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EVALUATION OF LIQUID-LIQUID PARTITION 
COEFFICIENTS OF PRECOCENES AND 

RELATED ANALOGUES BY HPLC 

F. Camps, 0. Colomina, A. Messeguer, and 
F. J.  Shchez 

Bioactive Organic Products Unit 
Instituto de Qu<mica Bio-Urghica (CSIC) 

J. Girona &&ado, 18-26.08034 
Barcelona, Spain 

ABSTRACT 

The relative hydrophobicities of natural precocenes (le and 
- lg) and of twenty-five synthetic analogues have been studieTin a 
reversed-phase HPLC system. Using methanol-water as the mobile 
phase, a linear relationship of the capacity factor (log k') over 
a limited range of methanol fraction volumes was established for 
'very solute and log P was related to the extrapolated k', value 
with pure water a s  eluent. The resulting correlation accomodates 
two sets of data (r = 0.992). For comparison purposes, results on 
determination j f  109 P of selected models by using the 
conventional "shaking flask" method are also reported. 
Apparently, from our results there is not a straightforward 
relationship between log P values and precocene A J H  activity. 
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INTRODUCTION 

CAMPS ET AL. 

Precocenes I and I 1  ( l e  - and - l g ,  F i g .  11, n a t u r a l  p roduc ts  
i so l  a ted  from Ageratum houstoni  anum, were t h e  f i r s t  compounds 

repo r ted  t o  e l i c i t  a n t i  - j u v e n i l e  hormone (AJH) a c t i v i t y  when 

admin is te red  t o  a r e s t r i c t e d  number o f  hemimetabolous i n s e c t  
species ( 1 ) .  S tud ies  on metabol ism and mode o f  a c t i o n  on these 

i n s e c t s  have shown t h a t  precocenes s e l e c t i v e l y  des t roy  corpora  
a l l a t a  ( C A I ,  t h e  glands where j u v e n i  l e  hormones are  
b iosyn thes ized,  p robab ly  by a mechanism i n v o l v i n g  a b i o a c t i v a t i o n  

w i t h i n  t h e  gland, l ead ing  t o  a h i g h l y  r e a c t i v e  epoxy i n te rmed ia te  

which e x e r t s  ex tens i ve  c y t o t o x i c  a c t i o n  (2). Analogously, t h i s  

type  o f  e f f e c t  has a l s o  been observed on i n  v i t r o  c u l t u r e s  o f  CA 
o f  some holometabolous i n s e c t s  ( 3 ) .  

Since t h e  d i scove ry  o f  these compounds, many analogues have 
been prepared i n  t h i s  and o t h e r  l a b o r a t o r i e s  t o  u n v e i l  t h e  

s p e c i f i c  s t r u c t u r a l  f e a t u r e s  t h a t  con fe r  t h i s  k i n d  o f  a c t i v i t y  

( 4 ) .  However, an examinat ion o f  t h e  l i t e r a t u r e  revea led  t h a t  o n l y  

q u a l i t a t i v e  e s t i m a t i o n  o f  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  have 

been so f a r  r e p o r t e d  f o r  precocenes and r e l a t e d  analogues. I n  
t h i s  con tex t ,  d i f f e r e n t  e f f o r t s  t o  c o r r e l a t e  t h e  AJH a c t i v i t y  o f  

precocene analogues w i t h  13C NMR chemical s h i f t s  o f  s i g n i f i c a n t  
carbon atoms o f  t h e  benzopyranic framework (C-3 and C-41, e i t h e r  
from t h e  parent  compounds ( 5 )  o r  f rom t h e  cor respond ing  3,4-epoxy 
d e r i v a t i v e s  (61, have f a i l e d  t o  render s a t i s f a c t o r y  r e s u l t s .  

On t h e  o t h e r  hand, t h e  development o f  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  re1  a t i o n s h i p s  (QSAR) by Hansch and co-workers 

(7,8), has revea led  t h a t  t h e  b i o l o g i c a l  a c t i v i t y  o f  a p a r t i c u l a r  

se t  o f  r e l a t e d  compounds i s  p redominant ly  a f u n c t i o n  o f  t h e i r  

l i p o p h i l i c  na ture .  I n  t h i s  sense, s i n c e  precocenes are  r a t h e r  
l i p o p h i l i c  molecules,, i t  can be assumed t h a t  impor tan t  events 
occu r r i ng  p r i o r  t o  t h e  pos tu la ted  b i o a c t i v a t i o n  w i t h i n  t h e  
corpora  a l l a t a ,  such as p e n e t r a t i o n  th rough c u t i c l e ,  t r a n s p o r t  by 
l i p o p r o t e i n s  and c r o s s i n g  c e l l u l a r  membranes, must be s t r o n g l y  

