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SUMMARY 

Experimental Raw va!ues for a series of mono- and di-substituted phenols were 
determined ushg high-performance liquid chromato_oSaphy_ Statistically si_&ficant 
linear relationships were found between these R, values and Hansch’s z parameters 
or literature RM values basccl on various chromato,~phic methods. The effect of the 
composition of the mobile phase on the linearity of the relationships is discussed. 
Physico-chemical parameters of the phenols are correlated with their fimgicidal ac- 
tivities_ 

A frequently used approach to the assessment of quantitative relationships 
between the biological activity and the chemical structure of drugs has been Hmsch’s 
andpisx3. The mechanism of biological action can be described as a chain of COQ- 
secutive p rocesss in which the most important factor is the hydrophilic or lipophilic 
nature of the biophases in which the processes occur between the site of application 
and the site of action of a drug. Lipophihcity of drugs can be characterized by the 
logarithm of the partition coefficient P, in the reference system n-octixnol-water. This 
parameter’*r has frequently been used to interpret the relationship between structure 
and activity for a number of drugs with fungicidal~, haemolytk4, tranquillizing5 and 
anticonvtsIsiv& activities. Another parameter of hydrophobicity is the Rw value’-11, 
derived from reversed-phase thin-layer chromatography (TLC) aud paper chro- 
matography <‘PC). There is 2 linear relationship between RM and log Pro=lr. Pa.rtition 
coefkients in some phenols have been determined by means of high-performance 
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liquid chromatography (HPLC) using a chemically bound non-polar stationary 
phaselr. 

The aim of this study was to ascertain whether in a series of phenols the RM 
vaiues obtained by liquid chromatography correlate with fungicidal activity, and to 
check the linearity of the relationship between the partition coefticients obtained by 
different chromatographic techniques. 

THEoRETrcAL 

. Hansch et CZZ.‘*~ measured the partition coefficients in the n-octanol-water 
system. From these values they established the substitution constant, z, defined by 
the equation 

z=log& -IogP, (1) 

where Px is the partition coefficient of the compound with a substituent X and PH 
is the partition coefficient of the unsubstituted compound. The relationship between 
the partition coethcient P and rhe EM values obtained by partition chromatography 
can be expressed by Collander’s equation13: 

logP=b&+a (2) 

where a and 6 are constants. 
The value of & is de&red by the equatio# 

R&V = log (l/RF - 1) (3) 

for thin-layer and paper chromatography, and by the equation 

R,=log( y.,““) 

for liquid chromatographyr5, where V, is the elution volume of a separated com- 
pound and P> is the elution volume of an unretained compound. 

For a reference system where Pw = 1, by inserting eqn. 2 into eqn. 1 the 
following expression is obtained : 

z=bR,+a (5) 

This relationship also holds for related partitioning systems with water as the polar 
phase and with the same type of interaction occurring between the solute and the 
solvent in the non-polar phase. 

The effect of dissociation on the chromatograpbic behaviour of bases and acids 
has been reported by Gohrmbic et al. 16. If association of molecules in the organic 
phase can’be ignored, it is possible to express the effect of environmenfal pH by the 
equation 



where Ru is the corrected value, RM the experimental vdue, KA is the dissociation 
constant of the solute and m’] is *he hydrogen ion concentration of the mobile 
phase. 

The relationship between biological activity and physico-chemicaI parameters 
can be expressed by the equation” 

