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CHROMATOGRAPHIC BEHAVIOR AND LIPOPHILICITY OF s-TRIAZINE
DERIVATIVES ON SILICA GEL IMPREGNATED WITH PARAFFIN OIL

Lidija R. Jevri¢, Gordana B. Koprivica, Nevena M. Misljenovié, Bratislav Z. Jovanovi¢

The chromatographic behavior of four group of s-triazine derivatives (14 compounds)
has been studied by TLC on silica gel impregnated with paraffin oil. Retention mecha-
nism has been determined using the following mobile phases: water-acetone, water-ace-
tonitrile, water-dioxane, water-tetrahydrofuran, water-methanol and water-ethanol, by
changing the volume fraction of modifier in the mobile phase. On impregnated silica gel,
a reversed-phase chromatographic process occurs. Good correlation was obtained bet-
ween the retention constants, R, (determined by linear extrapolation), and slope, S, of
chromatographic equations. There was also satisfactory correlation between these reten-
tion constants and logP values calculated using different theoretical methods. The study
showed that the retention constants can be used as a measure of lipophilicity of investiga-
ted compounds.

KEYWORDS: s-Triazine derivatives, RP-TLC, impregnated silica gel, multiple linear
regression analysis, lipophilicity

INTRODUCTION

Considerable attention has been paid to the analysis of chemical in the s-triazine
group, due to their widespread use in agricultural chemistry and their subsequent degra-
dation in biological syistems (1, 2). For initial chemical screening of the activity of newly
synthesized compounds it is recommended first to determine their lipopholicity, an
important physico-chemical property in relation to biological activity. Lipophilicity is
difficult to quantitate, but the most widely accepted measure of lipopholicity is the octa-
nol-water partition coefficient, defined as the ratio of the concentrations of the solute in
the two phases of a saturated 1-octanol-water system. Measurement of the octanol-water
partition coefficient is achieved by an alternative method, reversed-phase liquid chro-
matography (3). Reversed-phase thin-layer chromatography (RP TLC) has been found to
offer a rapid method for the analysis of a large number of s-triazine type compounds.
Certain relationships between the structure of s-triazine compounds and their mobility on
silica gel impregnated with paraffin oil have recently been demonstrated (4). The reten-
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tion behavior of compounds in various chromatographic systems is believed to be diffe-
rent by nature, i.e. the different physico-chemical properties of an analyte can influence
its retention. Most recently, much effort has been done with the major aim of finding a
mathematical model relating the retention of a given analyte to physico-chemical and
structural parameters (descriptors) of test molecules. These correlations are known as
quantitative structure-retention relationships (QSRR) (5-7). Besides practical application
in optimization strategies, QSRR studies can significantly contribute to getting some
insight into the molecular mechanism of separation. The QSRR equations describing R,,”
determined for different mobile phase organic component in terms of logarithms of n-oc-
tanol-water partition coefficients were derived. The partition coefficients (4logP, [4logP,
ClogP, logPykowin, XlogP, ACDlogP) were calculated by using different software packa-
ges. The purpose of the work described in this paper was, therefore, to select the logP
data and TLC system that best characterize octanol/water partitioning, and thus the lipo-
philicity of the investigated molecules.

EXPERIMENTAL

Fourteen derivatives of s-triazine (Table 1) were investigated. The compounds were
synthesized in the laboratory of the Department of Organic Chemistry, Faculty of Tech-
nology and Metallurgy, University of Belgrade (8, 9). Standard solutions (1 mg cm™) we-
re prepared in methanol, acetone, or chloroform. Samples were spotted on the plates by
means of a micro-pipette.

TLC was performed on 20 x 20 cm glass plates precoated with impregnate silica gel.
The thin-layer of impregnate silica gel was prepared by suspending 25 g silica gel 60
GF,s4 (Merck) in 100 ml diethyl ether containing 2.5 % paraffin oil. To ease the visua-
lization, fluorescent indicator F»s4 (Merck) was incorporated into the layers (10).

Impregnate silica gel layer was developed using the following mobile phases:

Aprotic solvents: Acetonitrile-water (¢ =0.2-0.6; v/v), Acetone-water (¢ =0.5-0.8; v/v),
Tetrahydrofuran-water (¢ =0.45-0.7; v/v), Dioxane-water (¢ =0.5-0.8; v/v).

Protic solvents: Methanol-water (¢=0.5-0.8; v/v), Ethanol-water (¢=0.5-0.8; v/v).

