
Series of /?-a@-n-butyric (I), arylacetic (III), cr-methyl-&zrylpropionic (Us) a&l 
cimramic (IV) acids were subjecteci to reyersed-phase &in-layer chromatography on 
silica gel impregnated with silicone oil. In the series of acids I, II, and IV, charac- 
terized by a broach range of lipophilicity of the aromatic substituents, a non-rmear 
course of the relationship between rZ, values and z parameters was found- The 
inftuence was studied of these non-linear relationships on the usability of I& values 
for the characterization of lipophilicity in quantitative structure-activity relation- 
ships. A change from a linear form of activity-St dependence to a parabolic form of 
activity-RM dependence was found solely in instances in which rhe statistical signif- 
icance of the linear dependence was characterized by a high correlation coefkient, 
approaching 0.99. In such exceptional instances, requiring the highly accurate deter- 
mination of the biological activity concerned, a fahacious quadratic activity-hpo- 
phiEcityreht.ionshipm2ythusappear-In mostofthereprressionequationsstudied, 
however, the use of RM values instead of= parameters did not in!?uence the activity- 
lipophihcity relationships_ 

With the aid of values obtained from partition chromatography, the lipo- 
philicity of some disubstituted derivatives of acids 1-N was characterized, in which 
the addiditivy of the n parameters could ‘be expected to fail as a result of the action 
of the ar&o-efkct of their substituents. For &ii purpose either the R-W values were 
used directly, or zr parameters calculated from the relationship between z and RM 
values were uss. 

Recently we investigated1 the lipoph-ticities of /3-aryl-n-butyric and atylacetic 
acids with the aid of partition thin-layer chromatography (TLC). We used silica gel 
impregnated with silicone oil, which is frequently ~sed*-~ for the evaluation of lipo- 
philicity in biological correlations- Applying the method proposed by EMshoff and 
PerrirP, we found that in the chromatographic separation of both series of acids an 
adsorption mecharnsm participated, in addition to the partition mechanism. The 



dichotomy of the mechanism manifests itself in deviations From linearity in the 
oxrelations between the tabulated z parameters and tke experimentaI I& vakres. 
Witkin a broader range of lipopkilicity, the non-linear correlation between the x and 
& values can be substitutedr eithc; by a quadratic dependence or by a pair of straight 
lines with different regions of lipopkilicity of tke substituents. 

cH&dxcooH 
1 XQ- CH=CHCCOH 

X cw3 

In tkis study we applied the R-W values to correlations of certain biological 
activities in series of j3-aryl-n-butyric (I), arylacetic (II), a-methyl-B-aryIpropionic 
(III) and cinnamic (IV) acids. We aimed to establisk tke way in which tke non-linear 
correlation between z and Rx mod&d tke dependences of biological activities on 
& values. We studied first tke inhibition of tke heat denaturatlon of serum albumin 
and the activation of fibrinolysis, pkenomena whick depend solely on tke lipo- 
pkilicity, as ascertained in previous studi&- rz. We also performed, for tie series of 
acids I, regression analyss of erytkrocyte membrane stabilization against kypotonic 
haemolysis and of the anti-inflammatory activity in the test for inhibition of kaolin- 
induced oedema. Tkese processes are dependent on both the lipopkilicity and the 
polar effects of aromatic su.bstituentsU. 

Chronzamgraphy 
The stationary phase was prepared by shaking 25 g of silica gel GFzw for 

90 set with a mixture of x% (v/v) of silicone oil witk 6 ml of acetone and diluting 
with dioxane to 50 ml. The glass plates (10 x 20 cm) were covered with a 0.25-mm 
layer of a slurry of tke support using standard equipment. The volatile components 
of tke impregnating solutions were evaporated witkin 16 h at 2OT. 

