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A MICROSCALE HPLC METHOD FOR THE 
EVALUATION OF OCTANOL-WATER 

PARTITION COEFFICIENTS IN A SERIES OF
NEW 2-AMINO-2-OXAZOLINES

F. Péhourcq,1 J. Thomas,2 C. Jarry2

1 Department of Pharmacology
University Victor Segalen Bordeaux 2

33076 Bordeaux Cedex, France

2 Department of Physical Chemistry
University Victor Segalen Bordeaux 2

33076 Bordeaux Cedex, France

ABSTRACT

A rapid and simple microscale method for the determination 
of octanol-water partition coefficients has been developed and
evaluated for a series of twenty-six bioactive 2-amino-2-oxazo-
lines.  Solutes were equilibrated between n-octanol and water by
using the shake-flask approach in a single partitioning. The 
concentration of each compound was measured in the aqueous
phase before and after partitioning directly by RP-HPLC, and the
peak areas ratio was used to calculate the partition coefficient 
log P. 

Log P values ranging from -0.22 to 3.69 have been determined
with a precision better than ± 0.06 log unit.  They were compared
with the measured shake-flask octanol-water partition coefficient
and with the calculated incremental Clog P values. 
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The linear regression analyses between these lipophilic parame-
ters show significant correlations, allowing validation of this
chromatographic approach for the log P determination. 

INTRODUCTION

Lipophilicity is one of the inherent properties of chemical compounds,
affecting their biological activity.  The logarithm of the octanol-water partition
coefficient log P, is the most frequently used parameter for defining the
lipophilic character of drugs.  It is traditionally obtained by the shake-flask
technique, using n-octanol and water as a biphasic liquid system.1 This tech-
nique is sensitive to solute and solvent impurities and needs several mg of ana-
lyte to replicate determinations and to obtain accurate values.2,3 In order to
overcome these technical difficulties, some authors have proposed to combine
the classical shake-flask technique and the reversed-phase HPLC.4-8  In these
studies, HPLC was used as an analytical tool for the measurement of solute con-
centrations in both phases, and the P values were obtained from the ratio of
peak areas from the octanol and buffer phases, respectively.

We report here the evaluation of the logarithm of the octanol-water parti-
tion coefficient (designed as log P*) for a series of 26 bioactive 2-amino-2-oxa-
zolines, achieved by a rapid, reliable, and simple microscale HPLC method. To
avoid the peak distortion following cumulative n-octanol injections already
noticed7 and in order to enhance the stability of 2-amino-2-oxazolines, we chose
to evaluate log P* by comparison of the areas of the appropriate integrated peak
from the aqueous phase before and after partitioning. 

For fourteen 2-amino-2-oxazolines, log P was determined by the classical
shake-flask method by measurement of relative concentrations using UV
absorption.  A significant linear regression was obtained between log P* and
log P, allowing for validation of our method.  Furthermore, we studied the
behaviour of the weakly soluble compounds in relation with the influence of
methanol on octanol-water partitioning.  Finally, for all 2-amino-2-oxazolines
the measured log P* values were correlated with those calculated through an
incremental method (Clog P). 

EXPERIMENTAL

Apparatus and Chromatographic Conditions

The chemical structures of compounds evaluated in partitioning experi-
ments are depicted in Figures 1 and 2. The 5-dialkylaminomethyl- and the 
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Figure 1. Structural formulae of 5-aryloxymethyl-2-amino-2-oxazolines.

5-aryloxymethyl-2-amino-2-oxazolines were synthesized according to already
reported methods.9,10 Their structures were supported by elemental analysis, IR,
1H and 13C NMR spectral data.  2-Amino-2-oxazolines are basic compounds
with pKa values ranging from 8.23 to 9.75.
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Figure 2. Structural formulae of 5-dialkylaminomethyl-2-amino-2-oxazolines.

All the chemicals used were of analytical or HPLC grade. n-Octanol, di-
sodium hydrogen phosphate and di-potassium hydrogen phosphate were pur-
chased from Prolabo (Paris, France).  Methanol was supplied from Farmitalia
Carlo Erba (Milan, Italy).  Water was deionized and doubly-glass distilled.

All chromatographic measurements were performed at room temperature
and at a flow rate of 1.5 mL/min on a chromatograph equipped with a Waters
Model 590 pump, an autosampler Waters 717 plus (Waters Associates, Milford,
MA, USA).  The compounds were chromatographed on a C18 Novapak column
(3.9 mm x 150 mm, 4 µm particle size, Waters).  The mobile phase composi-
tion was a mixture of phosphate buffer M/15, pH 7.4 - methanol.  The percent-
age of methanol was chosen in order to achieve retention times ranging from
2.5 to 6 minutes, for each compound.  An UV1000 spectrophotometer (Thermo
Quest, San Jose, CA, USA) set to the wavelength maximum of each compound
was used for sample analysis.
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The Table 1 depicts the individual chromatographic characteristics of each
studied 2-amino-2-oxazoline.  All compounds were separated using similar
chromatographic conditions in a reversed-phase mode.  The percentage of
methanol varied between 30% and 58%, respectively.  The areas were measured
using a Data Jet  integrator (Thermo Quest).

OCTANOL-WATER PARTITION COEFFICIENTS 447

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Determination of Log P by the Micro HPLC Method (Log P*)

All the experiments were performed at ambient temperature (20 - 22°C).
The pH of the water phase was 12, ensuring that all compounds were more than
99% unionized.

One milligram of each 2-amino-2-oxazoline was dissolved in the adequate
volume of methanol in order to achieve 1 mg/mL stock solutions, except for
compounds 1, 3, 5, and 11 (2 mg/mL).  Then, an appropriate aliquot of these
methanolic solutions was dissolved in water at pH 12, saturated with n-octanol,
to obtain final concentrations ranging from 50 µg/ mL to 200 µg/mL.  Under
the above described chromatographic conditions, 25 µL to 50 µL of this aque-
ous phase was injected onto the chromatograph, leading to the determination of
a peak area before partitioning (W0).