-- 

-- 
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PARTITION COEFFICIENTS OF PRECOCENES 25 

R2 R 1  QJ+J 

La . R'= H ;  R L =  OCH 3 

3 30 H i =  R L =  OLH - 

- 5a : R = CH3 

5b : R = CH2CH3 

- SC : R = OCH3 

- 

6a : R1= H; R 2 = C H 2 C H 3  - 
6b : R1= H ;  R2= C1 - 
6c : R 1 = H; R2= Br 

6e : R 1 = H; R2= + OCH2CH2+30CH3 

- 
- 6d : R1= H; R 2 =  tBu 

- 
9f : R1, R2: 0C(CH3),CH2CH2- 

6~ : R1, R2:  CH2CH2C(CH3)20- 

Figure 1- Natural precocenes ( & a n d  9) and re la ted  
synthetic analogues. 

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



26 CAMPS ET AL. 

dependent on t h i s  physicochemical  p roper t y .  Therefore,  i t  migh t  

a l so  he a n t i c i p a t e d  t h a t  an e v a l u a t i o n  o f  a p p r o p r i a t e  hydrophobic 

parameters f o r  n a t u r a l  precocenes and r e p r e s e n t a t i v e  s y n t h e t i c  

analogues cou ld  p rov ide  va luab le  da ta  t o  develop r e l i a b l e  QSAR 

s tud ies  i n  t h i s  f i e l d ,  

The use o f  p a r t i t i o n  c o e f f i c i e n t s ,  P, d e r i v e d  f rom 

- n-oc tano l -water  system has become a s tandard  method ( 7 )  f o r  

q u a n t i f y i n g  t h e  hyd rophob ic i t y  o f  a g i ven  compound. These 

c o e f f i c i e n t s  de f i ned  as : l o g  P = l o g  C - l o g  C , are  

u s u a l l y  determined exper imen ta l l y .  
OCT WATER 

For t h a t  purpose, t h e  convent iona l  "shaking f l a s k "  method has 

been w ide ly  used (91, a l though t h i s  i s  a ted iuos  procedure w i t h  a 

l i m i t e d  range up t o  l o g  P = 4, which rep resen ts  an impor tan t  

r e s t r i c t i o n  f o r  se ts  o f  h i g h l y  l i p o p h i l i c  d e r i v a t i v e s .  

Conversely, a p p l i c a t i o n  o f  modern chromatographic techniques, 

such as TLC (10) and reversed-phase HPLC (11,12), have overcome 

most o f  t h e  drawbacks e x h i b i t e d  by t h e  convent iona l  p a r t i t i o n i n g  

method. I n  p a r t i c u l a r ,  HPLC has become ve ry  a t t r a c t i v e  s i n c e  

h i g h l y  p r e c i s e  da ta  w i t h  respec t  t o  r e t e n t i o n  t imes can be 

ob ta ined and i t  i s  assumed t h a t  t h i s  parameter can be used as a 

measure of t h e  p a r t i t i o n  between non-po la r  bonded s t a t i o n a r y  

phase and t h e  more p o l a r  e luen t .  A d d i t i o n a l l y ,  Braumann -- e t  a l .  

(12)  have a l s o  p o i n t e d  ou t  t h a t  due t o  t h e  compartmental ized 

s t r u c t u r e s  o f  biomembranes where l i p i d s  and p r o t e i n s  a re  

asymmet r ica l l y  arranged and cannot move f r e e l y ,  t h e  dynamic 

chromatographic process i s  a b e t t e r  model f o r  t h e  behav io r  o f  

drugs passing th rough membranes. 

Studies on p a r t i t i o n  c o e f f i c i e n t s  by HPLC so f a r  r e p o r t e d  

ma in l y  deal w i t h  t h e  c o r r e l a t i o n  between l o g  P and t h e  l o g a r i t h m  

o f  t h e  c a p a c i t y  f a c t o r , k ' ,  ob ta ined w i t h  o c t a d e c y l s i l i c a  as t h e  

R 
bonded s t a t i o n a r y  phase and g i ven  by k '  = (t, - t I /  to, where t 

and t are  t h e  r e t e n t i o n  t imes of a r e t a i n e d  and an un re ta ined  

s o l u t e  i n  a g iven  system, r e s p e c t i v e l y .  