Solutions (1 “A of acids I-IV in methanol were prepared, and 5-~1 samples 
were applied to the plate 3 cm from tke lower edge. After evaporating the methanol 
at 20°C ascending, one-dimensional TIC was carried out using 50°% acetone con- 
taining a citrate buffer (pH 3.4) as the mobile phase. A chromatograpkic chamber 
w&as equilibrated for 16 k witk the mobile pkase at 20°C. After migration for 15 cm 
thc plates were removed and, after evaporating the remaining mobile phase, the acids 
were detected under rJv light (1= 254 run). Each ckromatogram contained six com- 
pounds, two acids serving as reference samples. In the individual chromatograms the 
& values of the standards did not di&r by more than 0.02 

Smnpe preparafion 
&Xryl-u-butyric acids (I) were prepared by the metkod proposed by Asano 

et ill-l4 and deserii in detail elsewkere?.‘5. Arylaeetic acids (II) were prepared by 
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the Wilgerodt reaction ; alkoxy derivatives were obtained16 by alkylation of the methyl 
esters of the correspondiig 4-hydroxyarylacetic acids and subsequent hydrolysis. 
c-Methyl-/?-arylpropionic acids (III) were obtainedr” either by hydrogenation of sub- 
stituted a-methylcinnamic acids or by hydrolysis and decarboxy!ation of the corre- 
sponding cr-benzyl-cr-methylmalonates. Cinnamic acids (‘IV) were prepared bjr the 
Wittig reaction of substituted benxaldehydes with ethoxycarbonylmethyIene phos- 
phoraner’_ 

Biochemicd testing 
inhibition of the heat denaturation of bovine serum albumin was determined 

according to Mizushima18 as described in ref. 8. The efficiency was expressed by the 
moiar concentration, C’, causing 50% inhibition. 

Activation of fibrinolysis was measured by the “hanging clot” methodrg_ The 
eiiiciency was expressed by the minimum molar concentration, CF, that dissolved the 
coagulum after incubation for 24 h at 37°C. 

Stabilization of erythrocyte membranes against hypotonic haemoiysis was 
determined by the method proposed by Kalbhen et aZ.‘O, modified by using whole 
rat bloodzl. The activity was expressed as the concentration, Cs’, in moles per litre, 
bringing about 50% inhibition of haemolysis. 

Kaolin oedema inhibition was measured according to Hillebreeht= as described 
in detail in ref. 23. The effects of the compounds tested were expressed in terms of 
the percentage inhibition of inflammation, and the activity index, ZK, was calculated 
as the ratio of the effects of the compound tested and of the staudard; the staudard 
was 3-chloro4-benzyloxyphenylacetic acid=. 

Cidcdations 
In tile regression analysis, the z parameters derivedzl for arylacetic (in the 

series I-III) and benzoic (in the series IV) acids were used. The dz parameters for 
alkoxy and for higher alkyl groups were calculated from the value for the methoxy 
group, or the methyl group, and from the following incremen’ti: d.a = 0.5 for 
aliphatic CH,, 0.41 for cyclic CH2, -0.2 for branching and -0.3 for a double bond. 
For the calculation of 2’ for disubstituted derivatives, the difference between the 
lipophilicity?6 of remaining aromatic parts, C6He< and C6H3c, was taken into con- 
sideration, so that the value 0.23, ccrresponding2’ to 0.5 log P of hydrogen, was 
subtraced from the sum of both substituents 

The coefficients in the regression equations were calculated from experimental 
results by multipfe regression analysis using the least-squares method on a Hewktt- 
Packard 9820 computer. The statistical signifieances of the regression equations were 

tested by the standard deviation, s, the coetlicient of multiple correlation, r, and the 
FischerSnedecor criterion, Z? Individual parameters were evaluated statistically by 
Student’s t-test at the minimal significance level c = 0.001; the exceptions are noted 
in the texL 

fi-Aryf-a-6utyric acids 
In the series of acids Ia-In the & values were determined with two axen- 
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&&ions of silkone oil in the silica gel (see Table X). The care&ions between the 
z p%zuc&m and the RH values are expressed by eqn. 1 for the 3.5 0/a ccncenetation 
and eqn. 2 for the 7.5 o/a concentration. 

