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ABSTRACT 
Log k '  values were determined, a t  v a r i o u s  compos i t ions  o f  
mob i le  phase, f o r  a s e r i e s  o f  benzodiazepines. The a n a l y s i s  
o f  t h e  r e l a t i o n s h i p  between t h e  l o g  k '  va lues  and t h e  mob i l e  
phase compos i t ion  y i e l d e d  e x t r a p o l a t e d  l o g  k '  va lues  as a 
measure o f  t h e  p a r t i t i o n i n g  between t h e  hydrophobic s t a t i o n a r y  
phase and water.  The l o g  k '  va lues  e x t r a p o l a t e d  f rom t h e  l i n e a r  
p a r t  o f  t h e  curve  were shown t o  be ve ry  w e l l  c o r r e l a t e d  w i t h  
bo th  RM and l o g  P va lues .  As a f u r t h e r  s t e p  o f  ou r  s tudy  
t h e  e x t r a p o l a t e d  l o g  k '  va lues  were c a l c u l a t e d  by means o f  
t h e  equat ions  d e s c r i b i n g  t h e  l i n e a r  o r  t h e  q u a d r a t i c  r e l a t i o n -  
s h i p  between r e t e n t i o n  t imes  and methanol c o n c e n t r a t i o n  ove r  
t h e  f u l l  range o f  t h e  mob i le  phase compos i t ion .  However t h e  
r e s u l t s  d i d  n o t  seem t o  be s a t i s f a c t o r y .  S i m i l a r l y  t h e  i n t r o -  
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1712 PIETROCRANDE ET AL. 

d u c t i o n  o f  a square r o o t  t e rm i n t o  t h e  q u a d r a t i c  equat ions  
d i d  n o t  improve t h e  r e l a t i o n s h i p  between t h e  e x t r a p o l a t e d  
l o g  k '  values and t h e  R o r  l o g  P values. M 

INTRODUCTION 
The s tudy  o f  t h e  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  

demonstrated t h e  importance o f  physico-chemical  parameters 

i n  de termin ing  t h e  b i o l o g i c a l  a c t i v i t y  o f  drugs. I n  p a r t i c u l a r  

t h e  l i p o p h i l i c  cha rac te r  o f  molecules seems t o  p l a y  a v e r y  

impor tan t  r o l e  (1,2,3). The d i r e c t  p a r t i t i o n i n g  between oc tano l  

and water i s  t h e  c l a s s i c  procedure f o r  t h e  d e t e r m i n a t i o n  o f  

t h e  p a r t i t i o n  c o e f f i c i e n t  as a measure o f  t h e  l i p o p h i l i c  cha r -  

a c t e r .  However i n  o rde r  t o  avo id  some disadvantages o f  t h e  

c l a s s i c  procedure t h e  chromatographic RM va lues  had been 

proposed as an a l t e r n a t i v e  t o  t h e  d i r e c t  p a r t i t i o n i n g  (4,5,6). 

I n  reversed-phase TLC system, when t h e  mob i l e  phase i s  r e p r e -  

sented by o n l y  water,  t h e  R va lues  can be cons idered as a 

measure o f  t h e  p a r t i t i o n i n g  o f  t h e  compounds between t h e  

hydrophobic s t a t i o n a r y  phase and t h e  water  i t s e l f .  Fo r  more 

l i p o p h i l i c  compounds t h e  p a r t i t i o n i n g  between t h e  hydrophobic 

s t a t i o n a r y  phase and t h e  aqueous mob i le  phase a f f e c t s  t h e i r  

chromatographic behav iour  i n  such a way t h a t  t h e y  do n o t  move 

from t h e  s t a r t i n g  l i n e ,  un less  a c e r t a i n  amount o f  an o rgan ic  

so l ven t ,  i. e. methanol o r  acetone, i s  added t o  t h e  mob i l e  

phase. The p l o t s  o f  t h e  RM va lues  versus t h e  compos i t ion  o f  

t h e  mob i le  phase show t h a t  f o r  each compound t h e r e  i s  a range 

o f  l i n e a r  r e l a t i o n s h i p .  The t h e o r e t i c a l  R va lues  a t  0% o rgan ic  

so l ven t  i n  t h e  mob i le  phase can be c a l c u l a t e d  by  e x t r a p o l a t i o n  

f rom t h e  l i n e a r  p a r t  o f  t h e  cu rve  by means o f  t h e  equa t ions  

d e s c r i b i n g  such l i n e a r  r e l a t i o n s h i p .  The e x t r a p o l a t e d  RM 
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BENZODIAZEPJNES 1713 

values a t  0% were cons idered as a measure o f  t h e  p a r t i t i o n i n g  

o f  t h e  compounds between t h e  hydrophobic s t a t i o n a r y  phase 

and water .  Fo r  severa l  s e r i e s  o f  compounds i t  was p o s s i b l e  

t o  show a ve ry  good c o r r e l a t i o n  between t h e  exper imenta l  o r  

e x t r a p o l a t e d  RM va lues  a t  0% and t h e  l o g  P va lues .  I n  more 

recen t  yea rs  t h e r e  has been an i n c r e a s i n g  i n t e r e s t  i n  comparing 

d i f f e r e n t  procedures f o r  measuring t h e  l i p o p h i l i c i t y  o f  drugs. 

