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Abstract
Motivation. An important property that has been extensively studied in QSPR is the chromatographic retention.
Based on new considerations about the chromatographic behavior and experimental data, our group has
developed a new topological index designed semi—empirical topological index, /. The main goal of the present
paper is to generalize the semi—empirical topological index, verifying the predictive—ability of the
chromatographic retention for a diverse set of organic compounds (alkanes, alkenes, esters, ketones, aldehydes,
and alcohols) and to obtain a general QSRR model. QSRR may be used as an important complementary tool for
the elucidation of the molecular structure or for the prediction of the chromatographic retention.

Method. This index is based on the hypothesis that the chromatographic retention is due to the interaction of
each atom of the molecule with the stationary phase, and consequently the value of the index is reduced by steric
effects from its neighbors. Considering that the complexity involved in the solute—stationary phase interactions
cannot be estimated only by theoretical considerations, values were attributed to the atoms of the molecules from
the experimental chromatographic retention and theoretical deductions.

Results. The simple linear regression between the chromatographic retention and the index proposed, for all 548
organic compounds, is extremely satisfactory (correlation coefficient, » = 1.0000, standard deviation, SD = 7.01,
and leave—one—out cross—validation correlation coefficient, ¢y = 0.999). The predictive quality of the QSRR
was tested for an external prediction set of 182 compounds randomly chosen from 548 compounds (» = 1.0000
and SD = 7.65).

Conclusions. Statistical analysis shows that the semi—empirical topological index has excellent predictive power
using a single descriptor for a large data set of organic compounds.

Keywords. QSRR; quantitative structure—retention relationships; topological index; chromatographic retention;
semi—empirical topological index; alkanes; alkenes; esters; aldehydes; ketones; alcohols.

Abbreviations and notations

Irr, semi—empirical topological index QSRR, quantitative structure-retention relationships
QSAR, quantitative structure—activity relationships RI, retention index
QSPR, quantitative structure—property relationships TI, topological indices
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1 INTRODUCTION

The use of graph—theoretical topological indices in quantitative structure—property and structure—
activity relationships (QSPR/QSAR) studies has received major interest in recent years [1-7]. The
topological indices became a powerful tool for predicting numerous physicochemical properties
and/or biological activities of compounds as well as for molecular design. One of the most
important properties that have been extensively studied is the chromatographic retention [8—15].
Quantitative structure—chromatographic retention relationship (QSRR) studies are widely
investigated in gas chromatography (GC) and high—performance liquid chromatography (HPLC)
[16].

The identification of the compounds by GC methods is carried out by peak comparison against a
standard sample of each compound. The development of the QSRR is important since standards are
not always available. It can efficiently help predict retention parameters by using theoretical

descriptors from the chemical structure.

Correlations between gas chromatographic retention indices and molecular parameters provide
significant information on the effect of molecular structure, on retention time and on the possible

mechanism of absorption and elution [17].

Gas chromatographic retention is a very complex process. It involves the interaction of
molecules by multiple intermolecular forces, as dispersion (or London forces), orientation (dipole—
dipole or Keesom forces), induction (dipole—induced dipole or Debye forces), and electron donor—
acceptor complexation, including hydrogen—bonding forces, leading to the partition of the solute
between the gas and liquid phases [18—-20]. Others factors, such as, steric hindrance of substituent

groups within the solute molecule can also affect the chromatographic behavior [21,22].

Topological indices (TI) are numbers obtained via mathematical operations from the
corresponding molecular graphs of compounds [23-28] in contrast to physicochemical
characterization used by traditional QSAR [29]. One of the main advantages of TI is that they can
be easily and rapidly computed for any constitutional formula yielding good correlation abilities.
However, important disadvantages can be cited including its difficulty to encode stereo—chemical
information, for example, to distinguish between cis— and trans—isomers, and its lack of physical

meaning.

Many topological indices have been proposed since the pioneering works by Wiener [30] and by
Kier et al. in the use of QSAR studies [23]. The TI recently developed to QSAR/QSRR studies can
be illustrated by Estrada’s approach to edge weights using quantum chemical parameters [31] and
by Ren’s atom—type Al topological indices derived from the topological distance sums and vertex
degree further [6].