n r s F 

2x = 4.030 I&OS, - 1.138 ~R~~~~,s,12 + I.316 I4 0.994 O.i3I 464I? (I) 
,z = 3.481 RMcr.5, - O-625 ERm,.a I2 f 0.622 14 0.998 0.082 1168 (2) 

From these equations, with expetienw Raa values ins&.&, the XT values 
of substituents were calculated for tie acids 1-k. The values obtained are lower 
than would correspond to *Jle tabulated figures (see Table K), probably owing to a 
hydrophobic interaction between the or&o-substituents. For the acids la-&, regression 
analysis of the results of the test for the inhibition of heat denaturation of serum 
albumin led to eqn. 3. Hin this se&s of acids the lipophilicity is character&d by the 
experimental RM values, then the dependence of the inhl%itory activity on lipo- 
philicity is expressed by eqns. 4 and 5. 

R f S F 

log (l/c) = 0.504,2 i_ 3.148 16 0.986 0.080 493 (3) 
log (l/C? = 2.243 R,,,, - 2.575 [RM<3.5,]2 + 3.905 16 0.993 0.060 446 (4) 
log (l/C? = 2.1 IS R,,_,) - 1.050 [RM<,_,,l’ + 3.468 16 0.988 0.076 275 (5) 

2 Jkeqns.4and5,theRM krms are statistically si@mt at the a = G.05 
level. This apparent parabolic activity-lipophilicity relationship evidently results from 
the quadratic relationships in eqns. 1 and 2, respectively. 

For fibrinolysis activation, in this series of acids we calculated the regression 
eqn. 6. owing to insolubility of the more strongly lipophik derivatives Il, m, n and r 
under the conditions of the test, the !ipophili&y range is narrower in this instance. 
Consequently, when the RM values are used, a linear relationship between the acti- 
vation of fibrinolysis and lipophikity remains preserved, as is evident frum eqns. 7 
and 8. Additional insertion of R M2 terms into these equations lowers their statistical 
SignificanCe. 

log (l/c) = 0.608z f 0.942 
log (l/C? = 2.395 RM<3.5) + 1.715 
log (l/P) = 1.932 RM<,J, + 1.314 

n r‘-. s F 

13 0.987 0.077 428 (6) 
13 0.966 0.124 156 (7) 
13 0.978 0.100 245 (8) 

For the stabilization of erythrocyte membranes against hypotonic haemolysis, 
the dependence on the lipophilicity and polar eEkcts of substituents was calculated, 
expressed by eqn. 9. In this equation the partial correlation coefficients have the value 
r(z) = 0.951 and r(a) = 0.124. By using the RM vaiues for the characterization of 
lipophikity, the linear dependence on Spophilicity did not change, as is evident from 
eqns. 10 and 11. 

R r S F 

log (l/C-) = 0.206 z + 0.246 Q f 3.068 15 0.981 0.045 158 (9) 
log (l/C=) = 0.757 R,,_,, -f- 0.290 Q + 3.322 15 O-S88 0.037 246 (10) 
Iog (I/cS’) = 0.6f.B RHc,s, + 0.261 o + 3.201 15 0988 0.037 241 (11) 
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We assuxe that the staMcal si~ance of Ruz values in the regression 
eqdons are irdhenced by the statistical signikance of the lipophilicity-activity 
linear relationship. 

An analogous result was obtained in assessments of the dependence of anti- 
i-tory acti,iQ on the lipopbiliei~ parameter ,z and &_ In this series of 
zids I we foundU that kaolin oedema inhibition had a quadratic dependence on 
lipophikity md a linear dependence on the polar constants c of aromatic substituents 
(eqn. 12), with partial correlation u&icients r(z) = 0.71, r(,+ = 0.46 and r(c) = 
0.31, In this instance also the original quadratic dependence of activity on lipo- 
philicity underwent no change when the RM values were used for characterizing the 
lipophilicity (see eqns. 13 and 14). 

