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Abstract. New 3D molecular topological indices are described. From the underlying theoreti-
cal foundation, it is revealed the connection between molecular topology and the general the-
ory of Quantum Similarity. Finally, results concerning the establishment of QSAR models,
related to five antimalarial molecular families, are presented.

INTRODUCTION

An important field of research in contemporaneous Chemistry is based on the predic-
tion of molecular properties, either physicochemical or biological. Within this paradigm, the
QSPR/QSAR (Quantitative Structure-Property and Structure-Activity Relationships) fields
are one of the most known, see for example the reviews [1-7] and the references cited therein.

One of the oldest and most successful QSPR approaches relies on the topological paradigm.
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Within this field, numerical correlation between quantities derived from topological graphs
and physicochemical or biological properties usually produces acceptable results [8]. Many
times, the mathematically related methods are based on the manipulation of molecular indices
as descriptors using linear techniques as Multilinear Regression [9] and the computation of
the called ¢ coefficient [9,10].

Nowadays, a relatively large amount of methods, which uses old and new molecular
indices, are combined to extract information on molecular properties. Simultaneously, the
chemical and pharmacological community needs extended tools capable to grasp complex
information, most of it coming from the three-dimensional (3D) molecular structure. Unfortu-
nately, when only classical Topological Indices (TI) derived from Topological Matrices
(TMs) are used, part of the spatial information of the molecule may be lost. Some studies are
focussed to overcome this problem [11,12].

Parallel to this panorama, our laboratory has been developing the so-called Quantum
Similarity Theory [13-20]. In this context, a link between fundamental similarity theory and
classical topological approach has been found [16]. As a result, a new kind of tridimensional
TI has been described. These indices can be called Topological Quantum Similarity Indices
(TQSI).

ATOMIC QUANTUM SIMILARITY MEASURES AND TOPOLOGICAL
QUANTUM SIMILARITY MATRICES

The fundamental idea beyond Quantum Similarity Theory consists in measuring, in
some way, the similarities between pairwise quantum object density functions. In this context,
for every pair of quantum objects, A and B, with respective first order density functions ps
and pg, an estimation of the similarities between the particle distributions can be obtained

from the following Quantum Similarity Measure:
Z,45(02) = max{ JPA-QPBdV) (H

Q being a weighting operator. In this expression, when A4 and B are molecules, the integral

argument is optimised choosing the molecular alignment that maximises its value.
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Starting from this idea, a simplified application can be envisaged. A similarity meas-
ure can be established among every pair of atoms, i and j, of a given molecule defining in this

way an Atomic Quantum Similarity Measure (AQSM):
A;(2)= [ pisp jav . @

Here, it must be understood that a density function, p, is attached to every atom. If this
density function is approximated in such a manner as to posses spherical symmetry, then the
AQSM will only depend on the interatomic distance R

In this way, for a molecule with n atoms, a symmetric nxn Topological Quantum
Similarity Matrix (TQSM), A = A(Q), is obtained when collecting the measures of type (2)
coming from all the atomic pairs, that is, A = {A;)}. The interesting point is that the TQSM
can be easily seen as an extension of the classical TM concept [8,16]. Once the matrix A is
known, their elements can be combined in several ways in order to obtain the TQSI, which
are well suited to design predictive models in the field of the QSPR/QSAR framework. Con-
sequently, the general QSM theory leads to the generation of new ab initio molecular descrip-
tors. Several interesting results have been obtained concerning the numerical correlation be-
tween indices derived from the TQSM and physicochemical or biological properties [12,14].
Here, only the main ideas will be outlined. More details can be found in references [12,14,21].

