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Abstract: The R; values of some acylanilide derivatives was determined
under reversed phase thin layer chromatographic (RP-TLC) conditions using
acetone-water and methanol-water mixtures as mobile phases. The Ry and b
values related to the molecular lipophilicity and to the specific hydrophobic sur-
face area of the analytes were calculated. The relationships between the chroma-
tographic parameters and physicochemical characteristics were calculated by
principal component analysis (PCA), cluster analysis (CA), and stepwise linear
regression analysis. The results indicated that the type of organic modifier exerts
a negligible effect on the measured RP-TLC parameters. It was further estab-
lished that the results of PCA cannot be used for differentiation among the
physicochemical parameters. CA calculations indicated that the highest similari-
ties were between metalaxyl and furalaxyl, as well as between oxadixyl and
RE26745. Stepwise regression analysis proved that computed parameters can
be successfully used for the prediction of the retention behavior of acylanilide
derivatives in RP-TLC.

Keywords: Acylanilide fungicides, Quantitative structure-retention relationship
(QSRR), Reversed phase thin layer chromatography
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INTRODUCTION

Because of their marked antifungal activity acylanilide derivatives have
been extensively used in up to date agricultural practice. In addition to
their beneficial effect, they also show marked toxicity and can cause envir-
onmental pollution.! The considerable commercial importance of acylani-
lide derivatives promoted the development of various analytical techniques
suitable for their separation and quantitative determination in various
more or less complicated accompanying matrices. Thus, chemilumines-
cence and multicommutation continuous flow methodology have been suc-
cessfully applied for the investigation of the photodegradation of furalaxyl
and ofurace.”! The high separation capacity, precision, and reliability of
the chromatographic methods have been exploited frequently in the quan-
titative analysis of acylanilide derivatives. Gas chromatography (GC)
coupled to mass spectrometry (MS) was employed for the control of the
removal of fungicides and insecticides (among them metalaxyl and oxa-
dixyl) from wines by using various adsorbents.’) Another GC-MS study
determined six oxazole fungicides, among them, oxadixyl in malt bev-
erages.”! GC-MS has found application in the analysis of pesticides (three
triazines, their desethyl derivatives, metolachlor and metalaxyl) in surface
and ground waters. The limit of quantitation was 0.01 p/L."! Oxadixyl and
other fungicides (hymexazol, drazoxolon, vinclozolin, chlozolinate, farm-
axadone) were determined in wines and juices by using two new sample
preparation methods, stir bar sorptive extraction and membrane assisted
solvent extraction prior to ultra-performance liquid chromatographic
analysis.!” GC has been further used for the measurement of benalaxyl,
chlorothalonil, and methomyl in tomatoes grown in open fields!”! and
for the investigation of the photodegradation of furalaxyl.’

Various high performance liquid chromatographic techniques
(normal and reversed phase separation modes) have also found applica-
tion in the analysis of acylanilide derivatives. Pesticides, among them,
benalaxyl and metalaxyl, were determined in tobacco using RP-HPLC
combined with MS.”!

Not only GC-MS and HPLC but also micellar electrokinetic chro-
matography have been used been applied for the analyses of pesticides
(among them metalaxyl) in red wines. Preconcentration of analytes was
performed by solid phase microextraction and the injection was carried
out by reversed electrode polarity stacking mode. The recovery varied
between 90-107%.11%)

As enantiomer pairs may exhibit markedly different biological activ-
ity, decomposition rate, and toxicity, many efforts were dedicated to the
separation and quantitative determination of the enantimers of acylani-
lide derivatives. The investigation usually employed various HPLC
technologies. Thus, the chiral separation of benalaxyl extracted from soil
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and water has been reported.!'") The majority of methods used the chiral
stationary phase cellulose-tris(3,5-dimethylphenylcarbamate) (CDMPC).
This stationary phase has been successfully used for the enantiosepara-
tion of benalaxyl in soil and water,l'” in soil, water, and grapes,“‘” in
tomatoes, tobacco, sugar beets, capsicum and soil,'™ and in plasma.[l6]
The parameters of the RP-HPLC separation using CDMPC stationary
phase were investigated in detail.l'”!

Mathematical statistical methods have been frequently employed for
the evaluation of the relationship between various TLC or RP-TLC
systems,!'®! between the thin layer chromatographic retention data and
biological activity (quantitative structure activity relationship, QSAR),!*!
and/or the relationship between retention data and physicochemical
parameters, QSRR).>"

The mathematical statistical methods frequently employed for the
evaluation of TLC retention data are multilinear regression analysis,*!
principal component analysis,??! spectral mapping technique,*® factor
analysis,”* and cluster analysis.[*”

The objectives of the study were the determination of the lipophilicity
and hydrophobic surface area of some acylanilide derivatives by reversed
phase thin layer chromatography, the assessment of the effect of the
type and concentration of the organic modifier in the mobile phase,
and the elucidation of the predictive power of computed physicochemical
parameters for the calculation of retention parameters.

