hydro lys i s  s t u d i e s  under homogeneous condi t ions ,  
should apply t o  heterogeneous c a t a l y s i s  is  s u r p r i s i n g  and i n d i c a t e s  much 
more use  f o r  t h i s  parameter than  one would have had reason t o  expect .  

The .k 

Some ove r l ap  between E, 

Another method f o r  ob ta in ing  biochemical s u b s t i t u e n t  cons t an t s  is 
a v a i l a b l e  i n  t h e  va r ious  forms of chromatography. 
7 3  has  been made t o  g a t h e r  % and A% va lues  f o r  t h e  e f f e c t  of s u b s t i t u -  
e n t s  on . 

Considerable  e f f o r t 7 ' -  

RF 
A % = % $ - \  

I n  eq 18, R M ~  is c a l c u l a t e d  from t h e  % va lue  of a pa ren t  compound and Rp 
from t h a t  of a d e r i v a t i v e  having s u b s t i t u e n t  X. ARM is  a cons tan t  analo-  
gous t o  II and i n  f a c t  a c l o s e  c o r r e l a t i o n  exis ts  between t h e  two as i s  
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shown1 i n  eq 19. 

= -l.l03AR, + 0.647 n = 1 2  r = 0.970 (19) 

I n  measuring t h e  A R M  va lues  i n  eq 19 ,  Green and M a r c i n k i e w i ~ z ~ l  used tri- 
go1 and d i i sop ropy l  e t h e r  i n  reversed-phased, t a n k l e s s  f la t -bed  chroma- 
tography. 
mo l lusc i c ida l  a c t i v i t y  of a series of N-n-alkyl t r i tylamines assuming a 
pa rabo l i c  r e a c t i o n  exists between log  LD50 and %. 
can be used i n  eq 1 5  i n  p l a c e  of l og  P o r  1 ~ .  

Boyce and M i l b ~ r r o w ~ ~  have shown t h a t  % v a l u e s  c o r r e l a t e  t h e  

Thus RM o r  ARM v a l u e s  

Considerable  e f f o r t 3 5  s75-*O has  been made t o  understand biochemi- 
c a l  and pharmacological problems us ing  quantum mechanical c a l c u l a t i o n s  of 
e l e c t r o n  d e n s i t i e s  with molecules.  While t h i s  has  been u s e f u l  i n  ex- 
p l a in ing  how a p a r t i c u l a r  bond i s  broken o r  made75, l i n e a r  r e l a t i o n s  be- 
tween c a l c u l a t e d  e l e c t r o n  d e n s i t i e s  and b i o l o g i c a l  a c t i v i t y  are notab ly  
lack ing .  An except ion  coming from the  work of Fukui is  i l l u s t r a t e d  i n  
eq 20 and 21  which cprrelate t h e  n i c o t i n e - l i k e  a c t i v i t y  of m e t a  der iva-  
t i v e s  of C6H50CH2CH2N(CH3) 3with t h e  s u p e r d e l o c a l i z a b i l i t y  ( S o ( N 3 )  of 
e l e c t r o n s  a t  t h e  o r t h o  p o s i t i o n  and t h e  f r o n t i e r  e l e c t r o n  d e n s i t y  (f6:;) 
on t h e  e t h e r  oxygen. 

logA = 13.742 So(4 - 10.465 n = 6 r = 0.994 (20) 

logA = 30.392 f (E) - 20.924 n = 6 r = 0.949 (21) 

log% = 2 2 . 9 1 ~  - 42.49 n = 6 r = 0.685 (22) 

OXY 
The combination of such e l e c t r o n i c  d e n s i t i e s  wi th  a hydrophobic bonding 
cons tan t  does y i e l d  good r e s u l t s 2 8 , 5 6  as i l l ~ s t r a t e d ~ ~  by eq 22 and 23. 

log% = 0 . 2 9 ~  + 18.166. - 33.82 n = 6 r = 0.995 (23) 