where a, b and d are cons~~ti, g is the reaction parameter and C, is the molar con- 
~~~~tration of a substance producing an equivalent biological or biochemical effect_ 
P, Q and S refer to the effects of hydrophobic, electronic and spherical factors, re- 
spectively. P can be espressed as the n-octanol-water partition coefficient according 
to Hansch et d_’ and a is Hammett’s constant zs. St&c efIcct.s can be ignored if an 
appropriate choice of derivatives is made. For ionized compounds with substituents 
in the n&a and pafa positions, Hammett’s G parameters can be replaced by pK, 
val~es~. These have also &en successfi.tlly correlated with the biological activity in 
compounds with o&o substituents19.‘0_ 

EXPERIMENTAL 

Chemicals and equipment 
The phenol derivatives used were commercial preparations of analytical- 

reagent grade (Lachema, Bmo, Czechoslovakia, and Merck, Darmstadt, G.F.R.). 
The compounds used are listed in Table II (I-XXVI). Their identities were cowed 
by means of ultraviolet and infrared spectrophotometry. Analytical-rcagcnt grade 
solvents were redistilIed before use. The test strain was the fun_- Tfichuphyton 
gypsewn var. Kaufman-Wolf. 

Chromata_~phy was performed an a Varian LC S!IOO chromatograph using 
a MicroPak CH-10 column (250 x 2 mm I.D., Merck), packed with silica gel (par- 
ticle size 10 pm) with C,, chemicahy-bound non-polar stationary phase. Au uhraviolet 
detector (J._,. = 254 nm) and Hamiiton 705 chromato,mphic syringes (50 ~1) were 
also used. 

Conditions 
Phenols were separated on a Micro&k CH-10 cohunn using various composi- 

tions of metbanai-water and dioxan-water mixtures as the mobile phase at a flow- 
rate of 60 ml/h. Samples were dissolved in the mobile phase at a concentration of 
about 1 m&nl and applied to the column in 5-IO-~1 volumes. The antifungal activity 
of the phenols was examined on a strain of Tfychophyton gypseum var. Kaufman- 
Wolf using the inhibition zone method*l*Z_ The molar concentration of each phenol 
that did not produce a visible inhibition zone by this method was used as a basis for 
CKMR&~OU of biological activity with p&ysicoxhemical parameters. Values of the 
dissociation constants, pK,, were taken from the literaturr+“, as also were Hansch’s 
.‘t parameQrsZ*26_ 



Elution volumes of the phenols studied were measured and RM values were 
calculated using a methanol-water system ofvarying composition as the mobile phase. 
The aim was to determine a concentration range within which the relationship 
between RM values and methanol concentration in the mobtie phase was constant, 
that is, to find out which values could be included in correlations by eqn. 5. For the 
phenols, constants for the regression equation and regression coefficients were Cal- 
culated for methanol concentrations in the mobile phase in the range 20-70% (see 
Table I). As indicated by the regression coefkients, w&bin this concentration range 
the relationship between R M and methanol concentration was linear, which is in 
accordance with the results of other workers It. The best partitioning was achieved 
in the mobile phase methanol-water (1:4). The results are presented in Table IL 

TABLE I 

RELATIONSEXE’ BELTWEE NR,VALUESAND 3AETEWNOL CONCENTECATiON IN THE 
MOBILE PHASE 
R&r = be + a. 