In the last years, our group has published several articles establishing structure—property
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relationships employing structural descriptors such as topological, geometrical and electronic or
physicochemical descriptors for classes of organic compounds with different structural features.
Using multiple linear regressions as statistical methods, the best descriptors were selected in the

final structure—property model [32—40].

Based on a new hypothesis about the chromatographic behavior, our group recently developed a
new topological index called semi—empirical topological index (/gr). This index was initially
developed to predict the chromatographic retention for linear and branched alkanes and linear
alkenes with the objective of differentiating their cis— and frans— isomers and to obtain QSRR
models [41]. The excellent results obtained stimulated our group to extend this new topological
descriptor to other classes of compounds [42—46]. The equation obtained to calculate the Ipr was
generated from the molecular graph and the values of the carbon atoms and the functional group
were attributed observing the experimental chromatographic behavior and supported by theoretical
considerations. This was done due to the difficulty to obtain a complete theoretical description of
the interaction between the stationary phase and solute. Based only on theoretical equations or
hypothesis it is not possible, for example, to estimate how the molecular conformation of the solute
affects the intermolecular forces. In view of this, we believe that from experimental behavior we
can obtain insights about these facts in order to apply them to other processes involved in QSPR
studies. Thus, it can be noted that the semi—empirical topological index has a clear physical

meaning.

The main goal of the present paper is to verify the predictive—ability of the chromatographic
retention for a large data set (alkanes, alkenes, esters, ketones, aldehydes, and alcohols) using the
semi—empirical topological index and to obtain a general QSRR model for these organic

compounds.

2 MATERIALS AND METHODS

2.1 Chemical Data

The Kovats experimental retention indices of organic compounds used in the present
investigation are taken from literature, as presented in Table 1 (see Supplementary Material). The
data set for the chromatographic prediction of this study consists of 153 alkanes [41], 79 linear
alkenes [41], 43 branched alkenes [42], 178 methyl-branched alkanes [43], 81 esters [44], 43
ketones [45], 11 aldehydes [45] and 44 alcohols [46] for a total of 632 organic compounds. These
compounds represent a heterogeneous set of monofunctional compounds with different structural
features. The experimental R/s of these compounds were measured on low—polarity stationary

phases (squalane, DB—1, HP—1 and OV-1) and at different temperatures, as shown in Table 3.
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2.2 Calculation of Semiempirical Topological Indices

Some basic considerations were taken into account in the development of this novel semi—
empirical topological index. The representation of molecules was based on the molecular graph
theory, where the carbon atoms are considered as the vertexes of the graph and hydrogen are
suppressed [47]. As we know, the chromatographic retention of the solute molecules is mainly due
to the number and interaction of each atom of the molecule with the stationary phase. This
interaction is determined by its electrical properties and by the steric hindrance to this interaction by
other atoms attached to it. Thus, values were attributed to the atoms of the molecules, based on the
result of the general behavior of the experimental chromatographic retention of the molecules and

theoretical assumptions.

2.2.1 Calculation of Izt for alkanes and alkenes

Values were attributed to the carbon atoms (vertices in the molecular graphs) according to the

following rules:

(1) According with Kovats convention, the correlation between the retention index and number
of carbon atoms is linear for the alkanes [48]. However, branched alkanes do not present such linear
relationship with Kovats index, since the retention of the tertiary and quaternary carbon atoms is
decreased by the steric effects of their neighboring groups. It is evident that secondary, tertiary and

quaternary carbon atoms have a value less than 100 u.i., as previously attributed by Kovats.

(2) Observing the experimental chromatographic behavior, approximate numeric values were
attributed: 100 u.i. for the carbon atom in the methyl group in agreement with Kovéts, 90 u.i. for the
secondary carbon atoms, 80 u.i. for the tertiary and 70 u.i. for the quaternary. All values were

divided by 100 to adapt them to the common topological values.

