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Abstract

Benzotriazole derivatives chromatographic retention under conditions of high performance liquid
chromatography on hypercrosslinked polystyrene and porous graphitized carbon (hypercarbia) surface from
the water — acetonitruile solution were studied. It was suggested a possible role of topology sorbate molecules
in their sorption on the flat surface of these sorbents. To determine the effect of topology on chromatographic
retention values the topological indices (connectivity indices, or Randi¢ indices and indices of Wiener) for the
16 benzotriazole derivatives were calculated. The Wiener index calculation performed in different ways —
according to known equations and using real bond lengths in the molecule and a computer program. We
analyzed the patterns of change in the index with the change of topological structure of molecules
benzotriazole derivatives. A decrease in the values of the connectivity indices with the growth of their order,
caused by geometrical and topological removal of atoms from each other with increasing order of relatedness
was demonstrated. It was found that connectivity indices of isomeric compounds are singular, but with the
growth of the order of topological index degeneracy is lifted, increasing thus discriminating ability of
connectivity indices to the benzotriazole derivatives isomers.

Physicochemical characteristics of these compounds, determining retention under reverse phase high
performance liquid chromatography (such as polarizability, volume, surface area, dipole moment) were
received by quantum chemical calculations. The interrelation between the physical and chemical
parameters and topological indices were investigated. It is shown a simultaneous change in the topological
indices and dimensional characteristics of molecules — the volume and surface area. Correlations between the
topological indices and retention factors values of the compounds were studied on hypercrosslinked
polystyrene and hypercarbia. The correlation coefficients of the corresponding equations and established the
relationship between the physical and chemical properties, topological and chromatographic characteristics of
some derivatives of benzotriazole were analysed. It is shown that the correlation level is determined by the
order of connectivity indices used, the type and composition of the parameter correlated and eluent used in the
chromatographic system.

Introduction

Investigation of the organic compounds structure on a topological level is a promising direction
of development of modern theoretical chemistry, as the mathematical modeling of chemical
structures of the compounds allows them to predict the physical and chemical properties, biological
activity, the value of chromatographic retention [1]. Topological indices (TI), and in particular
Randi¢ indices (or connectivity index — CI) are widespread as a correlated parameters for solving
problems "structure — property" and "structure — retention." The main factor in the study of
correlations "structure — property" is the choice of the molecular descriptors characterizing structural,
topological, electronic, quantum, geometry and other parameters. Thus, quantum descriptors contain
information about the charge of the atom, the dipole moment, the formation energy while other
structural indices take into account only part of the molecule, but does not characterize the geometry
and the electronic structure, which is determined by the order of atoms binding and the nature of
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relationships, so often used topological indices taking into account the size and the degree of
branching molecules [2-3].

Currently, for the construction of the correlation structure — property — the biological activity
the indices of Wiener, Schultz, Shannon, Randi¢ representing the encoded information on the size of
the molecule, its cyclical nature, the presence or absence of hetero atoms in the structure [1]. It is
possible to use two-dimensional or three-dimensional indices. Two-dimensional codes tend to ignore
the metric relations in the molecule (bond angles, internuclear distance). When three-dimensional
topological indices are based on the distance between atoms. This fact leads to an increase in their
ability to discriminate and distinguish not only structural, but also rotational isomers. However, when
calculating the three-dimensional codes must take into account not only real bond lengths and angles,
but also the most possible conformation of the molecule, the change in the bond lengths, depending
on the nearest atomic environment, making it more difficult calculations, even for relatively simple
molecules. Therefore, to describe the topological structure of the molecules two-dimensional codes
are used more often.

The aim of this study was to establish the role of the molecules topology in a chromatographic
retention of benzotriazole derivatives on the surface of hypercrosslinked polystyrene (HCPS) and a
porous graphite carbon (hypercarb), used as sorbents in a reversed-phase HPLC condition.

