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Abstract— The worldwide interest in medicines
obtained from medicinal plants has grown significantly.
This is due to the significant contribution of the plant
kingdom in the supply of substances useful for the
treatment of diseases that affect mankind and the
difficulty of obtaining some substances with complex
molecular structures through synthetic processes.
Found in the Semiarid region, Amburanacearensis A.C.
Smith (Leguminosae - Papilionoideae), better known as
cumaru, has chemical features that contain
pharmacological characteristics of extreme importance
for the therapy of some diseases. Thus, the present
work aimed to characterize Amburoside D, derived
from Amburanacearensis, in silico, as an initial step for
the creation of new drugs. The molecular structure
characterized using the classic force field MMFF94,
obtaining the potential energy (508,735 kJ - mol-1), the
dipolar moment (2,491), the ligant angles, the torsion,
the ligant lengths and the representation of Van der
Waals surface. The present work is an initial step for
future studies of semi-empirical molecular modeling
and molecular docking, seeking to optimize the
biological potential of this compound.

Keywords— Amburosideo D. MMFF94. Molecular
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I. INTRODUCTION

Currently there has been a significant increase in
worldwide interest in medicines obtained from
medicinal plants [1]. This is due to the growing use of
herbal products [2]. Another reason for this growth is
the significant contribution of the plant kingdom in
the supply of substances useful for the treatment of
diseases that affect humanity [3]. In addition, it is
difficult to obtain some substances with complex

15

molecular structures by synthetic processes [3]. For
the development of these new drugs, it has been using
drug design techniques, which seeks to develop more
efficient drugs with less side effects. Often a
molecular skeleton (pharmacophorus) is used as a
starting point for modifications, which are generally
taken from naturally occurring bioactive substances
[4]. Found in the Semiarid region,
Amburanacearensis AC Smith (Leguminosae -
Papilionoideae), better known as cumaru, has
chemical aspects that contain extremely important
pharmacological characteristics for the therapy of
some diseases, such as asthma, rheumatism,
bronchitis, among others [5]. Due to the wide use of
A. cearensis for therapeutic purposes, it has become
indispensable for scientific studies to justify its use as
a herbal medicine [6].

Molecular modeling comprises a set of tools with the
function of building, editing, visualizing, analyzing
and storing complex molecular systems [7] providing
the complete characterization of a structure [8],
allowing the rational planning of drugs using certain
parameters that relate structure and activity [9]. Thus,
using in silico methods and theoretical calculations,
computational chemistry characterizes the compounds
[10], generating relevant indices for drug planning
such as: minimum potential energy, heat formation,
dipole moment and also structures with high fidelity
rate. to native structures with stable conformational
geometry [11].

Molecular Mechanics or force-field methods use
classical type models to predict the energy of a
molecule as a function of its conformation. This



allows predictions of Equilibrium geometries,
transition states and Relative energies between
conformers or between different Molecules. In
molecular mechanics, molecules are described as a set
of "atoms connected,” rather than nuclei and
electrons, as in quantum methods. The model of
molecular mechanics is justifiable because the
parameters associated with sets of atoms remain fairly
constant between different structures, provided that
the type and hybridization of the involved atoms are
the same. What is done in the molecular mechanics is
to develop the so-called force field, a set of energy
functions that determine energetic penalties for
moving away from the structure of these "normal®
values [12-13], seeking to minimize energy, ie, uses a
mathematical algorithm seeking to achieve a
minimum state of energy, where the attractive forces
are maximized and the value of the repulsive forces is
reduced (Equation 1) (Fig.1).