I n  t h e  above equat ions  Ax,  from t h e  work of Jacobson, r ep resen t s  t h e  rela- 
t i v e  rates of a c y l a t i o n  of aromatic  amines having s u b s t i t u e n t s  X by means 
of pigeon l i v e r  a c e t y l  t r a n s f e r a s e .  E r e p r e s e n t s  t h e  c a l c u l a t e d  e l e c t r o n  
d e n s i t i e s  on t h e  n i t rogen  atom made by P e r a u l t  and Pullman. 
accounts  f o r  on ly  47% of t h e  v a r i a n c e  i n  t h e  d a t a  wh i l e  eq 23 accounts  
f o r  99%. Thus it appears  t h a t  quantum mechanical ly  obta ined  e l e c t r o n  
d e n s i t i e s  can be extremely u s e f u l  t o  t h e  medic ina l  chemist .  I n  t h i s  way 
t h e  r e l a t i v e  e l e c t r o n  d e n s i t y  on each atom i n  t h e  molecule  can be  found 
and through r eg res s ion  a n a l y s i s  t h e  r e l a t i v e  importance of t h i s  d e n s i t y  
a t  one o r  p o i n t s  i n  t h e  molecule  can be eva lua ted .  This  approach 
o f f e r s ,  i n  p r i n c i p l e ,  a g r e a t  advantage over  t h e  use  of u .  

Equation 22 

What are  t h e  g u i d e l i n e s  t h a t  s u b s t i t u e n t  cons t an t  a n a l y s i s  has  t o  
o f f e r  t h e  des igner  of drugs? The g r e a t  success  of t h i s  method i n  homo- 
geneous organic  reac t ions1*  and t h e  more modest achievements of t h i s  
method wi th  heterogeneous biochemical  r e a c t i o n s  would s e e m  t o  v a l i d a t e  
t h e  use  of eq 24 and 25 as a reasonable  working hypothes is .  

I n  eq 24 w e  are assuming5' t h a t  t h e  u l t i m a t e l y  measured b i o l o g i c a l  re- 
sponse ( t o x i c i t y ,  r e s i s t a n c e  t o  a metabol ic  process ,  E D 5 0 ,  e l imina t ion ,  
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e t c . )  i s  governed by one r a t e - l imi t ing  process  f o r  which kgR i s  a ra te  o r  
equ i l ib r ium cons tan t .  
energy change which can be a t t r i b u t e d  t o  hydrophobic bonding, 
r e s e n t s  an  e l e c t r o n i c  component, and AFzteric r ep resen t s  h ighly  s p e c i f i c  
s p a t i a l  demands of r e a c t a n t s  and products  on t h e  f r e e  energy change. Of 
course ,  were s u f f i c i e n t  d a t a  a v a i l a b l e ,  one might p r o f i t a b l y  f a c t o r  each 
of t h e  terms i n  eq 2 4  and 25 i n t o  s e v e r a l  t o  r ep resen t  suspected c r i t i c a l  
p a r t s  of a molecule.  Subs t i t uen t  e f f e c t s  on log  kgR of eq 24 are repre-  
sen ted  i n  eq 2 5 .  

i n  eq 2 4 ,  mt/H rep resen t s  t h a t  po r t ion  of t he  f r e e  
AFglect Tep- 

Equat ions 24 and 25 w e r e  formulated f o r  t h e  case  where t h e  drug is a t  t h e  
s i t e  of a c t i o n  o r  t h e  s i t u a t i o n  where t r u e  equi l ibr ium wi th  t h e  exobio- 
phase i s  e s t a b l i s h e d  as envisaged by Ferguson. 

From t h e  p re sen t  l i m i t e d  work i t  would appear t h a t  'XXFi/H might be 
represented  by log  P ,  TI, %, ARM, B (Zahradnik15) and, under c e r t a i n  con- 
d i t i o n s  parachor .  The 6xF~1ec term may be represented  us ing  the  va r ious  
forms "'of (5, quantum mechanicai ly  c a l c u l a t e d  e l e c t r o n  d e n s i t i e s  o r  chemi- 
c a l  s h i f t s ' '  ob ta ined  v i a  NMR. 
s u i t a b l e  cons t an t s  from I R  and UV spec t r a .  Attempts t o  use  polarograph- 
i c a l l  -obtained cons t an t s  do no t  seem t o  be as u s e f u l  as one might ex- 
pect' 5 , 8 3  . 

It should a l s o  be p o s s i b l e  t o  formulate  

The case  where s u b s t i t u e n t  changes r e s u l t  i n  l a r g e  d i f f e r e n c e s  i n  

I n  a c a r e f u l  a n a l y s i s ,  Fuj i ta"  has 

i o n i z a t i o n  i s  one of g r e a t  importance s i n c e  so  many drugs are e i t h e r  weak 
a c i d s  o r  weak bases .  The degree  of i o n i z a t i o n  has  long been r eco  n ized  as 
p lay ing  a p a r t  i n  drug a c t i v i t y 8 4 .  
shown how s u b s t i t u e n t  e f f e c t s  on i o n i z a t i o n  should be separa ted  from o t h e r  
e l e c t r o n i c  e f f e c t s  of  s u b s t i t u e n t s .  