(3) The contribution of these carbon atoms on the chromatographic retention also depends on the
neighboring substituent groups due to steric effects. In order to estimate steric effects, it was
observed that the values of experimental R/ decreased as the branch increased, showing a log trend.
Therefore, it was necessary to add the value of the logarithm of each adjacent carbon atom. Thus,

the new semi—empirical topological index (/zr) is expressed as:

Iy = Z(Ci +9,)
S, = Zﬂlog C,

where C; is the value attributed to each carbon atom i and to the functional group in the molecule

(1)

and 9; is the sum of the logarithm of the value of each adjacent carbon atom (C;, C,, C; and Cy)

and/or the logarithm of the value of the functional group, and ~ means ‘adjacent to’.

(4) For alkenes, the mainly interaction force between the solute and stationary phase is the
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dispersive force, that is reduced by neighboring steric effects; however, the electrostatic force is
also involved. The influence of conformational effects on the intermolecular forces makes it very
difficult to predict these effects based only on theoretical considerations. For this reason, the values
attributed to the carbon atom of the double bond for alkenes were calculated by numerical
approximation based on the experimental retention indices as described in our previous publication
[39].

2.2.2 Calculation of Igt for compounds with oxygen—containing functional groups

The values attributed to the carbon atoms and functional groups (vertex of the molecular graphs)

were based on the following rules:

(1) For this group of compounds, the main intermolecular forces that contribute to the
chromatographic behavior in low polarity stationary phase are dispersive and inductive forces. The

values attributed to functional groups are also based on the experimental retention index.

(2) The —COO- (ester), C=0 (ketone or aldehyde) and C—OH (alcohol) groups were considered
as a single vertex of the molecular graph of the compounds studied. This was done due to the
difficulty and the inconsistency in calculating the individual values of the carbon atoms and the
oxygen atoms of these groups. Thus, better numerical approximations were obtained, capable of
reflecting the experimental chromatographic behavior of these compounds, when these groups were

treated as a single vertex.

(3) The same considerations that were taken into account during the development of the semi—
empirical topological method for the prediction of retention indices of alkanes and alkenes [41,42]

were employed to develop the /g7 for oxo—compounds.

(4) The contribution of the chromatographic retention coming from carbon atoms and functional
groups was represented by a single symbol, C;, as indicated in Eq. (1). The semi—empirical
topological index can be expressed by a general equation, for the entire set of compounds included
in this work, where C; is the value attributed to the —COO- (ester), C=O (ketone or aldehyde),
C—OH (alcohol) groups and/or to each carbon atom, i, in the molecule, and J; is the sum of the
logarithm of the values of each adjacent carbon atom (C,, C,, Cs, and C4) and/or the logarithm of
the value of the —COO- (ester), C=0 (ketone or aldehyde), C—OH (alcohol) groups, and ~ means

‘adjacent to’.

(5) In a first step, an approximate /g7 (Iz,) was calculated for each compound. This was achieved
using the equation previously obtained (Rlexy = 123.6871 Igz, — 47.3557) for linear alkanes

containing from 3 to 10 carbon atoms and Kovats experimental retention indices of compounds.

(6) Subsequently, the values of C; for primary and secondary carbon atoms, previously attributed

to alkanes [41], and the approximate /g7, calculated above, were used in Eq. 1 in order to calculate
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the values of -COO—, C=0 and C—OH groups of linear compounds. Thus, values were attributed to

each class of functional group in accordance with the position of the group in the carbon chain.

(7) One of the fundamental factors taken into consideration for the development of this
topological index was the importance of the steric and other mutual intramolecular interactions
between the functional group and atoms nearby. In this way, for branched molecules, different
values were attributed to carbon atoms in the a, B, and y position with respect to the functional
groups compared to those previously attributed to alkanes [41], as described in refs. [44—46].

