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RELATIONSHIPS BETWEEN BIOLOGICAL ACTIVITY 

OF N-PHENYLAMIDES OF BENZOYLACETIC A C I D  

AND T H E I R  CAPACITY RATIOS I N  REVERSED- 

PHASE SYSTEMS 

Maria L .  Bieganowska 

Department of  Inorganic  and A n a l y t i c a l  Chemistry 

Medical Academy 

S t a s z i c a  6 

20-081 Lubl in ,  Poland 

ABSTRACT 

The r e l a t i o n s h i p s  between l i p o p h i l i c i t y  of N-phenylamides of 

b e n z y l a c e t i c  a c i d  d e r i v a t i v e s  and t h e i r  b i o l o g i c a l  a c t i v i t y  were 

i n v e s t i g a t e d .  Experimental % and k' v a l u e s  f o r  systems of t h e  

t y p e  water  + methanol-octadecyl  s i l i ca  were determined by HPTLC 

and HPLC, r e s p e c t i v e l y .  

r e l a t i o n s h i p s  confirm t h e  importance of  hydrophobic c h a r a c t e r  o f  

t h e  compounds i n  determining t h e i r  pharmacological  p r o p e r t i e s .  

The e q u a t i o n s  d e s c r i b i n g  t h e  a c t i v i t y  

INTRODUCTION 

Q u a n t i t a t i v e  r e l a t i o n s h i p s  between t h e  chemical s t r u c t u r e  and 

t h e  b i o l o g i c a l  a c i t i v t y  of  drugs  /QSAR/ a r e  f r e q u e n t l y  e v a l u a t e d  by 

Hansch's a n a l y s i s ,  where t h e  hydrophobic i ty  of compounds i s  c h a r a c -  

t e r i z e d  by t h e  logar i thm of p a r t i t i o n  c o e f f i c i e n t  / l o g  P/ i n  t h e  

r e f e r e n c e  system n-octanol  + water /1-4/. The r e l a t i o n s h i p s  between 
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40 BIEGANOWSKA 

t h e  p a r t i t i o n  c o e f f i c i e n t  P and analogous chromatographic  parameters  

of hydrophobici ty  such a s  t h e  % v a l u e  can b e  expressed  by C o l l a n d e r ' s  

equat ion  

l o g  P + b \ + a 

where a ,  b a r e  c o n s t a n t s  /5-9/. 

Recently it h a s  been demonstrated t h a t  HPLC can a l s o  be  employed f o r  
t h e  de te rmina t ion  of hydrophobic p r o p e r t i e s  of  organic  compounds. 

The advantages of  HPLC over  TLC are  due t o  t h e  b e t t e r  accuracy  and 

r e p r o d u c i b i l i t y ;  reversed-phase  adsorbents  now a v a i l a b l e  a r e  prac-  

t i c a l l y  t o t a l l y  i n e r t  /10-13/. 

determined by HPLC i s  r e l a t e d  t o  t h e  r e t e n t i o n  volume by 

The c a p a c i t y  r a t i o  k' of  a compound 

k '  = (VR - Vo) /Vo 

and 

where V 

compound, r e s p e c t i v e l y .  

and Vo-the r e t e n t i o n  volumes of  a r e t a i n e d  and u n r e t a i n e d  

I t  h a s  been shown t h a t  t h e  % v a l u e  def ined  by Bate-Smith and 

R 

Westal l  /14/ i s  f o r  l i q u i d - l i q u i d  systems l i n e a r l y  r e l a t e d  t o  log P 

and t h a t  A % i s  t h e r e f o r e  analogous t o  t h e  .)\ v a l u e s  - in t roduced  

by Hansch as a measure of hydrophobici ty  of s u b s t i t u e n t s  / l / .  

f- 

For ionogenic  compounds, i f  necessary  a s s o c i a t i o n  of molecules  

i n  t h e  mobile phase can be n e g l e c t e d ,  a c o r r e c t i o n  f o r  t h e  i o n i z a t i o n  

can be expressed by equat ion:  