I n  p a r t i c u l a r  reversed-phase high-performance l i q u i d  chroma- 

tography  (HPLC) has been presented  as an a l t e r n a t i v e  t o  bo th  

reversed-phase TLC and d i r e c t  p a r t i t i o n i n g  (7,8,9,10).The range 

o f  l i n e a r  r e l a t i o n s h i p  observed i n  reversed-phase TLC was a l s o  

demonstrated between t h e  l o g  k '  va lues  and t h e  compos i t i on  

o f  t h e  mob i le  phase i n  reversed-phase HPLC (11,12,13,14). 

The e x t r a p o l a t e d  l o g  k '  va lues  f rom HPLC were shown t o  be 

very  w e l l  c o r r e l a t e d  w i t h  bo th  R and l o g  P va lues  (7,15,16). 

However severa l  au thors  (17,18,19) i n  s t u d y i n g  t h e  r e l a t i o n s h i p  

between l o g  k '  va lues  and compos i t ion  o f  t h e  m o b i l e  phase 

have tu rned  t h e i r  a t t e n t i o n  t o  t h e  d e v i a t i o n s  f rom l i n e a r i t y .  

T i j s s e n  e t  a l .  ( 20 )  have developed a t h e o r e t i c a l  model r e l a t i n g  

s o l u b i l i t y  parameter and r e t e n t i o n  behav iour .  On t h i s  b a s i s  

i t  has been p r e d i c t e d  t h a t  l o g  k '  va lues  may change quadra t -  

i c a l l y  w i t h  t h e  compos i t ion  o f  t h e  mob i l e  phase. Schoenmakers 

e t  a l .  (21,221 conf i rmed t h i s  model by means o f  exper imenta l  

data.  More r e c e n t l y  Schoenmakers e t  a l .  ( 2 3 )  showed t h a t  i n  

some cases t h e  r e l a t i o n s h i p  between l o g  k '  va lues  and mob i l e  

phase compos i t ion  can be b e t t e r  desc r ibed  w i t h  an ex tens ion  

of t h e  q u a d r a t i c  equa t ion  by  means o f  a te rm p r o p o r t i o n a l  

t o  t h e  square r o o t  o f  t h e  o rgan ic  s o l v e n t  c o n c e n t r a t i o n  i n  
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1714 PIETROGRANDE ET AL. 

t h e  mob i le  phase. The aim o f  t h e  present  s tudy  was t o  i n v e s t i g a -  

t e  t h e  r e l a t i o n s h i p  between t h e  chromatographic r e t e n t i o n  

o f  a s e r i e s  o f  benzodiazepines (24,251 and t h e  compos i t ion  

o f  t h e  mob i le  phase i n  reversed-phase HPLC system. S ince  f o r  

t h a t  s e r i e s  o f  benzodiazepines t h e  l o g  P and RM va lues  had 

been p r e v i o u s l y  ob ta ined  (241, t h i s  has a l lowed t o  s tudy  t h e  

r e l a t i o n s h i p  between l o g  k' va lues  and bo th  RM and l o g  P values. 

MATERIALS AND METHODS 
HPLC was performed on a Spect ra  Physics Cromatograph c o n s i s t i n g  

o f  a SP 87000 So lvent  D e l i v e r y  System and a SP 8750 Organ izer  

Module. A Var ian  Aerograph U. V .  d e t e c t o r  opera ted  a t  254 

nm. A 30 cm. x 3.9 mm. i. d. Bondapak C,* Column f rom Waters 

Assoc. was used. The mob i l e  phase was methanol i n  v a r i o u s  

m ix tu res  ( v / v )  w i t h  phosphate b u f f e r  (pH = 7.4, i o n i c  s t r e n g h t  

= 0.1 M I  a t  a f l o w  r a t e  o f  1 ml/min. The benzodiazepines, 

ob ta ined f rom commercial sources and r e p o r t e d  i n  Tab le  1, 

were d i s s o l v e d  i n  methanol o r  methanol-water m i x t u r e s  i n  t h e  

concen t ra t i on  range between 100 and 400 ug/ml. The benzodia- 

zepines s o l u t i o n s  were i n j e c t e d  i n t o  t h e  column by a 10 p1 

loop.  A l l  s o l u t i o n s  were f i r s t  f i l t e r e d  t o  reduce contaminat ion .  

