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Summary

In this study, the multivariate partial least squares pro-
Jjections to latent structures (PLS) technique was used
for modeling the RP-HPLC retention data of 17 chal-
cones, which were determined with methanol-water
mobile phases of different compositions. The PLS
model was based on molecular descriptors which can be
calculated for any compound utilizing only the knowl-
edge of its molecular structure. The PLS analysis re-
sulted in a model with the following statistics: r=0.976,
Q=0.933,5=0.076, and F =43.63. The adequacy of the
developed model was assessed by means of cross-
validation and also, by PLS modeling of the retention
data of several chalcones reported by Walczak et al. [J.
Chromatogr. 353, 123, (1986)], which were obtained
using stationary phases of different polarity -(-NH»,
DIOL, -CN, ODS, Cg). The structural interpretation of
the developed PLS model was accomplished by means
of comparative correlations between the nonempirical
descriptors used in the model and the solvation para-
meters developed by Abraham. The results obtained in
this work provides evidence for the great potential of the
topological approach for the development of quantita-
tive structure-retention relationship (QSRR) models.

Introduction

Chalcones have been reported to display a wide variety
of biological activities [1]. For example, several deriva-
tives have shown antibacterial [2], antiviral [3], hepato
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protectant [4], antimutagenic [5], gastric protectant [6],
antiinflammatory [7], antileishmanial [8] and antic-
ancer [9,10] activities.

Reversed-phase liquid chromatography (RPLC) has
been widely recognized as a valuable alternative method
to extract and quantify information about the structure
and physicochemical properties of organic compounds
[11], particularly hydrophobicity parameters that are
extensively used in studies of quantitative structure-
activity relationships (QSAR) [12-14]. In previous stu-
dies [15-17], hydrophobicity parameters obtained by
RPLC as well as nonempirical descriptors based on the
chemical graph theory, have been found useful in es-
tablishing quantitative structure-activity and structure-
property relationships (QSAR, QSPR).

It is generally accepted that fortuitous or artifactual
QSPR/QSAR models may be obtained when there exists
multicollinearity among predictor variables and the
models are derived by means of multiple linear regres-
sion (MLR) techniques. The disadvantage of the MLR
method has recently been overcome through the devel-
opment of a partial least squares (PLS) method [18]
which circumvents the problems of collinearity among
the variables and also offers the advantage of handling
data sets where the number of independent variables is
greater than the number of observations.

Thermodynamic parameters and magnitudes related to
simple flavonoid structure, microbiological and chemi-
cal reactivity, and bioactivity have already been de-
termined [19-25].

In the present study, the PLS technique was used for
modeling the RPLC retention data of 17 E-s-cis chal-
cones, which were determined with methanol:water
mobile phases of different compositions. The model
here developed (PLSqec) Was based on molecular de-
scriptors which can be calculated for any compound
utilizing only the knowledge of its molecular structure,
and included several topological and constitutional de-
scriptors as well as calculated hydrophobicity para-
meters. The adequacy of the PLS,,.. model was as-
sessed by means of crossvalidation and also, by PLS
modeling of the retention data of 24 (4,4")-E-s-cis chal-
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Figure 1

Structures of chalcones included in the study.

cones reported by Walczak and co-workers [26]. The
data were obtained using stationary phases of different
polarity (-NH,, DIOL, -CN, ODS, Cg), and the new
developed PLS model was based on the descriptor vari-
ables used in the PLS, .. model. Finally, the structural
interpretation of PLS.. was accomplished by means
of comparative correlations between the selected none-
mpirical descriptors and the solvation parameters de-
veloped b% Abraham [27], such as dipolarity/polariz-
ability (n,"), hydrogen-bond acceptor basicity (Xf,"),
hydrogen-bond donor acidity (2o, ), and excess molar
refraction (R,).