The plates were developed to a distance of 15 cm by the ascending tchnique at room
temperature without previous saturation of the chamber with mobile phase. Dark spots
were observed under UV light (A=254 nm). R;, values were calculated from R;, = log
((1/Rg) - 1). All calculations were performed using the computer software Origin, Version
6.1. The partition coefficients AlogP, I4logP, ClogP, logPx.win and XlogP, were calcu-
lated for the compounds by applying different theoretical procedures (11, 12). ACDlogP
was calculated using commercial software and the other partition coefficients were ob-
tained from the internet (13).
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Table 1. Chemical structures of the s-triazines studied

Cl
N| Xy
A«
Sy N/ N
H H
Series I Series 11
Compound R Compound R n
L1 -CH(CH3)-CH; 1.1 3
12 -CH(CHz)-CgH,-4-CHj, 11.2 CH, 4
L3 -CH(CH3)-CeH,-4-Cl 113 S/ 5
L4 -CH(CH3;)-C4H,-4-Br -C(CH3)-(CHy),
Series 111 Series IV
Cl cl
N| N N)\N
R R |
~ )\ N )\ )\ R
N N N ~
o e o Wy
Compound R R R | Compound R n
1.1 CHy, H H V.1 3
1.2 CH,, CH; CH; V.2 CH, 4
1.3 CH, CHs H V.3 / 5
1114 CeHyy Ce¢Hs CeHs -C(CH;)~(CHy),,
RESULTS AND DISCUSSION

Determination of Retention Constants, RMO, TLC Equations

When the R, values calculated from R, values (retention factor defined as the distance
migrated by the sample from the origin compared with the distance migrated by the
solvent front from the origin) were plotted against mobile phase composition for each
compound there was a range in which a linear relationship was observed between the Ry,
values and organic modifier concentration in the mobile phase, which can be expressed
by the equation R, = RMOO + S¢, indicative of the reversed-phase chromatography, were

¢ 1s the amount (%) of organic compounds in the mobile phase (14). The obtained slopes,
S, and intercept values, Ry, of TLC equation for each solute are presented in Table 2.
The correlation coefficients of the TLC equations were satisfactory.
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Correlation Between Retention Constants, RMO, and Slope, S

A linear relationship was observed between the intercept, R,/ and slope, S, for protic
and aprotic solvents, as shown by the equations given in Table 3. The best correlation
was obtained for aceton as mobile-phase modifier (+ = 0.994). There is a good correlation
between R,/ and S, which might reflect the suitability of the systems examined for esti-
mating the lipophilicity of the compounds. The R,,” values, which are chromatographic
data describing the partitioning between a non-polar stationary and a polar mobile phase,
may therefore be appropriate for the assessment of lipophlicity.

Table 3. Equations for the relationships between the retention constants, R/,

and slope, S.
Mobile phase Equation r sd n
Acetone-water RMO =-0.572-1.1218 0994 | 0.101 14
Acetonitrile-water Ry’ =-1717-1.3568 0.954 | 0.590 14
Dioxane-water RMO =-1.895-0.965S 0.920 | 0.392 14
Tetrahydrofuran-water Ry’ =-0231-1231S 0.985 | 0.140 | 14
Methanol-water R,/ =-1278-1911S 0987 | 0.110 14
Ethanol-water Ry =-0.786 —1.1528 0.962 | 0.283 14

Based on the results obtained on silica gel impregnated paraffin oil, R,,” is directly de-
pendent on the nature of mobile phase modifiers. In other words, the selectivity of separa-
tion of the tested substances are the result of specific interactions with the mobile phase.
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Figure 1. Relationship between the extrapolated retention constants, R,/, and the number
of phenyl groups compounds of series /1] derivatives s-triazine molecules

As can be seen from Figure 1, of structural parameters, the most pronounced effect

on R, values has phenyl group. Namely, a linear relationship was observed between the
R,/ values and the number of phenyl groups, n(Ph), in the substituents at position 4 and 6
in the compounds of series III derivatives of s-triazine. A decrease in the polarity of the
molecule (increase in the number of phenyl groups) resulted in the increased retention

(Figure 1).
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Correlation of Retention Constants, Ry’ and logP

Lipophilic character often seems to be the most important physico-chemical parame-
ter in determining the biological activity of chemical agents. Lipophilicity can be expres-
sed in terms of many different descriptors (logP, logk,,, Ry, Ry/"), obtained experimentally
or calculated. The experimental parameters most frequently used are the retention cons-
tants R,/ (RPTLC) and logk,, (RPHPLC), whereas the calculated quantity is logP. The
partiton coefficient, logP, of a given compound between a non-aqueous and an aqueous
phase can be used as an expression of its lipophilic character (15).

