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POSSIBLE RELATIONSHIP BETWEEN LIPOPHILICITY AND BEHAVIOUR 
IN REVERSED-PHASE THIN-LAYER CHROMATOGRAPHY AND GAS- 
LIQUID CHROMATOGRAPHY 

l?VA JANOS 

PIant Protection Institute, Hungarian Academy of Sciences, Herman Ott6 irt IS, Pj 102, 1525 Budapest II 
(Hungary) 

SUMMARY 

Gas-liquid chromatographic (GLC) retention indices of 3 1 aniline derivatives 
were measured on six columns of different polarity. Relationships between reversed- 
phase thin-layer chromatographic (TLC) RM values, log P values and GLC retention 
data (retention indices extrapolated to 0°C and retention index differences measured 
on different columns) were investigated by stepwise regression analysis. Significant 
relationships were found in only a few instances but the regression coefficients were 
not high enough for predicting lipophilicity. A dependence of the relationship be- 
tween lipophilicity and retention data on the type of compounds was observed and 
difficulties with GLC as a technique for determining lipophilicity are emphasized. The 
influence of TLC systems on R M values, the influence of organic solvents on the 
partition coefficients and the influence of temperature and stationary phases on GLC 
retention indices are discussed. 

INTRODUCTION 

Lipophilicity is a useful and important parameter in quantitative structure- 
activity relationship (QSAR) investigations. Using lipophilicity as an independent 
variable, one can design new biologically active molecules by QSAR methods. Li- 
pophilicity can be measured in many ways, e.g., by partition in the 1-octanol-water 
systemlJ, giving log P values, by reversed-phase thin-layer chromatography (RP- 
TLC) and reversed-phase over-pressured layer chromatography3-5, giving RM values, 
by reversed-phase high-performance liquid chromatography (RP-HPLC)6*7 and 
gas-liquid chromatography (GLC)s-12. Clifford and Watkins* used GLC relative re- 
tention (7rot,c = I-&, where rX and rh are the retentions of a compound x and a 
parent compound h, respectively) with success for chemical structure-biological ac- 
tivity investigations. Steurbaut et dg and Rittich and Dubskyi l found no correlation 
between GLC relative retention and linear free energy parameters. 

BoEek* O used oleyl alcohol and water as GLC stationary phases for measuring 
partition coefficients. This method is suitable only for highly volatile solutes. In cer- 
tain instances highly significant linear relationships were found between partition 
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parameters and GLC retention parameters by Valkb and Lopata’ 2. They found good 
correlations only for a few types of compounds using partition coefficients measured 
in 1-octanol-water,_cyclohexane-water or chloroform-water, and were unable to give 
a generally useful GLC method for measuring partition data. 

In this paper, we consider the application of lipophilicity for 31 aniline:deriv- 
atives. Earlier, we tried to use this technique for triazine herbicides13 and carbox- 
amide derivatives14. With the triazines we obtained good results for 15 derivatives. 
A highly significant linear relationship was found between their RM values and re- 
tention indices; the correlation coefficient of the equation was 0.941 [F (Fischer test 
value) = 45.91. The results were not as good for 28 carboxamide derivatives, the 
correlation coefficient for the best equation being 0,773 (F = 38.65). No significant 
correlation was found between RM values and GLC retention data determined by 
some other workersg*ll, but satisfactory correlations were found in other instan- 
o+‘O,12 

In this work, we measured the GLC (Kovbts) retention indices of 31 aniline 
derivatives on six stationary phases of different polarities and examined the relation- 
ships between their RM values and the GLC retention data. 

EXPERIMENTAL 

The aniline derivatives investigated are listed in Table I. The RM values were 
taken from the literature15 and the log P values were taken from the Hansch-Leo 
compilation16. The Kovits retention indices (Z) were measured with a Packard 7400 
gas chromatograph with 180 cm x 2 mm I.D., glass columns equipped with a flame 
ionization detector. The stationary phases were 3% Apolar (AP}, 3% Carbowax 20M 
(CW), 3% OV-1 (OVl), 3% OV-17 (OV17), 3% OV-275 (OV275) and 3% Epon- 
1001 (EP) on Supelcoport (80-100 mesh) and the carrier gas was nitrogen at a 
flow-rate of 50 ml/mm. Retention indices were measured at three column tempera- 
tures and extrapolated to O’C according to eqn. 1 (see below). 

To determine the relationship between log P, RM and Z values stepwise regres- 
sion analysis was used. The analysis was carried out on a Hewlett-Packard 9845B 
computer. 

RESULTS AND DISCUSSION 

The measured retention indices could not be used for direct investigations, as 
only retention indices measured at the same temperature and pressure can be com- 
pared. Retention indices of the aniline derivatives containing different substituents 
could not be measured at the same temperature. We therefore determined the reten- 
tion indices at three different temperatures. The temperature dependence of the re- 
tention index value is a hyperbolic function, but the curve can have a significant 
linear portion. We calculated the linear regression equations between the retention 
values and temperatures: 

Z=i+bt (1) 
where Z is the Kovats retention index, i is the intercept, b is the slope and t is the 
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TABLE III 

RELATIONSHIPS BETWEEN RMM(0)sn (D) AND i, Ai VALUES FOR TEN ALKYL DERIVATIVES 

X Y a b r r for 31 Eqn. 
conlpoun& NO. 

D* 0* 225.09 0.162 0.881 0.389 7 
D* E* -212.29 0.285 0.928 0.346 8 
D* Hf -370.16 0.444 0.966 0.415 9 
D* F 127.90 0.004 0.012 0.702 10 
Df w+ 278.27 0.323 0.473 0.727 11 

* For meaning of symbols, see Table II. 

on Apolan and stationary phases correlated well with &(ojan values, but the 
relationship is not suitable for predicting RM and log P values exactly. 

Summarizing our investigations on the possible relationship between lipophil- 
icity and behaviour in GLC, we may conclude that GLC is not practical and cannot 
be recommended as a technique for determining lipophilicity, because in most in- 
stances the establishment of suitable experimental conditions is difficult, 

In certain instances GLC could be useful but its applicability will always de- 
pend on the type of solute. For instance, earlier we obtained excellent results for s- 
triazine derivatives13 but poor correlations for carboxamide derivatives14. In addi- 
tion to the type of compounds, the stationary phases used are also very important. 
One must be very careful about the temperature at which the indices are measured, 
because retention indices measured at the same temperature can be compared. Several 
factors can influence the hpophilicity data. The RM values will be different in different 
eluent systems and the concentration of the organic phase may also intluence the 
results. The results are different if the log P values are measured in I-octanol-water, 
cyclohexane-water or other organic phase-water systems. The great variety of sig- 
nificant parameters make it difhcult to determine lipophilicity by GLC. Hence, we 
recommend RP-TLC or HPLC for the determination of lipophilicity in most instan- 
#S. 
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