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EVALUATION OF A SIMPLE HPLC CORRELATION METHOD FOR THE 

ORGANIC COMPOUNDS 
ESTIMATION OF THE OCTANOL-WATER PARTITION COEFFICIENTS OF 

Jerome E. Haky* and A.  Michael Young 
Warner-LambertIParke-Davis Pharmaceutical Research 

Ann Arbor, Michigan 48105 

ABSTRACT 

A simple reverse-phase high performance l i q u i d  chroma tographic 
method is  evaluated fo r  the estimation of octanol-water p a r t i t i o n  
coe f f i c i en t s  ( log P) of organic compounds by cor re la t ion  with 
t h e i r  chromatographic capacity fac tors  (k' ). Using an unmodified 
commercial octadecylsilane column and a mobile phase consis t ing 
of methanol and an aqueous buf fer ,  a l inear  re la t ionship  i s  
es tab l i shed  between the l i t e r a t u r e  log P values of 68 compounds 
and the logarithms of t h e i r  k'  values. 
the pa r t i t i on  coef f ic ien ts  of unknowns, one of two s e t s  of 
standards is  used to  ca l ib ra t e  the system, the choice being 
dependent on the hydrogen-bonding character  of the compounds 
being evaluated. The overa l l  method i s  shown to  be rapid and 
widely adaptable and to  give log P data  which a r e  comparable to  
r e s u l t s  obtained by c l a s s i ca l  o r  other  cor re la t ion  methods. 

For the determination of 

INTRODUCTION 

The octanol-water p a r t i t i o n  coef f ic ien t  (commonly expressed 

a s  log P) i s  an important physical  parameter which has been 

d i r ec t ly  cor re la ted  wi th  the  b io logica l  a c t i v i t i e s  of a wide 

v a r i e t y  of organic compounds (1) .  While the re  has  recent ly  been 

much e f f o r t  t o  ca l cu la t e  t h i s  parameter on the  bas i s  of chemical 
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6 76 HAKY AND YOUNG 

s t r u c t u r e  a lone (1-3),  imperfections i n  t h i s  method and the  need 

f o r  reference values  of ten s t i l l  requi res  the  experimental 

measurement of log P values.  

determination include the  d i r e c t  chromatographic (4) o r  spectro- 

scopic  ( 2 )  assay of compounds i n  a n  equi l ibra ted  octanol-water 

system, potentiometric t i t r a t i o n s  of compounds i n  a biphasic  

octanol-water mixture ( 5 )  and determinations based upon 

es tab l i shed  co r re l a t ions  of log P values  of compounds with t h e i r  

th in- layer  ( 6 )  o r  column l iqu id  chromatographic (7,8) behavior. 

Of these l a t t e r  chromatographic methods, there  has  been 

considerable i n t e r e s t  i n  t he  developnent and u t i l i z a t i o n  of 

r e l a t ionsh ips  between octanol-water p a r t i t i o n  coe f f i c i en t  values  

and reverse-phase high performance l i q u i d  chromatography (HPLC) 

capac i ty  f a c t o r s  (k ' ) .  

observed s i m i l a r i t i e s  i n  the  hydrophobic pa r t i t i on ing  processes 

occurring i n  an octanol-water mixture and i n  a reverse-phase 

HPLC system with an aqueous mobile phase. 

Recently,  there  has  been much work on the  attempted improve- 

Experimental methods f o r  t h i s  

Such r e l a t ionsh ips  a r e  based upon the  

ment of co r re l a t ions  between log  P and k' values  by increasing 

the  s i m i l a r i t i e s  be tween the  octanol-water and reverse-phase HPLC 

par t i t ion ing  systems. 

of  f r e e  s i l a n o l  s i t e s  i n  the  column by exhaustive s i l y l a t i o n  

(9,101, t he  presa tura t ion  of t he  column with octanol  (11,12) and 

the  use of t o t a l l y  aqueous mobile phases (12). 

these modifications have been somewhat successful  a t  improving the  

Such at tempts  have included the  reduct ion 

While many of 
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OCTANOL-WATER PART1 T I  ON COEFFICIENTS 

co r re l a t ion  between log P and k ' ,  they have achieved only l imited 

a p p l i c a b i l i t y  due t o  increases  i n  the  complexity of equipment and 

experimental time required f o r  t h e i r  implementation. 