KA + [H'] \ = R I M  + l o g  
[H+l 

where % i s  t h e c o r r e c t e d v a l u e ,  RIM i f  t h e  experimental  v a l u e ,  K 

t h e  i o n i z a t i o n  c o n s t a n t  of t h e  s o l u t e  and [H'] is t h e  hydrogen ion  

concent ra t ion  i n  t h e a q u c o u s p h a s e .  

i s  
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N-PHENYLAMIDES OF BENZOYLACETIC A C I D  4 1  

The p r e s e n t  s tudy  a t t e m p t s  t o  e l u c i d a t e  how t h e  r e l a t i o n s h i p s  

between % v a l u e s  /HPTLC/ o r  l o g  k '  v a l u e s  /HPLC/ and b i o l o g i c a l  

a c t i v i t y  of  t h e  i n v e s t i g a t e d  compounds a r e  modif ied by t h e  presence  

of methanol and acet ic  a c i d  i n  t h e  mobile phase and whether  t h e  

reversed  phase chromatographic systems used d i f f e r  c o n s i d e r a b l y  

from t h e  Hansch r e f e r e n c e  p a r t i t i o n  system n-oc tanol  - water. 

EXPERIMENTAL 

High-performance t h i n  l a y e r  chromatography was c a r r i e d  o u t  us ing  

10 x 10 cm precoated  HPTLC p l a t e s  wi th  oc tadecyl  s i l i ca  RP-18 /E.Merck, 

Darmstadt, F.R.G./.20 p1 samples /1 mg/l m l  o f  methanol/ were s p o t t e d  
1 cm from t h e  edge and e l u t e d  i n  convent iona l  s a t u r a t e d  t a n k s  over  a 

d i s t a n c e  of  8 . 5  cm. A s  e l u e n t  a 7 : 3  mixture  of  methanol and 3% v/v 

aqueous s o l u t i o n  o f  a c e t i c  a c i d  was used. 

Column h igh  performance l i q u i d  chromatography was c a r r i e d  o u t  

us ing  a l i q u i d  chromatograph/ Ins t i tu te  of  Physical  Chemistry of  t h e  

Pol i sh  Academy o f  Sc iences ,  Warsaw/ with a s y r i n g e  200 cm pump and 

a UV 254 nm d e t e c t o r .  S t a i n l e s s  s t e e l  column, 150 x 4 mm I .D. ,  was 

packed with 10 p m  LiChrosorb RP-18 /E.Merck, Darmstadt, F . R . G . / .  

The samples were d i s s o l v e d  i n  t h e  e l u e n t  /1 m l / l  cm / and in t roduced  

i n t o  t h e  column wi th  a 5 pl swi tch ing  v a l v e .  

1 . 2  cm min . The column dead volume was determined u s i n g  an aqueous 

s o l u t i o n  o f  potassium bichromate as t h e  noFre ta ined  compound. 

tempera ture  was kept  a t  20 lo. 

measurements. The compounds s t u d i e d  were synthes ized  i n  t h e  Depart-  

ment of  Pharmaceut ical  Chemistry o f  t h e  Medical Academy o f  Cracow and 

t h e i r  b i o l o g i c a l  a c t i v i t i e s  were determined i n  t h e  Department of  

Pharmacology o f  t h e  Medical Academy o f  Cracow. The c o e f f i c i e n t s  i n  

t h e  r e g r e s s i o n  e q u a t i o n s  were c a l c u l a t e d  from t h e  experimental  d a t a  

by t h e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  u s i n g  t h e  least s q u a r e s  method 

on a Hewlett-Pacard 65 programmable c a l c u l a t o r  START 1 - 2 2  A.  

