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Abstract: Today, one of the main aims in the pharmaceutical companies is seek new
methodologies to understand the biological activity in molecules from the computational point of
view. In this sense, understand the traditional tools (3D QSAR) such as the Comparative
Molecular Similarity Analysis (CoMSIA) within the quantum chemistry framework, can be
relevant. In this context, the quantification of steric and electrostatic effects on a serie of
antimalarials chalcones was performed on the basis of the descriptors from the molecular
quantum similarity field and chemical reactivity supported in DFT. The steric and electrostatic
effects were studied using scales of convergence quantitative alpha (o) and beta (p), respectively.
To deal the problem of relative molecular orientation in the quantum similarity field the Topo-
Geometrical Superposition Algorithms (TGSA) was used as molecular alignment method.
Finally, a chemical reactivity analysis using global and local descriptors such as chemical
hardness, softness, electrophilicity, and Fukui Functions was developed.

Keywords: Antimalarials Chalcones, Comparative Molecular Similarity Indexes Analysis
(CoMSIA), 3D-QSAR, Molecular Quantum Similarity (MQS), Chemical Reactivity Descriptors,
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1. Introduction

In a recent publication our researcher group
shown as the Comparative Molecular Field
Analysis (CoMFA) can be understood in terms
of Molecular Quantum Similarity (MQS) and
(DFT)-based
reactivity descriptors [1]. The CoMFA analysis

Density  Functional = Theory

have many applications in the three-Dimensional
Quantitative
(3D QSAR)
commonly associated with the Comparative

Structure-Activity Relationships

studies, yet this method is
Molecular ~ Similarity  Indexes  Analysis
(CoMSIA) by this reason in this work is studied


http://sciforum.net/conference/mol2net-1

Mol2Net, 2015, 1(Section B), pages 1-13, Proceedings 2

http://sciforum.net/conference/mol2net-1

the CoMSIA analysis in terms of MQS and
chemical reactivity descriptors to search new
insights within the DFT framework.

The MQS field was introduced by Carb6 and
co-workers approximately 35 years ago [2-5],
this is a topic which has been widely considered
and applied on chemical phenomenon study such
as electron delocalization and aromaticity [6],
modeling 3D QSAR [7], topological studies [8],
among others. The MQS field the main variable
is the density function [9-11]; of this form can be
related with the chemical reactivity descriptors
such as chemical hardness (n), softness (S),
and Fukui

using  this

electrophilicity  (w) Functions.

Therefore, hybrid methodology
(joining the MQS and chemical reactivity) we
hope show how the CoMSIA results can be
related with the DFT context.

To the carry out these goals, we used the
CoMSIA results reported by Xue and co-workers

[12]. They development a 3D QSAR studies on

2. Molecular Set

A series of chalcones studied by Xue and co-
workers [12] were used in this study. The
biological activity ICso values uM (for inhibition
of [3H] hypoxanthine uptake into P. falciparum

antimalarial  alkoxylated and hydroxylated
chalcones by CoOMFA and CoMSIA to determine
the factors required for the activity of these
compounds, this study shown that the CoMSIA
better
parameters to understand the antimalarial activity

analysis  presents physical-chemistry
using five physical-chemistry properties (steric,
electrostatic, hydrophobic, and hydrogen-bond
donor or acceptor properties). In line, with this
reported we will use the hybrid methodology
proposed to modeling and study these CoMSIA
outcomes using DFT.

Furthermore, the entropic contributions to the
binding affinity are more difficult to describe
using the CoMSIA methodology, because a
major factor arises from the solvent-to-protein
transfer. This portion approximately correlates
with the size of the hydrophobic surface area of
the drug molecule [13, 14]. For these reasons,
show new methodologies are relevant in the
QSAR field.

(K1) in the presence of drug) were expressed as
pICso (the —log ICso), these biological values
were reported by Liu and co-workers [15], the
theoretical values from the CoOMSIA method are
shown in Table 1 [12].