n f s F 

IoglK = 0.302~~0.056,++0.175+-0.515 15 0.952 0.052 35.5 (12) 
lo@ = 0.718 J&s_,,--0.873 [ir,,_,$ t0.209a -0.223 15 0.967 0.044 521 (13) 
IogF = 0.764 &(,a -0.534~~~~,,,~f0.182u-0.356 15 0.957 O-049 40.4 (14) 

In the series of acids IIa-IIs the relationships between the ,z parameters and 
the RM values, determined on silica gel impregnated with 3% silicone oil, are ex- 
pressed by eqns. I5 and 16. 

n f S F 

iz = 3.571 RM f 2.236 18 0.995 0.119 1824 (15) 
,z = 3.513 & - 0.787 RM* + 2.322 18 0.99s 0.076 2254 (16) 

In eqn. 16 the quadratic term is statistically sign&ant at the o = O_COl level, 
(3n insertion of the experimental R_W value into eqn. 16, _Ez for the substituents of 
derivative Ilt was cakulated (see Table II); the decrease in lipophilici~ against the 

asSumedsumofthetabulatedzvdues isevidentlyzconsequenceoftheorr~#ffect 

of the two zdko.xy groups. 
In the seric;; of arylacetic acids the dependence of the inhiiition of the heat 

denaturation of serum albumin on lipophilicity is expressed by a linear correlation 
(eqn- 17). When characterizing the lipophilicity by Rdl values, we obtain eqn. 18, in 
which the quadratic term is statistically si_ticant at the cc = 0.005 level. 

n f s F 

log (I/C) = 0.590 zc f 2_615 16 h988 0.083 58s (17) 
log (l/Cz) = 1.759 R, - L406 Rarz + 4.003 16 0.991 0.077 337 (18) 

This result corresponds to an analogous dependence expressed by eqr.. 3 or 4 
for the series of acids I. For fibrinolysis activation a linear dependence on lipo- 
phili~tywasfo~ffid,ex_~r~byeqn_ 19.WhenIipophilkitywascharxterizedby 