The e l u t i o n  t i m e  ( t  1 o f  a non - re ta ined  component was regarded 

as be ing  equal t o  t h e  e l u t i o n  t i m e  o f  po tass ium n i t r a t e .  The 

l o g  k '  va lues  were c a l c u l a t e d  as l o g  (tr-to)/to. The exper iments 

were performed a t  room temperature.  Fo r  each compound r e t e n t i o n  

da ta  were measured a t  a minimum o f  f i v e  d i f f e r e n t  methanol 

concen t ra t i ons  i n  t h e  mob i l e  phase. Each measurement was r e p -  

l i c a t e d  a t  l e a s t  t h r e e  t imes.  The R and l o g  P va lues  p r e v i o u s l y  

measured (241 a r e  r e p o r t e d  i n  Table 1.  The d a t a  f o r  t h e  p l o t s  
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1716 PIETROCRANDE ET AL. 

of F i g .  2 were taken f rom p rev ious  papers, w i t h  t h e  excep t ion  

o f  a few R values which were determined a t  t h e  t i m e  of t h e  

present work. The d e t a i l s  o f  t h e  bas i c  reversed-phase TLC 

techn ique had been a l ready  r e p o r t e d  (4). 
RESULTS 

The reversed-phase HPLC system prov ided r e 1  i a b l e  l o g  k '  values 

f o r  a l l  t h e  t e s t  compounds. I n  f a c t  t must be n o t  t o o  c l o s e  

t o  t, because i n  t h i s  case t -1: canrlot be measured accu ra te l y ,  

l i k e w i s e ,  i f  tr i s  t o o  long, excess ive  peak broaden-ing w i l l  

l i m i t  accuracy. The p l o t s  o f  F i g .  1 show t h e  r e l a t i o n s h i p  

between t h e  exper imenta l  l o g  k '  values and t h e  methanol concen- 

t r a t i o n  i n  t h e  mob i l e  phase. A t  lower methanol concen t ra t i ons  

f o r  each compound t h e r e  was a range o f  l i n e a r  r e l a t i o n s h i p  

between l o g  k '  va lues  and compos i t ion  o f  t h e  mob i l e  phase. 

A t  h ighe r  methanol concen t ra t i ons  d e v i a t i o n s  f rom l i n e a r i t y  

were observed. I n  f a c t  t h e  l o g  k '  values tend t o  a minimum 

va lue  i n d i c a t i n g  t h a t  t h e  compounds move w i t h  t h e  s o l v e n t .  

The p l o t s  o f  F i g .  1 can be u s e f u l l y  compared w i t h  t h e  p l o t s  

o f  F i g .  2, where are  r e p o r t e d  some examples d e s c r i b i n g  t h e  

r e l a t i o n s h i p  between t h e  RM values f o r  severa l  c lasses  o f  

compounds and t h e  compos i t ion  o f  t h e  mob i l e  phase i n  a reversed-  

phase TLC system. For  t h e  more l i p o p h i l i c  compounds such as 

prazepam, t e s t o s t e r o n e  prop ionate ,  and 1 - ( p y r i d i n - 2 - a z o ) - 2 -  

naphto l  over  t h e  f u l l  range o f  acetone concen t ra t i ons  t h e  

r e l a t i o n s h i p  migh t  be desc r ibed  as an S-shaped curve .  I n  f a c t  

a t  t h e  lower acetone concen t ra t i ons  t h e  compounds do n o t  move 

f rom t h e  s t a r t i n g  l i n e ,  w h i l e  a t  t h e  h i g h e r  concen t ra t i ons  

they  tend t o  move w i t h  t h e  so l ven t  f r o n t .  The e x t r a p o l a t i o n  
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FIGURE 2 .  Relationship between R values and acetone concentration M in the mobile phase. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZODIAZEPINES 1719 

M 
f r o m  t h e  l i n e a r  p a r t  o f  t h e  c u r v e  y i e l d s  t h e  t h e o r e t i c a l  R 

v a l u e s  a t  0% ace tone  i n  t h e  m o b i l e  phase. Werkhoven-Goewle 

e t  a l .  ( 2 6 )  showed v e r y  s i m i l a r  S-shaped c u r v e s  d e s c r i b i n g  

t h e  r e 1  a t i  o n s h i  p between 1 og k ' v a l u e s  and c o m p o s i t i o n  o f  

t h e  m o b i l e  phase i n  a HPLC system. I n  o u r  p r e s e n t  s e r i e s  o f  

benzod iazep ines  t h e  v e r y  l o n g  t a t  t h e  l o w e r  methanol  c o n c e n t r a -  

t i o n s  d i d  n o t  a l l o w  t o  c a l c u l a t e  r e l i a b l e  l o g  k '  v a l u e s .  A s  