AQSMs are obtained from the 3D molecular geometry coming from crystallographic
data or by means of any ab initio or semiempirical methodology level. In our laboratory, and
for practical purposes, a simple set of 1s GTO basis functions is employed in order to describe
atomic densities. The constructed computer program, once given the molecular geormetry,

associates a unique function of the type

g;=H('—R.‘-§i)=N.‘<’{"(r7R")Z 3

2, e ol
to each atom. The term N} is a normalisation factor, N; = (—‘y (V,T }2 , v being the topo-
b2

logical atomic valence of the atom i. The function exponent {; is one of the parameters which
can be numerically modulated for every atom. Table 1 summarises the exponents which are

needed in this work [14].



When codifying the molecular structure, an important issue associated to the decision

about the presence or absence of the hydrogen atoms is present. As it is customary in the clas-

sical topological approaches, in this paper the criteria of ignoring them has been followed.

TABLE 1. Atomic exponents (in a.u.) used in this work.

Atom _ Exponent Atom__ Exponent
H 3.436350 F 0.548240
C 0.467380 S 0.249715
N 0.497510 Cl  0.268040
0 0.530530 Br 0.196090

Every TQSM element is computed by means of an integral of the type (2) involving

two 1s GTO functions, as defined in equation (3), centered at atoms i and j belonging to the

same molecule. Several AQSMs can be defined depending on the nature of the € operator

appearing in (2) [14,21]. The most relevant are:

Classical TM, A = T the operator Q is defined in such a way that, for every ele-
ment Tj;, a value of 1 or 0 is obtained depending on the fact that the atoms i and j
are bonded or not. Due to the artificial and ambiguous definition of a chemical
bond, such operator must be defined according to a previously established crite-
rion. Classically, the Lewis concept of chemical bond has been extensively used.
In our laboratory, as it is customary in other fields, a euclidian distance choice is
used to design automatised molecular treatment procedures. In more sophisticated
environments, a criterion based on the Bader analysis [22] could be also consid-
ered, but this would extremely slow down the computation process.

Overlap matrix: this is a well-known matrix which is reproduced when the Q op-
erator becomes unit: § = A(1).

Cioslowski-like matrix C: the § operator is defined in order to give, for every ma-

trix element, the square of the corresponding overlap matrix: C; = oy

Following a similar criteria which is found in the classical TM construction, the di-

agonal elements of these matrices are defined as null.
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TOPOLOGICAL QUANTUM SIMILARITY INDICES

As in the classical topological approach, appropriate manipulations of the elements
embedded in the TQSMs permit to generate TQSI. Such is the origin of the new molecular
descriptors proposed here. The details of this new approach are given in reference [14]. From

an nxn TQSM, A, a general expression for a TQSI can be written

1=1(C.4)= Y. Cln)A(n). )

Here, a Nested Summation Symbol notation has been used [23-26]. In this context, the
vector index n = {ny, na,...} runs over all the combinations of atomic index numbers. Every
index contained in this vector ranges from 1 to n, the number of atoms in the molecule. At the
same time, the terms C(n) are numerical coefficients. Their presence and specific structure
allow the generation of several kinds of index combinations. Finally, the factor A(r) is a
product of elements taken from the TQSM, for example:

Aln)= Aley.r3.-)= [T A, - &
ij

This general notation permits to reproduce, among others, the classical TI formulation
as can be found in references [8,12,27] such as: Wiener (W), Randic (), Schultz (M77), Bala-
ban (B), Hosoya (Z), and Harary (H) indices, the generalised connectivity indices (") of Kier
and Hall, and so on. In order to obtain the respective expressions, it is only necessary to in-
voke the same classical index generating rules but replacing the numbers coming from the
TM the ones arising from the TQSM. For example, the valence vectors are generated from
TQSM as:

LA ={v;s}={z:;|fa,j} ©)

Topological distance matrices, within TQSM, will use three dimensional Euclidean distances
[12,14].
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In this way, several sets of TI can be obtained by variate choices of the operator Q
providing different forms of the TQSM. As commented before, the classical TM and the clas-
sical related indices are particular cases arising from the present general formulation.