Table 1. Compounds, biological activities and theoretical predictions from the CoMSIA method in the

molecular set [12].
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Figure 1. (a) Molecular recognition skeleton (compound 1) used for the molecular alignment and (b)

Local structural differences (to the substituent effect analysis).
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Compound R pICso® CoMSIA ©
Pred. A (error)
1 H? 4,80 4,88 0,08
2 chloro 4,84 4,78 -0,06
3 nitro 4,65 4,35 -0,30
4 phenyl 4,58 4,64 0,06
5 fluoro 5,02 4,78 -0,24
6 methoxy 4,60 4,88 0,28
7 quinolinyl 5,70 5,70 0,00
8 ethyl 4,78 4,86 0,08
9 methyl 4,59 4,90 0,31
10 trifluoromethyl 5,52 5,29 -0,23
11 dimethylamino 4,74 4,70 -0,04

2 Reference compound

b Experimental values reported by Liu and co-workers [15].
¢ Theoretical predictions from the CoMSIA method [12].

The CoMSIA method on the molecular set
studied is calculated at the intersections of a
regularly spaced lattice (1.1 and 2 A spacing),
the similarity indices Ark between the
compounds of interest and a probe atom have

been calculated according to:

2

. —an
Az,k (.]) - Zi Wprobe,kvvike ; Q)

Where A4 is the similarity index at grid point ¢,
summed over all atoms 7 of the molecule j under
investigation; w,,,. . probe atom with charge

+1, radius 1 A, hydrophobicity +1, H-bond donor

3. Theory and Computational Details.
3.1 Molecular Quantum Similarity Indexes.

With the main aim fixed in study the CoMSIA
results from the DFT framework, we used the
Molecular Quantum  Similarity  Measures
(MQSM). A general definition of MQSM has

and acceptor property +1; a: attenuation factor;
rig: mutual distance between probe atom at grid
point q and atom 1 of the test molecule [13].

Analysing the equation 1 is possible see the
Gaussian function behavior, large values of a
will result in a strong attenuation of the distance-
dependent consideration of molecular similarity
(low global similarity in its neighborhood). The
opposite effects (reducing o) means that also the
remote parts of each molecule will be
experienced by the probe atom (high global
similarity in its neighborhood).

been made in various papers [16-19] the quantum
similarity measure Zas between compounds A
and B, with electron density p,(%) and p, ()
respectively, can be studied on the idea of the
minimizing of the expression for the Euclidean
distance as:
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Dy =([losr) =2 dr) =([(o, i ] 0, 5) b =2] 1)y i,

= \/ZAA +Zy—22

Where Zas is the overlap integral between the
electron density of the compound A and B, Zaa
and Zps are the self-similarity of compounds A
and B [20].

In this researcher we have used the Carbd
index due to that is very used in the quantum
similarity context [16-20]:

_ IIPA (n)pg(r,)dndr,
Ly = - — o
\/(f P ) ([ (py5) )
The main structural difference on the

compounds studied (see Figure 1) is the carbon
atom (C'), therefore the similarity features can be
associated from the local point of view, in this
order of ideas is used the Hirshfeld approach to
study the local quantum similarity

One of the
partitioning of electron density in DFT is the

more useful methods to

Hirshfeld approach [21]. This approach is based

on partitioning of electron density ) in

contributions P (7)) These contributions allow

define a concept of atom in a reference system
and study its (dis)similarity on a molecular set
(i.e.; substituent effect analysis). On the other
hand, these contributions are proportional to the
weight wc(r) of the electron density of the
isolated compound in the so-called promolecular
density [22,23]. The promolecular density is
defined as:

pa(r)=2 plr) )

1/2

2)

To calculate the contribution of carbon atom
(C) in the electron density in a molecule A pa(r)
is according to:

Pu(r)=w, (r)p,(r) ®)

In this form, the weight (wc(r)) is obtained as:

! (’”)ZW (6)

Here ,021 (” ) is the electron density of the

isolated carbon atom C!, (i.e.; the reference
[24]. In this
contribution atomic of other carbon atom (C?) in

electron density) sense, the

a molecule B is obtained as:

Pez (1) =We (r) py(r) (7)
with
Lo

D WA ®

So we can write the contribution of the
asymmetric carbon atom products p,(7)ps(7)

Pc s (r)= We 4B (r)p,(r)py(r) ()]

Using the equations (4-9) we can express the
numerator Zas in the Carbd index (equation 3)
as:
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ZLocal,C _ AB

” We 8P4(1) Py (r)dr dr

A,B

where we can write the global index (equation 3)
as local contributions. In this context, using these
equations we hope study the local similarity and
the substituent effects on the reference carbon
atom C! (see Figure 1).