a consequence t h e  p l o t s  o f  F i g .  1 do n o t  show t h e  upper  p a r t  

o f  t h e  S-shaped c u r v e .  I n  F i g .  2 t h e  more h y d r o p h i l i c  compounds 

such a s  c a r b e n i c i l l i n ,  3-OH- pheno l  and t h e  d e r m o r p h i n  d e r i v a t i -  

ve show u e v i a t i o n s  f r o m  l i n e a r i t y  o n l y  a t  t h e  h i g h e r  ace tone  

c o n c e n t r a t i o n s ,  s i n c e  even a t  0% o r g a n i c  s o l v e n t  i n  t h e  m o b i l e  

phase t h e i r  c h r o m a t o g r a p h i c  b e h a v i o u r  y i e l d s  e x p e r i m e n t a l  

RM v a l u e s .  The f i r s t  p a r t  o f  t h e  c u r v e  can be f i t t e d  b y  a 

s t r a i g h t  l i n e  and a t h e o r e t i c a l  R v a l u e  a t  0% can b e  o b t a i n e d  

by  i n t e r p o l a t i o n .  Werkhoven-Goewle e t  a l .  ( 2 6 )  showed i n  

HPLC a s i m i  1 a r  b e h a v i o u r  f o r  monoch lo ropheno l  s .  The c h r o m a t o g r a -  

p h i c  s t u d y  o f  a s e r i e s  o f  10  p e n i c i l l i n s  and a s e r i e s  o f  21 

5 - n i t r o i m i d a z o l e s  ( 4 ,  27 )  p r o v i d e d  t h e  R v a l u e s  f o r  c a l c u l a t i n g  

eqns. 1 and 2 w h i c h  p o i n t  o u t  a v e r y  good c o r r e l a t i o n  between 

t h e  i n t e r p o l a t e d  and t h e  e x p e r i m e n t a l  R v a l u e s  a t  0% ace tone  

o r  methanol  i n  t h e  m o b i l e  phase. Eqns. 1 and 2 seem t o  s u p p o r t  

t h e  v a l i d i t y  o f  t h e  l i n e a r  e x t r a p o l a t i o n  a t  0% f o r  h y d r o p h i l i c  

compounds. 

P e n i c i  11 i n s  

r 

M 

M 

M 

R ( e x p t l . )  = 0.065 t 0.990 R ( c a l c d . )  ( 1  1 M M 
( n  = 10; r = 0.999; s = 0.024; F = 6357.35; P< 0.005) 
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1720 PIETROCRANDE ET AL. 

5-n i  t ro im idazo les  

R ( e x p t l . )  = - 0.024 t 1.018 RM ( c a l c d . )  ( 2 )  M 
(n = 21; r = 0.999; s = 0.026 F = 12396.30;P< 0.005) 

I n  conc lus ion  t h e  p l o t s  o f  F i g .  1 and 2 seem t o  show ve ry  s i -  

m i l a r  chromatographic behav iours  i n  TLC and HPLC. There fore  

accord ing  t o  t h e  e m p i r i c a l  procedure we have been u s i n g  i n  

reversed-phase TLC, t h e  equat ions  d e s c r i b i n g  t h e  r e l a t i o n s h i p  

between l o g  k '  values and compos i t ion  o f  t h e  mob i l e  phase 

i n  t h e  l i n e a r  p a r t  o f  t h e  cu rve  were c a l c u l a t e d  (Tab le  2 ) .  

The ex t rapo la ted  l o g  k '  va lues  a t  0% o f  methanol i n  t h e  mob i le  

phase were considered as a measure o f  t h e  p a r t i t i o n i n g  between 

s t a t i o n a r y  phase and water.  The r e l a t i o n s h i p  between t h e  

ex t rapo la ted  l o g  k '  values o f  Table 2 and bo th  t h e  RM o r  l o g  

P values r e p o r t e d  i n  Table 1 i s  desc r ibed  by eqns. 3 and 4. 

( 3 )  l o g  k '  = 0.870 (t - 0.185) t 1.455 ( 2  0.099) RM 

l o g  k '  = 1.805(+ - 0.111) + 0.686 ( +  - 0.041) l o g  P 

( n  = 25; r = 0.951: s = 0.269: F = 215.91; P<0.005) 

(4) 

( n  = 25; r = 0.961, s 0.240; F = 278.00; P<0.005) 

The very good c o r r e l a t i o n  c o e f f i c i e n t s  o f  eq 3 and 4 seem 

t o  suggest t h a t  t h e  e x t r a p o l a t i o n  techn ique  can be s a t i s f a c -  

t o r i l y  used a l so  i n  HPLC. I n  o rde r  t o  extend our a n a l y s i s  

of t h e  r e l a t i o n s h i p  between l o g  k '  va lues  and mob i le  phase 

composi t ion,  i n  Table 3 a re  r e p o r t e d  t h e  l i n e a r  equat ions  

c a l c u l a t e d  from t h e  f u l l  range o f  methanol concen t ra t i ons .  