677 

Recent advances i n  methods of s ta t ionary  phase preparat ion 

have resu l ted  i n  the commercial production of  reverse-phase HPLC 

columns with high homogeneity and high l eve l s  of surface a lkyl  

bonding. Based on our premise t h a t  t he  u t i l i z a t i o n  of such a 

modern column should give a higher degree of co r re l a t ion  between 

k' and log P than t h a t  previously obtained, we have developed and 

evaluated a simple, rapid HPLC method f o r  the  determination of 

p a r t i t i o n  coe f f i c i en t s  of organic  compounds from t h e i r  k' values ,  

using an  unmodified commercial reverse-phase column and a 

s tandard aqueous mobile phase. 

EXPERIMENTAL 

Materials:  

Jackson). 

sources (mostly from Aldrich Chemical Company) and were used 

without fu r the r  pur i f ica t ion .  

Apparatus: The HPLC system consis ted of an Altex high pressure 

pump, a Waters U6K in j ec to r  and an  octadecyls i lane column 

(Al l tech  RP-18, 10 Ilm p a r t i c l e  s i z e ,  250 mm x 4.6 mm i .d . ) .  

The system was f i t t e d  wi th  a Waters Model 440 absorbance de tec to r  

wi th  an extended wavelength module operated a t  a f ixed wavelength 

of  214 nm. Chromatographic da ta  were recorded and processed on a 

Perkin-Elmer Sigma 10 data  system. 

A l l  so lvents  were g l a s s  d i s t i l l e d  (Burdick and 

The chemicals used were obtained from commercial 
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678 HAKY AND YOUNG 

Throughout t h i s  s tudy ,  t h e  mobile phase c o n s i s t e d  o f  55% 

methanol and 45% aqueous ammonium phosphate b u f f e r  (0.05M). 

pH of t h i s  mobile phase (seven u n l e s s  o the rwise  s p e c i f i e d )  was 

a d j u s t e d  by t h e  a d d i t i o n  o f  phosphoric a c i d  and/or  ammonium 

The 

hydroxide. 

c o n s t a n t  2 ml/minute. 

The flow ra te  o f  t h e  mobile phase was s e t  a t  a 

Procedure: General ly ,  10 p1 of each sample a s  a s o l u t i o n  i n  

methanol o r  wa te r  (1 mg/ml) were i n j e c t e d ,  a l though l a r g e r  

amounts were occas iona l ly  i n j e c t e d  f o r  compounds w i t h  low 

d e t e c t o r  responses .  The chromatographic c a p a c i t y  f a c t o r ,  k '  , 

o f  each compound was c a l c u l a t e d  by t h e  formula: 

where t i s  t h e  compound's r e t e n t i o n  time and to i s  t h e  r e t e n t i o n  

time of a n  un re t a ined  substance,  determined by i n j e c t i o n  of a n  

aqueous s o l u t i o n  of sodium n i t r i t e .  Logarithms a r e  a l l  expressed 

i n  base ten. 

RESULTS AND DISCUSSION 

I n  accord with the  goal  of developing a s i m p l e ,  e a s i l y  

adap tab le  method, the system used i n  the  study cons i s t ed  e n t i r e l y  

of commercial equipment and a s tandard aqueous mobile phase. 

While the choice of the s p e c i f i c  column was a r b i t r a r y ,  t he  column 

type,  oc t adecy l s i l ane  (C-181, was chosen on the b a s i s  of the good 

c o r r e l a t i o n s  between log P and log k' which have been obtained 

w i t h  r e l a t e d  columns i n  previous s t u d i e s  (8,13-15). 
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OCTANOL-WATER PARTITION COEFFICIENTS 6 79 

While the use of a to t a l ly  aqueous mobile phase would 

maximize par t i t ion ing  between the column and mobile phase on the 

bas i s  of hydrophobicity, such an approach a l so  r e s u l t s  i n  

unacceptably long re ten t ion  times f o r  compounds with high log P 

values.  To reduce t h i s  problem, an organic modifier was added to  

the mobile phase. Methanol was chosen s ince i t  has been shown 

t o  i n t e r f e r e  the l e a s t  wfth hydrophobic p a r t i t i o n  mechanisms i n  

reverse-phase HPLC among common organic solvents (15-17). Under 

the  conditions of t h i s  study, a mobile phase consis t ing of 55% 

methanol and 45% aqueous phosphate buffer  allowed compounds with 

log P values a s  high as  3.5 t o  be eluted i n  30 minutes o r  less .  