0 
0 
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PARTITION COEFFICIENTS OF PRECOCENES 27 

I n  t h i s  c o n t e x t ,  t h e r e  have been n o t a b l e  improvements on 

c o r r e l a t i o n  between l o g  P and l o g  k '  by i n c r e a s i n g  t h e  

s i m i l a r i t i e s  between t h e  n-oc tano l -water  and reversed-phase HPLC 

systems t 11 ) . 
I n  t h e  present  r e p o r t ,  a s tudy  on t h e  d e t e r m i n a t i o n  o f  

l i q u i d - l i q u i d  p a r t i t i o n  c o e f f i c i e n t s  o f  n a t u r a l  precocenes and 

r e l a t e d  s y n t h e t i c  analogues (see F i g .  11, by  u s i n g  reversed-phase 

r e t e n t i o n  behav io r  i s  descr ibed.  For  comparison purposes, r e s u l t s  

on de te rm ina t ion  o f  l o g  P o f  s e l e c t e d  models b y  u s i n g  t h e  

conven t iona l  "shak ing  f l a s k "  method a re  a l s o  r e p o r t e d .  

For  t h e  reversed-phase HPLC c o r r e l a t i o n s ,  we have adopted t h e  

approach developed by Br'aumann and Grimme (13) .  Acco rd ing l y ,  b y  

us ing  methanol-water as t h e  mob i l e  phase, a l i n e a r  r e l a t i o n s h i p  

between t h e  volume f r a c t i o n  o f  t h e  o rgan ic  m o d i f i e r  and t h e  

l o g a r i t h m  o f  t h e  c a p a c i t y  f a c t o r  ( l o g  k ' )  over  a l i m i t e d  range 

has been e s t a b l i s h e d  f o r  each compound and t h e  r e l a t i o n s h i p  

between l o g  P and t h e  e x t r a p o l a t e d  k '  va lue  w i t h  pu re  water  as 

e luen t  ( k  1 has been determined. 

- 

w 

MATERIALS AND METHODS 

Precocene Analosues 

Most o f  t h e  precocene analogues used i n  t h i s  s tudy  have been 

desc r ibed  elsewhere: l a  (14) ,  l b  (151, l c , d  (161, l e , l g , l h  (171, - - - 
lf , l i , l j  (181, 2 (191, 3a,b (201, 5a-cy6a,6g (21 )  and - 6b ( 2 2 ) .  
Compounds lk-m, 4 and 6 c - f  have n o t  been r e p o r t e d  p r e v i o u s l y .  

- - -- 
- -  - 

They were prepared by us ing  genera l  procedures developed i n  t h i s  

l a b o r a t o r y  (21 1 and s a t i s f a c t o r i l y  c h a r a c t e r i z e d  by  a n a l y t i c a l  

and spec t roscop ic  means, 

HPLC Analyses 

A l l  chemicals used as c a l i b r a t i o n  standards were commerc ia l l y  

a v a i l a b l e  (mos t l y  f rom F l u k a  A.G., Buchs, S w i t z e r l a n d )  and t h e y  
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28 CAMPS ET AL. 

were u t i l i z e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The HPLC system cons is ted  o f  two Waters pumps model 510 

(Waters Assoc., M i l f o r d ,  USA) ,  a Waters U6K i n j e c t o r  and an 

o c t a d e c y l s i l a n e  column (25  X 0.46 cm i . d . .  10 p m  Spher isorb  

p a r t i c l e  s i ze ,  repacked by Tracer  A n a l y t i c a l ,  Barcelona, Spain).  

The systeni was f i t t e d  w i t h  a Waters model 481 absorbance d e t e c t o r  

operated a t  a f i x e d  wavelength o f  275 nm (benzene, to luene  and 

bromobenzene were mon i to red  a t  254 nm). Chromatographic da ta  were 

recorded and processed on a Waters M 730 da ta  module system. 

