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Abstract: Retention indices for a new series of methyl-thiazole-oxadiazolines were
determined by reversed phase high performance thin layer chromatography on Cig
plates with methanol-water in different volume proportions as mobile phase. Compari-
sons based on the multiple regression methods including multiple linear regression
(MLR), principal component regression (PCR) and partial least squares (PLS) have
been applied to the modelling of chromatographic lipophilicity (Ry;, and b values)
by means of 16 different descriptors obtained by using Alchemy package software.
The results achieved concerning the prediction of retention indices are highly signifi-
cant and are in very good agreement with the molecular structure of the compounds
investigated. The largest positive charge over the atoms in a molecule (Q_), the sum
of absolute values of the charges on each atom of the molecule (SQ), and the sum of
absolute values of the charges on the nitrogens and oxygens in the molecule (SQno)
seem to be dominant in the retention mechanism.
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INTRODUCTION

Quantitative structure-activity relations (QSAR) describe how the molecular
structure, in terms of descriptors — lipophilic, electronic, and steric — affects
the biological activity of a compound.'' = Similarly, quantitative structure —
retention relations (QSRR) relate these descriptors to chromatographic
retention. Finally, the quantitative retention — activity relations (QRAR)
imply that conclusions concerning biological activity can be based on chroma-
tographic experiments.”” ="' In this regard of QRAR, it is considered that the
same basic intermolecular actions determine the behaviour of chemical
compounds in both biological and chromatographic environments. As a conse-
quence, the chromatographic approach has been quite successful in duplicating
Log P data derived by the traditional ‘“shake-flask” technique or other
procedures. The relations themselves are usually based on correlation analysis.

Another form of computational analysis used for the correlation of
chemical or biological activity and chromatographic retention with different
molecular descriptors are Multiple Linear Regression (MLR),!'!'~'3
Principal Component Analysis (PCA),"*~'®" Partial Least Squares
(PLS),!"7="1 or Artificial Neural Networks (ANN).?°=2?! In the case of
PCA and PLS, for example, starting from a multidimensional space
described by different variables, a quantitative model is derived that trans-
forms the axes of the hypersystem. The first principal component (PC1)
defines as much of the variation in the data as possible. The second
principal component (PC2) describes the maximum amount of residual
variation after the first PC has been taken into consideration, and so on. By
using only a limited number of PCs, the dimensionality of the data space is
reduced, thereby simplifying further analysis.

In this paper we discuss and apply three multivariate regression methods
to develop comparative studies, and to provide a QSAR-QSRR model for the
characterization and classification of some new methyl-thiazole-oxadiazoline
derivatives with a potential antibacterial, antimycotic, and anti-inflammatory
activity.

Principal Component Analysis

Principal components analysis (PCA) is also known as eigenvector analysis,
eigenvector decomposition, or Karhunen-Loéve expansion. Many problems
from chemistry and other scientific fields are strongly related to PCA.*!
The main purpose of PCA is to represent, in an economic way, the location
of the samples in a reduced coordinate system where, instead of m-axes
(corresponding to m characteristics), only p (p < m) can usually be used to
describe the data set with maximum possible information.

Principal component analysis practically transforms the original data
matrix (X,,,) into a product of two matrices, one of which contains the
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information about the objects (S,xm,) and the other about the variables (V ,xm).
The S matrix contains the scores of the n objects on m principal components
(the scores are the projection of the objects on principal components). The V
matrix is a square matrix and contains the loadings of the original variables on
the principal components (the loadings are the weights of the original
variables in each principal component).

Moreover, it may well turn out that usually two or three principal com-
ponents provide a good summary of all the original variables. Loadings and
scores plots, respectively, are very useful as a display tool for examining
the relationships between characteristics as well as between compounds,
looking for trends, groupings, or outliers.

Multiple Linear Regression

Multiple linear regression (MLR) is an extension of simple linear regression
consisting of two or more independent variables (e.g., chemical descriptors)
and a numeric dependent variable (e.g., chromatographic retention index).
MLR attempts to model the relationship between the independent variables
and a response variable by fitting a linear equation to observed data in the
following equation:

k
R:ao+zaixi (1)
i=1

where a,, a; are the estimated regression parameters.

Principal Component Regression

Principal component regression (PCR) is a two-step multivariate calibration
method: in the first step, a principal component analysis of the data matrix
X is performed. The measured or calculated variables (e.g., descriptors) are
converted into new ones (scores on latent variables). This is followed by a
multiple linear regression step, MLR, between the scores obtained in the
PCA step and the characteristic R to be modelled.