3.2 Reactivity descriptors in the DFT
framework.

Due to the fundamental variable in the MQS
field is the electron density naturally there is a
MQS and
reactivity, moreover the key feature of quantum

relationship  between chemical
similarity lies in the use of the electron density of
a molecule. From the DFT point of view
physical-chemistry properties such as
electrostatic, hydrophobic and hydrogen-bond

donor or acceptor properties can be related with

global chemical descriptors as chemical
potential, hardness, electrophilicity index and
local reactivity descriptors as the Fukui
Functions.

The chemical potential (1) can be understood
as the tendency that have the electrons to exit of
the electron cloud and is calculate according to
the equation:

_éyte;

T (1
Where (en) is the energy of the (HOMO) and
(ev) is the energy of the (LUMO) [25, 26]. The

5= [P (Fy=py )y = a0V +1) =4, (V) ]
k

Nz.z, \/( [we (Mo, (), )2 ([ e (r)py (e )2

(10)

chemical hardness is defined using the equation
(11) according to Pearson et. al. [27] and is
understood as the opposition to distort the
electron cloud of the system according to the
equation:
n~=é, —éy (12)
Using the equation (12), we obtain the softness
[28] as:

13)

Finally, using the equations 11 and 12 is
obtaining the electrophilicity index (®) [29, 30].
This index is understood as the measure of the
stabilization energy of the system when it is

saturated by electrons from the external
environment and is calculated as follows:
2
y7i
w=_— 14
o (14)

The quantities defined in equations (11-14)
are called global reactivity indexes and provide
information about the reactivity or stability of a
chemical system front to external perturbations.
To study the chemical reactivity from the local
point of view are used the Fukui Functions. The
Fukui Functions (equation 15 and 16, f(r)) are
defined as the derivative of the electronic density
with respect to the number of electrons at
constant external potential:

15)
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£ = Loy (F)= v F) =g\ ) —q (N 1) (16)

k

Where gk refers to the electron population at
k™ atomic site in a molecule. Here, we adopted
natural population analysis (NPA) scheme to
evaluate atomic charge. ( f,” ) governing the
susceptibility for nucleophilic attack and ( f, )

governing the susceptibility for electrophilic
attack [31-33].

In this sense, using these global and local
possible study the
effect on the
molecular set from DFT framework.

reactivity schemes is

selectivity and substituent

3.3 Alignment Method and Computational
details.

Similar to the CoOMSIA method the MQS also
need an optimal alignment methodology, to deal
with the problem of the relative molecular

alignment is wused the Topo-Geometrical
Superposition Algorithm (TGSA) [34]. This
alignment method tries to overlap as many
structural elements as possible. These structural
elements correspond to chemical bonds and
sequences of two chemical bonds, always
involving the same type of atoms in both
molecules compared [35-37]. All the compounds
were optimized using B3LYP exchange-
correlation functional [38(a,b)] at 6-31G(d,p)
level of theory. All the optimizations were
carried out using Gaussian 09 [39].

Using the Dirac  delta  distribution
(n,r,)=0(n,r,) [40] is possible define the so
called overlap molecular quantum similarity
measure and relates the volume associated with
the overlap of the two densities p,(r) and p,(7)

according to the equation:

Z () = [[ ()0 =),y (3)dridry = [ p, (), (r)dr a”

Equation 17 provides the information about
the electron concentration in the molecule and
indicates the degree of overlap between the

compared compounds.
When the €X(7,7,) operator is the coulomb

operator Q(r,n)=|r—n| it represents the

electronic coulomb repulsion energy between
molecular densities p,(r) and p,(r) as:

2@ =] p,1) L, (r)drd, (18)
|7”1 -7 2|
Using these operators (equations 17 and 18)
we calculate the local quantum similarity through
4. Results and Discussion

the equation 10. In this sense, the Carbo index is
restricted to the range (0,1) where Cas=0 means
Cap=1

according to the Schwartz integral.

dis(similarity)  and self-similarity,

[ purpsnar | <[ s o3
(19)

Using these methodologies we hope study the
substituent effects in the molecular set and shows
news insight on the selectivity and chemical
reactivity of these antimalarial chalcones.