EXPERIMENTAL
Materials

The chemical structures of the acylanilide derivatives are shown in
Figure 1. Their common name, chemical name, commercial name, and
their provenance are listed in Table 1. DC-Alufolien Kieselgel 60 F;s4
plates (20 x 20 cm, layer thickness, 0.2 mm) were purchased from Merck
AG (Darmstadt, Germany) and were not pretreated, either by prewash-
ing or by activation at elevated temperature. Acetone, n-hexane and
methanol of HPLC grade were purchased from Sigma-Aldrich Kft
(Budapest, Hungary). Paraffin oil of pharmaceutical quality was
purchased in a local pharmacy.

Determination of the Lipophilicity in Reversed Phase TLC

Stock solutions (0.2 M) of the analytes were prepared in methanol and
2 uL was spotted separately on the plates. The application of this
experimental design was influenced by the fact that the aim of the
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Figure 1. Chemical structures of acylanilide derivatives.

measurements was the determination of the retention behavior of
acylanilide derivatives and not the study of the possibilities of their
separation. Moreover, this arrangement excludes the competition of
analytes for the active sites of the surface of the stationary phase.

Silica plates were impregnated by overnight development in
n-hexane-paraffin oil (95:5, v/v). Mobile phases consisted of mixtures
of acetone-water and methanol-water with the concentration of organic
modifier varying in steps of 5 vol.%. Developments were carried out in
sandwich chambers (21 x 20 x 3 cm). The chambers were not thermosta-
tically controlled, developments were performed at ambient temperature
(22 £ 2°C). The running distance was, in each case, between 100-120 mm.
After development, the plates were dried at room temperature and the
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Table 1. The common name, chemical name, commercial name and provenance
of acylanilide derivatives
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No. name IUPAC name Trade name Manufacturer

1 Metalaxyl methyl N-(2- Ridomil 25 wp Ciba-Geigy,
methoxyacetyl)- Switzerland
N-(2,6-xylyl)-DL-
alaninate

2 CGA29212 methyl N-(2,6-dimethyl- Experimental Ciba-Geigy,
phenyl)-N-chloroacetyl- Switzerland
DL-alaninate

3 RE-26745 N-(2,6-dimethylphenyl)-2-  Experimental Chevron, USA
methoxy-N-(2-o0xo-
tetrahydrofuran-3-yl)-
acetamide

4 Ofurace o-2-chloro-N-2,6- Milfuram 50 wp Chevron, USA
xylylacetamido-y-
butyrolactone

5 Oxadixyl methoxy-N-(2-oxo0-1,3- Sandofan 25 wp Sandoz AG,
oxazolidin-3-yl)acet-2/, Germany
6'-xylidide

6 LABI14202F  2-[(2,6-dimethyl-phenyl)- Experimental BASF AG,
(oxazole-5-carbonyl)- Germany
amino]-propionic acid
methylester

7 Furalaxyl methyl-N-(2,6-xylyl)-N-(2-  Fongarid 25 wp Ciba Geigy,
furanylcarbonyl)-DL- Switzerland
alaninate

8 Benalaxyl methyl-N-phenylacetyl-N-2, Galben 25 wp Montedison,
6-xylyl-DL-alaninate ITtaly

9 Cyprofuram  (£)-a-[N-(3-chlorophenyl)  Vinicur 50 wp Schering AG,
cyclopropanecarboxa- Germany

mido]-a-butyrolactone

analytes were detected by their UV extinction. The spot center was deter-
mined visually. Each measurement was performed in triplicate, the data
were omitted from the following calculations when the relative standard
deviation was over 5%.

Calculation of the Relationship Between Retention Characteristics and
Physicochemical Parameters of Acylanilides

The Ry, value used for further computations was calculated for each
analytes and each mobile phase composition by:

Ry = log(1/R; — 1) (1)
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In order to increase the reliability of the calculation of lipophilicity,
the Ry values were extrapolated to zero concentration of the organic
component of the mobile phase by:

Ry=Rmo+b-C (2)

Where Ry is the concrete Ry value of an acylanilide derivative
determined at a given concentration of organic modifier in the mobile
phase, Ry is the hypothetic Ry value extrapolated to zero concentration
of organic modifier (best estimation of molecular lipophilicity), and b is
the change of Ry value caused by 1 vol.% change of organic modifier in
the mobile phase (related to the hydrophobic surface area of the ana-
lytel?®27l). Calculations were carried out separately for each acylanilide
derivatives.