The re la t ionship  between octanol-water p a r t i t i o n  coef f ic ien ts  

and HPLC re ten t ion  behavior i n  t h i s  system was establ ished by 

the  determination of k' values of 68 compounds of widely varying 

func t iona l i ty  and s t ruc ture  type (See Table 1). 

p l o t  of the log P values of these compounds (obtained from the 

Figure 1 shows a 

l i t e r a t u r e )  versus the logarithm of the i r  k' values obtained 

under the conditions of t h i s  experiment. Considering the wide 

range of hydrophobicit ies and funct ional  groups i n  these 

compounds, the degree of cor re la t ion  between log P and log k' 

( r  = .966) c lear ly  ind ica tes  a l i nea r  re la t ionship  between these 

two parameters, which allows a simple estimation of log P values 

of compounds from t h e i r  k' values. 

The use of any HPLC system fo r  the evaluation of octanol- 

water pa r t i t i on  coef f ic ien ts  by cor re la t ion  requires  ca l ib ra t ion  
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G 80 HAKY AND YOUNG 

TABLE 1 

Experimental  Capaci ty  Fac to r s  and 
L i t e r a t u r e  Octanol-Water P a r t i t i o n  C o e f f i c i e n t s t  

~ Compound- ~ 

Benzyl a l c o h o l  
Cinnamic a l c o h o l  
p-Ni trobenzyl 

a l c o h o l  
A l ly1  Alcohol 
Benzoni t r i l e  
P h e n y l a c e t o n i t r i l e  
p-To l u n i  tri l e  
C i nnamoni t r i 1 e 
2,4-Dimethylphenol 
2 ,6  -Dime thylpheno 1 
1 -Na ph tho1 
p-Cresol 
p-Cyanophenol 
C a  t echo l  
p-Me thoxyphenol 
Thymol 
Benzene 
n-Propylbenzene 
Toluene 
Naphthalene 
m-Dibromobenzene 
o-Dibromobenzene 
Biphenyl 
Phenanthrene 
Bromobenzene 
Chlorobenzene 
p-Xylene 
o-Xylene 
m-Xylene 
An is0 le 
Phenyl n-propyl 
e t h e r  
Diphenyl e t h e r  
Phene t o l e  
N i  t ropropane 

- 
.og k' 

.151 

.529 

.138 

-.353 
,361 
.323 
.643 
.620 
.742 
.703 
.826 
.429 
.040 

.036 

. 8 2 7  

-.216 

1.28 

1.78 
1.16 
1.43 
1.70 
1.54 
1.77 
2.02 
1.22 
1.14 
1.48 
1.42 
1.48 

1.44 

1.73 
1.06 

.803 

.089 - 

- 
Log p 

1.16 
1.95 
1.26 

0.17 
1.56 
1.56 
1.95* 
1.96 
2.30 
2.36 
2.71 
1.94 
1.63 
0.86 
1.37 
3.30 
2.01 
3.62 
2.74 
3.37 
3.75 
3.64 
4.06 
4.46 
2.99 
2.49 
3.15 
2 . 7 7  
3.20 
2.08 
3.18 

4.21 
2.51 
0.69 - 

Compound 

Ethyl propionate  
Ethyl a c e t a t e  
Phenyl a c e t a t e  

Me thy1 benzoate 
Ethyl benzoate 
Methyl s a l i c y l a t e  
Benzyl a c e t a t e  
Ace t a n i l i d e  
P t h a  1 imide 
Formani l i d e  
Benzamide 
Thiobenzamide 
N-Methylaniline 
N-Propylaniline 
p-Toluidine 
Quinol ine 
Indo l e  
2,6-Lut idine 
2 -Ace t y l p y r i d i n e  
An i l ine  
o-Ansidine 
2 -P ico l ine  
Ac r i d i n e  
Ska to le  
Ace tophenone 
Be nzophenone 
Propiophenone 
2 -He xanone 
p-Quinone 
An thraquinone 
2 -Bromoaceto- 
phenone 
Chloroform 
D i  chlorome thane 
Tr i ch lo roe thy lene  