The CoMSIA method is a very reliable
method for study the structure-activity trend
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within biological sets. It is a statistic approach
that seeks to correlate relative differences in
molecular descriptor values to a dependent
property (e.g.; the binding affinity). However,
the complexity and complications to understand
this 3D QSAR results are increasing. One of the
forms to deal these problems can be using the
Quantum  Similarity field and reactivity
descriptors supported on DFT.

In this context, in Table 2 are shows the local
molecular quantum similarity indexes using the
operator of overlap (17) and the equation 10.
These measures can be related with the steric
effects along the molecular set.

The highest values in the local similarity of
overlap is between compounds 2 and 9 (0,991)
with an euclidean distance of (0,450, see Table
3) while the lowest value is between the
compounds 7 and 10 (0,682) with an euclidean
distance of 3,523. The diagonal corresponds to
the self-similarity according to the range of the
Carbd index, the main difference between the
Carbo indexes and the euclidean distances is that
these last can take values from zero to infinity
(0,00).
molecular set with respect to the reference

To wunderstand these trends in the
compound 1 are used the scales of convergence
quantitative alpha (a) to steric effects using the
Tables 2 and 3, respectively (see Figure 2).
Despite the steric effect by the chloro atom
(compound 2) with respect to the hydrogen atom
(compound 1), in this Figure 2 the highest
similarity is between these compounds (0,976)

with an euclidean distance (3,108), the
substituent with most steric effect is
trifluoromethyl  (compound 10), and this

substituent decreases the quantum similarity in
0,735. Finally, in both trends we can see the
same behavior. To analyses the electrostatic
effects along the molecular set is shows the
Tables 4 and 5 using the equations 10 and 18.

As Table 2, in Table 4 the highest values in

the coulomb similarity is between the
compounds 2 and 9 (0,999) with an euclidean
distance (0,791, see Table 5), the lowest value is
between the compounds 5 and 7 (0,913) with an
euclidean distance (20,221), these values shows
as the resonance effects cause (dis)similarity
along the molecular set. In general, comparing
the overlap and coulomb indexes we can see
highest values in these last. Therefore, the
electrostatic effects can be more relevant than the
steric to explain the antimalarial activity.

To study the trends on the molecular set using
the coulomb operator with respect to the
reference compound 1 is shows in Figure 3 the
scales of convergence quantitative (B) to study
effects.
compound 7 (see Table 1) has the highest values
(22,474) with the

compound 1, this values is agrees with the size of

the electrostatic The most active

of euclidean distance

the quinolinyl group and it resonance effect.
These good similarity values (Tables 2-5) can be
related with the cross-validated correlation
coefficient (q> = 0.704) of the CoMSIA results
reported by Xue [12] in this context the hybrid
methodology (MQS and Chemical reactivity)
reported can be independent of the number of
molecules used.

In Figure 3 the highest value is between the
compounds 1 and 2 (0,994) with an euclidean
distance (22,474) this result is agree with Figure
2 while the lowest value is between the
compounds 1 and 7 (0,893) and an euclidean
distance of (4,191). To understand as the MQSM
can be considered as QSAR descriptors we used
the equation reported by Carbd and co-workers
[41]. In this equation any physical-chemical

property (e.g.; entropy) or biological activity of a
molecule (7, ) can be considered to be the
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expectation value of an unknown quantum-
mechanical observable

7, =(Q), = [Qx)p,()dx =(Qp,)
(20)

Being ( p, ) the density function of molecules

I, ( Q) represent some quantum-mechanical
operator. Using the mean of MQSM is possible
obtain the molecular density function projected
into a n-dimensional point-molecule vector Zi, in
this context we can approximate the operator ( Q
) through a vector w.

7, =(Q), ~w'g, Q1)

In this equation the point operator w is
unknown a priori; yet its elements can be
evaluate using the least-squares fitting for a
molecular training set. This equation (21) shows
a possible relationship between MQSM and the
QSAR field [42].