Experimental
Materials

The compounds described (1-17) were synthesized ac-
cording to Claisen-Schmidt and Reichal-Miiller proce-
dures [28]. They were purified by LH 20 Sephadex
column chromatography with methanol as eluent. The
identities of the compounds were verified by UV, IR, and
'"H NMR spectroscopy. The structures are given in Fig-
ure 1.
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Instrumental

The experiments were performed with a Beckman
(model 332) liquid chromatograph equipped with a
variable wavelength detector (model 164) operated at
300 nm. The retention times were measured with a Var-
ian 4290 integrator. A Phenosphere 5 um ODS-2 C;g
column (250 x 4.6 mm) was used in all experiments.

HPLC Procedure

Chalcones were dissolved in the mobile phase at con-
centrations ranged from 0.05 mM to 0.12 mM, depend-
ing on the solubility of the compound. The chromato-
graphy was carried out at room temperature (26 £ 1 °C)
and the injection volume was 50 uL for all experiments.

The flow-rate was 1 mL min ', and the mobile phases
consisted of different volume fractions of methanol and
water. The column dead time (70) was estimated from
the retention time of deuteromethanol measured at
220 nm with methanol as eluent. The obtained retention
data (7r) were measured at 0.05-increments of ¢MeOH
in the range of 0.50 < ¢MeOH 2 0.90 for compounds 3,
4,5,6,7,13, 15, and 16; and 0.60 < pMeOH 2 0.90 for
the other compounds. These data were used to derive the
values of capacity factor (k), which was calculated in the
usual manner; that is, £ = (Tr - To)/To. All capacity
factors given represent the mean of 2-3 determinations
of each sample solution. The reproducibility of reten-
tion times varied from 0.2%-1.6 % (RSD) within a peri-
od of 6 weeks of experiments.

Finally, the values of log Aw and S were obtained by
linear regression using Eq. (1):

log ko =logkw—S @ 1)
The correlation coefficients from log k¢ vs. @MeOH

© regressions were >(0.990 for all compounds assayed. All

chromatographic parameters included in the analysis
are given in Table I.

Structural Descriptors

The following indexes based on molecular topology
were considered: the Wiener index [29], the valence and
connectivity molecular indexes [30], the kappa shape
indexes {31], and the charge and geometrical indexes
recently introduced by Galvez et al. [32,33]. The other
group of variables included: molar volume, molecular
weight, calculated octanol-water partition coefficient
and several constitutional descriptors. To quantify the
total H-bond capacity of the compounds under study, the
parameters HBA and HBD as defined by Magee [34]
were used. A list of all structural descriptors considered
in this study is given in Table II.

Statistical Methods

The PLS method was employed to search for relation-
ships between the retention data and the structural de-
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Table 1. Chromatographic parameters for chalcones

Comp. logk90? logk 85 logk 80 logk 75 logk 70 logk 65 logk 60 logk 50 logky
1 -0.0132 0.1139 0.2689 0.4807 0.6665 0.8834 1.1004 3.47
2 0.2014 0.3608 0.5502 0.8048 1.0261 1.2777 427
3 -0.1675 ~0.0996 0.0434 0.2601 0.4624 0.7020 0.8543 1.4041 3.25
4 -0.1549 ~0.0605 0.0828 0.2636 0.4646 0.6808 0.8865 1.4186 3.17
5 —-0.1457 -0.0339 0.1021 0.3107 0.4836 0.6942 0.9020 1.4473 3.16
6 —-0.5017 -0.3768 -0.2757 -0.1051 0.0810 0.2559 0.4433 0.9843 2.98
7 —0.4881 ~-0.4034 —0.3098 —0.1278 0.0394 0.2583 0.4078 0.9244 2.90
8 0.1703 0.3314 0.5165 0.7563 0.9786 1.2394 4.18
9 0.1875 0.3551 0.5472 0.7627 1.0247 1.2889 431

10 0.2162 0.3997 0.6160 0.8316 1.1331 3.92

11 0.0673 0.2292 0.4133 0.6091 0.8780 1.0779 3.73

12 0.1072 0.2541 0.4273 0.6196 0.9390 1.0887 3.74

13 -0.0731 0.0682 0.2214 0.3953 0.6352 0.8225 1.0667 1.5861 3.56

14 0.0737 0.2343 0.4191 0.6138 0.8851 1.0955 3.77

15 -0.1675 —0.0630 0.0626 0.2095 0.5435 0.7288 0.9193 1.4672 3.63

16 —0.1163 0.0086 0.1492 0.3181 0.5575 0.7328 0.9687 1.4693 3.50

17 0.2330 0.4166 0.6191 0.8341 1.1191 4.15

@ percentage of MeOH in the mixture

Table II. Symbols and definitions for the molecular descriptors
applied in this study.