E= Z kb (F — 1y )2 1)

Express energy due to stretching bonds as a Taylor
series about the equilibrium position Re(EQUATION
2):E(R) = k2Z(R — Re)2 + kK3(R — Re)3 + - - - (2),
Where R is a ligant length. The first term should
dominate, k2, k3 are parameters of adjustments,
obtained experimentally or by quantum mechanics,
Having as main idea the use of constants for other
molecules, since Most C — H bond lengths are 1.06 to
1.10 ° A'in, with stretching frequencies between 2900
and 3300 cm™ . This strategy is refined using different
“atom types [14] field of force MMFF94 (Merck
Molecular Force Field 94), which is a" classical force
field ", where the atoms and their chemical bonds are
treated as spring-mass type systems, reproducing very
well the computational data used in their
parameterization. In addition, MMFF94 reproduces
experimental bond lengths (0.014 A mean square root
[rms]), bonding angles (1.2° rms), vibrational
frequencies (61 cm™ rms), conformational energies
(0.38 kcal / mol / rms) and rotating barriers (0.39 kcal
/ mol rms) almost as well as MM3 for comparable
systems [15]. Being banant used particularly well
with organic compounds. The MMFF94 was
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specifically parameterized for organic compounds
[16].
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Fig. 1 Energy depending on the connectiondistance
described by the model of molecular mechanics in

Source: Sant’ Anna (2000).

In this context the present work aimed to use the force field
MMFF94 to characterize in silico amburoside D as an
initial step for the development of new drugs.

1. METHODOLOGY

Using the methodology proposed by Dewar and
collaborators [17], the first step of the work was to
obtain essential information of the compound, such as
the two-dimensional molecular structure of the
Amburoside D compound and its physicochemical
properties. These data were obtained through the
molecular modeling programs MarvinSketch [18]
[19] and ChemSketch [20]. Then, for the geometric
optimization of the molecule through classical force
field calculations (MMFF94), the freeware
Avogadro® [16] [21-22] configured for cycles of 100
interactions of the descending steepest algorithm was
used. In this way it was possible to obtain the lowest
potential energy conformation of the compound,
characterizing the torsion angles, the bonds and the
dihedral angles, besides rendering the surface map of
Van der Waals and visualizing the dipole moment.
All mechanical force field (MMFF94) calculations
were performed using Avogadro® open license
software [17], [21], [22] (version 1.2.0).



1. RESULTS AND DISCUSSIONS

As for the structure in question, Amburoside D, the
MarvinSketch [18-19] program was used to obtain
the initial structure and some other physical chemical
properties (Table I) necessary to study the structure in
molecular modeling, highlighting the coefficient.
LogP (0.96), the solubility of the structure in water
(0.06 mg / mL) that allowed to define the solvent
(polar or nonpolar) used in docking tests or molecular
dynamics and also its ability to form hydrogen bonds
when determining atoms with potential to receive or
donate electrons in hydrogen ligants.

TABLE |
Physico-chemical properties of compound
Amburosideo D

Property Value Property Value
S.olublllty 0.06 Polar 17291
in water mg/mL Surface
LogP 0.96 Refractivity 109.93
Receptors
41 9 Donors #H 5

Other physical and chemical properties (Table II)
could be obtained through the ChemSketch program
[20], properties linked to the structural composition of
the molecule, of which we can highlight its density
(1.493 £ 0.06 g cm3) and its surface tension (67, 6 +
3.0 dyne cm).

TABLE Il
Physical-chemical properties of the compound
Amburosideo D

Properties Value Prgper Value
ties
Molecular Monpls 464.131862
Formula CxH24011 | otopic
Da
Mass
Density Refracti
+
1'493‘0'2 ve 1.636+0.02
6 g/cm .
index
Superficial | 0 6150 | Molar 111.48+0.3
tension Refracti 3
dyne/cm . cm
vity
Molar 310.9+3.0 | Polariza 44.1940.510°
Volume cm® | bility %4em3
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The two-dimensional structure of the Amburoside
D compound [Fig. 2], obtained through MarvinSketch
[18-19], was then in its ground state, presenting only
the molecular formula (C22H24011) and the
connectivity of atoms, with an initial conformation of
easy to visualize but with potential energy different
from the molecule in its native form.