Partial Least Squares Regression

Partial least squares (PLS) is a statistical multivariate regression procedure
that is widely applied in chemistry and many other scientific fields. Being a
multivariate procedure, PLS provides the ability to predict multiple com-
ponents of interest simultaneously. The PLS procedure simultaneously
estimates underlying factors (loading factors or eigenvectors) that represent
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the variation patterns (trends) in both the descriptor data X (in our study) and
the retention values R (Ry;, and b in our study). These loading factors are used
to define a subspace in X that better models R. This is accomplished by using
the columns of R matrix to estimate the loading factors of X matrix. At the
same time, the columns of X matrix are used to estimate the loading factors
for R matrix. The resulting models are shown in Equation (2) and (3).

X=TP+E 2
R=TQ+F (3)

PLS resolves matrices X and R into products of smaller matrices, namely
P (the X loading matrix, which contains the directions of the principal com-
ponents or axes) and T (the scores matrix, which includes the coordinates
for the new axes) and Q (the R loading matrix). The factors for X and R are
associated through the following relationship:

q=bt+e 4)

where q and t equal the column vectors of Q and T matrices, respectively, and
€ equals errors associated with the u-t relationship.

Using both descriptor and retention information to determine the loading
factors is the main difference between the PLS and other statistical multi-
variate procedures, such as multiple linear regression and principal
component regression. This feature makes the PLS prediction models more
robust for complex data. The number of loading factors used in the final
regression model was selected through a cross-validation procedure.*”!

EXPERIMENTAL

The chromatographic behavior of the compounds was studied on the C,g silica
gel bonded plates. Glass HPTLC plates (20 x 20 cm) were obtained as a gift

H;C0C R,

R,

Figure 1. Chemical structure of methyl-thiazole-oxadiazolines.
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from Macherey-Nagel (Diiren, Germany). Methanol for chromatography was
supplied from Reactivul (Bucharest, Romania). Methanolic solutions of each
compound, in Table 1, were prepared at a concentration of 1 mg mL ™. Chro-
matograms were developed by an ascending technique at room temperature;
the developing distance being 10 cm. The mobile phase was a mixture of
methanol —water with various content from 45 to 70% (v/v) in 5% steps, as
the studied compounds differed considerably in their retention. After being
developed, the dried plates were examined under a UV lamp (A = 254 nm).
The Ry, values of each compound were obtained by using the well known
following equation:

Ry =log (1/R; — 1) 4

Table 1. 'The structures of the substituents in Figure 1

Compound R, R, R;
1 CH3 H C6H4C1(O)
2 H H CeH,Cl(m)
5 H CF, N
\ A\ cu
5
6 CH; H N
\ R CII,
5
7 CH3 H C6H4OCH3 (0)
9 H CF; CsH,OCOCH;(p)
10 H H C6H4OCOCH3(O)
12 H H CeHs
14 H H N
E\ Clty
S
15 H CF, CeHs
16 H CF3 C6H4OCOCH3(O)
17 H H C6H4C1 (O)
18 H CF, CeH4Cl(0)
19 H CF3 C6H4OCH3 (0)

20 CH; H CsH,OCOCH;(p)
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Linear correlation between Ry; values and the concentration of organic
modifier in the mobile phase were calculated separately for each compound
according to the equation:

Ry = Ry + bC, (6)

where C is the concentration of methanol in the mobile phase. The Ry, and b
values (related to the molecular lipophilicity) are listed in Table 2.

Description of Methyl-Thiazole-Oxadiazolines

The investigated methyl-thiazole-oxadiazoline derivatives were synthesized
by the procedure described earlier.****! The molecular structure of methyl-
thiazole oxadiazoline series studied in this paper is depicted in Table 1.

In order to define the character of the compound structure, the following
descriptors available in the ALCHEMY 2000 programs?®! were taken into
consideration and used as independent variables. The partition coefficient
(Log P), the first-order ( x) and the third-order ¢ X) connectivity index, the
zero-order (°x") and the first-order (‘y") valence order connectivity index,
the third-order shape index for molecule (3Ka), the Wiener (W) index based
on the graph of the molecule, volume (V), molar mass (M), dipole moment
(DM), molecular polarizability (MP), specific molar polarizability (SP), the
largest positive charge over the atoms in a molecule, in electrons (Q, ), the
largest negative charge over the atoms in a molecule, in electrons (Q_), the
sum of absolute values of the charges on each atom of the molecule, in
electrons (SQ), and the sum of absolute values of the charges on the
nitrogens and oxygens in the molecule, in electrons (SQyo). The values
obtained are presented in Table 2.