Throughout t h e  study, t h e  mob i l e  phase c o n s i s t e d  o f  d i f f e r e n t  

volume f r a c t i o n s  o f  methanol (HPLC grade, C a r l o  Erba) i n  water,  

prepared w i t h  a Waters automated g r a d i e n t  c o n t r o l l e r  ( f o r  

m ix tu res  o f  85% and 90% i n  methanol, s o l v e n t  m i x t u r e  was 

p r e v i o u s l y  prepared t o  min imize  b a s e l i n e  problems).  The f l o w  r a t e  

o f  t he  mob i le  phase was s e t  a t  a cons tan t  1 mL/min . 
A volume o f  1 P L  o f  a 2-4 X M s o l u t i o n  o f  t h e  sample i n  

methanol was i n j e c t e d  i n  each exper iment and two independent runs  

o f  each sample were c a r r i e d  o u t .  By t h i s  procedure a 

r e p r o d u c i b i l i t y  o f  r e t e n t i o n  t imes  b e t t e r  than 0.5% was achieved. 

Column dead t i m e  was s y s t e m a t i c a l l y  determined by  i n j e c t i o n  o f  a 

methano l ic  s o l u t i o n  o f  acetone. The r e t e n t i o n  t imes  were t h e  same 

a t  volume f r a c t i o n s  o f  0.70 and 0.90, which conf i rmed t h a t  

r e t e n t i o n  due t o  i n t e r a c t i o n s  w i t h  t h e  s t a t i o n a r y  phase c o u l d  be 

disregarded. 

The standard e r r o r  f o r  l o g  k '  de te rm ina t ions  was lower  than  

0.002. 

"Shaking f 1 ask" Assays 

According t o  a procedure desc r ibed  b y  Nahum and Horvath (91, 
t h e  s o l u t e ( s )  and two i n t e r n a l  re fe rences  ( R i )  hav ing  a known l o g  

P va lue  were p a r t i t i o n e d ,  i n  d u p l i c a t e  exper iments,  between 

n-oc tano l  (F luka  A.G.) and water,  i n  50 mL r w n d  bo t tomed- f lasks .  

So lu te  was d i s s o l v e d  i n  - n-oc tano l  ( 2  mL) t o  ach ieve  a 
- 
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PARTITION COEFFICIENTS OF PRECOCENES 29 

c o n c e n t r a t i o n  o f  ca.  10-4 M and 1 mL o f  t h e  s o l u t i o n  was added t o  

water (20  m L ) .  The f l a s k  was v i g o r o u s l y  shaken (V ib romat i c  384 

Se lec ta ,  Barcelona, Spain) f o r  40 min a t  room tempera ture .  Then 

t h e  m i x t u r e  was separated by c e n t r i f u g a t i o n  (10  min  a t  1500 g, 

Beckmann TJ-6R, Palo  A l t o ,  USA). F i n a l l y ,  0.5 p L  o f  t h e  o rgan ic  

phase and 100 p L i n  t h e  case o f  aqueous phase were i n j e c t e d  i n t o  

t h e  HPLC system i n  two independent runs .  The p a r t i t i o n  

c o e f f i c i e n t  o f  t h e  s o l u t e  o f  i n t e r e s t  Ps was c a l c u l a t e d  f rom t h e  

formu 1 a : 

- 

A%o/ Arlo 

AWN/ Ar,w 
Ps = P i  

where P r i s  t h e  - n-oc tano l -water  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  

i n t e r n a l  re fe rence  R ;  A and,A,,, a r e  t h e  r e s p e c t i v e  peak areas 

o f  t h e  s o l u t e  f rom n-oc tano l  and water  phases, and A and A 

a re  t h e  r e s p e c t i v e  peak areas of t h e  i n t e r n a l  r e f e r e n c e  f rom b o t h  

phases. 

s 9 0  

- r,o  r ,W 

RESULTS AND DISCUSSION 

Determinat ion  o f  l i q u i d - l i q u i d  p a r t i t i o n  c o e f f i c i e n t s  by  HPLC. 

An o c t a d e c y l s i l a n e  column was chosen t o  p e r f o r m  t h e  HPLC 

analyses on t h e  b a s i s  o f  good c o r r e l a t i o n s  between l o g  P and l o g  

k '  so f a r  r e p o r t e d  i n  r e l a t e d  s t u d i e s  w i t h  t h i s  t y p e  o f  column 

( 1 2 ) .  
Inasmuch as t h e  use of a t o t a l l y  aqueous m o b i l e  phase would 

l ead  t o  excess ive  l ong  r e t e n t i o n  t imes  f o r  compounds l i k e  

precocenes, an o rgan ic  m o d i f i e r  was added t o  t h e  m o b i l e  phase. 