czandb = constants; c = methanol concentration (%, v/v); n = number of compounds in the set; 
s = standard deviation; r = regression coefficient. Concentration of methanol in the mobile phase 
= 20-70 % (v/v). 

Compomd a b n s r 

Phenol 0.769 -0.946 4 0.082 0.954 
p-CR601 0.997 -1.193 
p-Chlorophenol 1.322 -1.656 

1 0.071 0.976 
0.080 0.985 

pBromopheno1 1.644 -2.130 4 0.197 0.952 
p-Phtiylphenol 2.0!30 -2.634 4 0.150 0.995 

Experimental RM values calculated by -eqn. 4 were correlated with Hansch’s 
z parameters. For the methanol-water (1:4) mobile phase eqn. 8 was derived; in- 
cluded in the calculation were phenols having pK, > 7.00, for which the effect of 
correction by eqn. 6 could be ignored. 

Mobile phe: methand-water (Id) 

Compound E+ation II S r Equation No. 

I-XIV sz = 3.333 R, - 2.597 14 0.153 0.874 (8) 
I-XII z = 2.359 RM - 1.735 12 0.279 0.936 (9) 
I-xl& xv-XvIl z = 2.234 RM - 1.578 15 0.275 0.921 (10) 
1-m xv-XVII x = 2.294 RJi- 1.710 15 0.303 0.!304 (11) 

On reverse calculation of z values accordimg to eqn. 8. large differences were found 
between tabulated and calculated values for m- andp-aminophenols. After eliminating 
these compounds from the set tested, the relationship was de&red by eqn. 9. Eqn. 10 
determines the relationship between the parameters and RM values for phenols, 
including those with pK, c 7.00, with no correction for dissociation, and eqn. 11 
expresses the same relationship after correcting the & values with eqn. 6. 
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TABLE 11 

CEiROMATOGRAPHEC SEPARATION OF PHENOLS 
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Phenol 

s 
Rcscxcaol 
EiydroqirinOElC 

m0!mgiucin01 

c?-c3do~~ot 

p_chlorphcSOl 

pEZOiSlphcn01 

u-Nh-ophcaol 
m-Nitrophcuol 
p-Nitro+cnol 
In-Aminopknol 
p-Amktophcllol 
2$5-D*~phuzOl 

2,5_mnim3pkal01 
2,4Dinitrophc~ol 
&c-Iodophenol 
p-eyanopbmol 
o-Amiaophalol 
ALES01 

&OC&dlOl 

Guiacol 
pPhcnyIphcno1 
Pn.%aol 
2Zh!oro-&nifro~henol 

0.653 
0.845 
0.813 
0.477 
0.477 
0.301 
0.875 
l_cso 
1.393 
0.954 
0.954 
1mO 
0.477 
0.602 
0.544 
0.740 
0.602 

- 

0.699 
0.845 
0.398 
0.778 
l-591 
0.352 
0.602 

0.000 
0.333 
0.345 

-0.296 
-0169 
-0.637 

0.454 
OS5S 
0.692 
O-417 
0.348 
0.284 

-0.301 
-0.367 
-0.813 
-0.269 

- 

0.845 
0.208 
0.333 
0.317 

-0.269 
0.208 
l-158 

-0.269 
-0.367 

* I = MicroPak CH-10 column, methanol-xitcr (1~4) mobile phase, flow-rate 60 ml/h. 
l * II = MicroE%k CH-10 column. dio.xan-wzter (1:4) mobile phase, flow-rate 60 mI)h_ 

The sane procedure was employed to compute the relationship between z 
and RM values in the mobile phase dioxan-water (I :4)_ In this system the chromato- 
grap’hic hehaviour of m- and p-aminophenols was Iess anomalous than in the system 
methanol-water (eqns- 12 and 13)- Phenols with R, values calculated according to 
eqn. 4 were represented by eqn. 14 and phenols with I& values correcti according 
to eqn_ 6 were defined by equation 15. 

Eqns. 1 i and 15 indicate a statistically significant (P < 0.01) linear rehtioa- 
ship between zz and &, ~dues obtained by reversed-phase HPLC. 



TABLE Ill 

RELATIONSHIP BEkIWEEN EXPERIMENTAL AND ISTERA-JXJBE RM VALUES 

RM (exp.) = bRM (lit.) f a. 
Q and b = constants; n = number of compounds in the set; s = standard deviation; r = regression 