It does n o t  seem p o s s i b l e  t o  make any gene ra l  observa t ions  about 
s u i t a b l e  ways of r ep resen t ing  6XF&eric f o r  t h e  i n t e r a c t i o n s  between a 
drug and i t s  r e c e p t o r s .  By cons ider ing  sets of congeners i n  which g ross  
s t e r i c  changes are avoided (e .g . ,  cons ider ing  D isomers s e p a r a t e l y  from L 
isomers ,  e t c . )  u s e f u l  c o r r e l a t i o n s  can be made. I n  f a c t ,  where the  two- 
parameter equat ion  can be shown t o  hold over  a reasonable  range of sub- 
s t i t u e n t s ,  one can make deduct ions about GXFEteric by cont inuing  t o  in-  
crease the  s i z e  of X u n t i l  t h e  two-parameter equat ion  f a i l s .  I n  t h i s  way 
one can,  t o  a l i m i t e d  e x t e n t ,  map t h e  f r e e  space around a r ecep to r  s i t e .  

P ~ r t o g h e s e ~ ~ - ~ ~ ,  i n  an  ex tens ion  of t he  approach /\. 
of Zahradnik,  has  shown t h a t  l i n e a r  r e l a t i o n s h i p s  between 1 I ( V> 

\ 4. 
t P' 
/t 
i t  
'w' 

A 

d i f f e r e n t  congeneric  sets of ana lges i c s  can be used t o  
make more f i rm  dec i s ions  about whether t h e  sets are 
a c t i n g  i n  t h e  same three-dimensional way on t h e  s a m e  
r ecep to r s .  The t h r e e  sets of congeners i n  which R of 

and 3. R' = OCOCH3) were v a r i e d  by changes i n  R. Least 
square  f i t s  of sets 1 vs .  2 ,  1 vs .  3 ,  and 3 vs .  2 gave 

V w a s  he ld  cons tan t  ( i . e . ,  1. R' = C O z E t ,  2 .  R' = O C O E t  
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s lopes  c l o s e  t o  1 wi th  good c o r r e l a t i o n  c o e f f i c i e n t s .  
used t o  he lp  e s t a b l i s h  t h e  f a c t  t h a t ,  f o r  example, R i n  each series is i n  
t h e  same physicothemical  environment on t h e  r ecep to r s .  By explor ing  a 
l a r g e  enough number of sets of sys t ema t i ca l ly  v a r i e d  congeners one could 
ob ta in  cons iderable  information about t h e  geometry of t h e  r ecep to r  s i tes .  

Such tests can be 

The f a c t  t h a t  simply changing t h e  l e n g t h  of R can lead  t o  a complete 
change i n  t h e  mechanism of a c t i o n  (e .g . ,  agon i s t  t o  an tagon i s t )  has  been 
thoroughly documented by AriEnsB8. A c a r e f u l  case s tudy  i n  which t h e  en- 
t h a l p i c  and e n t r o p i c  r o l e s  of t h e  s u b s t i t u e n t s  i n  t r a n s i t i o n  from agon i s t  
t o  an tagon i s t  have been considered has  been made by Bel leau ,  Tani  and 
L i e B 9 .  Miller and HanschZ5 have presented  evidence t o  show t h a t  when two 
hydrophobic areas are p resen t  i n  a drug and only a l i m i t e d  space f o r  hydro- 
phobic bonding exists i n  an enzyme, t h e  more hydrophobic of t h e  two groups 
may determine t h e  conf igura t ion  of binding.  

Thus s t e r i c  i n t e r a c t i o n s  of r ecep to r  s i t e  and s u b s t r a t e  are ex- 
tremely d i f f i c u l t  t o  eva lua te .  The conformational  p e r t u r b a t i o n s  of drug 
on r ecep to r  
t a n g l e  t h e  mechanism of drug a c t i o n  f o r  many yea r s  t o  come. 
u se  of s u b s t i t u e n t  cons t an t s  and l a r g e  computers f o r  r eg res s ion  a n a l y s i s  
o f f e r s  us  new hope denied workers a few yea r s  ago. 

r ecep to r  on drug w i l l  tax t o  t h e  l i m i t  our  a b i l i t y  t o  un- 
However, t h e  
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