2.3 Regression Analysis
The statistical evaluation of the data was performed by the Origin [49] and Bilin [50] program

packages. To test the quality of the regression equation, the correlation coefficient (r), the
coefficient of determination (+%), and the standard deviation (SD) were utilized as statistical
parameters. To verify the validity and stability of the model obtained the cross—validation test
(**cv), using the “leave—one—out” method [51] was performed using the Bilin computer program. A
further examination of external stability of the model was carried out by means of a procedure in
which the entire data set was randomly divided into a training set of 366 compounds and a test set

of 182 compounds.

3 RESULTS AND DISCUSSION

The semi—empirical topological index developed by our group is based on the supposition that
the chromatographic behavior of a molecule results predominantly from the number and interaction
of the atoms of the molecule with the stationary phase. This interaction is determined by its
electrical properties and by steric hindrance to this interaction by other atoms attached to it. In order
to obtain topological indices that consider all the complex reality of the molecular interactions,
specific values were attributed to the carbon atoms and the functional group of the molecule

considering the general chromatographic behavior and supported by theoretical deductions.

It is well known that the Kovéts retention indices of non—polar substances on non—polar
stationary phases show an almost completely linear dependence on column temperature. On polar
stationary phases, this relationship is represented by a hyperbolic curve described by the Antoine—
type equation. This curve can depict a significant linear segment, whose length mainly depends on
the polarity of the substance examined, on the stationary phase applied, and on their interactions
[18,52,53].

Considering the predominance of this linear relationship between R/ and temperature in non—
polar and low polar stationary phases, the semi—empirical topological index can be applied to

different temperature ranges of low—polarity stationary phases [41-46]. The influence of the
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temperature on the quality of the linear regressions between R/ and /xr can be verified in a recently
published article [42]. In this work, the topological descriptor was generated for branched alkenes
on squalane at 80 °C. It was subsequently applied to obtain QSRR models (R/ = a + b Igr) on
diverse low stationary phases at different temperatures (Table 3 in ref. [42]). The similarity between
angular coefficients and the quality of the statistical parameters of QSRR models demonstrated the
applicability of /g7 for these experimental conditions. This clearly indicates that the semi—empirical
topological descriptors can be considered as invariants of the system within some limits such as

stationary low—polarity phases and appropriate temperature range.

Analyzing the influence of structural features on the chromatographic behavior of the organic
compounds selected in this study, it is possible to verify that the retention mainly depends on the
number of carbon atoms, the degree of branching, the presence of the heteroatom and the position
of the functional group in the carbon chain. Thus, the following general qualitative statements can

be drawn:

(1) The branching of a chain reduces the R/s of the compounds due to steric effects, in the
following order: CH; < —CH,— < >CH- < >C<. In a general way, the tertiary and quaternary carbon
atoms in the o, B and y position attached to the functional groups exhibit different values from the
C;i values previously attributed to the same carbon atom for alkanes [41]. As expected, the steric
hindrance on the carbon atoms attached to the functional group generally decreased as the carbon
atom moved away from the functional group in the order o, B and y. These values are specific for
each functional group because it is necessary to take into account not only the influence of the steric
effect but also other mutual intramolecular interactions between the functional group and

neighboring carbon atoms.

(2) As earlier observed for alkanes and alkenes [41], one of the most important factors in the
chromatographic retention of esters, aldehydes, ketones and alcohols is the dispersion interaction
between the surfaces of solute and the stationary phase, which is related to steric factors, molecular
size, and branching. However, it is necessary to consider the permanent dipole moment of oxygen—
containing functional groups, which should provoke dipole—induced—dipole interactions with any
non—polar stationary phase. This can be observed comparing the contributions to the retention
indices of some structural fragments that represents different functional groups having the same
topological structure. These fragments are those representing C—OH in 2—heptanol, the C=0O group
of the 2—heptanone, —COO- of the pentyl acetate and —CH,— in heptane. The correlation between
the C; values attributed to fragments, C—-OH, C=0, —-COO-, and —CH,—, and the retention indices of
these respective compounds is illustrate in Figure 1. The contributions of these groups to the
chromatographic retention are ordered as follows: hydroxyl > carbonyl > carboxyl > methylene,
indicating the importance of the nature of the functional group of the given type of compound,

which include dispersive interactions, dipole—induced—dipole and hydrogen bonding interactions.
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(3) We also observed the influence of the position of functional groups (esters, aldehydes,
ketones and alcohols) and the double bond (alkenes) on the chromatographic retention. The
retention indices of compounds decrease when the functional group moves towards the center of the
carbon backbone. This result can be attributed to the steric hindrance of aliphatic side—chains on the
functional group, significantly reducing the contribution of the oxygen atom to the chromatographic
retention of these compounds.