Due to the generalised molecular topology procedure described here, particular con-
siderations must be taken into account when defining some of the new indices. Special cases
have been discussed in references [12,14] and will not be repeated. An example is given be-
low.

The Randi¢ index formula from TM is well-known and reads:

bonds (vT ;r)* . M

Noted that, in the numerator, a TM element is present. The following generalised defi-
nition is here proposed:

A Ajj

=g
bo%l: (v-*‘vﬂ); ®)
iV

Of course, other combinations can be considered.

The methodology can be extended to other indices (see Table 2). There, ps is the num-
ber of atoms separated by three bonds in the molecule, the symbol [B]; stands for the i-th row
of matrix B, p is the number of cycles, n, is the number of edges of the related graph, (D)
stands for the sum of distances from vertex i and n, is the number of connected subgraphs of
type t. Within the classical approach, pr(i) is the number of ways to draw i non-adjacent
bonds in the molecular graph. As a particular case, it is defined p’(0) = 1.

In general, TQSI are constructed based on the same mathematical formulas, as those
appearing in Table 2, but the matrix or vector elements are replaced by the corresponding
TQSM ones. The summations run over the same integer indices but it is expected that the new
indices include, in some way, information about the 3D molecular structure.

When TQSI are considered, the Hosoya index is treated as a slightly special case. De-
spite the same classical and discrete contributions must be generated automatically, in the
present calculations, the p"(i) term (with A # T and i>0) is obtained in a special manner. The

product of the TQSM elements attached to the selected bonds is computed and, then, the
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negative of the natural logarithm of this product is considered and all the resulting contribu-

tions are added.

TABLE 2. Definition of several TIs (see text )

Index Definition
n=l n
Wiener W= Z Z Dj;
i=l j=i+]
a
Randic A= Z Ay (v,-A v}‘.‘ )2
bonds
n
Schultz MTI=Y [u A+ )],.
i=|
n=l n 5
Harary H= z Z Dy
i=1 j=i+l
n=-1 n —1
Balaban =23 o)), ]2
M1 =
n/2
Hosoya z4= ZpA (&)
=0
Generalised connectivity n m+l -~
indices of order m and mats >11 (1*,-" ﬁ
type ¢ s=1i=l

Some 3D variants of well-known TI can be also defined. Such indices are the 3D Wie-
ner path number (*°W), 3D Shultz index (""MTI) and the 3D Harary number (*°H). Their
definition is the same as the related in Table 2, but the distance entering into the above indices
is the the Euclidean distance between pairs.

Caution must be addressed to the Schultz index definition appearing in Table 2. In or-
der to prevent the dependence from the distance measure units, one possible choice consists in

defining the adimensional topological and 3D distance matrices, T’ and D’:
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T D
T= and D= :
magc{T.-j} mmE,j}D,j £ 0}
i ij

In this way, the adimensional maximal entry on the matrix T’ and the minimal non-

zero element on matrix D" are 1.

A MOLECULAR EXAMPLE

Before presenting the application section, here it will be shown how to compute some
TQSI for a simple molecule as ethanol. In its hydrogen-suppressed form, only n=3 atoms are
relevant. In Table 3 the employed cartesian coordinates and the full topological valences at-

tached to every atom have been indicated, while the atomic exponents can be read in Table 1.

TABLE 3. Atomic data related to the hydrogen-suppressed form
of ethanol molecule. The molecular skeleton is C;-C;-O. The
topological valence is referred to the original graph, having hy-
drogen atoms.

Topological Cartesian coordinates / a.u.
Atom
valence X y Z
C, 4 -0.85096  2.7269 0.0000
C 4 0.0000 0.0000 0.0000
0 2 2.6827 0.0000 0.0000

In Table 4, the TQSM and the corresponding valence vectors are shown together with the

euclidian distance matrix.

TABLE 4. Lower triangles of the TQSMs and Euclidean distance
matrix attached to the ethanol molecule. The atom numbering corre-
sponding to the molecular skeleton C;-C)-0O is ordered: 2-1-3.