3 

3 

The f low r a t e  was 
3 -1 

The 

The r e s u l t s  are  averages  of  t h r e e  

RESULTS AND DISCUSSION 

Reversed-phase h igh  performance column /HPLC/ and t h i n - l a y e r  

/HPTLC/ chromatography with chemical ly  bonded o c t a d e c y l s i l i c a  s ta -  
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42  BIEGANOWSKA 

t i o n a r y  phase were used t o  determine % and k' v a l u e s  of N-phenyl- 

amides of  benzoylace t ic  a c i d  d e r i v a t i v e s  a s  an i n d i c a t i o n  of  t h e i r  

hydrophobic c h a r a c t e r  assuming some analogy between t h e  s o r p t i o n  

of b i o l o g i c a l l y  a c t i v e  compounds i n  s u i t a b l y  chosen chromatographic 

system and t h e i r  t r a n s p o r t  through l i p i d  membranes i n  v i v o ;  t h u s ,  a 

c o r r e l a t i o n  between t h e i r  b i o l o g i c a l  a c t i v i t i e s  and % o r  log  k '  

v a l u e s  could be expected /Table  1 and F i g . l / .  

b a s i c  Hansch equat ion  than when compounds wi th  a broad range o f  

log P v a l u e s  a r e  s t u d i e d  then t h e  r e l a t i v e  a c t i v i t y  depends p a r a -  

b o l i c a l l y  on log P .  The concept  of an optimum log P v a l u e  h a s  been 

mathematical ly  j u s t i f i e d  by c o n s i d c r a t i o n  o f  a simple k i n e t i c  model 

t o  d e s c r i b e  t h e  movement of  t h e  molecule through a series of aqueous 

compartments separa ted  by l i q u i d  b a r r i e r s .  In most s imple t e s t s  i n  

v i t r o  a q u a d r a t i c  term i n r o r  log  P i s  n o t  necessary ;  log  P i s  
then a measure of  t h e  energy o f  hydrophobic b inding  between t h e  com- 

pound and r e c e p t i o n  s i t e  / a l s o  b inding  t o  p r o t e i n / .  

compounds wi th in  a l i m i t e d  range o f  log  P v a l u e s  / a l l  h i g h e r  o r  a l l  

lower than t h e  optimum/ a r e  s t u d i e d  and e l e c t r o n i c  and s t e r i c  e f f e c t s  

could  be n e g l e c t e d ,  approximately l i n e a r  r e l a t i o n s h i p s  between t h e  

b i o l o g i c a l  a c t i v i t y  and log P can be  expected and a s imple Col lander  

type  equat ion  can be a p p l i c a b l e :  

I t  f o l l o w s  from t h e  

In t h e  c a s e  when 

where a and b a r e  c o n s t a n t s  and C is t h e  molar  c o n c e n t r a t i o n  of 

subs tance  producing an e q u i v a l e n t  b i o l o g i c a l  e f f e c t .  

The i n v e s t i g a t e d  compounds which have complicated s t r u c t u r e s  

with r e s p e c t  t o  hydrophobic and h y d r o p h i l i c  s u b s t i t u e n t s  should 

provide  a good e s t i m a t e  of t h e  v a l i d i t y  of chromatographic be-  

haviour  f o r  determining physico-chemical parameters  important  t o  
QSAR. To i n c r e a s e  t h e  accuracy,  t h e  k' v a l u e s  were determined 

us ing  severa l  c o n c e n t r a t i o n s  of t h c  m o d i f i e r  /methanol/ i n  t h e  

e l u e n t  13% v/v c o n c e n t r a t i o n  of  a c e t i c  a c i d  was used to suppress  

t h e  i o n i z a t i o n  of  t h e  s o l u t e s / .  
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log k' 
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7 2 ~  
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FIGURE 1: Correlation between - log C and log k' values 
a) inhibition of synthetase of prostaglandins; 
b) binding to  albumina. 