- 
Log k'  

.421 

.092 

.480 

,790 

.9 80 

.750 

. l o 4  

.007 

.060 
-.261 

.073 

.477 

.3 14 

.588 
,554 
.435 
,066 
.022 
.204 
.266 

.865 

.446 

.751 

.291 
-.235 
1.40 

.632 

.563 

.270 

1.07 

1.06 

1.19 

1.22 

1.05 - 

IB= 

Log P - 
1.50 
0.34 
1.49 

2.18 
2.64 
2.46 
1.96 
1.16 
1.15 
1 . 1 2  
0.65 
1.49 
1.66 
2.45 
1.39 
2.03 
2.25 
1.68 
0.85 
0.90 
1.23 
1.20 
3.39 
2.60 
1.66 
3.18 
2.20 
1.38 
0.20 
3.48* 
2.43 

1.94 
1.25 
2.29 - 

tValues  from Reference 1, u n l e s s  o the rwise  spec i f i ed .  
*Calculated value,  based on t h e  method i n  Reference 22. 
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OCTANOL-WATER PARTITION COEFFICIENTS 681 

5 -  

4 -  

3 -  

0 

A &B ' I  2 

-0.5 0 0.5 1 .o 1.5 2.0 2.5 

Log  K '  

Figure 1. Log P vs Log k' €or  t he  
68 Compound Data S e t ,  

0 Non-phenolic Cal ibrat ion Standards 
A Phenolic Cal ibrat ion Standards 

of the system aga ins t  standards with known log P values. While 

h ighes t  accuracy is  ensured by the u t i l i z a t i o n  of a large number 

of standards such a s  the 68 compounds described above, t h i s  is  

c l ea r ly  impractical .  For t h i s  reason, four compounds, benzyl 

a lcohol ,  acetophenone, toluene, and naphthalene, were chosen a s  a 

"standard" ca l ibra t ion  mixture €or the evaluat ion of the log P ' s  

of unknowns using t h i s  method. The spec i f i c  choice of these four 

compounds was based on four considerations:  

1. They a l l  have high W detec tor  responses. 
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2 .  

3 .  

4 .  

HAKY AND YOUNG 

The log P ' s  span a range of 1.16 - 3.37 u n i t s ,  al lowing 

f o r  t he  c a l i b r a t i o n  of t he  system over a wide range. 

The compounds do n o t  i on ize  over the usable pH range of 

t h e  HPLC system (ca 2-81, and thus maintain t h e i r  

p a r t i t i o n i n g  p r o p e r t i e s  without  regard t o  the pH of the  

mobile phase. 

The p a r t i t i o n  c o e f f i c i e n t s  of these compounds and t h e i r  

capac i ty  f a c t o r s  a r e  reasonably c o n s i s t e n t  with the 

c o r r e l a t i o n  l i n e  e s t a b l i s h e d  by the l a r g e r  68 compound 

d a t a  s e t  (Figure 1). 

The octanol-water p a r t i t i o n  c o e f f i c i e n t s  of 25 compounds 

c a l c u l a t e d  from t h e i r  k' values  and the c a l i b r a t i o n  curve 

e s t a b l i s h e d  by the f o u r  "standard" compounds are l i s t e d  i n  

Table 2 .  With the  except ion of values  determined € o r  the  

phenols,  a l l  o t h e r  log P va lues  a r e  i n  accord (* 0 . 2  log P 

u n i t s )  with previously determined l i t e r a t u r e  values .  

Inaccurac i e s  i n  log P va lues  obtained by chromatographic 

c o r r e l a t i o n  methods f o r  phenol ic  compounds have been observed 

previously and have been a t t r i b u t e d  t o  a number of causes ,  

i nc lud ing  hydrogen bonding of such compounds t o  r e s i d u a l  s i l a n o l  

s i t e s  on the reverse-phase column (9,12,18) .  While the e x t e n t  of 

r e s i d u a l  s i l a n o l  s i tes  i n  the column used i n  t h i s  study i s  

unknown, the f a c t  t h a t  such inaccurac i e s  i n  the HPLC c o r r e l a t i o n  