Topological Overlap
0
§ = 0.54503 0
0.57662 0.08389 0

2 11217
1 vS =] 0.62892
1 0.66051
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TABLE 4. (continued).

Cioslowski Distance (a. u.)

0
C =|0.29706 0
033249 0.00704 0

0

0.62955 pradan G
N e 26827 44635 0
v =| 0.3041

0.33953

From the tabulated numerical values in tables 3 and 4, and following equation (8), the
Randic index can be computed adding a term for each molecular bond. The computations

coming from each of the matrices T, § and C are as follows:

e lel Tis ., I!:‘E
(":T"zTF (,,: T)z 2><1]2 (2x1)3

F Si2 = Si3 o 0.54503 . 0.57662 —
(Vlsvzs)g (V,Svff)i (1.11217%0.62892);  (1.1217 x0.66051 )2
A Cp oy WOy, URON06E . US320 . goanm

I
(Vlcvzc); (v] e ); (0.62955x 0. 304|T (0.62955%0.33953);

It is well known that, within the classical topological formulation, the Randic index is
equivalent to the connectivity path one [28]: %" ="y’ In the present approach, and looking at

the corresponding definitions in Table 2, it can be realised that these indices may have differ-
ent values. This is due to the contribution of the A; terms into the first one, while in the later
only topological valences are present. For the ethanol molecule, the connectivity path 'y
indexes are

i5E _ ST

=2 =2

- 7 - o l + l - =2.3524
(\,Isvg); (vfuj)i (1.1217x0. 62892r (1.1217x0. 6605[)2




1 1 1 1
+ TR 4.4485

+ =
1 1 1
(SR (65 (062955x0.3041)7  (0.62955%0.33953)

and from here it can be seen how different TQSM can really lead to different index values.
Concerning the Hosoya index, for this particular molecular example only two kinds of
contributions are relevant: p’(0) and p*(1). Their values, apart from being considered molecu-

lar descriptors themselves, once added, give the Z* values:

zl =142=3
25 = —(In Sy +In8)3)=~In(8128)3) = 1.1575

Z€ = (inCpy +InCy5)= 7(:,;5122 +inSh ): ~2tn8); +InCy3)= 225

This computation procedure demands a routine able to generate explicitly all the Ho-

soya contributions. Reference [29] provides an appropriate algorithm to calculate it.

APPLICATION EXAMPLES

As one of the current interests in our laboratoery is related to the QSAR study of anti-
malarial compounds, five molecular families of antimalarial agents have been chosen as an
application example. The linear models, which will be presented here, have always been ob-
tained following the protocol described below. In this way, the final results and conclusions
will posses the additional property that they were obtained using exactly the same systematic
procedure. This characteristic enriches the practical utility of the methodology.

All the molecules were initially optimised using the semiempirical AM1 calculations
from the AMPAC 6.55 [30] program. Then, the structures were sent to the program package
developed in our laboratory where the TM and TQSI were computed. During the phase of
molecular indices generation, some additional restrictions have been considered in order to
reduce the amount of data to be analysed: the generalised connectivity indices of Kier and
Hall have been computed only up to order 9 and only contributions up to also order 9 were

considered to obtain the Hosoya index.
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Once the TQSI matrices were obtained, each array was sent to a multiple linear regres-
sion program. All the combinations of 2, 3 and 4 descriptors were generated and the ones at-
tached to the highest values of the ¢ coefficient [9,10] are reported in the tables presented
below. There, the linear correlation coefficients arising from a true cross-validation procedure
(Leave-one-out method), .., and the data fitting, rz, are given. Exceptuating for the particular
cases which are specifically indicated, along the presented tables the statistical significance
parameter coming from the Snedecor F-test, p, is lesser than 0.0001 for all the correlation
coefficients attached to the cross-validation processes.