FIGURE 2: log k' values plotted against % concentration of 
methanol i n  3% aqueous ace t i c  ac id .  Adsorbent: octadecylsilane 
s i l i c a  /FS'-18/. For notation of so lutes  see Table 1 
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N-PHENYLAMIDES OF BENZOYLACETIC ACID 45 

Fig.2 demonstrates  t h e  p l o t s  of  log  k' a g a i n s t  p e r  c e n t  con- 

c e n t r a t i o n  of  methanol i n  3% aqueous s o l u t i o n  of  a c e t i c  a c i d .  In 
a l l  c a s e s  l i n e a r  r e l a t i o n s h i p s  were o b t a i n e d  /18,19/. The l i n e s  

sometimes c r o s s  /change of  sequence of  k' v a l u e s / .  The s t r u c t u r a l  

e f f e c t s  are  g e n e r a l l y  in agreement with t h o s e  observed f o r  l i q u i d -  

l i q u i d  chromatography /20,21/. Thus, h i g h e s t  k' v a l u e s  were ob- 

t a i n e d  f o r  s o l u t e s  with o r t h o  c a r b o x y l i c  group;  t h e i r  h y d r o p h i l i c  

p r o p e r t i e s  were decreased owing t o  i n t e r a c t i o n  / i n t r a m o l e c u l a r  

H-bond/ between v i c i n a l  c a r b o x y l i c  and amide groups.  I n c r e a s e s  o f  

s e l e c t i v i t y  f o r  lower c o n c e n t r a t i o n s  of t h e  m o d i f i e r  i n  t h e  e l u e n t  

i s  caused by i n c r e a s i n g  c o n t r i b u t i o n  o f  hydrophobic i n t e r a c t i o n s ,  

e s p e c i a l l y  i n  t h e  c a s e  of  less p o l a r  compounds / 17 / .  

Higher k' v a l u e s  were a l s o  obta ined  f o r  s o l u t e s  w i t h  a d d i t i o n a l  

halogen atom i n  t h e  para  p o s i t i o n .  

duced i n t o  t h e  molecule ,  e s p e c i a l l y  i n  t h e  p a r a  p o s i t i o n  / F i g . l / ,  

caused s i g n i f i c a n t  i n c r e a s e  o f  hydrophobic p r o p e r t i e s .  A halogen 

atom i n  t h e  o r t h o  p o s i t i o n  had a s m a l l e r  e f f e c t  on t h e  chromatographic  

behaviour  owing t o  s te r ic  s h i e l d i n g  o f  t h e  second hydrophobic amide 

group H-bonded w i t h  t h e  o r t h o  c a r b o x y l i c  group. Equat ions of  t h e  

s t r a i g h t  l i n e s  o f  r e l a t i o n s h i p s  between t h e  l o g  k' v a l u e s  and p e r  

c e n t  c o n c e n t r a t i o n  of methanol i n  t h e  aqueous e l u e n t  / l o g  k = bc + a ;  
a and b - c o n s t a n t s ,  c-methanol c o n c e n t r a t i o n ,  v /v / ,  d e r i v e d  f o r  each 

compound by r e g r e s s i o n  a n a l y s i s  p e r m i t t e d  t o  estimate by e x t r a p o l a t i o n  

t h e  high c a p a c i t y  r a t i o s  i n  systems wi th  p u r e  water o r  3% aqueous 

s o l u t i o n  of a c e t i c  a c i d .  

One o r  two halogen atoms i n t r o -  

TABLE 2 

Equat ions 1-5 and la -5a  show c o r r e l a t i o n s  between chromatographic  

d a t a  and pharmacological a c t i v i t y  expressed  by two effects  - i n h i b i t i o n  

of  s y n t h e t a s e  of  p r o s t a g l a n d i n s  /i/ and b inding  t o  a lbumins /b / ;  C 

denotes  t h e  micromolar c o n c e n t r a t i o n  of  t h e  i n v e s t i g a t e d  s o l u t e s  

corresponding t o  I D s 0 ,  n-number of  compounds i n  t h e  set ,  n - r e g r e s s i o n  

c o e f f i c i e n t .  
The b e s t  c o r r e l a t i o n s  were o b t a i n e d  f o r  e l u e n t  composed of meth- 

anol  and 3% aqueous acetic a c i d  /Egs. 3 ,  3a/. System with acet ic  
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TABLE 2 