Due to that the coulomb operator has more
incidence in the molecular set (the highest values
in the Carbo index see Tables 2 and 4) we used
the chemical reactivity descriptors. In Table 6
are shows the global reactivity descriptors such
as chemical potential (p), hardness (n), softness
(S) and electrophilicity (o).

In Table 5 the reference compound 1 has a
chemical potential (p=-3,9550 eV), hardness
(n=4,894 eV), softness (S=0,204 eV!) and
electrophilicity (0=1,598 eV). However, the
compound 7 (quinolinyl as substituent) has the
highest chemical potential (u=-3,622 eV), while
that the compound 10 (trifluoromethyl as
substituent) has the highest hardness (n=5,133
eV) with softness (S=0,195 eV™!), finally the
compound 3 (nitro as substituent) has the highest
electrophilicity with (0=2,353 eV).

Although the compound 3 has the lowest
biological activity (pICso=4,65), this compound
has the highest electrophilicity value (©0=2,353
eV). On the other hand, the most active
compound 7 (pICs0=5,70) has the highest
chemical potential (u=-3,622 eV) and lowest
electrophilicity (0=1,5351 eV) these results can
be related with the no-covalent interactions
associated to these antimalarial compounds [12,
43]. With these descriptors we can see as the
acceptor and donor groups can have influence on
the reactivity parameters along the molecular set.
To analyses the local reactivity, in Figure 4 is
shows the Fukui Functions on the carbon atom
C! (see Figure 1).

In Figure 4 are highlight the Fukui Functions
f*7(r) regions, these regions shows the type of

stabilization of these compounds on the active
site. In this sense, the substituents analyzed
increase the chemical activity and the retrodonor
process. Additionally, this retrodonor process can
determine the stabilization in the active site and
the antimalarial activity presented. On the other
hand, these Fukui regions are agrees with the
docking studies reported by Oliveira and co-
workers [44] and other works about structure-
activity relationship [45-46].

One of the important goals into the QSAR
studies is the quantitative correlation of
molecular structure with the binding constant and
subsequently the prediction of this property for
novel compounds. In this sense, this
methodology can help to characterize those
spatial features that are responsible for activity
changes in a series of drug molecules when the
receptor is known or not.

Additionally, the entopic changes associated
to the molecular set can be understood in term of
quantum similarity. Furthermore, the target

property to be correlated and predicted in a
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comparative analysis is a free energy value. It  molecules to perform intermolecular interactions
can be imagined that enthalpic contributions to ~ with a putative receptor, these insights also can
the binding constant are covered by molecular  be understand in terms of chemical reactivity.
descriptors that explore the capabilities of

Table 2. Local molecular quantum similarity matrix using the overlap operator (equation 18).

C,0vel| 1 2 3 4 5 6 7 8 9 10 11
1 1,000
2 0,976 | 1,000
3 0,849 | 0,903 | 1,000
4 0,866 | 0,899 | 0,840 | 1,000
5 0,919 | 0,935 | 0,867 | 0,847 | 1,000
6 0,902 | 0,923 | 0,902 | 0,886 | 0,873 | 1,000
7 0,798 | 0,823 | 0,763 | 0,791 | 0,774 | 0,769 | 1,000
8 0,940 | 0,964 | 0,881 | 0,880 | 0,911 | 0,901 | 0,811 | 1,000
9 0,964 | 0,991 | 0,909 | 0,897 | 0,939 | 0,947 | 0,819 | 0,958 | 1,000
10 0,735 | 0,784 | 0,820 | 0,753 | 0,711 | 0,881 | 0,682 | 0,756 | 0,830 | 1,000
11 0,884 | 0,917 | 0,893 | 0,841 | 0,858 | 0,867 | 0,824 | 0,892 | 0,921 | 0,810 | 1,000

2 C: compound.
b Ove: Overlap Index.

Table 3. Local molecular quantum similarity matrix (MQSM) using the euclidean distance of overlap.