The studied five molecular families, the original experimental references and more

numerical details are given next. Linear models are specified in terms of the TQSI.
System 1

This molecular family is composed by a set of 15 3-alkyl substituted analogs of ar-
temisinin [31] (see Figure 1 and Table 5). In vitro activities against W-2 and D-6 strains of

Plasmodium falciparum are reported in the original article in terms of relative ICs; value.

The optimal linear models and the related r*., cross-validation parameters are reported

in Tables 6 and 7, where & stands for the number of indices entering in the model.

FIGURE 1. General molecular structure of the 3-alkyl substi-
tuted analogs of artemisinin molecules of system 1.
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TABLE 5. Activities and structures of the molecules of system 1
(see Figure 1)

Molecule R R ——_H"_’;‘Ve activiy
1 H CH; 100 100
2 CHs H 88 112
3 CH,CH, H 2102 673
4 CHy(CH:)» H 20 18
5 (CH3):CH H 53 45
6 Et0,CCH; H 232 232
7 CeHsCH; H 3 1
8 p-CICsH(CH), H 14 127
9 CeHs(CHa )y H 20 281
10 CH; CHy(CHy); 184 257
i CHy(CHz): CH(CH:): 28 3
12 CeHsCH; CH;(CHy)s 1 1
13 p-CICHACHy),  CHy(CHz: 43 53
14 CHs(CH2);  CHy(CHa): 39 48
15 Et0,CCH; CHyCHz)s 1382 2285

; (€50 )arremi sinin'W )
“It was computed as the relative quantity 100 50 Jartemi sinin\" Janalog

(G0 Yo\ Vs
where W stands for the molecular weight [31].

In both series of results a qualitative improvement of the model is obtained when 3 de-
scriptors are considered. The linear equations involving 4 descriptors are also indicated but
the possibility to deal with an overparametrised model shall be taken into account. This idea
can be also applied to other families presented in this study.

TABLE 6. Linear models having a maximal r*., value for every set of k descriptors. The
variable y stands for the logarithm of the D-6 activity measure reported in Table 5.

k randr,, Linear model equation (log D-6 activity)
2 gigg y=0.0107418 WPN" - 0.00570827 p(3) + 1.09179
0.839 :
3 072 y=-14.2616"%} + 6.81012°x% + 20.4000° %L, - 13.0016
4 0933 y=139258"y} -5.88954°x] - 19.1486"x; +8.31544"x] -

0.851 0.961919
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TABLE 7. Linear models having a maximal r,, value for every set of k descriptors.
The variable y stands for the logarithm of the W-2 activity measure reported in Table 5.

k randr. Linear model equation (log W-2 activity)
8 S5 ¥ = 00121877 W' - 6.46274-10° p'(3) + 0.262345
0.854 : ;
3 o744 y=-3.98021%x} + 1.88598 ‘%< - 13.6583°yC, + 2.47056
4 0961 y=254004y" -6.07153°y} - 52.5154"x} + 114215%%; +
0.897 432928
System 2

This family is composed by a set of 17 analogs of 10-deoxoartemisinin substituted at
positions C-3 and C-9 [32] (see Figure 2). In vitro molecular activities are of the same nature

as the ones reported for system .

FIGURE 2. General molecular structure of the analogs of
10-deoxoartemisinin antimalarial molecules of system 2.

TABLE 8. Activities and structures of the molecules of system 2

’ Relative activity"
Molecule R R D6 W
1 CH; CH, 659 567
2 CH; H 237 190
3 CH; CH;CH; 914 466
4 CH; CH3(CHz)» 473 550
5 CH; CH3(CHz)3 5826 2090
6 CH; CH3(CHy)4 170 145
7 CH; CsHs(CHz)s 5073 2506
8 CH; p-CICcH4(CHa); 6991 3317
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TABLE 8. (continued)

9 CH;CH; H 10 10
10 CH;3(CHz)2 H 722 685
11 CHi(CHa)3 H 653 556
12 (CH;3).CHCH: H 183 250
13 CsHs(CHz)4 H 336 380
14 CeHs(CHz)2 H 6 2
15 p-CICeH4(CH,); H 13 28
16 (CH2),COEt H 422 506
17 (CH2)CO-H H 0.09 0.09

“Obtained in reference [32] in the same way as in Table 5.