OH
900 + )\/\/\
(0]
o )’l\/\/\
850 + /U\O I gy
2 800
_LIJ
h'e
750 —
7004 NN
J T J T J T J T J T
0,8 1,0 1,2 1,4 1,6 1,8

C, values of fragments -CH,-, -COO-, C=0 and C-OH

Figure 1. Correlation between the C; values attributed to fragments —CH,—, -COO—, C=0 and C-OH and the retention
indices of heptane, pentyl acetate, 2—heptanone and 2—heptanol, respectively.

The values of C; for the carbon atoms and the values attributed to the functional groups of esters,
aldehydes, ketones and alcohols are listed in Table 2.

As the starting point, the Igr was developed for alkanes on non— polar stationary phase. These
compounds are the simplest ones and their properties almost completely depend on topological
features. Subsequently, this novel topological descriptor was extended to different classes of
organic compounds with more complex structural features. Due to the influence of the polarity of
the stationary phase on the chromatographic behavior, the /zr has been developed on low polarity
stationary phases. Recently, our group has investigated the predictive ability of /g7 to predict the R/
of aldehydes and ketones on stationary phases of different polarity and better results were found on
stationary phases of low polarity, as it was expected [54]. Thus, in a near future, we intend to
improve the /7 in order to apply it on polar stationary phases, reflecting the interactions between

polar molecules and polar stationary phases.
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Table 2. Values of C; for the carbon atoms and the values attributed to the functional groups of
esters, aldehydes, ketones and alcohols [41-46].

Class of organic

compounds Fragment Fragment position G
. CH; - 1.0000
Lmearaaiﬁgnl;r:nched _CH,- B 0.9000
—CH< - 0.8000
>C< - 0.7000
CH,=; -CH= 1C 0.8975
—CH= trans— 2C 0.8950
cis— 0.9100
—CH= trans—“ 3C 0.8750
cis—* 0.8850
—CH= trans—“ 4C 0.8650
Linear alkenes cis—“ 0.8700
—CH= trans— 5C 0.8650
cis— 0.8550
—CH= trans— 6C 0.8600
cis— 0.8500
—CH= trans— 7C 0.8575
cis— 0.8450
=CH, ; =CH- 1C/2C/3C 0.8975
=C< 1C/2C/3C 0.8500
=C< trans— 2C/3C 0.8800
cis— 0.8200
Branched alkenes  ~CHR b 1C/2C/3C 0.8400
=CH-R’;=C<®’ trans—  2C/3C 0.8100
cis— 2C/3C 0.7700
=CH-R° 1C/2C/3C 0.7700
=CH-R ¢ trans— 1C2C/3C 0.7700
=C<R? 1C/2C/3C 0.7900
—CH; a acid 1.0700
—CH; o alcohol 1.0700
~CH,~ o alcohol 0.8500
—CH,— B alcohol 0.8800
—CHyp— v alcohol 0.8900
—CH,- o acid 0.8950
—CH,— y acid 0.8970
Esters >CH- a alcohol 0.6400
>CH- B alcohol 0.7000
>CH- y alcohol 0.7400
>CH- a acid 0.7000
>CH- B acid 0.7100
>CH- y acid 0.7500
>C< o alcohol 0.5200
R-COO-R'“ - 1.6500
HCOO-R'“ - 2.1500

BioCHEM Press
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Table 2. (Continued).