Fig. 2 The two-dimensional structure of Amburosideo D

By drawing a molecule two-dimensionally or drawing
it from an online repository, it is not in its most stable
conformation. Thus, to obtain more accurate
calculations about the molecule and its more stable
final conformation, we need to perform a geometric
optimization that uses the energy minimization
process [23]. This geometric optimization can be
performed using the Avogadro® open license
software [17] [21] [22], configuring it to perform
uninterrupted interaction cycles calculated using the
force field MMFF94, parameterized with the Steepest
Descent algorithm. The goal of using molecular
mechanics is because it represents molecules as a set
of connected atoms, thus developing energetic
functions that maximize attraction forces and reduce
repulsion forces [12] [13]. Therefore, the obtained
structure [Fig. 3], considered theoretically more
stable, has a spatial distribution that allows the lowest
possible potential energy, causing the integral
potential energy of the molecule to assume a value of
(508,735 kJ - mol-1), no longer varying, reaching a
stationary point of the energy surface [7].



Fig. 3 Optimized structure of the compound Amburosideo
D using the force field MMFF94

After geometric optimization, the molecule a
theoretically more stable structure, it was possible to
calculate the formal and partial charges of all atoms
as well as their valence. All atoms showed zero
formal charge and significant variations in their
partial charges were found, such as Hydrogen from
0.034 to 0.292, Carbon from -0.052 to 0.340 and
Oxygen from -0.503 to -0.245. These data [Table
I11], especially valence, correspond to the literature,
which serves to validate the results obtained.

Despite the neutrality through optimization, it is
possible to observe in the results obtained [Table 111]
the largest and smallest (residual) partial loads.
Atoms 9 (C) and 7 (O) were found to have a larger
and smaller partial charge respectively, charges from
the electrons being closer or farther from one of the
ligant atoms, carrying charge [24].

TABLE IlI
Atomic properties of the Amburoside compound D
obtained after optimization using the field of force
classic MMFF94 (Except Hydrogens)

14 C Car 3 0.124
15 C Car 3 -0.019
16 C Car 3 -0.052
17 C Car 3 -0.052
18 C Car 3 -0.019
19 O 03 2 -0.461
20 C C3 4 0.231
21 C C3 4 0.145
22 o] 03 2 -0.383
23 C C3 4 0.115
24 C C3 4 0.113
25 C C3 4 0.125
26 O 03 2 -3.330
27 O 03 2 -0.386
28 O 03 2 -0.386
29 C C3 4 0.121
30 o] 03 2 -0.462
31 C C2 3 0.304
32 C C3 4 0.033
33 O 02 1 -0.251
In the final geometry of Amburoside D after

optimization, all the bonds analyzed were
characterized by the predominance of covalence,
where we can highlight the bonds between oxygen-
carbon ((O11 - C21) and (04 - C7)) as second order
bonds, and carbon bonds ((C15 - C16), (C19 - C18),
(C17 - C16), (C18 - C17) and (C20 - C19) are rotatable
[Table IV].

TABLE IV
Properties of Amburosideo D After Optimization
Using Classical Forcefield MMFF94