Because the retention of a compound in reversed-phase chromatography is governed
by hydrophobic interactions, linear relationships between the retention constant, R,,”, and
logP could be expected (16).

The partition coefficients (AlogP, I4logP, ClogP, 10gPxowin, XlogP, ACDlogP) of s-
triazine derivatives are listed in Table 4.

Table 4. Partition coefficients calculated by different theoretical methods

Comp. | AlogP | IAlogP ClogP logPK,.i, | XlogP | ACDlogP
L1 5.25 5.06 4.85 5.07 4.83 3.87
1.2 5.65 5.13 5.85 6.16 5.70 4.79
13 5.94 7.08 6.28 6.36 6.07 5.06
14 6.18 5.89 6.58 6.85 6.43 5.42
1I.1 4.96 5.15 5.32 5.88 3.71 3.70
1.2 5.78 5.96 6.44 6.86 4.85 4.82
11.3 6.55 6.65 7.55 7.85 5.99 5.95
1.1 491 4.76 5.40 5.96 4.01 3.74
111.2 5.55 4.81 5.48 6.86 5.14 4.82
1.3 6.07 5.80 7.21 8.17 6.14 5.36
111.4 6.98 7.98 9.02 10.39 8.27 7.07
V.1 3.83 3.63 3.12 3.81 2.37 2.85
V.2 4.21 4.08 3.67 4.30 2.94 3.41
V.3 4.64 4.48 4.23 4.79 3.51 3.98

Table 5. Correlation coefficients (r) for the correlation between Ry, and different logP

values
R,/ AlogP | IAlogP | ClogP | logPky,., | XlogP | ACDlogP
Acetonitrile 0.835 0.705 | 0.858 0.877 0.795 0.804
Acetone 0.763 0.708 | 0.828 0.875 0.671 0.757
Dioxane 0.747 0.624 | 0.815 0.900 0.681 0.770
Tetrahydrofuran | 0.570 | 0.533 | 0.648 0.756 0.532 0.707
Methanol 0.702 0.604 | 0.794 0.895 0.665 0.750
Ethanol 0.855 0.795 | 0.822 0.838 0.900 0.825
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By comparing the calculated values to define the lipophilicity of the investigated mo-
lecules, it is evident that ethanol as a modifier gives the highest correlation (calculated
average correlation coefficient is 0.839).

Retention Constants, Ry, for QSRR

The OSRRs are statistical models which quantify the relationship between the struc-
ture of a molecule and its chromatographic retention parameters in different kinds of
chromatography. The application of QSRR allows the prediction of the retention of a new
solute, identification of the most informative structural descriptors, elucidation of the mo-
lecular mechanisms of separation in a given chromatographic system, evaluation of com-
plex physico-chemical properties of solutes and estimation of biological activities. The
relationship between the retention and the structural characteristics of a molecule expla-
ins the effect of chemical structure on the retention behavior in a more accurate way (17).

The use of multiple linear regression (MLR) analysis for fourteen s-triazine deriva-
tives led to statistically significant equations relating lipophilicity (estimated by R,/ va-
lues (dependent variable) to different theoretically calculated six types of log P namely
AlogP, ClogP, ACDlogP, 10gPk i, X logP and I4logP values for each compound (inde-
pendent variable). The specifications for the best-selected MLR models are shown in
Table 6 and Table 7.

These relationships were analyzed and the best model was selected on the basis of va-
rious statistical parameters like correlation coefficient (7), and standard deviation (SD).

In the first phase of work, the multilinear relationships between the retention constant
and two variable lipophilicity descriptors was examined.

Table 6. Statistical parameters for multilinear dependence between R,,’ and two variables
descriptors lipophilicity

Modifier Descriptors R/ =a logP;+ blogP, + ¢

Ry logP, | logP, a b c r SD
Acetone logPk,, | XlogP | 0.0993 | 0.648 | -0.313 | 0.916 | 0.329
Dioxane AogP logPk,, | 0.312 | 0.813 | -0.410 | 0.949 | 0.306
Methanol logPx,., | XlogP 0.571 | 0.672 | -0.357 | 0.953 | 0.234

From the data in Table 6, it is evident that the retention constant correlates best with
XlogP combined with 1ogPyoywin (r = 0.953) - modifier methanol and logPywin With AlogP
(r=0.949) - modifier dioxane.