A l l  t h e  equat ions  o f  Table 3 were h i g h l y  s i g n i f i c a n t  and t h e i r  

i n t e r c e p t s  y i e l d e d  eqns. 5 and 6 d e s c r i b i n g  t h e  r e l a t i o n s h i p  

w i t h  t h e  RM and l o g  P va lues  o f  Table 1. However 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  o f  eqns. 5 and 6 a re  r a t h e r  low. Obv ious ly  t h i s  
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BENZODIAZEPINES 1721 

TABLE 2 

Linear relationship between log K '  values and composition o f  
the mobile phase at the lower organic solvent concentrations 
according to the equation log K '  = a + b C where C is the metha- 
nol concentration. 

Compound a b r* Methanol % range 
no. 

1 3.25 
2 3.59 
3 4.17 
4 3.26 
5 3.68 
6 4.02 
7 4.77 
8 3.37 
9 3.20 
10 3.02 
1 1  4.12 
12 3.16 
13 3.17 
14 2.64 
15 3.26 
16 3.42 
17 2.90 
18 2.68 
19 4.08 
20 2.47 
21 5.74 
22 5.04 
23 2.18 
24 2.27 
25 3.29 

-0.0470 
-0.051 0 
-0.0610 
-0.0470 
-0.0540 
-0.0550 
-0.0640 
-0.0480 
-0.0500 
-0.0470 
-0.0530 
-0.0490 
-0.0470 
-0.0480 
-0.0500 
-0.051 0 
-0.0440 
-0.051 8 
-0.0554 
-0.0402 
-0.0670 
-0.0630 
-0.0340 
-0.0500 
-0.0490 

0.988 
0.989 
1 .ooo 
0.998 
1 .ooo 
0.996 
0.992 
1 .ooo 
1 .ooo 
1 .ooo 
0.993 
0.997 
1 .ooo 
1 .ooo 
0.999 
0.998 
0.999 
1 .ooo 
0,999 
0.999 
1 .ooo 
1 .ooo 
0.998 
0.998 
0.999 

50-60 
50 - 60 
50-60 
45-60 
50 - 60 
55-65 
55-65 
50-60 
45-55 
45-55 
55-65 
45-55 
50-60 
35-45 
45-55 
50 - 60 
45-55 
30-45 
50-65 
40-55 
70-80 
60-70 
30-40 
30-40 
45-55 

~ ~~~ ~~~~~~~ 

* :  Correlation coefficient 
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1722 PIETROGRANDE ET AL. 

TABLE 3 

L inea r  r e l a t i o n s h i p  between l o g  K '  va lues  and compos i t ion  o f  
t he  mob i le  phase over t h e  f u l l  range o f  methanol concen t ra t i ons  
accord ing  t o  the  equat ion  l o g  K '  = a + b C where C i s  t h e  metha- 
no l  concen t ra t i on .  

Compound a b r* Methanol % range 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2.88 
3.09 
3.21 
3.13 
3.03 
3.61 
4.13 
2.71 
2.88 
2.69 
3.86 
2.62 
2.69 
2.30 
2.56 
2.66 
2.69 
2.65 
3.65 
2.33 
5.69 
4.55 
2.37 
2.28 
2.65 

-0.0403 
-0.0419 
-0.0435 
-0.0444 
-0.0422 
-0.0482 
-0.0534 
-0.0360 
-0.0435 
-0.0404 
-0.0487 
-0.0385 
-0.0383 
-0.0395 
-0.0359 
-0.0370 
-0.0398 
-0.0510 
-0.0477 
-0.0373 
-0.0664 
-0.0555 
-0.0396 
-0.0504 
-0.0365 

0.997 
0.997 
0.989 
0.999 
0.995 
0.997 
0.997 
0.991 
0.999 
0.998 
0.997 
0.996 
0.997 
0.997 
0.992 
0.993 
0.999 
1 .ooo 
0.996 
0.999 
1 .ooo 
0.999 
0.998 
0.999 
0.991 

50-80 
50-80 
50-80 
45-70 
50-80 
55-80 
55-85 
50-80 
45-70 
45-70 
55-80 
45-80 
50-80 
35-65 
45-75 
50-80 
45-70 
30-55 
50-80 
40-70 
70-85 
60-85 
30-65 
30-50 
45-80 

* :  C o r r e l a t i o n  c o e f f i c i e n t  
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BENZODIAZEPMES 1723 

i s  due t o  t h e  d e v i a t i o n s  f rom l i n e a r i t y  observed a t  t h e  h i g h e r  

methanol concen t ra t i ons  i n  t h e  mob i le  phase. 