method have previously occurred f o r  phenol ic  compounds even with 

exhaust ively s i l y l a t e d  columns ( 9 )  i s  i n d i c a t i v e  of causes  o t h e r  
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OCTANOL-WATER PARTITION COEFFICIENTS 683 

ka techo l  

TABLE 2 

Experimental and L i t e r a t u r e  P a r t i t i o n  C o e f f i c i e n t s  

.53 

Compound I Log P ex 
1 

Cinnamic a l coho l  
p-Nitrobenzyl a l coho l  

Benzoni t r i l e  
Phenylacetoni t r i l e  
Cinnamoni t r i  l e  

m- Xy 1 ene 
m-Dibromobenzene 
Phenan threne 

Anisole 
Phene t o l e  

Ethyl  propionate  
Me thy1 benzoate 
Methyl s a l i c y l a t e  

Ace t a n i l i d e  
Formanilide 

N-methylaniline 
p -To l u  i d i n e  
Quinoline 
2,6 Lut idine 

Prop iophenone 
2-Hexanone 

1 -Naphthol 
2,6-dimethylphenol 
p-Cresol 

1.78 
1.13 

1.50 
1.44 
1.94 

3.37 
3.74 
4.28 

2.24 
2.68 

1.60 
2 .22  
2.54 

1.16 
1 -00  

1.70 
1.42 
1.88 
1.63 

2.16 
1.39 

2 .28  
2.07 
1.62 

- 
Log P l i t  

1.95 
1.26 

1.56 
1.56 
1.96 

3.20 
3.75 
4.46 

2.08 
2.51 

1.50 
2.18 
2.46 

1.07 
1.12 

1.66 
1.39 
2.03 
1.68 

2.20 
1.38 

2.71 
2.36 
1.94 

.86 - 

Difference 

-.17 
-.13 

-.06 
+. 12 
-.02 

+. 1 7  
-.01 
- .18 

+. 16 
+.17 

+. 10 
+.04 
+.08 

+.09 
- .12  

+.04 
+.03 
-.15 - .05 

-.04 
+.01 

- .43 
-.29 
- .32  
- .33 

Log Pexp = P a r t i t i o n  c o e f f i c i e n t  c a l c u l a t e d  from k' 
va lues  and c a l i b r a t i o n  curve e s t a b l i s h e d  by benzyl 
a l c o h o l ,  acetophenone, toluene,  and naphthalene.  
C a l i b r a t i o n  equat ion:  Log P = 1.67 Log k' + 0.90 
( r  = 0.997). 
Log P l i t  = Log P va lues  from Reference 1. 
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684 HAKY AND YOUNG 

t han  bonding t o  r e s i d u a l  s i l a n o l  s i tes .  

p a r t i t i o n i n g  o f  a compound between water and o c t a n o l  i s  

It i s  known t h a t  

governed n o t  only by i t s  hydrophobici ty ,  b u t  a l s o  by t h e  degree 

t o  which t h e  compound can  hydrogen-bond t o  oc t ano l  i t s e l f  (19). 

I n  t h e i r  e a r l y  s t u d i e s ,  bo th  Leo and Hansch (20,21) and S e i l e r  

(22) found t h a t  c o r r e l a t i o n s  between octanol-water  and o t h e r  

solvent-wa ter p a r t i t i o n  c o e f f i c i e n t s  could be improved through 

separate c o n s i d e r a t i o n  of t hese  hydrogen-bonding e f f e c t s .  To a 

f i r s t  approximation, a n  analogous t r ea tmen t  o f  t h e  l o g  P - l o g  k '  

c o r r e l a t i o n s  i n  t h i s  s tudy can be achieved by s p l i t t i n g  t h e  d a t a  

i n t o  a t  l e a s t  two s u b s e t s  on t h e  b a s i s  o f  t h e  compounds' 

hydrogen-bonding cha rac t e r .  