In the experimental paper [32] the authors reported some results related to qualitative
SAR but no satisfactory QSAR equations were obtained even using, among others, topologi-
cal and connectivity/shape indices from the Tsar [33] program. The present results in tables 9-
12 show how the combination of several kinds of TQSI activates a synergic effect which leads

to acceptable linear models.

TABLE 9. Linear models having a maximal . value for every set of k descriptors.
The variable y stands for the logarithm of the D-6 activity measure reported in Table 8.

k Fandr, Linear model equation (log D-6 activity)

3 8:1§é y= 44.6304°xT - 5.623767y] + 2.12991°%S, - 18.6223

4 0808 y= 33.6116% %L - 7.93018* L, -37.15467 %5 + 2.65114°%5,. -
0.639 6.38758

TABLE 10. Linear models having a maximal »,, value for every set of k descriptors.
The variable y stands for the logarithm of the W-2 activity measure reported in Table 8.

k randr. Linear model equation (log W-2 activity)
3 gggg y=-6.40997" %] +2.43942°x5 + 1.277817 %5, — 14.8043

0.824  y= 31L.5817%L —7.79599 "} - 34.9313%y % + 2.77878 %5, -

4
0.657 6.50120
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TABLE 11. Linear models having a maximal r*,, value for every set of k descriptors. The
variable y stands for the logarithm of the D-6 activity measure reported in Table 8. The
models were obtained without considering the melecule number 17.

k # and r., Linear model equation (log D-6 activity)

2 Sjiéé y=2.32173-107 p'(9) - 22.05457%{,, + 12.0052

3 g:gi% y=6.33065-10° Z' - 1.03067 x5 - 29.01197%5,, + 19.2279

. 0837 y=-6.99820"y] +4.42378-10° PMTF - 3.17224 '€ +
0.744 1.571097%5,. +24.2764

TABLE 12. Linear models having a maximal 7%, value for every set of k descriptors.
The variable y stands for the logarithm of the W-2 activity measure reported in Table 8.
The models were obtained without considering the molecule number 17.

k rand r. Linear model equation for (log W-2 activity)

2 gﬁg y=2.18192:10% p7(9) - 20.70777%5,, + 11.3316

3 g:zg?l y=332729 B - 7.50291 .. + 5.73675-10° MTIC - 48.8439

, 088l y=-7.09264"y] +4.58703-107 *"MTF - 7.39280° .+
0.784 15708675, + 26,5073

Molecule 17 exhibits a very low value of both experimental values shown in Table 8.
The point lies quite far away from the remaining molecular data. Usually, this effect allows to
apparently improve the value of the cross-validation parameter. However, this time the model
is enhanced just removing the analog as it can be seen from the results of tables 11 and 12.
Such an effect can be related to the fact that activity of molecule number 17 is substantially
different from the ones corresponding to other molecules of the same family and having
similar chemical structures.

System 3

The antimalarial system 3 is constituted by 21 B-metoxyacrylates having different
linkers against chloroquine-sensitive (NF54) and chloroquine-resistant (K1) P. falciparum in
vitro [34]. For the last molecule only a unique semiquantitative value is available. Apparently,

good results are obtained when considering molecule number 21 but this can be due to the



56

artificial and ambiguous extrapolated experimental value attached to it. On the other hand, the
low activity of molecule number 20 also seems to distort the molecular data cloud. If the first
19 molecules are taken into account, the molecular activity distribution becomes more uni-

form and satisfactory models are obtained, as presented below.

COMe ~ COMe
~o X Mo 07 e 2
0 ohe

FIGURE 3. Molecular structures of the molecules of system 3 (see also Table 13).

