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D I S P U T A N D U M  

Molar  At trac t ion  G o n s t a n t s  Appl ied  to S truc ture  

The correlat ion of biological ac t iv i ty  wi th  chemical  
s t ruc tu re  has a lways been of grea t  impor t ance  to the  
medic inal  chemis t  as i t  of ten provides  a f u n d a m e n t a l  
basis for the  ra t iona l iza t ion  of drug  ac t iv i ty  as well as a 
useful s ta r t ing  po in t  for the  design of po ten t ia l ly  act ive 
compounds .  In  recent  years  there  has been an upsurge  of 
in te res t  in this  direction,  par t icu lar ly  wi th  the  use of 
e x t r a - t h e r m o d y n a m i c  subs t i t uen t  cons tan t s  ~. These have  
included values der ived f rom pa r t i t i on  exper imen t s  2, 
steric and  electronic pa rame te r s  ~, and d a t a  f rom mole- 
cular orbi tal  s tudies  a. To da te  the  au tho r  has been able to 
list over  40 di f ferent  types ,  however,  in m a n y  cases, l i t t le 
can  be said abou t  the  physical  s ignificance of a par t icu lar  
cons t an t  o ther  t han  t h a t  its use results  in a m a t h e m a t i -  
cally s ignif icant  i m p r o v e m e n t  in the  correla t ion of 
biological data .  

For  example,  OSTRENGA 5 has recent ly  suggested t h a t  
molar  a t t r ac t ion  cons tan t s  (F), (derived f rom the  solu- 
bi l i ty  pa r ame te r  (~)6) have  grea t  po ten t ia l  in correlat ion 
as t h e y  are readi ly  avai lable for mos t  organic funct ional  
groupings,  are addi t ive  on a cons t i tu t ive  basis and  can be 
calculated wi thou t  resor t  to exper iment ,  such that6,7:  

= E F i / 3 2 V  i (1) 

where  V i is the  molar  volume of the  funct ional  group i. 
He fu r ther  concluded tha t ,  a l though  it was conceivable 
t h a t  F was related to the  HANSCH n value 2 (derived from 
par t i t ion  studies),  there  were ins tances  where  F gave good 
correlat ion of biological ac t iv i ty  for a series of compounds  
whilst  n did not.  

The exact  re la t ionship  be tween  F and n can be deduced 
by considering I[ILDEBRAND and SCATCttARD'S 8 equat ions  
for the  excess free energy of a regular  solution : 

F:u : (xlG + .v2V~) (61 '~2) 2 Gr (2) 

where  x is the  mole f ract ion and 4 the  w~lume fraction.  
The molal free energy of the  solute (2) in the  solvent  (1) 
can be wr i t t en  as: 

where y is tile ac t iv i ty  coeff icient  and R and T have  their  
usual meaning.  At infini te  di lut ion of the  solute as 
Ct --> 1.o, 

l e T l n , ) , ~  : "~(3,~-- ')2)"" (4) 

The par t i t ion  coefficient (K) therefore  can be expressed 
a s  : 

R T l n  K V2[((5 a _ b~)2 _ (d ~ _ b2)2] (5) 

where a and 0 refer to the  aqueous  phase  and  organic 
phase,  respect ively.  HANSCH ~ has defined the  t e r m  ~ as the  
difference in logar i thms of the  pa r t i t ion  coefficients of a 
pa ren t  compound  and its subs t i t u t ed  der ivat ive ,  

x~ x = log  K ( R x )  --- log K(RH) (6) 

Therefore  : 

2.3 ~ r  <~. = ~, ( % u )  - v<~x?  + a" ( % x ~  - v(~ .~)  

+ 26o(V(RX) ~)(RX) - -  V(RH) 6(RH)) 

+ 26~(V(RH) ~(~eH) - V(~x)  b(Rx)) (7) 

But  6 --  F / l ' ,  therefore :  

2.3 ZeT ~'x = Vv ( '~  - 'L) + 2~'.,- ( 'L  - G ) .  (8) 

Act iv i ty  R e l a t i o n s h i p s  

~x and  F x are thus  connec ted  by  the  molar  vo lume  of the  
func t iona l  group X.  The reasonable  corre la t ion of bio- 
logical d a t a  using F s can therefore  be ascr ibed s imply  to 
th is  connec t ion  toge the r  wi th  the  unjus t i f ied  a s sumpt ion  
tha t ,  in a series of d i f fe rent  funct ional  groups,  molar  
v o l u m e s  are a p p r o x i m a t e l y  cons tan t .  