Tab le  3 l is ts  t h e  l o g  P v s  l o g  k '  l i n e a r  r e g r e s s i o n  para-  

meters  ob ta ined  f o r  t h i s  HPLC system when t h e  68 t e s t e d  compounds 

a r e  considered a l t o g e t h e r  a s  w e l l  a s  s p l i t  i n t o  one se t  

c o n t a i n i n g  pheno l i c  compounds ( s t r o n g  hydrogen-bond donors) and 

one con ta in ing  t h e  rest .  While 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  

t h e  s p l i t  d a t a  se t s  a re  only s l i g h t l y  b e t t e r  than f o r  t h e  o v e r a l l  

d a t a  se t ,  t h e  o t h e r  r e g r e s s i o n  parameters  o f  t h e  c o r r e l a t i o n  

l i n e s  f o r  pheno l i c  and non-phenolic compounds a re  s i g n i f i c a n t l y  

d i f f e r e n t  from each o t h e r ,  sugges t ing  d i f f e r e n t  t ypes  o f  

p a r t i t i o n i n g  mechanisms f o r  t h e  two sets  of compounds. 

p a r t i c u l a r  s i g n i f i c a n c e  i s  t h e  l a r g e  d i f f e r e n c e  i n  t h e  i n t e r c e p t s  

o f  t h e  c o r r e l a t i o n  l i n e s  ( > 0 . 4  l og  P u n i t s ) ,  which was a l s o  

observed by S e i l e r  (22) i n  c o r r e l a t i o n s  between t h e  octanol-water  

Of 
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OCTANOL-WATER PARTITION COEFFICIENTS 

Parameter 

Slope 

I n t e r c e p t  

C o r r e l a t i o n  

685 

A l l  Data Phenols Only A l l  Except Pheno 1 s 

1.65 1.53 1.69 

0.949 1.32 0.876 

.966 .985 ,973 

TABLE 3 

and o t h e r  solvent-water  p a r t i t i o n  c o e f f i c i e n t s  of s t rong ly  and 

weakly hydrogen-bonding compounds. 

t hose  s t u d i e s ,  t he  magnitude of t h e  i n t e r c e p t  of t he  l o g  P - 
l o g  k' c o r r e l a t i o n  l i n e  appears  t o  be d i r e c t l y  r e l a t e d  t o  t h e  

Analogous t o  the  r e s u l t s  of  

e x t e n t  t o  which hydrogen bonding i s  involved i n  t h e  p a r t i t i o n i n g  

o f  t h e  compounds between oc tano l  and water. 

Demonstrated d i f f e r e n c e s  i n  p a r t i t i o n i n g  mechanisms of 

s t rongly hydrogen-bonding and o t h e r  compounds r e q u i r e s  

cons ide ra t ion  of a t  l e a s t  two sets  of c a l i b r a t i o n  s t anda rds  i n  

t h e  use  of t he  HPLC c o r r e l a t i o n  system f o r  t he  eva lua t ion  of  

l o g  P values .  The c a l i b r a t i o n  s tandards used f o r  low and 

non-hydrogen-bonding compounds were descr ibed ear l ier ,  and r e s u l t  

i n  acceptably accu ra t e  values  f o r  t hese  types of compounds. In  

accord with t h e  requirements e s t a b l i s h e d  f o r  those s tandards,  

f o u r  phenols,  p-me thoxyphenol, p-cresol ,  1-naphthol, and thymol, 

were chosen a s  s tandards f o r  t h e  eva lua t ion  of t h e  l o g  P's of 

s t r o n g l y  hydrogen-bonding compounds. Table 4 l i s ts  t h e  
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686 HAKY AND YOUNG 

TABLE 4 

P a r t i  t i o n  Coeff ic ien ts  Based on Nonhydrogen 
Bonding and Phenolic Cal ibra t ion  Curves 

Compound 

2,4-Dimethylphenol 
2,6-Dime thylphenol 
p-Cyanophenol 
Ca techol  

S a l i c y l i c  ac id  

p-Toluic ac id  

Phenoxyacetic ac id  
Benzoic ac id  

v 

Log P, 

2.14 
2.67 

.96 

.54 

1.13 

1.97 

.91 
1.44 

Log Pp 

2.49 
2.43 
1.37 

.97 

1.92 

2.39 

1.53 
1.87 

Log P l i t  

2.30 
2.36 
1.63 

.86 

2.23 

2.27 
(2.26)* 
1.42 
1.87 

( 1.78) * 

(2.00)* 

Log Pn = P a r t i t i o n  Coeff ic ien t  based on c a l i b r a t i o n  
curve cons is t ing  of benzyl a lcohol ,  acetophenone, 
toluene, and naphthalene. 

Equation: Log P = 1.67 Log k' + 0.90 ( r  = 0.997). 