Class of organic

Fragment Fragment position C;
compounds

HC=0 aldehyde 2.0940
Cc=0 2 1.7100
Cc=0 3 1.6900
C=0 Middle of the chain ° 1.6000
Aldehydes and ~CH- o 0.7300
ketones >CH- B 0.7000
>CH- ¥ 0.7650
>C< o 0.6100
>C< B 0.6100
—~CH,-OH - 2.6300
N 2 1.7900
—C—OH 3 1.7800
7/ Middle of the chain © 1.6800
AN 2 1.2600
Alcohols /C H—OH 3 1.3600
a 0.7500
Chs< B 0.7300
~C< o 0.6100
B 0.6300

“ Above 10 carbon atoms in the carbonic chain, the values for cis— and trans— linear alkene
isomers should be inverted

R = alkyl group with o or p branching at the double bond

“R =—-C(CHj3); group at the o position

R corresponds to the acid side and R' corresponds to the alcohol side of the molecule

¢ For compounds with more than 6 carbon atoms in the backbone

A summary of the best simple linear regression models (R/ = a + b Igr) and the statistical data for
each data set of compounds, obtained in previous QSRR studies, is given in Table 3. The results
illustrated in Table 3 clearly indicate that it is possible to generate a general QSRR model for
different classes of organic compounds employing a single topological descriptor, /7. Thus, a new

data set with all 632 compounds was used to build the general QSRR model.

The best simple linear regression obtained for the whole data set of 632 compounds using a

single descriptor, /g7, is given as follows:

RI=—1554551+123.7183 Igr 2)
n=632 r=09999 *=0.9997 SD=17.71

where RI is the retention index and /g7y is the semi—empirical topological index. Table 1 (see
Supplementary Material) shows the values of experimental retention indices (Rlep), values of
calculated retention indices (Rl.i) using Eqgs. (2) and (3), ARl (Rlexp — Rlcac) and values of
calculated semi—empirical topological index (/zr) for alkanes, alkenes, esters, ketones, aldehydes

and alcohols.

A good improvement of this QSRR model was obtained removing the branched alkanes that

showed large residuals (= 20), considered as outliers (Table 1). This result was expected since these

Iy
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compounds are generally small and have a high degree of branching. For these compounds, the
steric effect is probably highlighted due to the conformations of the molecules of the solute that
plays an important role in solute—stationary phase interactions. Despite the good results obtained for
the correlation between /gy values and experimental retention indices for 157 linear and branched
alkanes [41], our topological index was not able to encode some conformational effects, which are
probably responsible by the chromatographic behavior of these compounds. However, in a later
work, for a specific set of alkanes (methyl-branched alkanes produced by insects) [43], the /g7 was
improved considering conformational factors in order to distinguish the methyl alkane isomers. The
statistical parameters obtained in this QSRR model were excellent (+* = 0.9999, SD=4.31). In the
near future, we intend to improve our topological index to obtain better results for these outliers
branched alkanes and information about the molecular conformations involved in the

chromatographic retention processes.

Table 3. Summary of the best simple linear regressions (Rl.,. = a + b Irr) found for different data sets on low—polarity
stationary phases.

No Data Set Phase Temperature (°C) a b n r SD Ref.
1 Alkanes SQ 100 116.8000 —19.0500 157 0.9901 26.20 41
2 Cis—/trans— linear alkenes SQ 100 122.8446 —41.7054 79 1.0000 2.35 41
3 Branched alkenes SQ 80 120.4671 -29.0457 59 0.9985 5.76 42
4  Methyl-branched alkanes DB-1 Programmed “ 123.1610 —39.5251 178 1.0000 4.31 43
5 Esters SQ 81 123.7900 —48.1400 81 0.9995 5.79 44
6  Aldehydes and ketones HP-1 and OV-1 50 and 60 123.4951 -45.6553 54 0.9999 5.01 45
7 Alcohols Oov-1 60 124.1239 -51.3739 44 09991 5.70 46

“ Temperature programmed from 60 to 320 °C.

A final QSRR model was obtained (removing these outliers) using the present method for 548

compounds, as illustrated bellow:

RI=—48.0866 + 123.4758 Ir 3)
n=>548 r=1.0000 *=1.0000 SD=7.01 #cv=0.999

As it can be seen, this model explains more than 99 % of the variance in the experimental values
of the retention index for this data set of compounds. Good results were obtained considering that

the data originated from different sources under different experimental conditions.

