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Abstract The relationship of urea adductability of
substituted cyclic organic compounds with topological
descriptors has been investigated. Wiener’s index—a
distance-based topological descriptor, molecular con-
nectivity index—an adjacency-based topological
descriptor and eccentric connectivity index—an adja-
cency-cum-distance based topological descriptor were
employed for the present study. A data set comprising
of 45 cyclic organic compounds was utilized. The
values of all the three topological indices for every
compound involved in the data set were computed
using in-house computer program. The resultant data
was analyzed and suitable models were developed
after identification of adductible ranges. Subsequently,
each compound in the data set was classified using
these models either as urea adductible or non-ad-
ductible, which was then compared with the reported
adductability in urea. Accuracy of prediction was
found to vary from a minimum of ~90% for a model
based upon eccentric connectivity index to a maxi-
mum of ~92% for model based upon Wiener’s index.
Statistical analysis revealed the selected topological
indices to be weakly or appreciably intercorrelated for
the said data set.
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Introduction

Among the wide range of solid inclusion compounds
that have been studied in recent years, the urea
inclusion compounds have received particular atten-
tion in view of the wide range of fundamental physi-
cochemical phenomena that they exhibit, including
incommensurate structural properties, order—disorder
phase transitions, molecular motion and properties
relating to one-dimensional confinement [1, 2]. The
crystal structure of urea itself has been reported to
correspond to tetragonal space group P42;m [3].
However, in the presence of a suitable guest moiety,
urea molecules form an extensively hydrogen-bonded
host structure as parallel, non-intersecting, one-
dimensional hexagonal tunnels described by space
group P6,22 (right-handed spiral) or P6522 (left han-
ded spiral) at ambient temperature [4, 5]. The guest
molecules are loosely held within these tunnels and are
expected to adopt a linear, extended conformation [6]
while, the conventional urea inclusion compounds are
characterized by hexagonal host tunnel structure, urea
is also known to crystallize in modified symmetries in
presence of some of the guest moieties e.g., thombo-
hedral space group R32/C with o,m-disubstituted alk-
anes [7] or trioxane [8], orthorhombic space group
Pbcn in presence of 1-4-dichlorobutane [9]. Hence,
urea inclusion compounds have been exploited as
means of isolating molecules in such conformation and
also as prototypical materials for studying various
properties of molecules in the particular conformation
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[10]. This unique property of selective adduction has
led to several industrial applications of urea inclusion
compounds, the most important of them being sepa-
ration of hydrocarbon mixtures in petroleum industry
[11, 12].

Urea is known to form inclusion compounds with
straight chain compounds having a carbon backbone
above a minimum length for a homologous series. In
terms of degree of branching or substitution in a guest
molecule, little or no branching or substitution is usu-
ally a requirement for urea inclusion compound for-
mation. However, guest molecules with non-hydrogen
substituents at a position other terminal carbon atoms
also form inclusion compounds provided certain steric
requirements are fulfilled [13]. As for cyclic com-
pounds, in general, molecules containing benzene or
cyclohexane rings do not form inclusion complexes
with urea, presumably because these structural com-
ponents are too wide to fit comfortably inside the
tunnel [1]. However 1-phenyloctadecane forms an ad-
duct with urea. The long chain of this compound is
readily adducted and apparently the unit cell can easily
withstand the distortion caused by an occasional ben-
zene group [14]. Other cyclic groups can be expected to
be included in a similar manner by causing occasional
distortion of unit cells in a hexagonal structure. Suit-
able models for prediction of adductability of branched
aliphatic compounds in urea were developed earlier
[15]. In the present study, suitable models have been
developed for prediction of adductability of substituted
cyclic organic compounds in urea utilizing topological
descriptors as structural parameters.