The capacity of a considerable number of computed physicochemical
parameters was investigated for their ability to predict the retention beha-
vior of these analytes. They are listed in Table 2. The similarities and dis-
similarities among the acylanilide fungicides taking into consideration,
simultaneously, the measured and computed parameters were elucidated
by principal component analysis (PCA) and by cluster analysis (CA). The
variance explained by the principal components was set to 95%. The
linear regression between the measured and calculated physicochemical
parameters was elucidated by stepwise regression analysis (SPA). The ori-
ginal data matrix of PCA and CA computations consisted of the acylani-
lide derivatives as variables and the computed and measured parameters
as observations. SRA calculations were performed four times, the Ry
and b values measured in acetone-water and methanol water mobile
phase systems were, separately, the dependent variables, and the com-
puted molecular characteristic listed in Table 2 were, in each instance,
the independent variables. The number of accepted independent variables
was set to 1; the significance level of the acceptance was set to 95%. This
decision was influenced by the high correlation between the computed
molecular parameters.

RESULTS AND DISCUSSION

Each acylanilide derivatives displayed regular spot shapes in each RP-
TLC system and deformed peak spots decreasing the reliability of the
measurements were not observed. This finding indicated that these
RP-TLC systems can be used for the analysis of this class of analytes.
Acylanilide derivatives showed typical RP retention behavior: Ry, values
decreased with increasing concentration of the organic modifier in the
mobile phase. The parameters of Equation 2 describing the dependence
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Table 3. Parameters of the linear relationships between the Ry, values of acyla-
nilide derivatives and the concentration of methanol (C) in the mobile phase
(n=10)

RMmethanol = RMOMethanol +b . CMethanol

No. Compound Rwmo b r

1 Metalaxyl 1.2087 —0.0249 0.9826
2 CGA29212 2.0500 —0.0366 0.9816
3 RE26745 1.1548 —0.0260 0.9730
4 Ofurace 1.9869 —0.0357 0.9802
5 Oxadixyl 1.2606 —0.0291 0.9648
6 LAB19420 1.9595 —0.0384 0.9750
7 Furalaxyl 2.2359 —0.0430 0.9867
8 Benalaxyl 3.8093 —0.0676 0.9767
9 Cyprofuram 1.6086 —0.0286 0.9624

of the Ry values on the concentration of the organic modifiers (methanol
and acetone) in the mobile phase are listed in Tables 3 and 4. The correla-
tion between the Ry, value and the concentration of the organic modifier
in the mobile phase was, in each case highly significant, confirming the
regular retention behavior of the analytes. In the majority of cases both
chromatographic parameters show marked differences, suggesting that
these RP-TLC systems can be employed for the separation of acylanilide
derivatives.

PCA calculations indicated that the first principal component
explained more than 94% of the total variance. This result suggests that

Table 4. Parameters of the linear relationships between the Ry, values of acyla-
nilide derivatives and the concentration of acetone (C) in the mobile phase
(n=10)

RMAcetone = RMOAcetone +b- CAcetone

No. Compound Rwmo b r

1 Metalaxyl 0.8815 —0.0276 0.9821
2 CGA29212 1.5490 —0.0375 0.9979
3 RE26745 0.5153 —0.0251 0.9995
4 Ofurace 1.3280 —0.0361 0.9979
5 Oxadixyl 0.5326 —0.0246 0.9985
6 LAB19420 1.4507 —0.0362 0.9891
7 Furalaxyl 1.4044 —0.0353 0.9974
8 Benalaxyl 2.2286 —0.0493 0.9896
9 Cyprofuram 1.2424 —0.0313 0.9976
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Metalaxyl
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Figure 2. Similarities and dissimilarities between the acylanilide fungicides tak-
ing into consideration their measured and computed physicochemical parameters.
Results of cluster analysis.

marked intercorrelations occur between the computed molecular para-
meters and between the measured lipophilicity characteristics of the
acylanilide derivatives. The results of CA are depicted in Figure 2. The
greatest similarities were observed between metalaxyl and furalxil, as well
as between oxadixyl and the experimental preparation RE26745. Interest-
ingly, cyprofuram differs considerably from the other acylanilide deriva-
tives. This discrepancy can be tentatively explained by the unique
presence of three ring structure.
The results of SRA are listed below:

Rnmomethanol = 0.108 + 0.914. XLOGP2 r = 0.9312

bMethanol = —3.6.107% — 1.53.10°2.MLLOGP r = 0.8156

RMoAcetone = —0.426 — 0.593.ALOGPS r = 0.9432
bacetone = —1.60.107%2 — 8.80.107>.XLOGP2 r = 0.9332

n=9 in each case.