Tables 14 and 15 show the linear models obtained for the two reported activities. As it

was cited above, molecules number 20 and 21 were discarded.

TABLE 13. Molecular structures and activities of the antimalarial molecules
of system 3 (see also Figure 3).

Molecule Structures (see Figure 3) ____Activity

NF54 K1
1 L = CH,CH:8CH; 144 758
2 L = CH,CH=CHCH, 831 215
3 L = CH,CH=CHCH,SCH, 429 615
4 L = CH,CH>ON=C(CH3)CH, 042 1.6
5 L = CH:CH=CHCH=CHCH, 015 039
6 L = (CHy)s 138 39
7 . /\VQ\ 091 42
8 X=H 25 11.5
9 X =2-Cl 025 101
10 X=2-CN 1.51 4.63

11 X=3F 4.43 24.8



*Activity is reported as ICsy in nmol I', a quantity derived from the original
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TABLE 13. (continued)

12
13
14
15
16
17
18
19

20

21

X=3-CK 20.1
X=3-Br 15.3
X=4-Cl 1.47

X =24-di-CF; 0.13
X =2,4-di-C] 0.08
X =24-di-Me 0.09
X =2-Cl,4-F 0.16
X =3-MeO, 2-NO; 0.27

385.4

CFy
RSN ‘
MeO,C Fa >11000
0

43.
78.6
5.64
0.28
0.26
0.14
0.51
1.40

868.6

>11000

data of reference [34].

TABLE 14. Linear models having a maximal ., value for every set of k descriptors.
The variable y stands for the logarithm of the activity measure reported in Table 13.

k #and ., Linear model equation (log NF54 activity)

5 oo y=-426130"%} + 14.93927 %5 + 8.06932
30T y=262007°%) +9.559667 ] - 6.38591%; + 8.78029

o 0815 y=-245384°%) + 10,6961 ) ~7.62112°¢ -03282967¢; +

0.75

9.22398

“The statistical significance parameter is p = 0.00062.
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TABLE 15. Linear models having a maximal /.., value for every set of k descriptors.
The variable y stands for the logarithm of the activity measure reported in Table 13.

k Fandr, Linear model equation (log K1 activity)
3 8'2.5,2 y=-1.03123 p’(1) + 12.56407 ", - 9.69714°xS + 13.4701
4 0870 y= 1.99351”1":. - 13.47581)(?; +71.7140°%; - 50,3532“xg +
0.766 12.3526
System 4

This molecular group consists on a series of 17 3-methyl-10-(substituted-
phenylflavins (see structure in Figure 4 and in Table 16). The activity is given in Table 16 as
the action versus the lethal parasite Plasmodium vinckei in mice [35]. The best linear models
obtained for this family can be read in Table 17.

[0}
N
CH;N Z
;\if )®
0] N N

FIGURE 4. General structure of the 3-methyl-10-
(substituted-phenyl)flavins of molecular system 4.

TABLE 16. Molecules and biological activity consisting

the antimalarial system 4.
Structures Activity”
Molecule (X , Figure 4) (EDyo)
] 4-Br 384
2 4-C1 38.8
3 3,5-di-Cl 40.2
3 3-CF, 9.3
5 3-Cl, 5-Me 85.7
: AF 103
7 3,5-di-Me 105
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TABLE 16. {(continued)

8 4-CF; 135
9 4-OMe 138
10 3-Br 148
11 4-Cl, 3-Me 182
12 3,4-di-Me 210
13 3,5-di-OMe 219
14 3-C1 229
15 H 248
16 4-Et 281
17 3-Cl, 4-Me 456

“Activity is given as the effective dose (in mmol kg 107) re-
quired to obtain a parasitemia of 40% in 48h (ED4g) [35].