l o g  K '  

( n  = 25; r = 0.882; s = 0.385; F = 80.24; P<0.005) 

l o g  K '  

( n  = 25; r = 0.803; s = 0.383; F = 81.33; P<0.005) 

I n  f a c t  i n  Table 3 t h e  d i f f e r e n c e s  between t h e  observed and 

c a l c u l a t e d  l o g  k '  va lues  m igh t  suggest a p a r a b o l i c  r e l a t i o n s h i p  
w i t h  t h e  compos i t ion  o f  t h e  mob i l e  phase. There fo re  t h e  equa- 

t i o n s  d e s c r i b i n g  t h e  q u a d r a t i c  r e l a t i o n s h i p  between t h e  l o g  

k '  va lues  and t h e  f u l l  range o f  methanol concen t ra t i ons  were 

c a l c u l a t e d  (Tab le  4 ) .  

The i n t e r c e p t s  were used i n  c a l c u l a t i n g  eqns. 7 and 8 which 

are  much b e t t e r  t han  eqns. 5 and 6 and even b e t t e r  t han  eqns. 

3 and 4. 

= 0.809 ( +  - 0.265) + 1.269 (+  - 0.142) RM ( 5 )  L i n e a r  

= 1.638 (t - 0.177) + 0.693 ( +  - 0.066) l o g  P ( 6 )  L i n e a r  

( 8 )  = 1.840 (t 0.113) t 0.992 ( +  0.042) l o g  p log ' q u a d r a t i c  - - 

( n  = 25; r = 0.980; s = 0.244; F = 561.08; P<0.005) 

However t h e  a n a l y s i s  o f  va r iance  o f  t h e  equat ions  o f  Tab le  

4 showed t h a t  t h e  i n t r o d u c t i o n  o f  t h e  q u a d r a t i c  t e rm i n t o  

equat ions  o f  Table 3 d i d  y i e l d  a s i g n i f i c a n t  improvement i n  

o n l y  7 o f  t h e  equat ions  o f  Tab le  4. The l a c k  o f  any s i g n i f i c a n c e  

f o r  t h e  squared te rm i n  most o f  t h e  eq l ra t ions  o f  Tab le  4 does 

n o t  a1 low much conf idence i n  t h e  q u a d r a t i c  r e l a t i o n s h i p  between 

l o g  k '  values and methanol c o n c e n t r a t i o n  a t  l e a s t  i n  t h e  

present  s e r i e s  o f  compounds. F i n a l l y  acco rd ing  t o  t h e  model 

suggested by Schoenmakers. e t  a l .  (23)  i n  Table 5 a r e  r e p o r t e d  
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1724 PIETROGRANDE ET AL. 

TABLE 4 

Quadratic r e l a t i o n s h i p  between log K '  values  and composition 
o f  the  mobile phase over the f u l l  range o f  methanol concentra-  
t i o n s  according t o  the equation log K' = a t b, (Me OH%) t 

b, (Me O H % ) * .  

( 1 , a )  
Compound a b l  b *  r* F 

no. 

1 3.55 
2 4.37 
3 5.31 
4 3.89 
5 4.81 
6 5.21 
7 5.78 
8 4.44 
9 3.80 

10 3.62 
11 5.71 
1 2  3.76 
13 3.79 
14 3.00 
15 4.26 
16 4.30 
1 7  3.38 
18 2.69 
19 5.61 
20 2.89 
21 6.89 
22  6.25 
23 2.34 
24 2.46 
25 4.08 

-0.0613 
-0.0822 
-0.1097 
-0.0715 
-0.0985 
-0.0963 
-0.101 4 
-0.0905 
-0.0763 
-0.0733 
-0.1046 
-0.0762 
-0.0729 
-0.0686 
-0.0942 
-0.0890 
-0.0644 
-0.0528 
-0.1096 
-0.0582 
-0.0975 
-0.1030 
-0.0382 
-0.0595 
-0.0838 

0.00016 
0.00031 
0.00051 
0.00024 
0.00043 
0.00036 
0.00034 
0.00042 
0.00029 
0.00029 
0.00041 
0.00030 
0.00027 
0.00029 
0.00049 
0.00040 
0.00021 
0.00002 
0.00048 
0.0001 9 
0.00020 
0.00033 
0.00001 
0.00011 
0.00038 

0.997 
0.997 
0.989 
0.999 
0.995 
0.997 
0.997 
0.991 
0.999 
0.998 
0.997 
0.996 
0.997 
0.997 
0.992 
0.993 
0.999 
1 .ooo 
0.996 
0.999 
1 .ooo 
0.999 
0.998 
0.999 
0.991 