In screw-capped glass tubes, X mL of the aqueous phase (Vaq) was then
added to Y mL of n-octanol (Voct), previously saturated with water at pH 12.
Except for 3 solutes, all the experiments were performed with Vaq = Voct = 1.0
mL.  To enhance the sensitivity of the final measurement, smaller volumes were
used for the compound 23 (Voct = 0.2 mL) and for compounds 13 and 22 (Voct =
0.5 mL), respectively.  The mixture was shaken by mechanical rotation during
30 minutes (rpm: 20).  After a 30 minutes temperature-controlled centrifugation
achieved at 2000 rpm, a 50 µL to 100 µL aliquot of the lower aqueous phase
was injected into the chromatograph column.  This led to the determination of
a peak area after partitioning (W1).  

The P* value was calculated from the formula: 

Five independent measurements were performed for each compound leading to
a mean log P* value.

Determination of Log P by the “Classical” Shake-Flask Method

The octanol-water partition coefficients of fourteen 5-aryloxymethyl-2-
amino-2-oxazolines were determined by the shake-flask technique using a con-
ventional methodology.1 Briefly, samples in a weight range of 5-10 mg were
partitioned between 5 mL of n-octanol saturated with water at pH 12 and 50 mL
of water at pH 12 saturated with n-octanol.  The water phase absorbance was
measured at an appropriate wavelength before and just after the partitioning
experiment.11
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Determination of the Calculated Incremental ClogP Values

For the twenty-six 2-amino-2-oxazolines, the Clog P values were calculat-
ed by a fragmental method available in MacLogP. 12

RESULTS AND DISCUSSION

The log P, log P* and Clog P values of all studied compounds are listed in
Table 2.

As previously reported,2,3 the determination of the partition coefficient by the
classical UV spectroscopy shake-flask method is encumbered by some difficul-
ties in measuring a solute concentration in the aqueous phase accurately. Due to
the high sensitivity of the HPLC equipment available today, the described
microscale method can be used to measure the octanol-water partition coeffi-
cients for compounds with a poor absorption in the UV mode, e.g., 5-dialky-
laminomethyl-2-amino-2-oxazolines (17-26).  Moreover, the UV detection at the
λmax for each compound affords sufficient sensitivity to measure directly more
than 1000-fold relative concentration differences in aqueous phase before and
after partitioning.  So, the log P value of very lipophilic compounds such as 15
and 16 can be determined accurately after a single partitioning. 

Consequently, the partition coefficients of all studied compounds have
been evaluated by this HPLC microscale method (logP* values ranged from
0.22 to 3.69).  In order to validate this microscale method, the log P* were cor-
related with the shake-flask log P for compounds 1 - 14.

The equation and the statistical parameters of the linear regression analy-
sis were established as:

log P* = 1.027 (± 0.060) log P - 0.052(± 0.129)
(n = 14;  s= 0.114; r = 0.98; F = 294.15, p=0.0001) 

A significant correlation was obtained between log P and log P*.  The
slope of the linear regression was close to 1.  This result is a check on the valid-
ity of the chosen procedure for the partition coefficient determination of struc-
turally related 2-amino-2-oxazolines.

Furthermore, this validation permitted to correlate log P* and Clog P val-
ues for 25 compounds according to the following equation. 

log P* = 0.960 (± 0.046) Clog P - 0.012 (± 0.096)
(n = 25;  s= 0.222; r = 0.975; F = 443.17, p=0.0001) 
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Due to a missing fragment value, Clog P of 9 cannot be calculated.  As
judged by this linear regression analysis a significant correlation was estab-
lished between the measured and the calculated log P.  The slope was statisti-
cally close to 1.

On the other hand, as the 2-amino-2-oxazolines were initially dissolved in
methanol before spiking the aqueous phase, we chose to study the effect of
methanol on the octanol-water partitioning.  The effect of variable percentages of
methanol on log P* was evaluated for three compounds (9, 13, and 14).
According to their lipophilicity, different methanol concentrations were retained
from 0% (aqueous phase only) to 10% (Table 3).  We detected no measurable
change in the partition coefficient under the above conditions, since log P* val-
ues did not differ by much more than the measurement precision (0.06 unit). 

CONCLUSION

In this study, the applicability of a micro shake-flask method for the log P
determination of twenty-six basic compounds has been demonstrated.  This
method uses only few µg of compound in a single partitioning exploiting the
potential of HPLC as a microanalysis technique.  Furthermore, as already pub-
lished,6 the compound purity is not as indispensable as it is when quantitation is
accomplished by the UV spectroscopy shake-flask method. HPLC analysis pre-
sents also the capability to perform log P determinations for several compounds
in a single partitioning experiment. 
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All the previous studies recommending the use of HPLC for the log P
determination needed the measurements of the solute in the aqueous phase and
in the octanol phase, respectively.  The latter was achieved either by injecting
directly the n-octanol phase or by injecting a sample obtained after the n-
octanol elimination, i.e. by lyophilization.  None of these procedures has been
successful with compounds such as the 2-amino-2-oxazolines.  Indeed, a peak
distortion and an important loss of resolution occurred after cumulative n-
octanol injections.  Moreover, the 2-amino-2-oxazolines were found unstable
during the n-octanol elimination step.

By combination of a derived shake-flask approach and HPLC as a detec-
tion technique, we determined the log P of a series of 2-amino-2-oxazolines.
This easy and rapid method could be used to obtain log P values for new com-
pounds, especially those with extreme lipophilicity values. 
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