The correlation between the experimental (R/..,) and calculated retention index (Rlca) for all
compounds in this data set is shown in Figure 2. The residual values were plotted against the
calculated ones to check the relationship between them (Figure 3). In this model, 33 compounds (29
branched alkanes) were identified as statistical outliers, showing AR/ > 15 index units. The
histogram of residual values is illustrated in Figure 4. It can be seen that 72% of the compounds had
absolute values lower than 6 index units and only 6% of the compounds revealed residual values
greater than 15 index units.
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Figure 2. Experimental retention index (Rl.p) vs. calculated retention index
(RI..) for the data set of 548 organic compounds.
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Figure 3. Plot of the residuals vs. calculated retention indices (R/.,) for the data set of 548 organic compounds.

An excellent QSPR model should have not only good estimation ability for any internal sample,
but also good prediction ability for an external sample. The most usual method to prove that a

model has excellent prediction ability is a cross—validation method (’cy = 0.999). In the present
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work, n — 1 samples from a total data set were used to construct a calibration set and to build a
QSRR model. The property of the sample is then predicted using the one sample that was left out of
the data set. The procedure above is repeated until every sample in the total data set is used for a

prediction.
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Figure 4 — Histogram of residual values of 548 organic compounds.
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Figure 5— Experimental retention index (Rlgy,) vs. calculated retention index (Rlc,i) for the external prediction set of
182 organic compounds.
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In order to further validate the external stability of the above QSRR model from Eq. (3), a new
model was obtained by using 366 compounds in the training set or calibration set randomly chosen
from whole 548 compounds. This model (R/ = —48.0866 + 123.4758 Igr) was used to predict the
chromatographic retention index of 182 remaining compounds, considered as the external
prediction set. The graph of predicted R/ values versus experimental retention indices for these
compounds is shown in Figure 5 (» = 1.0000, SD = 7.65). These results also indicate a satisfactory
predictive ability for the external data of QSRR model generated using our semi—empirical

topological index.

The final prediction results from Eq. (3), using our single topological index, showed statistical
data comparable to those obtained from similar studies recently reported elsewhere [9,20,55]. In one
of the articles [20], the authors developed a method for the prediction of retention indices for a
diverse set of compounds (184 organic compounds) using radial basis function networks (RBFNN5s)
from their physicochemical parameters. The selected compounds included acyclic and cyclic
alkanes, alkenes, alcohols, ethers, ketones, and esters. For a test set of 34 compounds, a predictive

correlation coefficient » = 0.9910 and root mean squared error of 14.1 were obtained by the method.

4 CONCLUSIONS

A novel semi—empirical topological method for the prediction of retention indices for a diverse
set of compounds has been presented. Very satisfactory results were obtained with this topological

index. Because of its simplicity, it is also suitable for routine work.

As observed in our previous publications using the semi—empirical topological method, the
results of this work suggest that the role of the steric factors must be more important in the
chromatographic retention than the polar effects on the non—polar and low—polarity stationary

phases.

The predictive quality of the QSRR was tested for an external prediction set of 182 compounds
randomly chosen from all 548 compounds (» = 1.0000, SD = 7.65). Statistical analysis shows that
the semi—empirical topological index has good predictive power using a single descriptor for a large
data set of organic compounds. The worst QSRR model (SD = 17.71) was observed when the small
and highly branched alkanes were included in the data set. This result was expected because of the
conformational effects, which were not well encoded by /7, presumably play an important role in
the intermolecular interactions between these molecules and the stationary phase. However, as the
Ier was developed on non—polar and low—polarity stationary phases, the applicability of the

proposed approach is limited to this type of stationary phases.

Many researchers have developed new topological descriptors where the main objective is to use

them in drug design and to be able to predict biological activities. Thus, the good results obtained
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from the prediction of chromatographic retention using the novel semi—empirical topological index,

IgT, can be considered as an initial step towards forthcoming QSAR studies.
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