Log Pp = P a r t i t i o n  Coeff ic ien t  based on c a l i b r a t i o n  
curve cons is t ing  of p-methoxyphenol, p-cresol ,  
1 -nap tho 1, and thymo 1. 

Equation: Log P = 1.59 Log k' + 1.31 ( r  = 0.997). 

Log P i i t  = P a r t i t i o n  Coeff ic ien t  from Reference 1. 

*Data from Reference 1 2 .  

c a l c u l a t e d  log  P ' s  of some s t rongly  hydrogen-bonding compounds 

(phenols and carboxyl ic  a c i d s )  based on each of t h e  two s e t s  

of c a l i b r a t i o n  s tandards.  Ion iza t ion  of t h e  a c i d s  i n  t h e  

opera t ing  pH range of t h e  HPLC system (ca pH 2-8) required t h e  

eva lua t ion  of t h e  apparent  p a r t i t i o n  c o e f f i c i e n t s  of these  
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OCTANOL-WATER PARTITION COEFFICIENTS 687 

compounds (D) a t  t h r e e  o r  f o u r  pH's, and then  e x t r a p o l a t i o n  of 

t h e s e  va lues  t o  t h e  va lue  (P) a t  z e r o  i o n i z a t i o n ,  i n  accord w i t h  

t h e  equat ion descr ibed by Unger e t  a 1  (12): 

D = P + Ka (-D/H) 

Log P va lues  obtained f o r  both t h e  phenols and t h e  

c a r b o x y l i c  a c i d s  based on t h e  pheno l i c  s t anda rds  a re  c l e a r l y  more 

i n  accord w i t h  t h e  l i t e r a t u r e  va lues  than those  based on t h e  

non-hydrogen-bonding s t anda rds ,  and are comparable t o  those  

ob ta ined  w i t h  a much more complicated c o r r e l a t i o n  system 

u t i l i z i n g  an  oc tano l - sa tu ra t ed  column (12).  The cho ice  of t h e  

p rope r  c a l i b r a t i o n  system based upon t h e  s t r u c t u r e  of t h e  

compound whose p a r t i t i o n  c o e f f i c i e n t  i s  t o  be eva lua ted  is 

e s s e n t i a l  f o r  h i g h e s t  accuracy of va lues  obtained by t h i s  method. 

CONCLUSIONS 

I n  t h i s  s tudy,  a simple,  r ap id ly  adaptable  HPLC method f o r  

t h e  eva lua t ion  of octanol-water p a r t i t i o n  c o e f f i c i e n t s  i s  

desc r ibed ,  and demonstrated to  give values  which are i n  accord 

w i t h  l i t e r a t u r e  values  f o r  a wide v a r i e t y  of compounds. Indeed, 

t h e  o v e r a l l  accuracy of the method may i n  f a c t  be b e t t e r  than the 

d a t a  i n d i c a t e s ,  s ince  the degree of accuracy of a number of 

l i t e r a t u r e  values  is unknown. 

Since the method r e q u i r e s  cons ide ra t ion  of the degree of 

hydrogen-bonding c h a r a c t e r  i n  the compound being evaluated,  some 

p r i o r  knowledge of the s t r u c t u r e  of the compound is  required f o r  
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688 HAKY AND YOUNG 

highest  accuracy. An0 ther  l imi ta t ion  of the method, of course, 

i s  the poss ib i l i t y  of inaccuracy of a value obtained fo r  a 

p a r t i c u l a r  compound due to  wide deviations from the overa l l  

cor re la t ions  establ ished fo r  the general  case. While s p l i t t i n g  

of compounds in to  fu r the r  subsets and u t i l i z i n g  d i f f e ren t  

mobile phases could increase the accuracy of the method, the 

data  s e t  i s  not  large enough to draw any conclusions concerning 

t h i s ,  and more importantly,  fu r the r  modification of the method 

may increase i t s  complexity to  an unreasonable level .  In any 

event,  the method described here is  su f f i c i en t ly  accurate  f o r  the 

evaluations of the p a r t i t i o n  coef f ic ien ts  of compounds f o r  

co r re l a t ions  with t h e i r  b io logica l  a c t i v i t y ,  and f o r  evaluation 

of the r e l a t ive  s o l u b i l i t i e s  of compounds i n  aqueous and organic 

media. 
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