Rx values, the linear correlation remained preserved feqn. 20), probably again as a 
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TABLE H 

~~~~RAPHIGEEEIAVIOURANDBiO~LCALA~ SQFARYLACEl_ICACIDS<~ 

No. -x a? RF 
t* 

se LcrgfI/C'J"' khg(Ip-J --- 

Ii& H 0 0.795 -0.59 -c _nf 
Bb 4-6E40 0.01 0.795 -0.59 2.523 _tf 
nc 4-cx 0.70 0.725 -0.42 3.1X0 -II 

T[d 4&+C,K,O 0.81 0.705 -0.3g 3.056 l.aQO 
EIe 4&S 0.90 0.70 -0.37 3.056 1.222 
IIf 3-a4-aI~=aEcH,o 1.16 0.675 -0.32 3.377 I.396 
rrg 3-a-4-W@ 1.26 0.64 -0.25 3.511 1.398 
nh -if-h 1.40 0.645 -026 3.488 I.398 
ni 4.&r&-C& 1.68 0.59 -0.16 3.678 1.699 
IIj 4-w 1.90 0.57 -0.12 3.724 1.699 
EIk ecydo-c6H,, 2.46 0.50 0 4.125 2.222 
En -H=@=d%CH@ 2.47 0.46 0.07 4.046 2301 
nm 3-c14cycrockH,o 2.51 0.49 0.02 4.l31 2.222 
IlIz3 ~=G&O 2.51 0.46 0.07 4.034 2.222 
g ywy=@ y.9 0.40 0.40 0.18 0.18 4.347 4.201 2.39s 2.398 

Es 4-2*-sElykxy1 3.90 0.265 0.47 _EfS _fOL 
IIS ~-CM+GHI,O 3.96 0.25 0.56 _tss _ff 

rit 3-C&U4MGHnC&~ 2_28(1_91~) 0.56 -0.10 3.801 zoo0 

* x parameters taken from refs. 24 and 25. 
l * chmmatography was performed on silica gel containing 2.5% of silicone oil_ 

--- Activities taken from ref. 16_ 
‘ Not estzzbliskd_ 

” ljlactive_ 

consequence of the lower statistical signikan~ of the linear dependence of fib& 
nolysis activation on lipophikity_ 

n r s F 
log (l/C? = 0.645 zz -+ 0.590 14 0.982 0.094 328 (l9) 
log (l/C? = 2.419 RM -+ 2.076 14 0.977 0.107 248 (20) 

: 

a-iWeHiyQ?-ary~propio~ic acids 

IQ this series of acids (Wa-III@, the linear correlation between the tabulated 
sz parametirs and I& values is expressed by eqn. 21. 

ok = 2827 R, + 0.625 
n r F 

13 O-993 i-084 754 (21) 

Owing to a narrower range of iipophilicity of the aromatic substituents, 
(0 -C z < l-9), the parabolic z versm I& relationship is statistically Iess significant. 
Lk values were calculated for the 3&disubstituted derivatives IIlh-IIlp (see ‘Fable III) 
by inserting experimental RU values into eqn. 21. 



CEROMATOGRAPHIC BER4VIOUR AND BIOLOGICAL AIJllvrtlEs OFCWLO~- 
MONEUMSALTSOF a-M ETHYL+ARYLPROPiONEAClDS(m) 

No. x 22 . izp-- Lpu Lug(I/C'I"' Lug(IK?-j"' 

iit ECHO 
3-a& 

O-01 0 0_6t 0.60 -0.19 -0.18 3.169 3.192 0921 0921 
mc O_)c 0.615 -0.20 3.169 _n 

E 3-a 3a4cH,Q Z:Z 0.535 0.49 -0.06 3.327 -fC 

0.02 3.498 1.222 

Im 

=-Gw 

0.70 050 0 3.524 1.222 

mz 0.81 0.47 0.05 3.607 1.347 

IIIh 4-Br O-90 0.48 0.03 3.620 1398 
Iui 3-a-iro-c,H~ 126 0.38 021 3.896 -aft 

I% McS_?-b 1.40 0.345 0.28 3.932 1.824 

Ink 4-zert.cJrJ+ 1.58 0.28 0.41 4.071 2mO 
ml 3-Cl4iW-C&0 1.76 0.28 0.41 4201 _lS# 

E&l WHg 1.90 0.26 0.45 4.292 

IUD 3-C&O-d-fb-C&0 0.62 (O-41 ‘) 0.535 -0.06 3.327 1.047 

III0 3-CH,O-G~~0 

_ 
232 (l.ISO?) 0275 O-42 4-171 2097 

@J 3-Er4i.ro-C& 208 (I .73q 0.29 . 0.39 4.071 2011Q) 

I 
z para- t&en fhxtz refs. 24 and 25. 

I* Chromatography wzs perfoxzned on silica gel containing 7.5% of silicone o& 
*** Ac?i&ies taken from ref. IO. 

’ Inactive_ 
flf Not estzblished. 

If* hsofubk under the conditions of the test. 
* These value, cacuh* from Ru values us&g eqn. 21, wxe used in corr&tion as&sis of 

biological zctivities (eqns. 22 and 23)_ 

In the series of acids III the dependences of the inhibition of denaturation of 
serum albumin and of Sbrinolysis activation on lipophilicity are expressed by eqns. 22 
and 23, 

Iz r S F 

log (l/C? = 0.569~ f 3.135 16 0.993 0.047 1069 (22) 
log (l/C? = 0.679 z + 0.830 12 0.990 0.070 493 (23) 

In line with eqn. 21, in this instance substitution of ,z parameters by experi- 
mental RX values led to the linear correlations in eqns. 24 and 25, equivaleut to the 