coefficient. 

Mobile p fikzse Chrotnatographic a b I2 s r Reference 
method’ 

Dioxan-water (1:4) HPLC 0.585 1.096 7 0.031 0.942 12 
TLC 0.506 0.851 5 0.030 0.994 27 
PC 0.760 0.650 9 0.070 0.982 28 

Methanol-water (1:4) TLC 0.730 0.568 7 0.028 0.993 27 
PC 1.279 0.618 9 0.103 0.957 28 

* HPLC: ,uBondapak Cza; methanol-water mobile phase. TLC: cellulose-S% ethyl ok&e; 
ethanol-water (1:4) mobile phase. PC: Whztrnzn No. 4-S % ethyl ok&e, ethanol-water <1:4) mobile 
Phase. 

Eqn. 16 shows the RM values measured with the methanol-water (1:4) mobile 
phase (R,,) and those with the dioxan-water (1:4) system (R,,,I) for phenols with 
pK, 2 7.00. Eqn. 17 holds for the test set of phenols without aminophenols. Eqn. 18 
expresses the relationship between I?,_, and RM_II values for the complete set of 
phenols, where the & values for nitrophenols with p& -c 7.00 were corrected 
accordirg to eqn. 6. 

compoand 

I-XIV, XX-XXV 
I-XII, 2a-XXV 
I-xlr, XV-XVI 

Equation n S I- E&ztion No. 

RAM = 0.724RM_rl + 0.666 20 0.111 0.947 (16) 
RsI_1 = 0.773R,+u -I- 0.655 17 0.093 0.969 (17) 
R M-1 = 0.64lR~_r~ + 0.709 2o 0.188 0.874 (18) 

TABLE IV 

RELATIONSHIP BETWEEN EXPERIMENTAL RM VALUES AND DATA REPORTED BY 
MARClNKIEWICZ et al.= 

RM (exp.) = bRM (lit.) f a. 

cmpomd 

Phenol 
u-Cresol 
m-Cresol 
p_Cresol 
p_Bromophenol 
pIodopheno1 
u-Chlorophenol 
p_Chlorophenol 
P-phenylphenol 

Literature Measured Rx values Cakdated R.w values 
RM vaLws= 

I’ II” I’ N” 

-1.063 0.653 0.000 0.622 0.070 
-0.547 0.845 0.317 0.941 0.405 
-0.767 0.845 0.333 0.805 0.262 
-0.767 0.813 0.348 0.805 0.262 
-0.070 1.393 0.692 1.236 0.715 

0.2a4 - 0.845 - 0.893 
-0.417 0.874 0.454 1.021 0.489 
-0.417 1.060 0.558 1.020 0.489 

0.556 1.591 1.158 1.623 1.121 

l I = MicroPak CH-10 column. methanol-water (1:4) mobile phase, flow-rate 60 d/h. 
** II = MicroPak CI-I-10 coluirm. dioxan-water (1:4) mobile phase, flow-rate 60 ml/h. 
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TABLE v 
FUNGICKDALA- OF PHENOLS 

COmpormd cog IIC’ 

Observed Calculated" 

r II zrz 

!i%COOI 3.819 4.207 3.935 4.036 

XI 4.356 4.356 4.610 - 4.043 4.177 4.165 4.321 
pcrrsol 4.356 4.438 4.009 4.338 
Phlomglwinol 3.946 - 3.717 3.121 
m+XitrophcaoI 4.487 5.714 5.578 5.589 
~mtropllcslol 6.3% 6.412 6.451 6.334 
bcbloropkslol 4.557 5.706 5.297 5.671 
pcEJoropheuol 5.694 5.452 5.111 5.157 
2+Dinitrophenol 8.197 8.000 8.536 - 
2,5_Dinitmphaol 7.3.53 7.500 7.486 7.222 
2,6-Dinitrophenol 7.817 7.373 8.672 7.960 
ZCbloro-i-nitmphenol 9.821 - 8.782 8.962 

* C = fu@cidal activity determined experimentally a#nst Trychophyron gypsewn 
Kaufman-\volf_ 

l * I, II and III = fungicidal activities 2s calculated by eqns. 19, 21 znd 23, respectively_ 

The RM values obtained in these experiments were correlated with those ob- 
tained by various chromatographic methods as reparted in the literature (see Tables 
III and IV)_ The results in Table III show that the iinear relationship between these 
RX values was statistically significant (P < 0.01). 

Both Hansch’s zz parameters and RSM values were used to correlate the fungi- 
cidai effect of mono- and di-substituted phenols (tested on T~~-c@&-ron gypsezm var. 
Kaufman-Wolf) with their physico-chemical properties (Table V). For the-? param- 