RESULTS AND DISCUSSION

By reducing the number of features from 18 original descriptors (including
retention indices) to three principal components (latent variables), the infor-
mation preserved is enough to permit a primary examination of the similarities
and differences between descriptors and methyl-thiazole-oxadiazoline deriva-
tives. The contribution of the first component represents 55.71% of the total
variance and 75.11% of the total variance. The first three components
reproduce approximately 88% of the total variance and the first six even
99.31%, and the eigenvalues become negligible after seventh component.
All the statements above are well supported by the 2D- and 3D-represen-
tations of the loadings. The projection of the 3D-representation (Figure 2)
gives a more complete pattern: it is clear, for example, that the majority of
the descriptors considered in this study form two close clusters: the first one

includes X 3 x> W, Ry, M, and the second one encompasses MP, on’ ! X'
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Table 2. The descriptors computed for the methyl-thiazole-oxadiazoline derivatives investigated in this paper

LogP 'y 3 % % K, W \% M DM MP SP Q. Q- SQ  SQno Rmo b
1 4.111 1344 10.60 1721 10.0 3.72 2059 348.84 41191 3.80 43.86 0.126 0215 —0.377 3.760 1253 274 —4.35
2 3941 13.02 1004 1629 9.6 3.61 1856 33236 397.87 4.67 42.03 0.126 0215 —0376 3.683 1256 2.63 —4.22
3 4207 14.63 1141 17.85 103 453 2782 361.07 46588 428 4359 0.121 0424 —0376 4502 1254 338 —533
4 3335 1356 1053 1656 9.6 3.73 2103 343.01 39347 572 4257 0.124 0215 —0382 4.099 1.635 254 —4.07
5 4248 17.10 13.59 2096 125 5.07 4327 42407 52858 545 5197 0.122 0424 —0376 5.124 1549 355 —532
6 4.637 1588 1272 2033 122 439 3405 411.67 47461 3.10 5225 0.127 0219 —0.376 4338 1549 3.06 —4.76
7 3594 13.97 1091 17.49 10.0 3.82 2260 359.52 407.49 3.13 4441 0.123 0215 —0.381 4200 1.633 230 —3.88
8 3.563 15.17 1175 18.12 103 4.64 3024 372.14 46147 3.02 44.14 0.119 0424 —0.382 4939 1637 271 —447
9 2718 16.02 12.05 19.03 10.8 528 3718 390.11 489.48 8.03 46.06 0.118 0.424 —0.376 5428 1906 2.87 —4.66
10 2558 1443 1075 17.47 10.1 420 2455 361.03 42148 549 4449 0.123 0216 —0375 4.657 1900 1.78 —3.36
11 3315 1481 11.10 1840 10.5 4.57 2806 377.26 43551 3.74 4633 0.123 0215 —0376 4.670 1911 2.16 —3.77
12 3302 1263 971 1523 9.1 330 1676 31838 363.44 347 40.10 0.126 0215 —0.376 3.672 1256 204 —3.48
13 4.180 1342 1053 17.21 100 3.85 2101 349.16 41191 526 43.86 0.126 0215 —0.376 3.717 1254 281 —450
14 4.606 1549 1230 1941 11.8 4.17 3098 394.78 460.58 298 50.41 0.128 0219 —0.376 4.296 1.549 270 —4.30
15 4020 1424 11.00 1679 9.8 420 2523 34699 43144 504 41.66 0.120 0424 —0.376 4.499 1256 2.64 —433
16 3.171 16.04 12.04 19.03 10.8 5.13 3526 39042 489.48 3.65 46.06 0.118 0424 —0.376 5487 1.900 229 —4.00
17 3733 13.04 10.19 1629 9.6 3.49 1836 331.85 397.89 3.66 42.03 0.127 0215 —0.376 3.719 1253 284 —455
18 4.188 14.65 1148 17.85 103 439 2734 361.29 46588 440 4359 0.121 0424 —0376 4.546 1253 3.10 —4.89
19 3929 15.18 11.79 18.12 103 4.50 2976 372.31 46147 5.65 44.14 0.118 0424 —0.381 4985 1.633 261 —433
20 2.675 14.81 11.17 1840 105 4.57 2890 377.03 43551 6.07 4633 0.123 0215 —0376 4.642 1906 220 —3.77
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SP

wa

Figure 2. PCI1, PC2, and PC3 loading plot of the autoscaled all data in Table 2.

Log P, V,; jKa, SO, O, DM, SOno, O—, SP, and b appear more or less as
outliers and are the most discriminating.

The scatter plot of scores in the space described by PC1, PC2, and
PC3 (see Figure 3) shows interesting results. Three clusters appear to be

Figure 3. PC1, PC2, and PC3 score plot of the autoscaled all data in Table 2.
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well defined and in good agreement to the structure of compounds: one of
them corresponds to the compounds 5, 6, 14 (the largest molecules in the
series) in the above left part of the graph, the second including the group
of fluorine derivatives (3, 8, 9, 15, 16, 18, 19), with the exception of
compounds 5, 6, and 16, is located in the middle bottom of the graph
and the third group (1, 2, 4, 7, 10, 11, 12, 13, 17, 20), respectively (right).