preceding equations. 

II r s F 

log(1/C3 = l-634& f 3.483 i6 0.989 0.061 621 (24) 
log (l/C? = 1.960 RM + 1.247 12 0.992 0.063 623 (25) 

C~f~~C acici;E 
In the series of acids IVa-IV1 the correlations between the zz parameters and 

the RM values are expresseci by the quadratic dependence in eqn. 26. 

n r s F 

z = 3.660 & - 1.232 &* + 1.130 12 0.997 0.077 724 (26) 
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from which t&e vaiues of ZJZ: were cakuktted for derivatives Ivm and IVn (see Tabfe 
nr). W-g to the poor solubility of cimamic acids under the conditions of boa tests, 
it was possible to assess only ffie inhibition of denaturation of serum albumin in 

TABLE N 

CHRO&SATffiRAPEiEC BEHAVIOVR AND BIOLOGICAL ACTIWTY OF CDJNAMIC 
ACIDS(W) 

IVa 
Nb 
NC 
Nd 
Ne 
Nf 
Ng 
Nh 
Ni 
Nj 
Nk 
M 
Nm 
NII 

a 
4-a%* =cHCHrO 
3-a 
4a 
CbO-C,H,O 
3-cl4cH,=cHcH~o 
4-iko-c3H, 
3-cl4is&,Hyo 
4-&P-C& 
4-wck+C&I,,O 
4-+C&& 
3-Ci4n-CJ&O 
3-CH,-O-Gw-C~H,O 
3-cH3o-4-nssH& 

0 0.655 
0.78 0.69 
0.83 0.55 
0.87 0.53 
0.88 0.54 
1.38 0.47 
I.40 0.44 
1.58 0.44 
z.90 0.385 
2.18 0.315 
2.58 0.24 
3.18 0.16 
0.79 (0.52 f 3 0.595 
2 49 . (2.26 ‘ ‘) 0.295 

-0.28 3.252 
-0.35 3.495 
-0.09 3so9 
-o_os 3.569 
-0.07 3,479 

0.05 3.757 
0.10 3.801 
0.10 3.792 
0.20 4.149 
0.34 -6 
0.51 _f 
0.72 _I 

-0.17 3.306 
0.38 4.279 

- ;3 parameters taken fmm refs. 24 and 25. 
=- Chromatography was pcrfonned on sil+ gel containing 7.5% of siliaxzs oil. 

l **Acti~*tia taken from ref. 12. 
4 InsuIubk under the conditions of the test. 

l* These alug. cakufated fkom KM values using exp. 26, viexe used in correIation an&&s uf 
t&e inhiiition of serum albumin denatwation (eqn. 27). 

eleven derivatives with lipophilicity not exceeding & = 2.2 (acid IV@ For these 
compounds, the linear dependence on the lipopbilicity was calculated, characterized 
either by the z parameters (eqn. 27) or by RM values (eqn 28). 

n r S F 

Iog (l/Cl) = 0.487 z f 3.123 It 0.975 0.076 172 (27) 
log (I/C?) = 1.734 RM + 3.657 11 0.981 0.066 235 (2s) 

For the fouk series of acids investigated, the results of regression analysis of 
various biological activities showed that the use of & values, obtained by revelsed- 
phase TLC, for the characterization of iipophi!icity was not markedly itiuencec! by 
deviations from linearity of the z vwsw RM correlations. Of tie exzmpks of relatio>- 
ships between biological activity and z parameters studied, the application of RK 
values for the characterization of lipophilicity led to a significant change in the 
activity-&ophilicity relationships solely in eqns. 4, 5 and 18. In these instances a 
linear relationship between the activity and zz parameters is substituted by tie ftizcious 
parabolic dependence on lipopbilicity expressed by & values. These pi&Us in the 
use of & values can probably be expected only in instances when the statistical 
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significznce of the above linear relationship is cbaraeti by a correlation coe&ient 
approaching 0239. Such exceptional insm~ also require a highly accurate determi- 
nation of the biological activity umceraed. 

In several examples of compounds with combinations of substituents in which 
the additivity of zz parameters could k expected to fail (acids IO-IS, IIt, rrm_UIp, 
Nm and IVn), it was possible to characterize their lipophilicity by quantities ob- 
takd Corn partition chromatography. For this pm-pose either the RM values were 
used directly, or z parameters calculated from the relationship between z and RH 
-raIues were used. 
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