R simple and valence (n = v) path connectivity index
of order m = 0-6
ytC simple and valence (n = v) cluster connectivity index

of orderm=13 and 4
Ty"PC  simple and valence (n = v) path-cluster connectivity
index of order m = 4

e simple kappa shape index of order m = 1-3

Ma alpha kappa shape index of order m = 0—4

MAx differential connectivity index of order m = 0--3 defined
as ("x~"x")

"G,  simple and valence (n =v) charge index of order k= 1-5

2, ® simple and valence (n = v) mean charge index of order

k= 1-5 defined as Ji = G, /N-1

w® Wiener index »

L@ topological molecular length defined as the counted
distance in the number of edges between the molecule’s
two most separate atoms by the shortest means

5@ molecular surface parameter calculated as the sum of the
predetermined S values for several molecular fragments

E® shape index defined as £ = S /L’

Pr,;® number of pairs of ramifications separated by one edge

Pr,® number of pairs of ramifications separated by two edges

Pr,® number of pairs of ramifications separated by three edges

Vm molar volume

Mw molecular weight

HBA®  count of electron pairs on O and N
HBD count of O-H and N-H bonds
log Poct calculated octanol-water coefficient

(a)Charge and geometrical indexes were calculated according to
Galvez etal. [32,33].

(b>According to Magee [34] only one available acceptor pair is
considered for each oxygen in the nitro group.

scriptors. This principal component-like method is
based on the projection of the original multivariate data
matrices down onto smaller matrices (T,U) with ortho-
gonal columns, which relates the information in the
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response matrix Y to the systematic variance in the
descriptor matrix X, as shown below:

X=X+TP’ +E
Y=Y+UC+F
U =T + H (the inner relation)

where X and Y are the corresponding mean value ma-
trices, Tand U are the matrices of scores that summarize
the x and y variables respectively, P is the matrix of
loadings showing the influence of the x in each compo-
nent, C is the matrix of weights expressing the correla-
tion between Y and T(X) and E, F, and H are the corre-
sponding residuals matrices. The PLS calculations also
give an auxiliary matrix W (PLS weights), which ex-
presses the correlation between U and X and is used to
calculate T. In the present work, the response matrix Y
consisted of five dependent variables (log £90, log %85,
log %80, log £75, log £70) while the matrix X consisted
of several structural descriptors. Determinations of the
significant number of model dimensions was made by
crossvalidation [35].

The computer software (Molconn-X) used to calculate
the molecular connectivity-type topological indexes
was obtained from L.H. Hall, Eastern, Nazarene Col-
lege, Quincy, MA, USA. Calculations of the charge and
geometrical indexes were performed with the INDIS
program kindly offered by Dr. Jorge Galvez, University
of Valencia, Spain. Molar volume and the octanol-water
partition coefficient were calculated with the ACD/
LogP 3.5 sofware obtained from Advanced Chemistry
Development Inc. (Toronto,Canada).

PLS analysis was carried out using the SIMCA-S 5.1a
sofware package obtained from Umetri AB, Box 7960,
907 19 Umea, Sweden.
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Figure 2

Relationships between experimental and calculated retention data for each of the dependent variables of chalcones included in the study.

