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Abstract: The Wiener index W is the oldest molecular-graph-based structure-descriptor. It is
defined as the sum of the distances of all pairs of vertices of the molecular graph G, where
the distance is the number of edges in the shortest path connecting the respective vertices,
and where G is the hydrogen-depleted molecular graph. This seemingly very simple topo-
logical index could be "upgraded" (a) by using as the distance the sum of the bond lengths
along the shortest path, or (b) by using the Euclidean distance between the respective pairs of
atoms. Each of these "upgraded" Wiener indices could be computed either (o) for the hydro-
gen-depleted or () for the hydrogen-filled molecular graph. We provide examples showing
that none of the modifications (ac.), (af), (ba), (bB) yields better results than the ordinary
Wiener index, and that there is a very good linear correlation between 7 and its "upgraded”
variants.

Keywords: Wiener index, topological index, 3D-structure descriptors, chemical graph the-
ory, QSPR, QSAR.

INTRODUCTION

The Wiener index! (W) is the oldest molecular-graph-based structure-descriptor? and
its chemical applications3>-> and mathematical properties®’ are well documented. The
usual explanation as to why ##is so successful in QSPR and QSAR studies is based on the
fact that ¥ represents a rough measure of the van der Waals molecular surface area.8 Con-
sequently, in the case of non-polar molecules (such as alkanes3 and cycloalkanes®), ¥ is
proportional to the intermolecular forces,%” and is thus related to a number of phy-
sico-chemical properties of the respective compounds (boiling point, heat of evaporation,
heat of formation, chromatographic retention times, surface tension, vapor pressure, parti-
tion coefficients, efc.). The applicability of the Wiener index for the description of
physico-chemical and pharmacologic properties of compounds very different from saturated
hydrocarbons (e.g., fungicidal derivatives of salicylhydroxamic acid,!? antiviral 5-vinyl-
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pyrimidine nucleoside analogs,!! mixed amino acid complexes with copper (II)!%13) moti-
vated us to examine variants of ¥ in which the structural features of such non-hydrocarbon
compounds could be incorporated.

"UPGRADING" THE WIENER INDEX

The original definition of the Wiener index is as follows.!:14 Let G be a molecular
graph!4 and u and v two of its vertices. Denote by d(1,|G) the distance between u and v (=
number of edges in the shortest path connecting « and v). Then the Wiener index is

W=W(G)=> duvG) (1)

with the summation going over all pairs of Vg’rgces of G. The molecular graph G used in
formula (1) is hydrogen-depleted, i.e., its vertices represent only carbon (and perphaps
some other heavy) atoms, but not hydrogens.

The calculation of 1¥is rather simple, either directly by means of formula (1) or by using
some of the numerous shortcuts, applicable to particular classes of molecular graphs.6:7-14-16
Needless to say, the distances d(u,v|G) in formula (1) are integers, and therefore 7is also in-
teger-valued. The obvious drawback of 17, as defined via (1), is that it is insensitive to the ex-
istence and position of double and triple bonds as well as of heteroatoms.

Some possible modificiations of formula (1), aimed at bringing the Wiener index
closer to real-world molecules, come readily to mind:

(a) Structure-descriptors Wb and WhH: instead of the graph-theoretical distance d(u,V|G) —
which is just the number of chemical bonds between the atoms « and v— one could use the sum
of the bond lengths along the shortest path, provided the geometry of the molecule is known.
This geometry needs to be computed by means of a suitable molecular-mechanics or molecu-
lar-orbital method. By means of Wb and WhH, single, double and triple bonds will be clearly
distinguished, and their position in the molecule taken into account.

(b) Structure-descriptors We and WeH: Instead of d(u,v|G) one could use the Euclidean
distance between the atoms # and v. Again, the molecular geometry must be known. The
possible advantage of these indices would be that through-space, and not through-bond inter-
actions would be accounted for.

(or) Usually the molecular graph used for the computation of the Wiener index and its
modifications is the hydrogen-depleted molecular graph, in which vertices represent only
the heavy atoms (carbon and heteroatoms). This choice would result in the indices W, Wb
and We.

(B) If the Wiener index and its modifications would be calculated on the basis of the
hydrogen-filled molecular graph, then instead of W, Wb and We, one would obtain WH,
WbH and WeH, respectively.

The structure-descriptor We was studied in the past;!7:13 it was referred to as the
three-dimensional (or 3D) Wiener index. In the case of acyclic molecules, the quantities
and WH were shown to be related by means of an exact mathematical relation:!%

WH=9W+ (3n+ 1) Q)
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where 7 is the number of carbon atoms. To the authors’ best knowledge, the other, above
mentioned, variants of the Wiener index have so far not been considered in the chemical
literature.

NUMERICAL WORK 1: THE SIX VARIANTS OF THE WIENER INDEX ARE LINEARLY
CORRELATED

The fact that WH and W are linearly correlated is seen from Eq. (2). Therefore the re-
lation between these two structure-descriptors was not examined any further.

In order to test the quality, predictive power and the differences between the remain-
ing five variants of the Wiener index (W, Wb, WbH, We, WeH), two data bases were used: a
set of 39 acyclic monohydroxy alcohols (C; to C7) from the paper?? and a set of 25 acy-
clic alkenes from the paper.2!