Highly significant correlations were found between the measured and
calcutated physicochemical parameters of acylanalide derivatives. As
expected, only log P values calculated by various softwares were selected
as an independent variable by SRA. This finding indicated that the reten-
tion of this class of analytes is governed by the molecular lipophilicity
and by the dimensions of hydrophobic surface areca. Moreover, the highly
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significant correlations suggested that computed molecular characteris-
tics can be successfully used for the prediction of the RP-TLC retention
behavior of acylanilide fungicides.

CONCLUSIONS

In conclusion, from the measurements and calculations made herein, acy-
lanilide derivatives can be easily separated by RP-TLC using both metha-
nol and acetone as organic modifiers in the mobile phase. PCA and CA
can be successfully used for the elucidation of the similarities and dissim-
ilarities between acylanilide derivatives. It was further established that the
computed physicochemical parameters included in the calculations can be
used for the prediction of the retention behavior of this class of analytes
by RP-TLC.

REFERENCES

1. Meneau, I.; Sanglard, D. Azole and fungicide resistance in clinical and
environmental Aspergillus fumigatus isolated. Med. Mycol. 2005, 43,
S307-S311.

2. Albert-Garcia, J.R.; Icardo, M.C.; Calatayud, J.M. Analytical strategy
photodegradation/chemiluminescence/continuous flow multicommutation
methodology for the determination of the herbicide Propanil. Talanta 2006,
69, 608-614.

3. Ruediger, G.A.; Pardon, K.H.; Sas, A.N.; Godden, P.W.; Pollnitz, A.P.
Removal of pesticides from red and white wine by the use of fining and filter
agents. Australian J. Grape Wine Res. 2004, /0, 8-16.

4. Vinas, P.; Campillo, N.; Aguinaga, N.; Martinez-Castillo, N.; Hernandez-
Cordoba, M. Solid phase microextraction for the gas chromatography mass
spectrometric determination of oxazole fungicides in malt beverages. Anal.
Bioanal. Chem. 2008, 397, 1425-1431.

5. Hildebrandt, A.; Guillamén, M.; Kacorte, S.; Tauler, R.; Barceld, D. Impact
of pesticides used in agriculture and vineyards to surface and groundwater
quality (North Spain). Water Res. 2008, 42, 3315-3326.

6. Vinas, P.; Aguinaga, N.; Campillo, N.; Hernandez-Cérdoba, M. Comparison
of stir bar sorptive extraction and membrane-assisted solvent extraction for
the ultra-performance liquid chromatographic determination of oxazole fun-
gicide residues in wines and juices. J. Chromatogr. A 2008, /794, 178-183.

7. Gambacorta, G.; Faccia, M.; Lamacchia, C.; Di Luccia, A.; La Notte, E.
Pesticide residues in tomatoes grown in open fields. Food Control 2005,
16, 629-632.

8. Iesca, R.M.; Cermola, F.; Graziano, M.L.; Montella, S.; Di Gioia, L.; Isidori,
M. Sensitized photooxygenation of the fungicide furalaxyl. Environ. Sci. Poll.
Res. 2004, 11, 222-226.



16: 11 23 January 2011

Downl oaded At:

Reversed Phase Thin Layer Chromatographic Behavior of Fungicides 1329

9.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mayer-Helm, B.; Hofbauer, L.; Muller, J. Method development for the
determination of selective pesticides on tobacco by high-performance liquid
chromatography-electro spray ionisation-tandem mass spectrometry. Talanta
2008, 74, 1184-1190.

. Ravelo-Perez, L.M.; Hernandez-Borges, J.; Borges-Miguel, T.M.; Rodriguez-

Delgado, M.A. Solid phase microextraction and sample stacking micellar
electrokinetic chromatography for the analysis of pesticides residues in red
wines. Food Chem. 2008, 777, 764-770.

Liu, D.H.; Wang, P.; Zhou, W.F.; Gu, X.; Chen, Z.S.; Zhou, Z.Q. Direct
chiral resolution and its application to the determination of fundicide bena-
laxyl in soil and water by high performance liquid chromatography. Anal.
Chim. Acta 2006, 555, 210-216.

