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INVESTIGATIONS OF THE RELATIONSHIP BETWEEN MOLECULAR 
STRUCTURE AND CHROMATOGRAPHIC PARAMETERS 

IX. EXTRACTION OF PHENOLIC 2-BENZOY LBENZOIC ACIDS WITH 
CYCLOHEXANE SOLUTIONS OF n-HEXANOL AND OLEIC ACID 

(First rcccived January 15th. 1975: rcviscd manuscript rcceivcd March 25th. 1975) 

SUMMARY 

Fifteen hydroxyl derivatives of 2-benzoylbenzoic acid were chromatographed 
in a series of solvent systems of the type (cyclohexane -I_ polar solvent)-buffer so- 
lution. r+Hexanol and oleic acid were used as polar associated solvents (S). From the 
slopes of the Rnr ~v~‘.ws log [S] plots, the probable, molecular mechanism of liquid- 
liquid partition and especially solvation by associated solvents were established. 

INTRODUCTION 

In preceding papers in this series’*2. the molecular mechanism of the partition 
of phenols and phenolic acids was investigated by the dilution method. These investi- 
gations have now been continued to include a series of derivatives of 2-bcnzoyl- 
benzoic acid synthesized by Gronowska. Rumiriski and Wazgird’*“. The differences 
in the molecular structures of this set of related compouncls permit the effects of vari- 
ous substituents and their positions on the slopes of the Rn, ~vmw log [S] plots 
(S = polar solvent), which provide information on the molecular interactions in the 
organic phase, to be elucidated. 

The investigations, as in the previous workl*‘, had several purposes. Variation 
of solvent composition in order to optimize chromatographic separations is a standard 
technique, and a quantitative knowledge of solvent composition effects is essential 
particularly in gradient elution 4*s. Solvation etl’ects are also important in other phe- 
nomena, such as adsorption from solution and crystallization, and the molecular 
interactions involvecl are especially complex when associated solvents are used”*‘. 
Partition coeficients in aqueous systems and the effect of molecular structure on them 
have gained additional significance in recent years owing to attempts to correlate 
liquid-liquid partition ,with the accessibility of organic solutes to receptors in living 

l To whom the authors cxprcss their thnnks for scnditlg samples of the compounds, 
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systems and thus with biological activity (quantitative structure-activity relation- 
ships, QSAR-Hansch analysisR*9). In such studies, chromatographic methods have 
also been employedto and the dilution technique may provide additional information 
on the structural effects involved. 

EXPERIMENTAL 

Whatman No. 41 paper strips were impregnated with Mcllvaine’s buffer 
solutions of pH 4.03. 5.08 or 6.01, blotted between two sheets of filter-paper and dried 
in air until the content of buffer solution decreased to 0.5 g per gram of dry paper. 
The strips were than transferred immediately to all-glass chromatographic tanks for 
descending development”. Under these conditions. the ratio of the volumes of the 
two liquid phases, Vorn/Vw, is co. 2.0. 

The spots were detected with bis-diazotized benzidine reagent after spraying 
with a saturated solution of sodium hydrogen carbonate. 

RESULTS AND DISCUSSION 

The RF values and the formulae of the solutes are given in Tables I and II. 
The results are presented as RiCI re,=r;us log [S] plots. the R,,, axis being directed down- 
wards so that RI: and log D (D = distribution ratio) increase upwards (see parallel 
ordinates in Fig. la; log D was calculated assuming that log D = -RRnr -0.3). The 
solutes are denoted by appropriate symbols, the last letter B indicating 2-benzoyl- 
benzoic acid and the preceding letters and symbols the substituents and their posi- 
tions on the second ring (cJ, Table I). 

For partition systems with rt-hexanol as the polar component of the mobile 
phase (Figs. la and 2a), linear Ricr WI'SUS log [HxOH] graphs were obtained; the 
lines form two separate groups, the first containing the more hydrophilic 4’-hydroxy 
derivatives, for which the slope was C’CI. - 1.6, and the second the 2’-hydroxy deriv- 
atives, for which higher RI: values and less steep R,,, ~wsus log [HxOH] lines were 
obtained (slope cc. -0.8). The parallel behaviour within the two groups of isomers 
is striking. For instance, the 4’-hydroxy-2’-methyl-5’-isopropyl derivative. which is 
more hydrophobic owing to substitution with two aliphatic radicals, is clearly distin- 
guishable from the 2’-hydroxy derivatives. 