eters, this retationship was expressed by eqn. 19. Eqns. 20 and 21 were derived for 
uncorrected Rx values and for RN values corrected by eqn. 6, respectively, using 
methanol-water (1:4) as the mobile phase_ Eqns. 22 and 23 were formulated for both 
the uncorrected and corrected R_u values measured with the mobile phase dioxan- 
water (1:4))_ 

Ep2tion 

Log I/C = 0.858 ~~-0.648 pK, + 10.616 
Afobiie pkzse: melIta?wLtcazer (13) 

Log l/C = l-267 R, - 0.743 pK, + 10.530 
Log l/C = 1.638 RY - 0.703 pKA -L 0.779 

lriobile pfrre: dioxaswarer (1::) 

Log 1;c = 0.921 R,, - 0.758 pKA +- 11.552 
Los l/C = 1.117 R=-0.723 pK, + 11-186 

n S r Eqffa~ian No. 

10 0.574 0.952 G9) 

13 0.661 0.950 (20) 
13 0.510 0.957 (21) 

12 0.904 0.900 (22) 
12 0.867 0.909 (23) 

Correlation coefhcients expressed by eqns. 19-23 indicate that for phenols 
hydrophobic RM data have the same value as Hmsch’s z parameters when corre- 
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lating ftmgicidal activity with physico-chemical parameters. Moreover, HPLC is a 
method that requires less time and labour than the spectrophotometric deter- 
mination of partition coefficients in a pair of solvents. 

REREFENCES 

1 C. Hansch, R. M. Muir, T. Fujita, P. P. Maloney, C. F. Geiger and M. J. Streich, J_ Amer. Chem. 
Sac., 85 (1963) 2817. 

2 C. Hansch and T. Fuji@ i. AMW. Chem. Sue., 86 (1964) 1616. 
3 C. Hausch and E. J. Lien, I. Med. Chem., 14 (1971) 653. 
4 C. Hansch and W. 3. Glave, Mol. Pharmacal., 7 (1971) 337. 
5 E. J. Lien, M. H. Husaia and M. P. Golden, J. Med. Chem., 13 (1970) 623. 
6 E. J. Lien. J. Med. Chem., 13 (1970) 1189. 
7 D. R. Cliford. A. C. Deacon and M. E. Holgate, Ann. Appl. Biol., ii4 (1969) 131. 
8 J. D. Turnbull. G. L. B&i, A. J. Merola and D. G. Comwell, Biuchem. Pirarmacu~., 20 (1971) 

1383. 
9 G. G. Briggs, M. Elliot, A. W. Far&am, N. F. Jams, P. H. Needham, D. A. P&man and S. R. 

Joung. Pestic. Sci., 7 (1976) 236. 
10 G. L. Biagi, A. M. Barbara, M. F. Gamba 2nd M. C. Guen-a, J_ Cfzmmtogr., 41(1969) 371. 
11 M. Kuchaf, B. Br&tov& V. Rejholec and V. R&bek, J. Chromtogr., 92 (1974) 381. 
12 R. M. Ca&on. R. E. Carlson and H. L. Kopperman. J. CImmtogr., 107 (1975) 219. 
13 R. Callander, Acta Chin. Scmd., 5 (1951) 774. 
14 E. C. Bate-Smith and R. G. Westall, Biochh. Biophys. Actcr, 4 (19.50) 427. 
15 B. L. Karger, in J. J. Kirkland (Editor), Modern Practice of Liquid Chromarugnzphy, Wiley- 

Interscience, New York, 1971, Ch. 1. 
16 C. Goiumbic, M. Orchin and S. Weller, J. Amer. Chem. Sue., 71 (1949) 2624. 
17 E. Tomlinson, J. Chomtogr.. 113 (1975) 1. 
18 L. P. H!ammett, Physic& Organic Chemislry, McGraw-Hill, New York, 1940. 
19 C. Hansch, E. J. Liec and F. I-Ielmer, Arch. Biuchem Biuphys., 128 (1968) 319. 
20 T. Fuji& J. Med. Chem., 15 (1972) 1049. 
21 M. Polster, desk. Dermatol., 32 (1957) 134. 
22 M. Polster, Arch. Exp. Vet. Med_, 21 (1967) 299. 
23 C. Weast (Editor), Handbook of Chemisrry and Physics, Chemical Rubber Co., Cleveland, 49th 

ed., 1968. 
24 G. Harris, Dictionary of Organic Cornpow& E&-and Spottiswoode, London, 1953. 
25 T. Fuji&, J. Med. Chem., 9 (1966) 797. 
26 T. Fujita, J. Iwxa and C. Iiansch, J. Amer. Chem. Sac., X6 (1964) 5175. 
27 L. S. Bark and R. J. T. Graham, J. Chronzurogr_, 25 (1966) 357. 
28 S. Marcinkiewicz and J. Green, J. Chromatugr., 10 (1963) 372. 