Experimental part

The experimental procedure. Studies carried out on a liquid chromatograph with UV detector
VARIAN ProStar 325 and plunger pump ProStrar 210. Detection was at 254 nm. As sorbents used
hypercrosslinked polystyrene (HCPS) (column size 150h 4.6 mm, the diameter of the sorbent particles 5
microns) and a porous graphitized carbon (column size 50 h3 mm, the diameter of the sorbent particles 5
microns). Elution is performed in isocratic mode, using as eluent acetonitrile-water mixture in a ratio of 1: 3,
2:3, 1: 1 and 3: 1 by volume, the flow rate was 0.5 ml/min. Sorbates individual solutions were prepared by
dissolving the samples in a suitable mobile phase; sample was injected at 40 ml. The mobile phase was
degassed before analysis to install and filtered. Sorbates solutions were prepared by dissolving the dry
individual substances. The column temperature was kept constant with an accuracy of £0.2 K by using a solid-
state thermostat. The assay was performed at room temperature. Prior to the experiment column was
thermostated and was washed by eluent for 1.5 hours. Retention of substances characterized by the value of
the retention factor k, calculated by the formula [4]:

where tg — the retention time of the test substance, ty — retention time nonsorbent component.
Values retention factor of benzotriazole derivatives shown in table. 1.
Method of calculation. Calculation of connectivity index was carried out using well-known formulas [1]:

O =3@i)y12,  ly=3@ig)-l2, 2=3Gidjsn-12,  3x=36idskdm V2,  Si=zi-hi
where zj — the number of valence electrons in the atom i; hj — the number of hydrogen atoms at
atom i.
Connectivity indices of higher orders was calculated by the same formulas.
Wiener Index, based on a matrix of distances, defined as half the sum of the elements of the matrix of

1 N N
distances: W = 52 Zdﬁ ,

i=l j=I
where d;; — the shortest distance between vertices i and j (off-diagonal elements of the distance
matrix), N — vertices number of molecular graph.

The off-diagonal elements of the distance matrix for vertex- and edge-weighted (multi-) graphs
calculated as: d; = ZK,,
where K, — parameter characterizing the interaction and connection of atoms in the molecule,
1 36
" b, 27,

where Z; , Z; — the number of electrons in the atoms i and j, of the connected link, b, — the bond order
characteristic.

defined as:
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Table 1. Retention factor of studied substances

k retention factor for different ratios of acetonitrile — water

SCPS PGC
No. Formula 2:3 1:1 3:1 1:3 2:3 1:1 3:1
N\
1 ©IN/N 3.53 2.96 1.61 4.86 1.90 1.09 0.82
H
/N\
2 ©;,N\/c1 32.29 1441 441 24.28 8.55 4.40 1.60
N
N,
3 ©:N’N 3457 16.15 4.56 25.24 8.43 4.55 1.56
kc1
N,
N
4 @EN’ 4.73 3.04 1.63 5.43 1.94 1.33 0.82
\\OH
/N\
5 ©; N_oH 4.60 3.04 1.62 5.41 2.04 1.27 0.85
N
/N\ A\ /N\\

6 @ @ 43.69 1931 4.29 100.15 22.42 9.13 3.22
=N Ne
C[ ,N\/N N

7 =N @ 86.60 2191 5.09 - 19.44 9.73 3.26

8 Ny MO ' 5537 2389 507 111.13  21.24 9.65 3.32
_N, AN
9 @,N\/O N\NJQ 56.48 2137 568  87.19  21.76 9.59 3.30
N
)
10 =N @ 65.18 20.64 5.14 81.19 21.49 9.31 3.01

PAN
N7 N—CH2—< >
11 @ - 16.57 2.19 - - 11.15 0.75
N
HO—< :%CH,—N N
12 @ 25.02 12.18 3.75 82.48 16.32 5.87 2.69

QCH—N’N°N
13 @ 3453 1374 4.83 - 31.91 10.87 4.33

o, O
14 CH, - 80.23 19.83 - 25.16 12.08 23.56

N”N‘N—CHZ—OOCHZ—N’N\‘N

15 @ @ - 67.89  27.69 - - 10.41 29.54
@—Ggﬂ{z—ag—o{ >—CH‘NN\\N

16 @ 9.57  4.00

- 16.95 8.06 2.84
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The diagonal elements of the distances matrix for vertex- and edge-weighted (multi-) graphs calculated as:

6
dy=1-—-,

i

where Z; — the number of electrons (valence and inner-shell electrons) i atom [1].