Methanol was chosen as m o d i f i e r  s i n c e  t h i s  s o l v e n t  has e x h i b i t e d  

t h e  l e a s t  i n t e r f e r e n c e  w i t h  hydrophobic p a r t i t i o n  mechanisms 

w i t h i n  most common reversed-phase HPLC s o l v e n t s  (12) .  
The a p p l i c a t i o n  o f  a HPLC system f o r  t h e  d e t e r m i n a t i o n  o f  

p a r t i t i o n  c o e f f i c i e n t s  by c o r r e l a t i o n  r e q u i r e s  p r e v i o u s  c a l i b r a -  
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30 CAMPS ET AL. 

TABLE 1 

D ispers ion  Ana lys is  f o r  Re ten t i on  Times (RT) and l o g  k '  Values o f  

Four C a l i b r a t i o n  Standards. Mob i le  Phase: Methanol -Water 75-25 

( v / v ) .  

Standards n R (m in )a  l o g  k '  a 

Ani s o l e  7 5.36 $ 0.005 -0.158 t 0.002 

Naphthalene 7 9.50 f 0.005 0.302 f 0.001 

Phenantrene 7 19.98 f 0.05 0.726 2 0.001 
Pyrene 7 34.03 +_ 0.11 0.990 i- 0.002 

aValues corresponding t o  mean f S.O. 

t i o n  o f  t h e  system by us ing  standards w i t h  known l o g  P values. I n  

our case, we se lec ted  eleven compounds, f o r  which bo th  l o g  P and 

standard d e v i a t i o n  i n  t h e i r  e v a l u a t i o n  were known from 

b i b l i o g r a p h i c  sources. They a l so  e x h i b i t e d  i n t e n s e  UV absorp t ion ,  

e i t h e r  a t  254 nm o r  a t  275 nm and, f i n a l l y ,  t h e  se t  o f  standards 

chosen covered a l o g  P range f rom 1.56 ( b e n z o n i t r i l e )  t o  4.88 

(pyrene) ,  t hus  g i v i n g  r i s e  t o  a s u f f i c i e n t l y  wide range where 

most o f  t h e  l o g  P values f o r  precocene d e r i v a t i v e s  c o u l d  be 

inc luded.  

To es t imate  r e p r o d u c i b i l i t y  o f  r e t e n t i o n  t imes and, 

consequently, o f  l o g  k '  parameters, f o u r  o f  t h e  above standards, 

cover ing  a wide range o f  r e t e n t i o n  values, were tes ted .  A s  
dep ic ted  i n  Table 1, t h e  r e s u l t s  showed e x c e l l e n t  r e p r o d u c i b i l i t y  

which a l lowed us t o  per fo rm t h e  whole HPLC a n a l y s i s  w i th  two 

independent i n j e c t i o n  runs f o r  every  so lu te .  
The values of l o g  k '  obta ined f rom a n a l y s i s  o f  r e t e n t i o n  

behavior o f  each standard a t  f i v e  d i f f e r e n t  methanol compos i t ions  

(90, 85, 80, 75 and 70%), were f i t t e d  t o  a l i n e a r  f u n c t i o n ;  t h e  
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TABLE 2 

Regression Ana lys i s  of t h e  R e l a t i o n s h i p  between t h e  Volume 
F r a c t i o n  o f  Methanol 9 
log  k '  

and l o g  k '  f o r  Standards. 
M 

l o g  k', - S 
@M 

Standard l o g  k', a r l o g P b  

B e n z o n i t r i l e  
N i  t robenzene 
Ani so l  e 

Benzene 
To1 uene 

Bromobenzene 

Benzophenone 

Naphthalene 
Di phenyl  e the r  

Phenantrene 

Pyrene 

1.938 f 0.068 

2.005 +,0.031 
2.069 2 0.017 

2.159 + 0.017 
2.642 f 0.020 

2.814 f 0.027 

2.850 f 0.041 

3.064 f 0.037 
3.642 f 0.050 

3.967 2 0.067 

4.440 0.131 

0.999 

0.999 
0.999 

0.999 
0.999 

0.999 

0.999 
0.999 
0.999 

0.999 

0.998 

1.56 
1.84 f 0.05 
2.08 f 0.03 

2.12 f 0.05 

2.74 2 0.06 

2.99 

3.18 

3.38 f '0.13 
4.20 2 0.09 
4.53 f 0.10 

4.88 

a Values cor respond ing  t o  mean 2 S.D. 
P a r t i t i o n  c o e f f i c i e n t s  were taken f rom Hansch and Leo (71. 

i n t e r c e p t  o f  t h e  c o r r e l a t i o n  l i n e  w i t h  t h e  o r d i n a t e  was taken  as 
t h e  cor respond ing  l o g  k', va lue  o f  t h e  s tandard  (see Tab le  2 ) .  
As  shown, e x c e l l e n t  c o r r e l a t i o n  c o e f f i c i e n t s  were ob ta ined  f o r  

a l l  standards assayed (20 .998)  and t h e  d e v i a t i o n s  c a l c u l a t e d  f o r  
l o g  k', va lues  were lower t h a n  those r e p o r t e d  f o r  t h e  r e s p e c t i v e  
l o g  P values ( 7 1 ,  t hus  c o n f i r m i n g  t h e  h i g h  accuracy o f  t h e  HPLC 
techn ique.  