: nitalawo | T8l | Orde g il

Atom Elementtype Valence Partialchange Ato r of Length(A)
1 c | car 3 -0.016 m m |Bond | Y
2 C Car 3 0.158 Oo11 Cc21 2 NO 1.227050
3 C Car 3 0.159 H24 C22 1 NO 1.094430
4 C Car 3 -0.003 Cc21 C22 1 NO 1.500560
5 C Car 3 0.063 C21 010 1 NO 1.354600
6 C Car 3 -0.044 Cc22 H22 1 NO 1.092200
7 o) 03 2 -0.503 Cc22 H23 1 NO 1.092140
8 o) 03 2 -0.503 010 C20 1 NO 1.438780
9 C C2 3 0.340 H16 C18 1 NO 1.095770
10 o) 03 2 0.456 H20 C20 1 NO 1.096310
11 O 02 1 -0.245 C20 H21 1 NO 1.095480
12 C C3 4 0.118 C20 C19 1 YES 1.532800
13 C Car 3 -0.010 H17 C19 1 NO 1.097650
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C19 C18 1 YES 1.537940
C19 o7 1 YES 1.437710
C18 09 1 NO 1.441380
C18 C17 1 YES 1.534470
H15 C17 1 NO 1.095810
H19 09 1 NO 0.979358
H6 C8 1 NO 1.096210
H10 C13 1 NO 1.087620
H11 Cl4 1 NO 1.087380
C17 08 1 NO 1.438900
C17 Cl6 1 YES 1.536760
C13 Cl4 2 NO 1.397090
C13 C9 1 NO 1.399030
08 H18 1 NO 0.980209
H7 C8 1 NO 1.096920
Cl4 C10 1 NO 1.397010
o7 C15 1 YES 1.436370
C8 C9 1 NO 1.506580
C8 03 1 NO 1.432610
C9 C12 2 NO 1.400730
05 C10 1 NO 1.366850
05 C15 1 NO 1.430540
C10 Cl11 2 NO 1.393820
C12 C11 1 NO 1.399180
C12 H9 1 NO 1.089670
C11 H8 1 NO 1.085530
C15 C16 1 YES 1.541820
C15 H12 1 NO 1.097460
C16 H13 1 NO 1.095750
C16 06 1 NO 1.442200
H14 06 1 NO 0.983287
03 Cc7 1 NO 1.354650
04 Cc7 2 NO 1.220440
Cc7 C5 1 NO 1.488390
H3 C6 1 NO 1.087820
C5 C6 2 NO 1.407200
C5 Ca 1 NO 1.400720
C6 C1 1 NO 1.399800
H2 Ca 1 NO 1.087100
C4 C3 2 NO 1.387780
C1 H1 1 NO 1.085460
C1 C2 2 NO 1.389040
C3 C2 1 NO 1.393090
C3 02 1 NO 1.365500
C2 01 1 NO 1.366840
02 H5 1 NO 0.978068
01 H4 1 NO 0.972846
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About the conformational characterization, all angles
between the bonds and the torsion angles could be
calculated. Taking as examples of greater and smaller
angles between joints, the angles (C11 - C10 - O5) and
(C18 - 09 - H19) with 126.2229 ° and 104.6334 °
respectively; also, for example, the largest and smallest
torsion angles, the systems (C6 - C1 - C2 - O1) and
(H11 - C14 - C10 - C11) with 179.9974 ° and -
179.9754 ° respectively.
Regarding the properties calculated using the
Avogadro® software, it is possible to calculate the
dipolar moment () of the structure which, motivated
by the electronegativity difference between atoms, is
related to the way the electric charges are distributed
by the molecule and the polarization, separation
between positive and negative charges [24]. Some
other properties of the structure are directly linked to
the dipolar moment (u), such as melting and boiling
points and their solubility in water [25]. Brivaracetam
had a dipolar moment (u) estimated at 2,491 D,
characterizing the molecule as polar.

Finally, the software also allows rendering
and visualization of the surface of Van der Waals
[figure 4]

Fig. 4 Van der Waals surface of the Amburosideo D.

IV. CONCLUSIONS

The molecular structure of the Amburoside D
compound was geometrically optimized by classical
force field calculations using Avogadro® freeware
configured in MMFF94 steepest descent to the point
of lowest potential energy, achieving theoretically
more stable and more stable conformation. Close to
its native form, obtaining at the end of this process the
energy of [508,735 kJ - mol™] and dipolar momentum



(2,491 D). It was possible to realize that all atoms had
zero formal charge and significant variations in their
partial charges were found, such as hydrogen from
0.034 to 0.292, carbon from -0.052 to 0.340 and
oxygen from -0.503 to -0.245. In addition, atoms 9
(C) and 7 (O) presented higher and lower partial
charge respectively. After optimizing the structure it
was possible to calculate the covalence-predominant
bond lengths, where we can highlight the bonds
between oxygen-carbon ((O11 - C21) and (04 - C7))
as second order bonds, and the bonds between
carbons ((C15 - C16), (C19 - C18), (C17 - C16), (C18
- C17) and (C20 - C19)) for their rotability. In relation
to the conformational characterization, a greater and
smaller angulation between bonds was obtained,
highlighting (C11 - C10 - O5) and (C18 - 09 - H19)
with 126.2229 ° and 104.6334 ° respectively; it was
also possible to perceive the largest [179.9974 °] and
smallest [-179.9754 °] torsion angles. In addition, the
van der Waals surface of the structure was rendered.
The data obtained constitute an initial step for future
studies of semi-empirical molecular modeling and

molecular docking, seeking to optimize this
compound and its possible biological potential
analogues.
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