In order to secure the optimum range of RI: values. buffer solutions of different 
pH were used; an increase in pH decreased the RI.- values’z, permitting the Ru vctws 
log [S] relationships of more hydrophobic compounds to be determined more accu- 
rately, shifting the curve downwards without any noticeable changes in slope and 
sequence within the two groups of compounds. 

The differences in behaviour of 2’-hydroxy and 4’hydroxy derivatives are 
probably due to the formation of an internal hydrogen bond in the former compounds. 
As rt-hexanol has the properties of solvents of class E3L*z*13*1J. it is able to solvate only 
proton-donor groups such as -OH or -COOH; comparison with 4’-hydroxy deriv- 
atives seems to indicate that it is the hydroxyl group in the 2’-position that can form 
the internal hydrogen bond with the carbonyl group, resulting in more hydrophobic 
properties of the 2’-hydroxy derivatives and less steep R,,, wrsus log [HxOH] relation- 
ships. With 4’-hydroxy derivatives. both proton-donor groups can interact with II- 

. 
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Fig. I. I?,, values of phcnolic acids plotted against perccntagc concentration of polar solvent, S. :I. 
rr-Hcxanol: b. olcic ncicl. Dilucnt, cyclohcxi~nc: stationary phase. aqueous bulkr solution of pH 4.03. 
For notation of solutes, set Table 1. 

hexanol and the slope is cn. -2.0. The participation of 2’-hydroxy groups in the for- 
mation of an internal hydrogen bond is confirmed by the parallel I?,,, IVXSU~S log 
[HxOH] relationships for 2’-hydroxy-3’“allcyl and 2’-hydroxy-3’-chloro derivatives. 
which otherwise should exhibit an O/V/IO effect (decrease in slope) in comparison with 
4’-methyl, 5’-methyl and 5’-chloro derivatives. Most 4’Aydroxy derivatives have ad- 
ditional substituents in the 3’-position, which, owing to the W//K> effect. slightly 
decrease the slopes of the R,,, wracks log [HxOH] lines. On the other hand. the line 
for 2-(4’~hydroxybenzoyI)benzoic acid (4HB) is steeper. 2-(2’.4’-Dihydroxybenzoyll- 
benzoic acid (24HB) behaves as a bifunctional compound ow.ing to the formation of 
an internal hydrogen bond. 
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Fig. 2. As Fig. 1 : pi-l == G.01. 

In Figs. lb and 2b, analogous relationships are presented for olcic acid as the 
polar component of the developing solvent. Lower RI; values were observed for this 
solvent, indicating its lower extraction strength relative to pbenolic acids, which is due, 
among other causes, to tile lower molarity of the polar group’. For most 4’-hydroxy 
compounds (except the 4’-methyl-5’-isopropyl derivative), low RF values were ob- 
tained and for 2’-hydroxy derivatives the lines became less steep at higher dilutions of 
oleic acid. The slope of the lines was cn. -0.5 at lower concentrations of oleic acid 
(Fig. 1 b) and increased to - 1.0 and above at higher concentrations (Fig. 2b). As 
with rl-bexanol, the lines of the 4’-hydroxy derivatives are steeper than those of the 
2’-hydroxy compounds. 

,, As .Iusiakls demonstrated in his systematic investigations, solutions of oleic 
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acid in organic solvents are very efficient extractants of alkaloids, owing to the for- 
mation of ion pairs or more complex adducts (see also ref. 16). The present results 
indicate that for solutions in non-polar solvents, interactions of oleic acid with non- 
basic proton donor groups (-OH. -COOH) can contribute to the extraction ability 
of the mixed solvent. 

The results reported in this and earlier papers in this series seem to indicate 
that for polyfunctional solutes the slopes are, to a first approximation, additive for 
a given system (i.c>., - I .O for monofunctional solutes. -2.0 for bifunctional solutes, 
etc.), account being taken of steric shielding and especially internal hydrogen bonding. 
Thus, the presence of proton-donor groups can be reflected by increased slopes for ex- 
tractants that contain n-hexanol, oleic acid and similar solvents. 
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