Theoret ica l ly  it is now possible to calculate  ~ values  
using equa t ion  (8). Values of F i and  V i have  been  repor ted  
in the  l i te ra ture  6,7.9, ~0 or can be calcula ted f rom tables  of 
solubi l i ty  pa r ame te r s  n and molecular  weight  and  dens i ty  
values. In  some cases the  var ia t ion  in publ i shed  F values 
for a given funct ional  group is considerable  and the  
author has therefore restricted the calculation of ~r to 
aliphatic groupings for which detailed F and V values 
have recently been given 7,1~ ~o values are well docu- 
inented n but the choice of a value for ~a is worthy of dis- 
cussion. The usually quoted ~ is in the region of 25 but it 
must be remembered that this value was obtained from 
data on the solubility of water in hydrocarbons s. KOSKAS 
and DURANDET 12 have shown that for aliphatic hydro- 
carbons in water 6a is in the range 15.5-16.1. This is in 
agreemen t  wi th  the  pa r t i t ion  s tudies  of WAKAHAYASHI et  
al. ~3 who have  indica ted  t h a t  6a ~ 16.3. A wa te r  solu- 
bi l i ty  p a r a m e t e r  of 15.8 has therefore  been  t aken  as 
reasonable  for the  p resen t  purpose.  

~r values have  been calculated for a range of a l iphat ic  
funct ional  groupings for par t i t ion  be tween  wa te r  and 1- 
octanol  and wa te r  and cyclohexane  (Table). The agree- 
men t  be tween  the  calculated and exper imen ta l  values of 

is good in some cases. In  par t icu lar  the  result  for the  
iner t  - C H  2 group in the  iner t  so lvent  cyc lohexane  lends 
nmch  suppor t  to the  choice of h a -- 15.8 (if f i a -  25 is 
t aken  instead,  ~CH. 2 has a value close to 8.5). There are, 
though,  some notable  discrepancies  and in general  the  
values for cvc lohexane  are in closer agreement  t h a n  those 
for l -octanol ,  wi th  s t rongly  polar  groups giving poorer  
ag reemen t  t h a n  others.  Possible reasons for these  dif- 
ferences are the  var ia t ion  in publ i shed  F values  and the  
accuracy of the  expe r imen ta l  studies.  One m u s t  also bear  
in mind  t h a t  molar  a t t r ac t ion  cons tan t s  were first  pro-  
posed for the  evaluat ion of 6 values of po lymers  where  
uncer ta in t ies  in the  F value of a given funct ional  group 
would in mos t  cases lead to very li t t le error in the  r~ value 
for the  whole molecule% 
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A more  i m p o r t a n t  and  f u n d a m e n t a l  l imi ta t ion  of equa- 
t ion  (8) is t he  range of appl icabi l i ty  of solubil i ty para-  
mete rs  and  hence  molar  a t t r ac t i on  cons tan ts .  HILDE- 
BRAND and  Scoxx 16 have  warned  agains t  the  use of the  
solubi l i ty  p a r a m e t e r  concep t  for polar  compounds  unless 
t he  dipole is well bur ied wi th in  the  molecule and  specific 
d i rect ional  forces are un impor t an t .  I n  order  to overcome 
this  p rob lem various a t t e m p t s  have  been made  la tely to 

Calculated and experimental z values 

Functional group Cyclohexane 1-Octanol 
Calculated Experi- Calculated Experi- 
3z mental ~z ~ r mental r 

-CH~- 0,65 0.65 0.60 0,50 
-OH --3.75 --3.50 --1.78 --1.2 
NHa- --1.22 --2.3 --0.74 --1.3 
-C1 0.55 0.7 0.62 0.47 
-CHO --0.47 --1.2 
-COOH --3.14 --2.5 --2.3 --0.47 
CHACO- 0 --0.51 --0.7 
-CH=CH~ 2.6 
CH3COO- 0.07 -0 .2  1.0 --0.3 
-CO --0,65 --0.5 
-CN --1.8 --1.25 --1.1 --0.84 
Phenyl 1,85 2.75 2.1 1.9 r 
Cyclohexyl 3,85 4.2 a 3.65 2.51 c 