0.92 
6 .OO 
3.61 
3.28 

23.81 ** 
3.31 
4.62 
4.41 

8.07 
6.50 

15.13** 
7.13 

11.56** 
25.30** 

7.45 
6.35 
0.06 

1 8.23** 
14.29** 

1.32 
5.15 
0.01 
0.30 
8.01** 

8.58 

*:Correlat ion c o e f f i c i e n t  
**:The quadra t i c  regression i s  s i g n i f i c a n t  a t  the 5% level  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



BENZODIAZEPJNES 1725 

t h e  equat ions  d e s c r i b i n g  t h e  r e l a t i o n s h i p  between l o g  I < '  va lues  

and methanol concen t ra t i ons  i n  t h e  mob i l e  phase where a t h i r d  

independent v a r i a b l e  i s  represented  by  t h e  square r o o t  o f  

t h e  methanol concen t ra t i on .  Eqns. 9 and 10 d e s c r i b i n g  t h e  

r e l a t i o n s h i p  between t h e  l o g  k '  va lues  f rom Tab le  5 and t h e  

RM and l o g  P va lues  r e s p e c t i v e l y ,  show ve ry  low c o r r e l a t i o n  

c o e f f i c i e n t s .  

l o g  k '  = 21.919 (+ - 10.216) - 16.339 ( +  - 19.077) RM 

l o g  k '  = 9.491 ( +  - 4.828) - 0.220 ( +  - 28.165) l o g  P 

( 9 )  

( n  = 25; r = 0.408; s = 27.786; F = 4.603 ; n.s.  

(10)  

( n  = 25; r = 0.379; s = 28.165; F = 3.864 ; n.s.  

On t h e  o t h e r  hand t h e  v a l i d i t y  o f  t h e  equat ions  o f  Tab le  5 

i s  l i m i t e d  by t h e  f a c t  t h a t  t h e  square r o o t  t e rm i s  n o t  s i g n i f i -  

can t .  One c o u l d  add t h a t  t h e r e  i s  a s t r i c t  l i m i t  t o  t h e  number 

o f  independent v a r i a b l e s  which may be i n c l u d e d  i n  t h e  r e g r e s s i o n  

equat ion .  I n  o t h e r  words t h e  number o f  obse rva t i ons  i n  Tab le  

5 seems t o  be t o o  smal l  t o  j u s t i f y  a t h i r d  independent v a r i a b l e .  

Th is  seems t o  r u l e  o u t  any general  v a l i d i t y  a l s o  f o r  t h e  use 

o f  t h e  square r o o t  term. F i n a l l y  Schoenmakers e t  a l .  (23 )  

themselves had p o i n t e d  o u t  t h a t  t h e i r  model shou ld  h o l d  o n l y  

when t h e  square r o o t  t e rm i s  sma l le r  than 1. 

CONCLUSIONS 
The present  da ta  show t h a t  by means o f  t h e  HPLC techn ique  

i t  i s  p o s s i b l e  t o  o b t a i n  l o g  k '  va lues  o f  benzodiazepines 

which are  h i g h l y  c o r r e l a t e d  w i t h  t h e i r  R o r  l o g  P va lues  

as an express ion  o f  t h e  l i p o p h i l i c  c h a r a c t e r  molecules.  The 

e m p i r i c a l  techn ique based upon t h e  e x t r a p o l a t i o n  f rom t h e  

l i n e a r  p a r t  o f  t h e  cu rve  d e s c r i b i n g  t h e  r e l a t i o n s h i p  between 

M 
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1726 PIETROCRANDE ET AL. 

TABLE 5 

Re1 a t i  onshi p between 1 og K ' values and compos i t ion  o f  t h e  mobi 1 e 
phase when cons ide r ing  t h e  i n t r o d u c t i o n  o f  t h e  square r o o t  te rm 
i n t o  t h e  equat ions o f  Table 4 accord ing  t o  t h e  equat ion :  
l o g  K '  = a t b, (Me OH%) t b, (Me OH%)' t b/Me OH% 

Compound a b l  b, b3 r *  
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