The optimized geometries of the respective molecules were determined by means of
the program package Hyper Chem, employing the semiempirical AM1 molecular orbital
method. The quantities Wb, WbH, We, WeH were calculated from the appropriately modi-
fied formula (1), into which bond lengths and interatomic distances were substituted. All
bond length and interatomic distances were in picometers. Consequently, Wb, WbH, We,
WeH are also expressed in pm-units (whereas W and WH are dimensionless quantities).

It was found that the original Wiener index W and its modifications are highly corre-
lated and that these correlations are linear. For alcohols? the respective regression lines
and their correlation coefficients R read:

Wb =150.29 W+ 35.38 R=0.9999
We =124.43 W—83.02 R=10.9994
WeH = 1233.3 W+ 9168.9 R=10.9984

whereas for alkenes?! the following values were obtained:

Wb=156.25 W+ 374.83 R=0.9917
We=1173 W+ 1764 R=0.9966
WeH = 1302.7 W+ 7369.8 R=0.9976

In view of relation (2) and the very good linear correlation between W and Wb, there
was no need to analyze the correlation between W and WbH, which must also be linear and
very strong.

The R-values of the above regressions are all very close to unity, implying that a
strong linear correlation exists between all the six variants of the Wiener index. In other
words: all the "upgraded" versions of the Wiener index bear essentially the same informa-
tion on molecular structrure and none is significantly better than W itself.
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NUMERICAL WORK 2: STRUCTURE-PROPERTY RELATIONS BASED ON THE VARIANTS OF
THE WIENER INDEX

In view of the analysis outlined in the preceding section one must expect that the
QSPR relations based on the modified versions of # will be of similar quality as those
based on /¥ and that "upgrading” the Wiener index will yield little or no gain. This indeed
was found by examining the relation between the various Wiener indices and the boiling
points of alcohols, as well as the molar refractivities of alkenes.

For the linear correlation between the boiling points of alcohols and W, Wb, We and
WeH the correlation coefficients are equal to 0.9367, 0.9375, 0.9349, and 0.9372, respec-
tively. For the linear correlation between the molar refractivity of alkenes and W, Wb, We,
and WeH the correlation coefficients are equal to 0.9779, 0.9812, 0.9652, and 0.9822, re-
spectively. In both cases the increase of accuracy of the correlation when W is exchanged
by Wb, We, or WeH is statistically insignificant and negligible.

CONCLUDING REMARKS

It has been shown that some, seemingly reasonable and theoretically justifiable, mod-
ifications of the Wiener index do not improve at all the applicability and value of this struc-
ture-descriptor in designing quantitative structure-property relations. This may be viewed
as a somewhat surprising and somewhat disappointing finding. From another point of
view, the same finding implies that the original Wiener index — now already half-a-century
old — is a much more valuable topological index than one would expect from its extremely
simple and seemingly naive definition, Eq. (1).

From a practitioner's point of view the dilemma: ¥ or some of its "upgraded" versions
Wb, WbH, We, WeH has now been completely resolved. In QSPR and QSAR studies the
modified Wiener indices will give no better results than the original Wiener index. The cal-
culation of these modified Wiener indices is difficult, requiring the knowledge of molecu-
lar geometry. The calculation of the original Wiener index /¥ is simple. Therefore, unless
some convincing argument in favor of a modified Wiener index is offered, preference
should be given to its original version, Eq. (1).

U3BO[

YCABPIIABAILE BUHEPOBOTI MHIEKCA
EJIYAPIO A. KACTPO, UBAH TYTMAH, JAMUAH MAPWHO u TTABJIO IEPYIIO

Xemujcku oocex Paxyaitieitia ezzaxitnux Hayka, Hayuonaanu Ynueepsuitiein Jla Iaaitie, Jla I[1aaitia, ApZenitiuna u
Ipupoono-maitiemaitiviku ¢axyaitieii y Kpazyjesiyy

Bunepos unpexc W je HajcTapyju, Ha MOJIEKYJICKOM rpacdy 3aCHOBAHU, CTPYKTYPHH AECKPUII-
Top. [lecpunucas je kao 36up pacrojama n3Meby cBuxX napoBa YBopoBa MoseKyJckor rpaga G. ITpu
TOMe, PacTojame je jeliHaKo Opojy rpaHa Koje Jieske Ha HajkpaheM MyTy Koju ToBe3yje OaroBapajyhe
4yBOpOBE, a G je "Oe3BomoHMYHK" MOneKyscku rpad. OBaj Hau3Iiey BeoMa jeJHOCTaBaH TOMO-
JIOIIKY MHJIEKC MOTao 61 ce "ycaBpImMTH TaKO IITO OF ce Kao pacTojare y3uMalo (@) 30up Ty>KuHa
Be3a Iy Hajkpaher myta, win (b) Eykimacko pacrojame uzmeby ofiropapajyhux maposa atoma.
Caaku o1 0BaKo "ycaBpitieHux" BHHEpOBHX MHIEKCa MOrao Ou ce pauyHaTd Ha (o) "Oe3BOJIOHHU-
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YHOM" MOJIEKYJICKOM rpady, W () Ha "BOgOHMYHOM" MOJEKyJacKoM rpacdy. Mu HaBOAMMO
nprMepe Koju OKazyjy fia Hu jefaHa o Monudukarmja (ao), (aB), (be), (bB) He aaje 6Gome pesyarate
Hero oouyHY BuHepoB uHjIeKc, Kao U ja ocToju fo0pa JuHeapHa Kopenanyja u3Meby Wi merosux
NO0OOJBbIIAHNX BAPHjaHTH.

(TTpumbeno 18. jyna 2002)
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