Sum of squares of 3,8 6.3 
differences between 
calculated r~ and 
experimental 

Reference 14. b Reference ~a. o Reference 3. a Estimated from 
solubility data. 

ex tend  HILDEBRAND and  SCATCHARD'S equat ion  to  polar  
compounds  such as acids, alcohols and ketones  by  the  use 
of polar  17 and even ' three-dimens~onal '  solubil i ty para-  
mete rs  18 b u t  the  success has  been  ve ry  l imited.  There  is 
no reason w h y  the  above  analysis  of the  in ter - re la t ionship  
be tween  n and  F could no t  be re -examined  in such a 
m a n n e r  b u t  i t  is doub t fu l  w h e t h e r  there  would be any  
s ignif icant  i m p r o v e m e n t  in the  ~ values calculated for 
pa r t i t ion  be tween  wa te r  and  1-octanol and for polar  
groupings  in general.  I t  is therefore  concluded t h a t  F 
values are only  a r a the r  inaccura te  measure  of re la t ive  
pa r t i t i on  coefficient  t h a t  ignore differences in molar  
volumes  of funct ional  groups. In  view of the  uncer ta in t ies  
associated wi th  F values 9 and  the  p rob lems  of app ly ing  
regular  solut ion theo ry  to polar  systems,  it seems highly  
advisable  to use exper imen ta l ly  measured  pa rame te r s  
such as n for s t ruc ture  ac t iv i ty  correlat ion.  

Zusammenfassung. Molare Anz iehungskons t an t en  wur-  
den herangezogen,  um Beziehungen  zwischen chemischer  
S t ruk tu r  und  biologischer Wi rkung  zu vers tehen.  
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P R O  N A T U R A  I N T E G R A  

E d i t o r ' s  note,  U n d e r  t he  t i t le  o5 'P ro  Na tu r a  In t eg ra ' ,  papers  on f u n d a m e n t a l  research in the  field of b io-pro tec t ion  
will appear .  Over-populat ion,  under -nu t r i t ion  and changes  in e n v i r o n m e n t  have  led to ecological d i s turbances  in the  
balance  of Na tu re  which  t h r ea t en  the  exis tence of mankind .  Man is faced wi th  u n c e r t a i n t y  t h rough  the  changes  in 
his env i ronment .  This mos t  crit ical crisis can only  be over-come by  a socie ty  which has the  will to  carry out  a bio- 
phylax is  which is scientif ical ly founded,  ecologico-economically co-ord ina ted  and biopoli t ical ly  responsible.  H . M .  

The  E n v i r o n m e n t a l  Cr is i s .  C o m m e n t a r y  on the 1970 E u r o p e a n  C o n s e r v a t i o n  Year 

By Kar l  E. SCHAEFER 

Old Lyme (Connecticut 06371, USA) 

This is an a t t e m p t  to give a survey  of recent  s tudies  of 
the  env i ronmenta l  crisis in the  Uni t ed  Sta tes  and  some 
act ivi t ies  to control  it. The  d imensions  of th is  p rob lem are 
m u c h  too large to be deal t  wi th  in some d e p t h  wi th in  the  
scope of th is  paper .  E m p h a s i s  has therefore  been given to 
deve lopmen t s  which have  led to issues in the  scientific and 
publ ic  debate .  

Condi t ions  in the  Un i t ed  Sta tes  have  caused a more  
prec ip i tous  deve lopmen t  of the  env i ronmen t  crisis t han  in 
in Europe.  The in te rac t ion  of var ious  factors  involving 

the  response of t he  public to  t he  env i ronmenta l  crisis, new 
scientific f indings on the  effects of po l lu tan ts  (DDT) and 
the  coinciding popular iza t ion  of ecological concepts  lead 
to a consensus  of opinion on bio-poli t ical  measures  such 
as the  ' E n v i r o n m e n t  Pol icy Act '  passed in December ,  
1969. 

A review of these  deve lopmen t s  in the  Uni ted  Sta tes  
was wr i t t en  a t  the  suggest ion of Professor  H. MISLIN, who 
is concerned  wi th  the  fo rmula t ion  of a biopolit ic for 
Europe,  based on Ecology 1. 