Results and Discussion
PLS Analysis

All variables used in the PLS calculations were initially

autoscaled to zero mean and unit variance to give each .

descriptor equal importance in the PLS analysis. The
statistical significance of the screened models was
judged by the correlation coefficient (r), the standard

deviation (s) and the F-statistic. The predictive ability

was evaluated by the crossvalidation coefficient (Q)
which is based on the prediction error sum of squares
(PRESS). Because of the large number of structural
descriptors considered in this study, the VIP (variable
importance for the projection) parameter [35] was used
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to unravel which descriptor variables were the most
relevant to explain the response matrix Y.-

After careful analysis of the obtained results using dif-
ferent combinations of the molecular descriptors shown
in Table 11, the PLS analysis resulted in a significant
five-component model (PLSg...) With the following
statistics: r=10.976, Q= 0.933, s=0.076 and F =43.63.
The Q value was calculated using three crossvalidation
groups and represent the highest obtained value. Figure
2 shows the correlation plots of observed versus calcu-
lated retention data for each of the modeled dependent
variables. At this point, it is very important to indicate
that it is not possible to obtain a suitable QSRR model

. (whether MLR or PLS derived) when log kw is used as
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Table ITL. Peak asymmetry factors for chalcones™®

Comp. 90:10% 85:15 80:20 75:25 70:30 65:35 60:40 50:50
1 1.0 1.0 1.0 1.1 1.2 14 2.0
2 1.1 1.4 1.7 2.7 3.0 4.4
3 1.0 1.1 1.2 1.3 14 1.6 2.0 2.5
4 1.0 1.0 1.0 12 1.3 13 14 1.8
5 1.0 1.0 1.0 1.1 1.2 1.2 1.4 2.5
6 1.1 1.2 1.2 i3 14 1.5 1.6 1.8
7 1.0 1.0 1.0 1.0 1.1 1.2 1.3 1.8
8 1.1 1.2 13 1.7 2.0 24
9 1.2 13 1.5 1.5 3.0 3.6
10 1.0 1.1 1.4 2.7 2.8
11 1.0 1.1 1.1 1.5 1.8 2.0
12 1.0 1.2 1.0 1.0 1.2 1.4
13 1.0 1.0 1.0 1.1 1.2 1.3 1.5 1.5
14 1.0 1.1 12 1.2 1.3 1.4
15 1.0 1.0 12 1.6 2.0 2.7 2.8 42
16 1.0 1.0 1.0 1.0 1.0 1.0 1.2 14
17 1.1 1.3 1.5 2.5 3.0
@Ppercentage of MeOH:H,O in the mixture. PCalculated to the 10 % of peak height.
Table IV. Pseudoregression coefficients of selected PLS model @
Descriptor logk 90 logk 85 logk 80 logk 75 logk 70
log Poct 0.1085 0.1284 0.1506 0.1665 0.1626
HBD -0.1490 —0.1621 -0.1793 —0.1856 -0.2157
AG® 0.0600 0.0659 0.0731 0.0769 0.0867
AG, 0.0875 0.0955 0.1059 0.1091 0.1278
AG, -0.0737 -0.0790 ~0.0871 —0.0908 —0.1086
AJ©® 0.0415 0.0468 0.0527 0.0571 0.0591
Al 0.0872 0.0948 0.1049 0.1078 0.1273
Al; ~0.0857 -0.0922 -0.1019 —0.1060 -0.1266
e -0.1131 —-0.1201 ~0.1318 —0.1415 —0.1488
e 0.0930 0.1003 0.1096 0.1070 0.1485
L —0.0524 -0.0567 ~0.0633 —0.0658 —0.0781
Constant -0.0336 0.1020 0.2620 0.4610 0.7010

® Model obtained with five PLS components. © Charge indexes defined as the difference between the valence
and simple terms ("G" - "G) or ("J" -"J) of order n = 1-3.

dependent variable. This fact is probably related to the
specific influence exerted by the silanophilic interac-
tions (present in all alkylsilane-bonded phases) on the
‘retention process, particularly, when the mobile phase
contains high water percentages. This effect is clearly
made evident with chalcones having several hydroxyl
groups in the molecule. This explanation, concerning to
the basic assumption of a mixed retention mechanism
due to both hydrophobic and silanophilic interactions, is
supported by the observation that the peak-tailing phe-
nomenon for polar chalcones becomes more pro-
nounced with increasing the polarity of the mobile
phase (see Table III). On the other hand, taking into
account that all molecular descriptors are calculated for
the uncharged molecule, it is reasonable to think that
acceptable correlations can only be obtained when the
ionization degree of the compounds plays a minor role
in the retention process, which, in principle, would oc-
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cur when mobile phases contain a high percentage of
MeOH in the mixture.