In order to describe the relationship between the chromatographic
retention indices of tested compounds (Ry, and b values) and the calculated
structural descriptors, a multivariate regression analysis was performed. By
forward stepwise multiple regression analysis, the following high quality
regression equations were obtained:

Ry = 3.365 — 0.203LogP + 0.021M + 3.268 SQno
— 4.094SQ + 10.937Q, + +0.0003W 7)

(R? = 0.9438,n = 20, F = 36, p < 0.0000, s = 0.1260)

b = —2.477 — 0.203LogP + 0.029M — 3.625SQu0
+4.393SQ — 11.999Q, — 0.026DM — 2.094SP(8)  (8)

(R? = 0.9402,n = 20, F = 27, p < 0.0000, s = 0.1635)

where n is the number of compounds, R? the determination coefficient, F the
F-test value, p is the significance level of all the equation, and s is standard
error of estimates.

The F and p values of Equation (7) and (8) show that the equations are
very significant, having a high determination coefficient and relatively small
s values.

The results also suggest that the largest positive charge over the atoms
in a molecule (Q,), the sum of absolute values of the charges on each
atom of the molecule (SQ) and the sum of absolute values of the
charges on the nitrogens and oxygens in the molecule (SQno), seem to
be dominant in the retention mechanism and, as a consequence, control
the lipophilicity.

By eliminating the descriptors having statistical non significant coeffi-
cients (according to t-test), the following simpler models may be obtained
(Equation (9) and (10)):

Ryo= 1.132 — 0.021M + 3.112SQno — 3.487SQ + 9.593Q.
(R?= 0.9191,n = 20, F = 43, p < 0.0000, s = 0.1408)

b = —2.369 — 0.025M — 3.777SQxo + 4.1255Q — 11.900Q,,
(R? = 0.9196, n = 20, F = 43, p < 0.0000, s = 0.1696)
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For PCR and PLS methods, the original 16 descriptors were used for the
selection of the optimum number of factors by using the cross-validation
procedure.

The prediction error was calculated as a root mean square (RMS) error
according to ref. [27]. The values of RMS are graphed in Figure 4. By
using the cross-validation procedure, it is easy to observe that its numerical
values were minimized in the case of the first eight factors for PCR and
seven factors for PLS, respectively.

In order to compare the MLR, PCR, and PLS predictive models, the
linear regression was applied considering observed and predicted values
of retention indices. Good correlations between observed and predicted
retention indices of the three methods were found, as it is easy to
observe in Table 3. In all cases, the intercept a, is statistically zero (t-
test) and the slope a; is not statistically different from 1 (t-test). As a
direct consequence, one can conclude that all three straight lines are
parallel and pass through the origin (Figure 5 and 6). In addition, high F
values and very small s values were obtained in all cases with a special
remark in the case of MLR, which appears to be the most effective for
the estimation of retention indices.

0.8
0.7
0.6
5 05
E
o
[72}
2 04
0.3
0.2
_O_PLSRMD
=L= PLSb
ob_ e peR
1 3 5 7 9 113 1S _:.pCR§M°

Number of components

Figure 4. Root mean square errors of estimation of Ry, and b using PCR
and PLS.
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Table 3. Statistical parameters to evaluate linear relation between observed and predicted retention indices considering
all three multiple regression methods (MLR, PCR and PLS)

PLS

Statistical Ryo b Ry b Ryo b

R? 0.9438 0.9402 0.8254 0.8099 0.8164 0.7926
F 302 283 85 77 80 69

p 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
S 0.1042 0.1294 0.1845 0.2311 0.1944 0.2493
a, 0.1486 —0.2581 0.3145 —0.5708 0.2636 —0.4828
aj 0.9438 0.9402 0.8875 0.8737 0.9073 0.8930
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Figure 5. Correlation between Ry, determined by HPTLC and predicted values by

MLR, PCR, and PLS.
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CONCLUSIONS

Correlation obtained between chromatographic retention indices and structure
descriptors for substituted methyl-thiazole-oxadiazolines are highly signifi-
cant and might be used to predict the retention behavior, and as a consequence,
the lipophilicity of other members of the series. By comparing the multivariate
regression methods used in this study, the forward stepwise MLR appeared to
be the most effective in predicting retention indices for compounds investi-
gated. The largest positive charge over the atoms in a molecule (Q.,), the
sum of absolute values of the charges on each atom of the molecule (SQ),
and the sum of absolute values of the charges on the nitrogens and oxygens
in the molecule (SQno) seem to be dominant in the retention mechanism
and, hence, these descriptors control the lipophilicity.
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