Topological descriptors are the numerical values
associated with chemical constitution and are exploited
for correlation of chemical structure with various
physical properties, chemical reactivity or biological
activity [16]. Graph theory has been applied success-
fully through translation of chemical structures into
characteristic numerical descriptors by resorting to
graph invariants. Since the structure of an analogue
depends on the connectivity, adjacency and inter-
atomic distances of its constituent atoms, the numerical
graph invariants derived from this information can
reveal the structural or sub-structural information of a
molecule [16]. In recent years a large number of
topological indices have been reported and utilized for
chemical documentation, isomer discrimination, study
of molecular complexity, chirality, similarity/dissimi-
larity, QSAR/QSPR, drug design and database selec-
tion, lead optimization, rational combinatorial library
design and for deriving multilinear regression models
[16-18]. Topological indices that have been extensively
used for structure activity relationship studies include

@ Springer

Wiener’s index [19, 20], Balaban’s indices [21], Ho-
soya’s index [22], Molecular connectivity index [23],
Zagreb indices [24] and eccentric connectivity index
[25, 26]. In the present study, relationship between
topological descriptors of diverse nature and adducta-
bility of cyclic compounds in urea has been investi-
gated and suitable models developed for the prediction
of adductability of cyclic compounds in urea. The three
topological descriptors selected for the present study
were molecular connectivity index (y)—an adjacency
based topological index, Wiener’s number (W)—a
distance-based topological index and eccentric con-
nectivity index (£°)—a adjacency-cum-distance based
topological index.

Methodology
Calculation of topological indices
Molecular connectivity index

One of the pioneering topological indices widely
applicable to structure-activity/property studies, is
molecular connectivity index, which was originally re-
ferred to as branching index [23]. It was later expanded
to broaden its applications and the chemical literature
now uses the term molecular connectivity index [26]. It
is denoted by y and is defined as the sum over all the
edges (i) as per following:

n

=Y. (viv) ™" (1)

i=1j=1

where V; and V; are the degrees of adjacent vertices i
and j and » is the number of vertices in a hydrogen
depleted molecular structure.

Wiener’s index

It is the first reported and widely used topological in-
dex in Chemistry [19] and is defined as half sum of the
distances between all the pairs of vertices in a hydro-
gen depleted molecular graph.

1 n n
W= iZZP,-,- 2)
i=1 j=1

where P;; is the length of the path that contains the
least number of edges between vertex i and vertex j in
graph G and # is the maximum possible number of i
and j.
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Eccentric connectivity index

The eccentric connectivity index [25], an adjacency-
cum-distance based topological index denoted by &°, is
defined as the summation of the product of eccentricity
and the degree of each vertex in the hydrogen depleted
molecular graph having n vertices.

n

&€= (EixVy) (3)

i=1

where E; is the eccentricity of the vertex i, V; is the
degree of vertex i and # is the number of the vertices in
graph G. The eccentricity E; of a vertex i in a graph G
is the path length from vertex i to vertex j that is far-
thest from i (E; = max d (ij); je G); the eccentric con-
nectivity index takes into consideration the eccentricity
as well as valency of the vertices in a hydrogen
depleted graph.

Model design

A dataset consisting of 45 n cyclic organic compounds
was used for the present study [27-33]. The dataset
comprised of both the adductible and non-adductible
compounds with respect to urea as a host. Values of y,
W and ¢&° of all the cyclic compounds were computed
using an in-house computer program. Resulting data
was analyzed and suitable models were developed after
identification of adductible ranges by maximization of
the moving average with respect to the adductible
compounds (£35% = non-adductible, 35-65% = tran-
sitional, 265% = adductible) in a manner similar to
that adopted for identification of active ranges in
structure-activity relationship (SAR) studies [34].
Subsequently each compound involved in the data set
was classified either as adductibile or non-adductible
using these models, which was then compared with the
reported adductability in urea [27-33]. The percentage
degree of prediction for a particular range was derived
from the ratio of the number of compounds classified
correctly to the total number of compounds present in
that range. The overall degree of prediction was cal-
culated from the ratio of the total number of com-
pounds classified correctly to that of the total number
of compounds present in both the adductible and non-
adductible ranges.

Intercorrelation between y, W and &€ for all the
compounds present in the data set was also studied.
The results are summarized in Tables 1 and 2 and
Figs. 1-3.