Table IV shows the 11 selected descriptors and the cor-
responding pseudoregression coefficients. From these
values, it can be seen how much a single variable con-
tributes to the modeling of the retention data. According
to these values, it can be inferred that, as expected, both
the hydrogen-bonding capability of the compounds
analyzed (encoded by HBD) and the hydrophobicity,
expressed by the log Poct parameter, have a predominat
role in the retention behavior of these compounds. It
should be noted, however, that these parameters are not
enough to account for the retention behavior of these
compounds, which is made evident by the following
equation:

log k80 =—1.70 +0.507 log Poct —0.147 HBD

r=0.891 s=0.140 n=17 F=26.93' 2)
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Table V. Solvation parameters of compounds used in Eqs (3-5).

Descriptors®
Compounds 8, n,H P
cyclohexanone 0.56 0.86 0.00
benzene 0.14 0.52 0.00
toluene 0.14 0.52 0.00
hexylbenzene 0.15 0.50 0.00
naphthalene 0.20 0.92 0.00
chlorobenzene 0.07 0.65 0.00
methylphenyl ether 0.29 0.75 0.00
acetophenone 0.48 1.01 0.00
benzonitrile 0.33 1.11 0.00
1,4-dinitrobenzene 0.46 1.63 0.00
acetanilide 0.67 1.40 0.50
benzamide 0.67 1.50 0.49
phenol 0.30 0.89 0.60
4-chlorophenol 0.20 1.08 0.67
3,5-dichlorophenol 0.00 1.17 0.77
4-iodophenol 0.20 1.22 0.68
3-trifluoromethyl phenol 0.09 0.87 0.72
cianophenol 0.29 1.63 0.79
benzyl alcohol 0.56 0.87 0.33
indazole 0.35 1.22 0.53
caffeine 1.33 1.60 0.00
dibenzothiophene 0.20 1.31 0.00
cortisone 1.87 3.50 0.36
hydrocortisone 1.90 349 0.71
ethylbenzene 0.15 0.51 0.00
p-xylene 0.16 0.52 0.00
propylbenzene 0.15 0.50 0.00
butylbenzene 0.15 0.51 0.00
p-dichlorobenzene 0.02 0.75 0.00
bromobenzene 0.09 0.73 0.00
nitrobenzene 0.28 1.11 0.00
p-nitrotoluene 0.28 1.11 0.00
methylbenzoate 0.46 0.85 0.00
benzophenone 0.50 1.50 0.00
3-phenylpropanol 0.67 0.90 0.30

@The solvation parameters were taken from refs [27] and [36].

Equations of similar statistical quality can be derived for
the other chromatographic parameters analyzed in this
work (log k90, log 485, log k75, log £70). Although the
obtained correlation is statistically significant, the cor-
relation coefficient and standard deviation values ob-
tained for Eq. (2) are markedly lower than those ob-
tained in the PLS, .. model with the 11 descriptors
shown in Table I'V. According to the results shown in this
table, a suitable description of retention behavior of the
compounds under study requires, in addition to the
above mentioned variables (log Poct, HBD), two groups
of topological indexes; that is, the charge and geome-
trical indexes.

The charge indexes used in the PLS .. model are de-
fined as the difference between the valence and simple
terms ("G”-"G) or ("J" - "J) of order n = 1-5. According
to Galvez et al. [32,33], these indexes are information-
rich structural descriptors encoding information about
the charge distribution into the molecule. Thus, one way
to assess the kind of information encoded by these in-
dexes is to perform comparative correlations with the
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solvation parameters developed by Abraham [27], such
as the solute dipolarity/polarizability (7,™), the solute
overall or effective hydrogen-bond basicity and acidity
(2B, Zo,™), and the excess molar refraction (Ry).
Table V reports the numerical values of the solvation
parameters of compounds used as a reference to derive
the corresponding comparative correlations [27,36]. For
the 35 compounds shown in Table V, the corresponding
charge indexes were calculated and the following re-
gression equations were obtained:

24,7 =0.15+0.0437AG, + 0237 AG; +
1.736 AJ, - 2.820 AJ3 +0.071 HBA +0.107 HBD

r=0988 s=0077 n=35 F=187.10 (3)

0 =0.686—0.207 AG,—0.831 AJ; +
0.818 AG,4 +0.209 HBA +0.200 HBD

r=0950 s$=0232 n=35 F=53.85 (4)

S0, =0.006 —0.101 AG, +0.385 HBD
r=0.907 s=0.129 n=35 F=7486 (5)

All the variables included in the developed equations are
statistically significant (p < 0.05). The correlation ma-
trix showed that none of the charge indexes were highly
correlated with any of the others. Taking into account
the structural heterogeneity of the considered com-
pounds (see Table V), Egs. (3—5) indicate that the in-
formation contained in the charge indexes is largely
electronic information.

Geometrical parameters require a separate discussion.
The presence in the PLSy .. model of the branching
indexes, such as >y”c and *y'pc, suggest the influence of
molecular stereochemistry in the retention process since
both indexes carry information on degree of substitu-
tion, proximity of substituents, and length and heteroa-
tom content in the rings. Finally, the presence of index L,
the graph lenght, suggests the influence of steric effects
on retention.

Mddel Validation

It is well known that the real predictive ability of any
QSAR/QSPR model cannot be judged solely by using
internal validation techniques, such as crossvalidation.
Therefore, a way of evaluating the PLSgj. model con-
sisted in the PLS modeling of the retention data reported
by Walczak and co-workers [26] for a series 0of 24 (4,4")-
E-s-cis chalcones, but using only the eleven selected
descriptors shown in Table I'V. The reported chromato-
graphic parameters were obtained in normal-phase
high-performance liquid chromatography (NPLC) by
using five stationary phases of different polarity (-NH,,
DIOL, -CN, ODS, Cg) and a mobile phase consisting of
a n-heptane-tetrahydrofuran (97:3) mixture. Similarly
to the analysis above described, matrix Y consisted of
five dependent variables (log A(NH,), log K(DIOL), log
k(CN), log &(ODS) and log k(Cg)), while matix X con-
sisted of the same molecular descriptors used in the
PLS,.i.c model. Table VI shows the structures of the 24
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Table VI. Capacity factors ® for the (4,4")-E-s-cis chalcones studied by Walczak et al. [26].

Y X
X
No Chalcone NH2 DIOL CN ODS C8
297

1 H-CF; 3.39 1.14 2.99 0.22 0.29

2 H-tBu 349 1.21 3.22 0.37 041

3 H-iPr 3.52 1.22 331 041 0.43

4 H-H 4.04 1.37 3.85 0.67 0.52

5 F-H 4.82 1.67 4.47 0.78 0.55

6 H-F 4.03 1.38 3.70 0.61 0.48

7 H-Et 3.84 1.32 3.56 0.51 0.47

8 H-Me 4.25 1.43 3.88 0.67 0.52

9 F-Me 4.93 1.69 4.45 0.81 0.53
10 F-F 4.60 1.76 4.46 0.71 0.52
11 Me-Ph 6.98 2.25 5.98 0.75 0.50
12 MeO-Me 11.94 3.31 9.29 1.88 1.04
13 Me-MeO 12.07 3.35 9.22 2.03 1.08
14 F-MeO 14.29 4.06 10.74 2.09 1.16
15 H-NO, 11.29 3.40 9.99 1.17 0.70
16 MeO-Ph 19.84 5.19 14.32 2.23 1.03
17 F-NO, 15.40 4.57 13.14 1.40 0.75
18 NO,-Me 16.95 4.69 13.85 1.96 0.88
19 NO,-H 17.43 4.93 14.99 1.85 0.98
20 MeO-MeO 32.38 7.51 21.59 6.60 2.05
21 MeO-NO, 22.51 6.82 19.91 2.95 1.26
22 NO,-F 23.23 5.87 16.94 2.00 0.96
23 N(Me),-NO, 42.83 9.20 29.35 5.33 1.74
24 NO,-MeO 56.67 11.21 34.02 5.33 2.00

® The columns used were: NH2 = Zorbax NH,; DIOL= LiChrospher 100 DIOL; CN = MicroPak CN; ODS =
Zorbax ODS 'y C8 = Zorbax Cg. The mobile phase used was a n-heptane-tetrahydrofuran (97:3) mixture.