Wang, P.; Jiang, S.R.; Liu, D.H.; Zhang, H.J.; Zhou, Z.Q. Enantiomeric
resolution of chiral pesticides by high performance liquid chromatohgraphy.
J. Agric. Food Chem. 2006, 54, 577-1583.

Wang, P.; Liu, D.H.; Wang, Y.H.; Shan, W.L.; Jiang, S.R.; Zhou, Z.Q.
Enantiomeric analysis of benalaxyl by high-performance liquid chromatogra-
phy. Chinese J. Anal. Chem. 2006, 34, 1524-1528. (Abstract in English).
Wang, X.Q.; Ja, G.F.; Qiu, J.; Diao, J.L.; Zhu, W.T.; Zhou, Z.Q. Stereoselec-
tive degradation of fungicide benalaxyl in solis and cucumber plants. Chiral-
ity 2007, 79, 300-306.

Gu, X.; Wang, P.; Liu, D.H.; Lv, C.G.; Lu, Y.; Zhou, Z.Q. Stercoselective
degradation of benalaxyl in tomato, tobacco, sugar beet, capsicum, and soil.
Chirality 2008, 20, 125-129.

Qiu, J.; Wang, Q.X.; Zhu, W.T.; Jia, G.F.; Wang, X.Q.; Zhou, Z.Q. Sterco-
selective determination of benalaxyl in plasma by chiral high-performance
liquid chromatography with diode array detector and application to pharma-
cokinetic study in rabbits. Chirality 2007, 19, 51-55.

Tian, Q.; Lv, C.G.; Wang, P.; Ren, L.P.; Qiu, J.; Li, L.; Zhou, Z.Q. Enantio-
meric separation of chiral pesticides by high performance liquid chromato-
graphy on cellulose tris-3,5-dimethylcarbamate stationary phase under
reversed-phase conditions. J. Sep. Sci. 2007, 30, 310-321.

Pyka, A.J.; Bober, K.J. Investigation of homologous series of fatty acids by
TLC. Part I. Comparison of separations of fatty acids on RP-18 plates with
and without a concentrating zone. J. Plan. Chromatogr. 2002, 75, 332-340.
Rozylo, J.K.; Matysiak, J.; Niewiedomy, A.J. Reversed-phase HPLC and
HPTLC characterization of potential fungicides. J. Plan. Chromatogr.
2000, /3, 176-181.

Pyka, A.J. Study of lipophilicity and application of selected topological
indexes in QSAR analysis of nicotinic acid derivatives. Part 1. J. Plan.
Chromatogr. 2004, 17, 275-279.

Igbal, S.H.; Rohrschneider, L.; Rathore, H.S.; Mital, S. Multilinear retention
model (R values) in TLC for use in herbicide analysis. Indian J. Chem. Tech-
nol. 2000, 7, 1-6.

Sarbu, C.; Djakovic-Sekulic, T.; Perisic-Janjic. Evakuation of lipophilicity
of some benzimidazole and benztriazole derivatives by RP HPTLC and
PCA. J. Pharm. Biomed. Anal. 2002, 30, 739-745.



16: 11 23 January 2011

Downl oaded At:

1330 Gy. Oros and T. Cserhati

23.

24.

25.

26.

27.

Forgacs, E.; Cserhati, T. Study of the interaction of some steroidal drugs with
cyclodextrin derivatives. Anal. Lett. 2004, 37, 1897-1908.

Zhang, L.; Zhang, M.; Wang, L.X.; Wang, Q.S. Relationship between the
lipophilicity and specific hydrophobic surface area of some pesticides by
RP-HPLC and HPTLC. Chromatographia 2000, 52, 306-308.

Csomos, E.; Héberger, K.; Simon-Sarkadi, L.J. Principal component analysis
of biogenic amines and polyphenols in Hungarian wines Agric. Food Chem.
2002, 50, 3768-3774.

Pyka, A.; Babuska, M. Lipophilicity of selected steroid compounds. 1. Inves-
tigation on RP18 W stationary phase by RP-HPTLC. J. Liq. Chromatogr. &
Rel. Technol. 2006, 29, 1891-1903.

Kiskowska-Murak, U.; Matosiuk, D.; Hawryl, A.; Waksmundzka-Hajnos,
M.; Kuran, B.; Kossakowski, J. Use of RP-HPTLC systems for the determi-
nation of lipophilicity of 3,5-dioxo-4-azatricyclo[5.2.2.02,6] undecanes-5-
HT, 5 antagonists. J. Liq. Chromatogr. & Rel. Technol. 2006, 29, 2019-2033.

Received November 3, 2008
Accepted November 26, 2008
Manuscript 6469M