Result and discussions

Graph invariants play a vital role in SPR and SAR
studies by quantification of qualitative chemical
structures and thereby facilitating obvious correlation
with quantified physical/chemical property or biolog-
ical activity [35]. Graph invariants are numerical val-
ues derived from topological representation of
hydrogen-suppressed molecular graph and hence
characterize specific aspect of a molecule [16].
Though a large number of graph invariants belonging
to various categories have been reported in literature,
only a handful of them have been successfully em-
ployed in structure-activity/property relationships.
Recently, suitable models have been developed for
prediction of adductability of diverse range of bran-
ched aliphatic compounds in urea as the host lattice
[15]. In the present study, Wiener’s index W—a dis-
tance-based topological descriptor, molecular connec-
tivity index y—an adjacency-based topological
descriptor and eccentric connectivity index E—an
adjacency-cum-distance based topological descriptors
were successfully utilized for development of models
for prediction adductability of substituted cyclic
organic compounds in urea.

Retrofit analysis of data in Tables 1 and 2 reveals
the following information:

Model based upon y:

e A total of 33 out of 36 compounds were classified
correctly in both adductible and non-adductible
ranges. The overall accuracy of prediction was
found to be ~92% with regard to adductability in
urea.

e The adductible range had a y value of >9.32.
Accuracy of prediction of this range was 91%.

e The non-adductible y range for cyclic organic
compounds was <6.84. Adductability of total of 23
compounds out of 25 (92%) was classified correctly.

e The non-adductible range was ideally separated
from the adductible range by a transitional range
with y values varying from 6.84 to 9.32 indicating a
gradual transition from non-adductibility to adduct-
ibility in urea and vice-versa.

Model based upon W:

A total of 35 out of 38 cyclic compounds
were classified correctly in both adductible and
non-adductible ranges. The overall accuracy of
prediction was found to be ~92% with regard to
adductability in urea.
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Table 1 Relationship between topological descriptors and adductability of various cyclic organic compounds in urea

No. Compound name X w & Predicted adductability Reported References
adductability
x 4 ¢
1 Pinene 4.62 122 74 - - - - [27]
2 Camphene 4.98 123 73 - - - - [27]
5 Cyclohexane 3.00 27 36 - - - - [27]
4 Benzene 3.00 27 36 - - - - [31]
5 1-Phenyl octane 6.93 399 239 + - - - [28]
6 Cyclopantane 2.50 15 22 - - - - [27]
7 Methylcyclopentane 2.98 26 29 - - - - [27]
8 Ethylcyclopentane 3.43 43 44 - - - - [27]
9 1,1-Dimethyl cyclopentane 323 39 34 - - - - [27]
10 1-Methyl 1-ethyl cyclopentane 3.77 59 49 - - - - [27]
11 1-Methyl cyclohexane 3.39 42 45 - - - - [27]
12 1-Ethyl cyclohexane 3.93 64 62 - - - - [27]
13 1-Cyclopentyl nonane 6.93 414 241 + + + + [28]
14 1-Phenyl eicosane 12.93 2797 923 + + + + [28]
15 1-Cyclohexyl octane 6.93 399 239 + - - - [28]
16 Phenyl octanoate 7.83 563 294 + + + + [29]
17 Benzyl decanoate 9.33 082 438 + + + + [29]
18 Benzyl dodecanoate 12.33 1354 552 + + + + [29]
19 Cyclohexyl dodecanoate 9.83 1161 494 + + + + [29]
20 Decyl phenyl acetate 9.83 1161 494 + + + + [29]
21 Phenyl dodecanoate 9.83 1161 494 + + + + [29]
22 Ethyl benzoate 5.34 164 116 - - - - [30]
23 n-Octadecyl benzoate 13.34 3228 962 + + + - [29]
24 Phenyl hexanoate 6.83 364 212 - - - - [29]
25 Cyclohexyl octanoate 7.83 563 294 + + + - [29]
26 Cyclohexyl decanoate 8.83 826 388 + + + - [29]
27 Benzyl octanoate 8.33 686 338 + + + - [29]
28 Methyl salicylate 5.25 152 99 - - - - [30, 33]
29 1-Phenyl octadecane 11.93 2184 779 + + + + [14]
30 1-Cyclohexyl eicosane 1293 2797 923 + + + + [28]
31 Chlorocyclohexane 3.39 42 45 - - - - [27]
32 Cyclopentanol 2.89 26 29 - - - - [27]
33 1-4Dioxane 3.00 27 36 - - - [32]
34 Cyclohexanol 3.39 42 45 - - - - [27]
35 Cyclohexanone 3.39 42 45 - - - [27]
36 Borneol 4.98 123 73 - - - - [27]
37 Cyclopentanone 2.89 26 29 - - - - [27]
38 Menthane 4.70 122 88 - - - - [27]
39 o-Lipoic methyl ester 6.33 329 187 - - - [33]
40 1,1,2-Trimethylcyclopentane 3.63 56 41 - - - - [27]
41 Benzyl hexanoate 6.83 364 212 - - - - [29]
42 1-Phenyl decane 7.93 612 323 + + + - [13]
43 Naphthyl palmitate 14.81 3772 125.73 + + - + [29]
44 Quinol dibutyrate 8.65 739 340 + + + + [29]
45 Quinol dihexanoate 10.65 1389 540 + + + + [29]