For the substances containing heteroatoms, calculation was performed by the formula:
1
w=>d, +52dl.j,
i i>j
Calculation of the modified Wiener Index (Wmodif.) was carried out using real bond lengths as the

distance between atoms [5] and using the computer program Marvin (Wp,). The obtained values are given in
table 2.

Table 2. Topological indices of the studied substances

No. OX IX 2X 3X 4X SX Wca]c. Wmodif. Wpro_gr._

1 4.704 2.725 1.829 1.232 0.789  0.492 49.62 110.14 79

2 6.562 3.842 2.442 1.668 1.075  0.768 91.92 209.04 147
3 6.562 3.842  2.458 1.830 1.343  0.771 91.03 204.19 143
4 5.805 3.307  2.219 1.604 1.022  0.646 94.60 200.88 143
5 5.805 3.307  2.202 1.454 0.968  0.653 95.50 206.11 147
6 10.009  5.981 4.056 3.107 2.171 1.483 471.49 985.89 698
7 10.716  6.482  4.334 3.260 2.347 1.464 475.98 1010.51 718
8 11.125 6.559  4.618 3.267 2.490 1.456 711.19 1450.14 1026
9 11.125 6.559 4.584 3.069 2.416 1.393 721.96 1510.52 1074

10 11.125 6.559  4.601 3.168 2434 1.430 704.96 1480.20 1050
11 8.744 5.255 3364 2.256 1.659  1.178 317.95 630.95 445
12 9.115 5389  3.902 2.688 1.930  1.273 384.82 760.65 537
13 9.115 5395  3.771 2.593 1.888  1.102 371.48 734.60 517
14 14.434  8.655  5.793 4.173 2,737 1527 141699  2793.85 1972
15 14434 8.649  6.256 3.468 2596 1416  1563.21 3099.91 2192
16 14.084 8923  6.316 3.657 3.019 1910 163427  3035.87 2122

Calculation of the benzotriazole derivatives values of the dipole moment (p), polarizability (o), the
surface area (S), volume (V) and the energy of hydration (Egidr) was performed using Spartan program
version 1.1.0 by semiempirical method AM1. Lipophilicity (1gP) was performed using Marvin version 6.3.0
software.

Results and discussion

The topological approach involves molecular structure study about the relationship and, as a
consequence, the interaction of atoms in a molecule. This fact is the basis for most applications of
graph theory for the study of molecular structure, which include, in particular, as a model theory of
molecular orbitals by Huckel. Existence correlation between the physical and chemical properties
chromatographic retention characteristics, in particulary, and the topological parameters of molecules
is due, above all, the proportionality of the structural contribution of the interaction between the
sorbate and sorbent in chromatographic system corresponding change in internal energy of the
molecules of organic compounds with the variations in their structure. Simple linear dependence
such as [ = a-y+b cause from the same energy nature of the compared values.

The differences in the electronic and physical-chemical parameters of benzotriazole derivatives
are due to their structural features associated with the presence of electron-donor nitrogen atoms and
the presence of an extended conjugation system due to the interaction of nitrogen p -electrons with
the m-electrons of the ring system. High delocalization energy of the system demonstrates distinct
aromatic properties of nitrogen heterocycles. Thus, the main factors influencing the properties of
these compounds are the nature of the substituents (electron acceptor or electron donor), its location
(in the benzene ring, or a nitrogen atom), and the presence of one or two benzotriazole rings. These
characteristics are largely determined by the topology of molecules. Table 2 shows a decrease in
connectivity index values with increasing its order. This fact corresponds to literature data, of which
it is known that with an increase in Cl-order coherence values decrease monotonously due to less
formal relatedness atoms per molecule. With the growth of Cl-order atoms are geometrically and
topologically more distant from each other [3]. In other words, a reduction "y actually reflects a
decrease in the mutual influence of atoms in the molecule inside its topological space. For isomeric
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compounds CI turns out and degenerate, but with increasing n degeneracy is lifted (mainly starting
with n = 3), thereby increasing the discriminating ability of CI to the isomers of derivatives of
benzotriazole.