The r e l a t i o n s h i p  between l o g  k', and l o g  P f o r  t h e  s e t  of  

standards was f i t t e d  i n t o  t h e  f o l l o w i n g  l i n e a r  equa t ion :  
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32 CAMPS ET AL. 

l o g  P = 1.324 l o g  k',,, - 0.757 (Equa t ion  1 )  

w i t h  n F>:(99.9%). T h i s  c o r r e l a t i o n  

can be cons idered as ve ry  s a t i s f a c t o r y  when compared w i t h  

p rev ious  r e p o r t s  f o r  r e l a t e d  s t u d i e s  (13,231. 

A t  t h i s  p o i n t ,  a d d i t i o n a l  c o r r e l a t i o n s  were c a r r i e d  o u t  t o  

compare those ob ta ined  from t h e  r e l a t i o n s h i p  between l o g  k', and 
l o g  P (equa t ion  1 )  w i t h  those d e r i v e d  f rom l o g  k '  da ta  a t  o n l y  

one organ ic  m o d i f i e r  percentage, which have been de termined by  

a p p l i c a t i o n  o f  t h e  procedure r e c e n t l y  r e p o r t e d  by Haky and Young 

( 2 3 ) .  I n  a1 1 cases, c o r r ' e l a t i o n  c o e f f i c i e n t s  ob ta ined  u s i n g  t h e  

l a t t e r  approach were s i g n i f i c a n t l y  lower  than those d e r i v e d  f rom 

l o g  k', . Moreover, s i n c e  i t  was a l s o  observed t h a t  va lues  o f  r 

increased w i t h  decreas ing  methanol percentages (0.871 f o r  90% t o  

0.974 f o r  70x1, i n  our op in ion ,  t h i s  c o n s t i t u t e d  an a d d i t i o n a l  

c o n f i r m a t i o n  t h a t  b e t t e r  r e s u l t s  would be ob ta ined  when t h e  
method of e x t r a p o l a t i o n  t o  0% o f  o rgan ic  m o d i f i e r  i s  app l i ed .  

The above HPLC a n a l y t i c a l  t rea tmen t  was t h e n  a p p l i e d  t o  

n a t u r a l  precocenes I and I1 ( l e  - and - l g )  and t w e n t y - f i v e  s y n t h e t i c  

analogues prepared i n  our l a b o r a t o r y ,  c o v e r i n g  a wide range o f  

s t r u c t u r e s  ( F i g .  1 ) .  Thus, r e s p e c t i v e  l o g  k '  va lues  were ob ta ined  

from a n a l y s i s  o f  r e t e n t i o n  behav io r  us ing  t h e  same methanol 

volume f r a c t i o n s  as i n  standards ( e x c e p t i o n a l ,  extreme 

hyd rophob ic i t y  e x h i b i t e d  by compound - 7d l e d  us t o  d i s c a r d  da ta  

de r i ved  f o r  t h i s  compound a t  70% methanol volume f r a c t i o n ) .  Then, 

l o g  k',  va lues  f o r  each precocene analogue were c a l c u l a t e d  by 

e x t r a p o l a t i o n  o f  t h e  cor respond ing  l i n e a r  c o r r e l a t i o n  as 

descr ibed above f o r  standards and r e s u l t s  ob ta ined  a r e  d e p i c t e d  

i n  Table 3. As shown, c o r r e l a t i o n  c o e f f i c i e n t s  were a l s o  

e x c e l l e n t  (>0.998) f o r  a l l  cases. 