Note: + Adductible compounds, — non-adductible compounds, + compounds in the transitional range, where adductability could not be
specifically assigned

The adductible range had W values of >981.
Accuracy of prediction was of this range was found
to be ~91%.

A non-adductible range with values of <400 was
identified. Adductability of a total of 25 compounds
out of 27 (~93%) was classified correctly.

The non-adductible range was ideally separated
from the adductible range by a transitional range
with W values varying from 400 to 981 indicating a
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gradual transition from non-adductibility to adduct-
ibility in urea and vice-versa.

Model based upon &

A total of 34 out of 38 compounds were classified
correctly in both adductible and non-adductible
ranges. The overall accuracy of prediction was
found to be ~90% with regard to adductability with
urea.
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Table 2 TOP.O 1 ogical models Model index Nature of range in Index No. of compounds in Percent  Overall
for adductability of the proposed model  value the range accuracy — accuracy
substituted cyclic organic
compounds in urea Total Correctly
predicted
1 Non-adductible <6.84 25 23 92% 92%
Transitional 6.84-9.32 09 NA NA
Adductible >9.32 11 10 91%
w Non-adductible <400 27 25 92.60% 92%
Transitional 400-981 7 NA NA
Adductible >981 11 10 91%
& Non-adductible <240 28 25 89% 90%
Transitional 240-437 7 NA NA
Adductible >437 10 9 90%
Note: NA Not applicable
4000 -
u e The non-adductible range was ideally separated
- from the adductible range by a transitional range
3000 - . indicating a gradual transition from non-adductibil-
3 ity to adductibility in urea and vice-versa.
E r=0914
< 2000 . Statistical analysis in Figs. 1-3 show that indices y
5 and W are appreciably correlated and pair of indices y
= - " n and ¢&° as well as W and &° are weakly correlated
1000 - ] (0.9 < r<0.97 appreciably correlated; 0.50 < r < 0.89
.J weakly correlated) [35].
—— i Excellent correlation between topological descrip-
0 - ' ' ' ' tors and adductability of substituted cyclic organic
0.00 5.00 10.00 15.00 20.00

Molecular connectivity Index

Fig. 1 Scatter plot between the values of Wiener’s index and
Molecular connectivity index for cyclic organic compounds

e The adductible range had ¢° values of >437.
Accuracy of prediction of this range was found to
be 90%.

e The non-adductible &€ range was identified as <240.
Adductability of total of 25 out of 28 compounds
(~89%) was classified correctly.
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Molecular connectivity index

Fig. 2 Scatter plot between the values of Eccentric connectivity
index and Molecular connectivity index for cyclic organic
compounds

compounds in urea has led to development of models
for prediction of adductability of substituted cyclic
organic compounds in urea. These models with an
accuracy of ~ 90-92% can prove be highly beneficial to
organic chemists for wide range of industrial applica-
tions of diverse nature.
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Fig. 3 Scatter plot between the values of Eccentric connectivity
index and Wiener’s index of cyclic organic compounds
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