The multilinear dependence of the retention constant, R,,”, and the three lipophilicity
descriptors is shown in Table 7. The best correlation was observed for the combined
logPxow, XlogP and IAlogP (r = 0.964)
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Table 7. Statistical parameters for multilinear dependence between R, and three
variables descriptors lipophilicity

Modifier Descriptors R\ =alogP,; + blogP, + clogP; + d

Ry’ logP; logP, logP; a b c d r SD
Acetone AogP logPx,w | XlogP -1.969 |0.811 [0.524 [-0.632 |0.948 |0.274
Dioxane logPk,w | XlogP IAlogP 0.731 ]0.853 |-0.292 |-0.231 [0.957 |0.294

Acetonitrile AogP logPkow | ACDlogP [-2.713 [1.401 [0.756 [-1.203 |0.901 ]0.659
Tetrahydrofuran | logPk,. | XlogP ACDlogP [0.664 ]0.271 [-0.609 [0.791 ]0.904 |0.280
Methanol logPxow | XlogP 1AlogP 0.948 10.708 |-0.251 |-0.208 |0.964 |0.216
Ethanol logPk,. | XlogP ClogP 0.625 10.408 [0.537 |-0.503 [0.907 |0.398

The analysis of these results indicates that the proposed models can correctly repre-
sent the relationship between the retention parameters of the investigated compounds on
silica gel and different log P values calculated for various compound solely from the mo-
lecular structure. These models are suitable for prediction of the retention of structurally
similar compounds under the same chromatographic conditions.

CONCLUSION

Experimentally obtained RP R, values depend on the nature of organic modifier in
the mobile phase. A linear relationship between R,,” and slope, S, values was found for all
mobile phases. Satisfactory linear correlation was obtained between the retention cons-
tants and AlogP, ClogP, ACDlogP, 1ogP,, X logP and IAlogP. According to the corre-
lation coefficients, R, is a useful property for evaluation of the relative lipophilicity of
the examined compounds.

The correlations between the retention constants, R, and selected lipofilicity para-
meter (different logP values) of the solutes were expressed by multiparametric equations
of high statistical significance, indicate that these models can be used to predict the re-
tention constants of these molecules.
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XPOMATOI'PA®CKO ITIOHAINABE U JTMITO®UJTHOCT c-TPUAZNHCKHUX
JEPUBATA HA TAHKOM CJIOJY CUJINKA I'EJIA UMITPETHUPAHOTI'
IMAPA®UHCKHUM Y/bEM

Jluouja P. Jespuh, I'opoana b. Konpusuya, Hesena M. Muuivenosuh, bpamucnas JK.
Josanosuh

Hcnurano je xpoMaTorpad)cko MOHANIAkEe YSTHPU IPYNe HOBOCHHTETUCAHUX ICPH-
BaTa C-TPHA3MHA HA TAHKOM CJIOjy CHIIMKA rejla UMPErHUPaHOT napaduHcKkuM yibeM. Pe-
TEHIIMOHN MeXaHu3aM je ojpeleH ynorpedboM MoOmmHHX (pasa: alleTOH-BOJA, alleTOHUT-
pUII-BOJA, TUOKCAH-BOAA, TeTPaxuapodypaH-Bo/Ia, METaHOI-BO/Ia U €TaHOJ-BOJA, BapH-
pameM 3aIpeMIHCKOT yaella MoTupHuKaTopa y mokpeTHoj ¢ga3u. Ha tankoM ciojy crmm-
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Ka TeJla UMIPETHUPAHOT IMapaQuHCKAM YJBEM JI0JIa3u 10 OOPHYTO-(Pa3HOT PEeTSHIIMOHOT
Mexanm3Ma. J{obpe kopemammje cy mocturayte maMeljy pereHuuone kouctamte, R,
(peTeH1Mja pacTBOpKa y YHCTOj BOAM), U HaruoOa, S, xpomarorpadceke jennaunte. Takohe
Cy IIOCTHTHYTE 3a[J0BOJbaBajyhe Kopenanuje u3mely peTeHInOHe KOHCTaHTe M BPEAHO-
ct logP, u3payyHaTHX KOPUINNCHEM PA3IUYMTHX PaYyHApCKUX mporpama. To ykasyje
na Ry, Moxxe OUTH anTepHATHBHU JECKPHUIITOP y AehUHHCAbY JUITO(GUITHOCTH NCTIUTHBA-
HUX JlepUBaTa c-TpHa3uHa.
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