11, r = 0.992 and t e s t  F 

- 

F i n a l l y ,  i n t e r p o l a t i o n  and e x t r a p o l a t i o n  ( f o r  cases o f  s t rong  

hydrophobic d e r i v a t i v e s  w i t h  l o g  k', va lues  > 4.25) Of 

r e s p e c t i v e  l o g  k', values i n  equa t ion  1 p e r m i t t e d  c a l c u l a t i o n  of 

corresponding p a r t i t i o n  c o e f f i c i e n t s  o f  n a t u r a l  precocenes and 
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TABLE 3 

Regression Ana lys i s  o f  t h e  R e l a t i o n s h i p  between t h e  Volume 

F r a c t i o n  o f  Methanol and l o g  k '  f o r  Na tu ra l  Precocenes and 

Syn the t i c  Analoguesa. Ca lcu la ted  Values for  l o g  P Us ing  Standards 

C a l i b r a t i o n  C o r r e l a t i o n  (Equat ion  1 ) .  

C 
Compound l o g  k', b l o g  Pcalc 

2 
19 
l h  
l e  
3b 
l a  
4 
l b  
I d  
3a 
5c 
li 
l c  
1 j  
6e 
I f  
l k  
1 1  

6b 
5a 
6c 
l m  
5b 
6a 
6 f  
6d 

69 

- 

2.644 f 0.044 
2.666 f 0.069 
3.110 f 0.060 
3.186 f 0.038 
3.234 f 0.036 
3.155 0.087 
3.600 f 0.031 
3.616 f 0.047 
3.639 * 0.040 
3.837 f 0.031 
3.950 f 0.040 
3.962 f 0.059 
4.006 f 0.037 
4.194 f 0.060 
4.242 * 0.061 
4.293 2 0.063 
4.266 f 0.052 
4 . 4 5 9 f  0.054 

5.258 * 0.048 

4.953 f 0.069 
5.210 f 0.050 

5 . 3 5 5 f  0.044 
5.685 * 0.074 
5.776 f 0.053 
5 .834f  0.042 
6.364 f 0.056 
6 .744f  0.129 

2.74 f 0.058 
2.77 f 0.091 
3.36 f 0.079 
3.46 f 0.090 
3.52 0.048 
3.42 f 0.115 
4.01 f 0.041 
4.03 f 0.062 
4.06 f 0.053 
4.32 f 0.041 
4.47 f 0.053 
4.49 f 0.078 
4.55 f 0.049 
4.79 f 0.079 
4.86 2 0.081 
4.93 f 0.083 
4.89 f 0.069 
5.15 f 0.072 
5.80 2 0.091 
6.14 f 0.066 
6.20 f 0.064 
6.33 f 0.058 
6.77 f 0.098 
6.89 0.070 
6.97 f 0.056 
7.67 f 0.074 
8.17 f 0.171 

a C o r r e l a t i o n  c o e f f i c i e n t  was i n  a l l  cases > 0.999. 

Values cor respond ing  t o  mean f S.D. 

Cons ider ing  t h e  va lue  o f  c o r r e l a t i o n  c o e f f i c i e n t  d e r i v e d  f rom 
Equat ion  1 (r=0.992; t e s t  F F>AF(99.9%)), i t  has been assumed 
t h a t  t h e  c o r r e l a t i o n  i s  c o n f i d e n t  enough t o  be d i r e c t l y  a p p l i e d  
f o r  i n f e r r i n g  l o g  P s o l u t e  va lues  f rom t h e  cor respond ing  l o g  k 
de te rm ina t ions .  
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34 CAMPS ET AL. 

TABLE 4 
P a r t i t i o n  C o e f f i c i e n t s  ( l o g  P )  Ca lcu la ted  by  t h e  Convent ional  

"Shaking F l a s k "  Method and Using HPLC w i t h  I n t e r n a l  Reference 

(Nahum and Horvath, 1980). 

- 
Compound Reference l o g  P r  (A,,o/AS,w)/(~r,o/~,,w) l o g  Ps a 

An iso le  Naphtha 1 e3ne 3.38 0.0513 2.09 5 0.08 

Naphthalene Phenantrene 4.53 0.0776 3.42 ?: 0.04 
Phenantrene Ani s o l e  , 2.10 281.84 4.55 2 0.03 

l a  Phenantrene 4.53 0.0603 3.31 f 0.03 

l e  Ani s o l e  2.10 36.308 3.66 2 0.04 
l e  Phenantrene 4.53 0.661 3.35 5 0.03 

a Values cor respond ing  t o  mean 2 S.D. 

s y n t h e t i c  analogues so f a r  assayed. Resu l t s  o f  t hese  c a l c u l a t i o n s  

are a l s o  dep ic ted  i n  Table 3. 

"Sha!:ing f l a s k "  Assays. 