Table VIL Pseudoregression coefficients of PLS model ® for the retention data of chalcones studied by

Walczak et al. [26].

Descriptor NH2 DIOL CN 0ODS C8

log Poct -0.1451 —0.1237 —0.1401 —0.2266 —0.0827
HBA 0.1441 0.0973 0.1130 0.0891 0.1060
AG 0.0566 0.0447 0.0438 0.1060 0.0587
AG, 0.0483 0.0332 0.0413 0.0562 0.0322
AG; —0.0683 -0.0598 -0.0666 -0.0251 —0.0072
ALy -0.0077 —0.0096 -0.0155 0.0368 0.0347
AJ, 0.0823 0.0611 0.0726 0.1000 0.0502
AJ3 —0.0534 —0.0463 —-0.0515 0.0070 0.0029
L 0.1991 0.1707 0.1795 0.2254 0.0765
Constant 0.9999 0.4705 0.9165 0.1114 —0.1122

@ Model obtained with five PLS components.
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Figure 3

Relationships between experimental and calculated retention data for each of the dependent variables of chalcones shown in Table VI.

chalcones with their corresponding retention values (k)
for each of the analyzed stationary phases. The capacity
factor for compounds 1 and 21 were omitted from the
PLS regression since, their log & values were strongly
overestimated for each of the dependent variables. The
reason for this is not evident, especially taking into
account that other structurally analogous compounds
were well predicted by the selected model. The PLS
analysis for the remaining 22 chalcones resulted in a
significant five-component model with the following
statistics: r = 0.993, Q = 0.973, s = 0.045, F = 210.13.
Figure 3 shows the correlation plots of observed versus
calculated retention data for each of the modeled de-
pendent vartables. As can be noted, the agreement be-
tween observed and calculated values is very good. Ta-

734 Chromatographia Vol. 51, No. 11/12, June 2000

ble VII shows the corresponding pseudoregression
coefficients. As seen from this table, indexes 3ch y
*2"pc were not included in the analysis. This is due to the
fact that there is no variation in the substitution pattern
of the analyzed chalcones, which implies that one of the
basic structural features that encode these indexes is
approximately constant. From the results in Table VI, it
can be observed that the hydrophobicity (log Poct) and
the ability of the chalcones to participate in hydrogen-
bonding interactions (//BA) are the major factors gov-
erning the retention of these compounds in NPLC. It
should be noted, however, that the sign of coefficients
for the log Poct and HBA parameters is opposite with
respect to the obtained in the PLS e model. This im-

plies that, in this chromatographic modality, increasing

Original



the molecular polarity of a certain chalcone enhances
the magnitude of the stationary phase-chalcone inter-
action (and retention) whereas, increasing solute bulki-
ness has the opposite effect. These results are in agree-
ment with the findings by other authors with respect to
the proposed retention mechanism for these stationary
phases [37,38]. From a structural point of view, a further
point to be stressed is that the influence of molecular
length in NPLC is stronger than in RPLC. This is re-
flected in the high relative values of the coefficients of
geometrical descriptor L for each of the analyzed sta-
tionary phases. Finally, according to the results shown in
Table VII, the charge indexes serve as a fine-tuning in
these multivariate relationships.

Conclusion

The results obtained in this work clearly show the ro-
bustness and usefulness of the selected descriptors for
accurately describe the retention of chalcones on dif-
ferent stationary-phase materials. In addition, it is im-
portant to highlight that this study provides evidence for
the great potential of the charge topological indexes for
the development of QSRR models.
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