Cc,DOP| 1 2 3 4 5 6 7 8 9 10 11
1 0,000
2 0,757 | 0,000
3 2,115 | 1,731 | 0,000
4 1,926 | 1,685 | 2,229 | 0,000
5 1,497 | 1,337 | 2,019 | 2,113 | 0,000
6 1,604 | 1,429 | 1,727 | 1,808 | 1,886 | 0,000
7 2,531 | 2,382 | 2,830 | 2,621 | 2,708 | 2,728 | 0,000
8 1,219 | 0,943 | 1,894 | 1,831 | 1,565 | 1,625 | 2,458 | 0,000
9 0,916 | 0,450 | 1,672 | 1,698 | 1,299 | 1,201 | 2,408 | 1,021 | 0,000
10 3,108 | 2,850 | 2,639 | 3,041 | 3,269 | 2,190 | 3,523 | 3,004 | 2,586 | 0,000
11 1,765 | 1,509 | 1,814 | 2,151 | 2,014 | 1,937 | 2,398 | 1,719 | 1,473 | 2,688 | 0,000

2 C: compound.
b DO: Euclidean Distance of Overlap.
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REFERENCE
COMPOUND 1
| |
Carbo Index Euclidean Distance
vs 1 (1,000)
2 - 0,976 10 -3,108
o I - 0,964 7 -2,531
s I - 0,940 3 |-2,115
5 I - 0,919 4 - 1,926
6 [ - 0,902 11 - 1,765
1 - 0,884 ¢ I - 1.604
4| - 0,866 -1,497
3 - 0,849 -1,219
7 - 0,798 - 0,916
10 - 0,735 2 - 0757

vs 1 (0,000)
Figure 2. Scales of convergence quantitative a to steric effects proposed to the reference compound 1.

Table 4. Local molecular quantum similarity matrix using the coulomb operator (equation 19).

C,Cou| 1 2 3 4 5 6 7 8 9 10 11
1 1,000
2 0,994 | 1,000
3 0,964 | 0,986 | 1,000
4 0,939 | 0,962 | 0,975 | 1,000
5 0,990 | 0,997 | 0,983 | 0,955 | 1,000
6 0,978 | 0,991 | 0,991 | 0,973 | 0,988 | 1,000
7 0,893 | 0,920 | 0,939 | 0,961 | 0,913 | 0,932 | 1,000
8 0,982 | 0,993 | 0,987 | 0,971 | 0,989 | 0,991 | 0,932 | 1,000
9 0,993 | 0,999 | 0,986 | 0,962 | 0,997 | 0,991 | 0,920 | 0,993 | 1,000
10 0,936 | 0,965 | 0,986 | 0,971 | 0,959 | 0,981 | 0,944 | 0,973 | 0,967 | 1,000
11 0,965 | 0,984 | 0,992 | 0,975 | 0,979 | 0,984 | 0,952 | 0,984 | 0,984 | 0,984 | 1,000

2 C: compound.
> Cou: Coulomb Index.
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Table 5. Local molecular quantum similarity matrix (MQSM) using the Euclidean Distance of

coulomb.
C?, DCP 1 2 3 4 5 6 7 8 9 10 11
1 0,000
2 4,191 (0,000
3 10,896 | 7,135 |0,000
4 15,129 12,11 9,325 0,000
5 5,331 (2,920 |7,472 12,741 | 0,000
6 8,178 [5,096 5,228 9,946 |5,973 0,000
7 22,474 (19,799 (16,786 |13,299 20,221 17,989 0,000
8 7,431 (4,433 |6,315 10,422 |5,361 |4,821 |18,046|0,000
9 4,318 0,791 |7,120 12,172 2,857 4,939 [19,831 4,443 |0,000
10 15,507 11,891 | 7,284 9,841 12,422 8,779 |15,519/10,271|11,671 0,000
11 10,851|7,474 |4,863 9,190 8,171 16,902 |15,268|6,817 |7,435 |7,472 0,000

2 C: compound.
b DC: Euclidean Distance of Coulomb.

5. Conclusions

This work shows how the CoMSIA results
can be understood in terms of (MQS) and
Chemical reactivity descriptors. To carry out this
aim, were used the CoMSIA results reported by
Xue and coworkers [12], this CoMSIA study is
carried out on a serie of antimalarials chalcones.

The hybrid methodology reported, shows the
steric and electrostatic effects in form of the
scales of convergence quantitative convergence
alpha (a) to steric effects and beta (B) to
electrostatic effects, these scales allow study the
substituent effects and were constructed using
the reference

compound 1 (hydrogen as
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