46.82 
38.44 
78.25 
-7.59 
24.38 
93.04 
79.72 

- 2.03 
21.79 
15.79 
13.70 

3.13 
38.64 

9.43 
27.47 
18.33 

- 0.99 
9.65 

-31.57 
- 3.04 

7.86 
60.99 

2.47 
7.74 

18.02 

1.3043 
0.9931 
2.1922 

0.5188 
2.5599 
2.0643 

-0.2949 
0.5608 
0.3571 
0.1368 

1.0269 
0.1992 
0.7017 
0.3039 

0.2874 
-1 .2830 
-0.281 1 
-0.0724 

1.4347 

0.2115 
0.3782 

-0.4781 

-0.0971 

-0.2193 

-0.0383 

-0.0034 
-0.0025 
-0.0055 
0.0014 

-0.001 2 
-0.0063 
-0.0049 
0.0010 

-0.001 6 
-0.0010 
-0.0002 

0.0004 
-0.0026 
-0.0006 
-0.001 7 
-0.0005 
0.0007 

-0.0013 
0.0035 
0.0009 
0.0001 

-0.0032 
0.0000 

-0.0010 
-0.0008 

-1 4.521 8 
-1 1.4348 
-24.4783 

4.081 3 
- 6.5652 
- 28.835 1 
-23.8984 

2.1739 
- 6.3958 
- 4.3243 
- 2.6214 

0.2166 
-11.6957 
- 2.4833 
- 8.1216 
- 4.4507 

1 .5548 

12.4783 
2.1739 

- 0.2949 
-1 7.31 64 
- 0,0258 
- 2.2625 
- 4.7982 

- 2.9117 

0.995 
0.995 
@ .995 
0.995 
0.995 
0.997 
0.996 
0.995 
0.995 
0.995 
0.997 
0.993 
0.995 
0.991 
0.994 
0.996 
0.995 
0.992 
0.995 
0.993 
0.999 
0.997 
0.939 
0.994 
0.993 

*:  C o r r e l a t i o n  c o e f f i c i e n t  
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l o g  k '  values and mob i le  phase compos i t ion  was shown t o  be 

r e l i a b l e  a l s o  i n  HPLC, a t  l e a s t  f o r  t h e  p resen t  s e r i e s  o f  

benzodi azepi nes. Since t h e  r e 1  a t i o n s h i  p between l o g  k ' o r  

R va lues  and mob i le  phase compos i t ion  can be g e n e r a l l y  de- 

s c r i b e d  by an S-shaped curve, t h e  e x t r a p o l a t i o n  f rom t h e  l i n e a r  

p a r t  o f  t h e  cu rve  seems t o  avo id  t h e  p h y s i c a l  l i m i t a t i o n s  

o f  t h e  chromatographic system. These a r e  rep resen ted  by t h e  

upper and lower p a r t  o f  t h e  S-curve. There fore  t h e  e x t r a p o l a t e d  

l o g  k '  o r  R va lues  should be a r e a l  measure o f  t h e  p a r t i t i o n i n g  

between s t a t i o n a r y  phase and water .  The use fu lness  o f  l o g  

k '  o r  RM values l i n e a r l y  o r  q u a d r a t i c a l l y  e x t r a p o l a t e d  f r o m  

t h e  f u l l  range o f  mob i le  phase compos i t ion  shou ld  o n l y  depend 

upon t h e  p a r t i c u l a r  range o f  o rgan ic  s o l v e n t  c o n c e n t r a t i o n  

which has been used. Fo r  example, a q u a d r a t i c  e x t r a p o l a t i o n  

cou ld  be u s e f u l  i n  t h e  presence o f  a range o f  o r g a n i c  s o l v e n t  

y i e l d i n g  o n l y  t h e  lower p a r t  o f  an S-shaped curve .  The c r i t i c a l  

p o i n t  seems r a t h e r  t o  be t h e  cho ice  o f  t h e  range o f  l i n e a r  

r e l a t i o n s h i p  f rom which t o  c a l c u l a t e  t h e  e x t r a p o l a t e d  l o g  

k '  o r  R values. With l i p o p h i l i c  compounds a smal l  d i f f e r e n c e  

i n  t h e  s lope o f  t h e  s t r a i g h t  l i n e  would make a g r e a t  d i f f e r e n c e  

i n  t h e  e x t r a p o l a t e d  l o g  k '  o r  R va lues .  A 0-100% rancje o f  

o rgan ic  so l ven t  i n  t h e  mob i l e  phase would h e l p  i n  a v o i d i n g  

l a r g e  e r r o r s .  I n  f a c t  i n  t h i s  way one shou ld  be ab le  t o  d e s c r i b e  

most of t h e  S-shaped curve, a t  l e a s t  i n  reversed-phase TLC. 

I n  a HPLC system because o f  t h e  ve ry  l ong  r e t e n t i o n  t imes  

a t  t h e  lower o rgan ic  s o l v e n t  concen t ra t i ons ,  i t  may be d i f f i c u l t  

t o  desc r ibe  t h e  upper p a r t  o f  t h e  S-curve. However i f  t h e  

aim i s  t o  c a l c u l a t e  f rom t h e  l i n e a r  p a r t  o f  t h e  cu rve  t h e  
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ex t rapo la ted  l o g  k '  values a t  0% organ ic  so l ven t  i n  t h e  mob i l e  

phase t h i s  should n o t  l i m i t  t h e  use fu lness  o f  t h e  e x t r a p o l a t i o n  

procedure. 
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