TABLE 17. Linear models having a maximal »,, value for every set of k descriptors.
The variable y stands for the logarithm of the activity measure reported in Table 16.

k 7 and ¥, Linear model equation (log ED.q activity)

3 %g? y=0.0443328 p’(2) - 16.3798" ", + 3.17847 %% + 8.07947

. 0177 v =9.44469-10° MTI' - 1.41134°%7 - 0.0111852 *°MTP -
0.673 967.4357%% +77.8123

"Statistical significance p = 0.0013.

System 5

This family was constituted originally by 27 phenothiazine derivatives [36] with ca-
pacity to inhibite the Plasmodium faiciparum cysteine protease falcipain activity. Several tri-
als were carried out among this molecular set and no satisfactory results have been yet ob-
tained except for one case. If the set of 11 molecules having a sulphur atom is considered (see
Figure S and Table 18), a good linear model is obtained with 2 descriptors (see Table 19).
Results can be apparently improved by means of the construction of models involving 3 or

more descriptors but this can be a spurious result arising from the system overparametrisation.
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FIGURE 5. Molecular structures of the 16 molecules
(taken form reference [36]) consisting the system 5.

TABLE 18. Molecules and biological activities
consisting the system 5.

Activity"
Molecule R R, Ry (ICs0)

1 Cl H H 40
2 Cl CH; CH; 30
3 Cl H CgHs 10
4 Cl H 3-CH;0C¢H,4 20
5 Cl H 4-CH;0CeH,4 10
6 Cl H 2,3-(CH;0),C¢H; 10
7 Cl H 3,4-(CH30):CeH; 30
8 Cl H 4-CIC¢H. 4

9 Cl H 2,4-Cl,CeH; 10
10 F CH; CH; 60
11 F H CsHs 20
12 F H 3-CH,0CqH, 20
13 F H 2,3-(CH30),CeH; 20
14 F H 2,4-Cl,CeH; 10
15 F H 4-CICgH,4 5

16 F H 3,4-(CH30),CsH3 20

“ICso for inhibition of falcipain activity measured as the hydrolysis
of Z-Phe-Arg-AMC [36].
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TABLE 19. Linear models having a maximal /., value for every set of k
descriptors. The variable y stands for the logarithm of the activity meas-
ure reported in Table 18

k randr,, Linear model equation (log I1Csg activity)
0.575 :
L o437 y= -7.18658"yy, +3.91614
2 8’;?? y=247079%%5, - 0.6801627% + 1.67282
5 0884 y=1.35265"x5 - 16.09037 %5, - 8.27100% ¢S +
DBLL 6.72032
. “Statistical significance p=0.0053.

GENERAL DETAILS AND OTHER CONSIDERATIONS

For each family of n members a matrix of descriptors of dimension nXm (m=number
of descriptors) was obtained. Originally, for all the systems m was 46x3=138 because the ma-
trix of indices was obtained by juxtaposition of the tree kinds of available TQSMs. Then, after
removing null or other kind of irrelevant columns (for instance, those originating linear de-
pendencies), for the studied system 4 the parameter m becomes 121 and m=126 for the rest.

From the obtained linear models it can be seen that connectivity indices are used many
times and, among them, these of higher order are commonly requested. Indices derived from
the classical TM (A=T) are used but many indices coming from matrices § and C are also
employed too. This facts indicate that this new approach really contributes to improve the old
methodological capabilities. Nevertheless, at least for the families studied here, only in some
cases the Hosoya index or its contributions are used and, when requested, only those coming
from the classical definition [37,38] occurs in the models. In previous work, were a family of
31 steroids was studied [14], the Hosoya indices coming from any kind of TQSM took a rele-
vant role. Then, one can deduce that the presence or absence of indices in the linear models is

related to the nature of the studied molecular sets and activities.
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CONCLUSIONS

A new method for the calculation of molecular TI has been described. It has been put

in evidence the connection of molecular topology with the general theory of Quantum Simi-

larity. Satisfactory results concerning the establishment of QSAR meodels, related to five an-
timalarial molecular families, have been obtained.
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