Graphs in fig. 1 shows the relationship between the CI of different orders, surface area and
molecular polarizability of benzotriazole derivatives.
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Fig. 1. Correlation between *y, surface area (a) and molecular polarizability (b) of benzotriazole derivatives

It should be noted that we have previously published data on the T1 dependence of the electron
and structural parameters for several smaller sample benzotriazole derivatives [6]. Substances
characteristics were calculated in the HyperChem program version 7.0. In this study, as indicated in
the experimental section, these characteristics we calculated using Spartan program and Marvin.

In general, as appears from the figure 1, the CI values with different orders vary symbatically
to the physico-chemical parameters of molecules. In other words, the level of corresponding
correlations is quite satisfactory, and the correlation coefficients are defined by correlated molecule

roperty and CI order.

1600 1 " %16 1600 s
15 15
&4 @
1200 4 1200 A
= 800 1 2 800 |
t ’ ! 9
10 , 0
%7 %
400 oo, ) 400 1 ® |, :
19 R*=0,928 JE R==0923
1
13
4 45
o o .
0 0 T
120 220 320 420 47 57 s 67
¢ K2 y R
6gn'(l* A a, 4
a) b)

Fig. 2. Correlation between W , surface area (a) and molecular polarizability (b)of benzotriazole derivatives

Wiener index (W) in the series studied nitrogen heterocycles vary monotonically, increasing
with increasing molecular size. In this case, unlike the low-order CI, W are not degenerate for
isomers. However, the correlation between the W and physico-chemical parameters of molecules is
somewhat less strict (fig. 2).
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For similar correlations, we used the ‘
W wvalues, designed by well-known for- 1600 | Yo
mulas [1]. A good level of correlation
between the W wvalues calculated by
different methods described in the
experimental section, shows the adequacy
of all these types of TI (fig. 3).
Features of the structure of

1200 A

molecules play an important role in the 5 e o :,

chromatographic  retention, and the =

essential in the topology of molecules A

adsorbed on the flat surface of sorbents. 400 1 n,e R=0.997
From the data represented in the

table 1 follows that the retention factor 3 2.5

values obtained by chromatography on o+

various adsorbents, are significantly » SO L

different. This fact is due to the specific Wonoit.

interactions contribution of HCPS and Fig. 3. The correlation between W,

carbon sorbent surface to the retention of calculated in different ways

the benzotriazole derivatives.

Thus, as noted above, topology play a decisive role on sorbate molecule adsorption on a flat
surface when compared to the adsorption, for example on octadecylsilicagele. An illustration of
manifestations of this kind of interactions can serve sorption of 1-[2-(1H-benzotriazol-1-ylmethoxy)
benzyl]-1H-benzotriazol, value retention factor which (as well as some other substances) in the ODS,
HCPS and hypercarb are significantly different (fig. 4).

k (ODS) = 5.79 k (hypercarb) = 12.08 k (HCPS) = 80.23

Fig. 4. 1-[2-(1H-benzotriazol-1-ylmethoxy)benzyl]-1 H-benzotriazol
retention on the ODS, HCPS and hypercarb

Fig. 5 shows graphs of the benzotriazole derivatives retention factor of topological indices, and
table 4 — relevant parameters of correlation equations.

From these data it follows that the maximum value of the correlation coefficient R’
corresponds to the relationship between T1 and the retention factor in HCPS and hypercarb when the
concentration of acetonitrile in the eluent is less than 50%. Increasing the concentration of the
modifier greatly degrades the quality of the correlation.