Rela t ionships  Between log  k 'Values  /HI'LC/ or F$, Values /HPTLC/ and 

Bio logica l  A c t i v i t y  / i- i n h i b i t  i o n ,  b-binding/  

Mobile Phase : water  / e x t r a p o l a t e d /  

log 1 = 1.33/?0.41/log k '  - 4.22/+0.86/ n-lor-0.927 /1/ ci 
1 

log  7 = 1.05/+0.27/log k '  - 4.55/+0.58/ n-12 r-0.748 / l a /  
b 

Mobile phase : 40% methanol 

1 log  = 3.39/+0.63/log k 1  - 3.38/+0.34/ n-10 r-0.911 / 2 /  
i 

1 

'b 
log - = 3.15/+0.37/log k '  - 3.88/+0.18/ n-12 r-0.938 /2a/ 

Mobile phase : 70% methanol i n  3% aqueous s o l u t i o n  of acet ic  a c i d  

I l o g  - = 3.59/?0.18/log k' - 3.67/+0.12/ n-10 r-0.990 /3/  
'i 
1 

'b 
log - = 2.69/+0.25/log k '  - 4,05/+0.17/ n-12 r-0.959 /3a/  

Mobile phase : 3% aqueous s o l u t i o n  of a c e t i c  a c i d  / e x t r a p o l a t e d /  

1 l o g  - = 1.93/?0.5O/log k '  - 6.61/+1.35/ n-10 r-0.806 /4/  
'i 

1 log = 1.46/+0.34/10g k '  - 6.25/+0.89/ n-12 r-0.812 /4a/ 
b 

HPTLC-Mobile phase : 70% methanol i n  3% aqueous s o l u t i o n  of a c e t i c  a c i d  

1 
log = 2.98/+0.93/ % - 2.98/+0.49/ n-11 r-0.731 / 5 /  

log = 2.10/+0.72/ RM - 3.38/+0.38/ n-11 r-0.693 /Sa/ 1 

b 
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a c i d  / t o  suppress  i o n i z a t i o n /  was found t o  be v e r y  s u i t a b l e  f o r  

t h e  s tudy  of  hydrophobic p r o p e r t i e s  of  compounds expressed  by log  k '  

o r  % and t h e i r  a c t i v i t y  d a t a .  

I n t r o d u c t i o n  of  e x t r a p o l a t e d  log  k '  v a l u e s  f o r  p u r e  water 

/ e g s . l ,  l a /  and for  3% aqueous s o l u t i o n  o f  acetic a c i d  /egs .4 ,  4a/ 
d i d  n o t  improve 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 s  b u t  a s l o p e  1.05 and 

1.33 f o r  pure  water, are n o t  f a r  from u n i t y ,  what could  mean t h a t  

mechanisms of s e p a r a t i o n  of  t h e  i n v e s t i g a t e d  compounds i s  c l o s e l y  

r e l a t e d  t o  t h e  p e n e t r a t i o n  o f  drugs t o  t h e i r  s i t es  o f  a c t i o n  

through t h e  l i q u i d  phases  and v a r i o u s  membranes which l i k e  o c t a -  

d e c y l s i l i c a  bonded s t a t i o n a r y  phase do n o t  behave as a bulky l i q u i d  

/a, 22/. 

The r e l a t i v e l y  low c o r r e l a t i o n  c o e f f i c i e n t s  of egs. 5 and 5a 

seem t o  be  due t o  t h e  lower accuracy o f  d a t a  obta ined  on t h e  t h i n  

l a y e r s  i n  comparison t o  t h e  HPLC d a t a .  

r e l a t i o n s h i p  of  l o g  1 / C  v s  log  k '  o r  % i n d i c a t e  t h e  importance 

of t h e  l i p o p h i l i c  c h a r a c t e r  of t h e  compounds i n  de te rmining  both  

t h e  i n h i b i t i o n  of  s y n t h e t a s e  o f  p r o s t a g l a n d i n s  and t h e  s t r e n g t h  

of b inding  t o  albumin. 
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