For comparison purposes, l o g  P va lues  f o r  chromene l a  and 

precocene I ( l e )  were c a l c u l a t e d  accord ing  t o  t h e  procedure 

developed by Nahum and Horwath (91, where p a r t i t i o n  i s  c a r r i e d  

ou t  us ing  convent iona l  "shaking f l a s k "  techn iques  and a n a l y s i s  o f  

d i  s t r i  b u t i o n  o f  sol Utes i s  performed by reversed-phase HPLC 

(Table 4). The method, u s u a l l y  t ed ious ,  c o u l d  n o t  be used f o r  

most compounds due t o  t h e  h i g h  l i p o p h i l i c i t y  e x h i b i t e d  by 

precocene d e r i v a t i v e s .  Thus, f o r  l o g  P va lues  over 4, compounds 

were n o t  s o l u b l e  enough i n  water  t o  be analyzed by HPLC. 

Moreover, i n  cases as l a  and l e ,  a 20 : l  water :  n -oc tano l  volume 

- 
- 

- - - 
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r a t i o  shou ld  be used, which a l s o  l e d  t o  a d d i t i o n a l  p r a c t i c a l  

d isadvantages. 

I n  summary, our  r e s u l t s  have shown t h a t  e v a l u a t i o n  o f  

p a r t i t i o n  c o e f f i c i e n t s  o f  hydrophobic compounds, such as 

precocene analogues, by use o f  e x t r a p o l a t e d  l o g  k', va lues  f rom 

reversed-phase HPLC r e t e n t i o n  parameters, c o n s t i t u t e  a conven ien t  

and v a l u a b l e  tench ique which o f f e r s  h i g h  accuracy,  and good 

r e p r o d u c i b i l i t y .  

F i n a l l y ,  t h e  r e l a t i o n s h i p  between t h e  p a r t i t i o n  c o e f f i c i e n t s  

c a l c u l a t e d  f o r  p recocene,der iva t ives ,  summarized i n  Tab le  3, and 

t h e  AJH a c t i v i t y  deserve f u r t h e r  comments. A l though a t  p resen t  

t h e r e  a re  no d e f i n i t i v e  sys temat ic  s t u d i e s  on t h e  b i o l o g i c a l  

a c t i v i t y  of t h e  whole s e t  o f  compounds u t i l i z e d  i n  t h e  p resen t  

work, bo th  q u a l i t a t i v e  and s e m i q u a n t i t a t i v e  d a t a  on morphogenet ic 

and an t i gonado t rop i c  a c t i v i t i e s  o f  t hese  precocene d e r i v a t i v e s  on 

Oncopeltus f a s c i a t u s  ( 2 4 )  show t h a t  h i g h  a c t i v i t y  i s  e l i c i t e d  b y  

compounds w i t h  ve ry  d i f f e r e n t  l o g  P va lues .  Thus, whereas n a t u r a l  

precocenes P I  ( l e )  and P I 1  ( l g )  d e f i n e  a narrow range o f  l o g  P 
va lues  (2.77-3.46) i n  which analogues of h i g h  a c t i v i t y  such as 

ethoxyprecocene I 1  ( l h )  - are  enc losed (3.361, o t h e r  compounds w i t h  

h i g h  o r  remarkable AJH a c t i v i t y ,  such as t r i f l u o r o e t h o x y  analogue 

li o r  c h l o r o d e r i v a t i v e  6b, e x h i b i t  l o g  P va lues  (4.93 and 6.14, 

r e s p e c t i v e l y )  f a r  removed f rom t h a t  range. 

Conversely,  compounds l i k e  chromene - l a  o r  s u l f u r  analogue - 3b 

w i t h  va lues  o f  t h e  same magnitude as those  o f  n a t u r a l  precocenes 

have so f a r  n o t  d i sp layed  any AJH a c t i v i t y  a g a i n s t  d i f f e r e n t  

i n s e c t  species t e s t e d .  

In s p i t e  o f  t h e  need f o r  more p r e c i s e  b i o l o g i c a l  d a t a  t o  

reach f i n a l  conc lus ions ,  i t  may be a n t i c i p a t e d  t h a t  t h e  

l i p o p h i l i c i t y  o f  precocene analogues taken  independen t l y  o f  o t h e r  

f a c t o r s ,  such as e l e c t r o n i c  and s t e r i c  requ i rements ,  cannot be 

d i r e c t l y  r e l a t e d  t o  AJH a c t i v i t y .  

- - 

- - 
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