Less than a strong correlation between T1 and retention on HCPS sorbent is probably due to the
fact that the decisive role in the sorption on hypercrosslinked polystyrene, as mentioned above, plays
a significant contribution m-interactions of aromatic systems sorbate molecules and the adsorbent as
compared to the contribution of the topology of molecules, while the absence of such interactions on
a flat surface enhances the effect of hypercarb topological factor. Similar dependences were obtained
earlier for imidazole derivatives [7]. We can assume that in general topology plays an important role
in the sorption-azotso holding heterocycles in a high performance liquid chromatography, even
though the competitive impact of the polar eluent component that reduces retention.
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Table 4. Correlation coefficients depending on the type k = aTI + b for sorption of benzotriazole
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derivatives at HCPS and hypercarb at different ratios of acetonitrile-water eluent

Fig. 5. Correlation between retention factor and TI (hypercarb sorbent; eluent AN — water 2:3)
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Correlated parameters | R’ a -b
Oy 0.757 9308  40.94
Ty 0.775 154 3895
oy 0.705 20.05  30.44
k HCPS (eluent AN — water 2:3, vol.) oy 0.747 28.38  30.51
i 0.748 343 21.74
oy 0.708 56.80 23.72
W 0.600  0.075 -10.75
Oy 0.524 4994 2622
Ty 0.487 7.662 221
oy 0.452 10.1 17.95
k HCPS (eluent AN — water 1:1) oy 0.468 16.75 22.8
Ty 0.331 1759  12.28
oy 0.206 2432 7.147
W 0.493 0.028 -5.232
Oy 0.915 162 80.04
Ty 0.925 2687  76.45
2y 0.926 36.1  66.08
k hypercarb (eluent AN — water 1:3) oy 0.957 51.71 66.66
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Oy 0.950 3.351 15
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Conclusions

I.

The calculated and analyzed values of the five orders connectivity indices , and the Wiener
indices for some derivatives of benzotriazole. It was shown, that connectivity index values
decrease with an increasing in their order, caused by geometrical and topological removal of
atoms from each other with increasing order of relatedness.

. It was found that for the isomeric substances CI are singular, but with the growth of the TI order

degeneracy is lifted, increasing thus discriminating ability CI for isomers benzotriazole derivatives.

. Correlation relationship between topological indices, physical-chemistry characteristics and

chromatographic retention of a benzotriazole derivative were obtained. It is shown that the
correlation level is determined by the order of connectivity indices used, the type and composition
of the parameter correlated and eluent used in the chromatographic system.
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Abstract

Benzotriazole derivatives chromatographic retention under conditions of high performance liquid
chromatography on hypercrosslinked polystyrene and porous graphitized carbon (hypercarbia) surface from
the water — acetonitruile solution were studied. It was suggested a possible role of topology sorbate molecules
in their sorption on the flat surface of these sorbents. To determine the effect of topology on chromatographic
retention values the topological indices (connectivity indices, or Randi¢ indices and indices of Wiener) for the
16 benzotriazole derivatives were calculated. The Wiener index calculation performed in different ways —
according to known equations and using real bond lengths in the molecule and a computer program. We
analyzed the patterns of change in the index with the change of topological structure of molecules
benzotriazole derivatives. A decrease in the values of the connectivity indices with the growth of their order,
caused by geometrical and topological removal of atoms from each other with increasing order of relatedness
was demonstrated. It was found that connectivity indices of isomeric compounds are singular, but with the
growth of the order of topological index degeneracy is lifted, increasing thus discriminating ability of
connectivity indices to the benzotriazole derivatives isomers.

Physicochemical characteristics of these compounds, determining retention under reverse phase high
performance liquid chromatography (such as polarizability, volume, surface area, dipole moment) were
received by quantum chemical calculations. The interrelation between the physical and chemical
parameters and topological indices were ivestigated. It is shown a simultaneous change in the topological
indices and dimensional characteristics of molecules — the volume and surface area. Correlations between the
topological indices and retention factors values of the compounds were studied on hypercrosslinked
polystyrene and hypercarbia. The correlation coefficients of the corresponding equations and established the
relationship between the physical and chemical properties, topological and chromatographic characteristics of
some derivatives of benzotriazole were analysed. It is shown that the correlation level is determined by the
order of connectivity indices used, the type and composition of the parameter correlated and eluent used in the
chromatographic system.
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