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Semi-Empirical Study Of Rotenone Stemonone:
HOMO, LUMO and Reactivity Descriptors
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Abstract— Agricultural evolution is directly related to the transformations of land and tools created. One of these tools is the use of agrochemicals to
combat pests in order to increase productivity in order to obtain the highest possible profit. It is currently looking for new compounds less aggressive to
human health and the environment that are efficient in pest control. In this context, the Clitoria fairchildiana arises, a tree native to Brazil, popularly called
a hat, used in the forestation of squares, gardens and roads. In its composition it presents rotenones that have crystalline, colorless and odorless
characteristics with pesticidal properties. One of the rotenones present in Clitoria fairchildiana is Stemonone, aromatic compound with molecular formula
C19H1408. The aim of this work is the initial characterization of rotenone stemonone, through semi-empirical calculations. It was possible to generate
the table of chemical properties of rotenone Stemonone, such as electronegativity, ionization potential, chemical hardness, chemical sofness, electronic
chemical potential and electrophilicity index. The data generated in this work consists of an initial step to serve as a basis for future studies on the
relationships between the three-dimensional structure of rotenone and its biological activities.

Index Terms— Agriculture, Agrotoxics, Rotenone, Stemonone, characterization.

1 INTRODUCTION

One of the oldest activities developed by humans is agriculture,
since it is carried out from the Neolithic period. Agricultural
evolution is directly related to the transformations of land and
tools created. One of these tools is the use of agrochemicals to
combat pests in order to increase productivity in order to obtain
the highest possible profit [1].
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Agrochemicals are agents consisting of a large variety
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of primarily chemical compounds designed to kill, combat and
control specific processes, such as growth regulators. However,
they cause harm to human health and the environment [2].
There are an estimated 3 million cases of poisoning annually in
the world, with 220,000 deaths [3]. We are currently looking for
new compounds that are less aggressive to human health and
the environment, which are efficient in pest control.

In this context, the Clitoria fairchildiana arises, a tree na-
tive to Brazil, used in the forestation of squares, gardens and
roads. In its composition it presents rotenones that have crys-
talline, colorless and odorless characteristics with pesticidal
properties [4]. One of the rotenones present in Clitoria fairchild-
iana is the stemonone, aromatic compound with molecular for-
mula C19H1408 [5].

Currently, the molecular modeling allows structural
and electron characterization [6] [7], the molecule of interest, as
well as identifying the interaction sites, electro-donor regions,
electro-receptors, making it possible to carry out structure-ac-
tivity relationship (SAR) studies [ 8], generating data relevant
to the study and planning of the use of new molecules [9] [10].

In this context, the present work aimed to characterize
rotenone stemonone, generating data for future development
studies of new molecules and molecular docking studies.

2 METHODOLOGY

The methodology used was modified from the methodol-
ogy used by Dewar et al. [11], where the two-dimensional struc-
ture of the stemonone was initially obtained in the PubChem
virtual repository © https://pubchem.ncbi.nlm.nih.gov/] [12 ]
and physicochemical properties of rotenone stemonone in the
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ChemSpider virtual repository [13]. Then the MarvinSketch ©
code [14] was used for the calculation of pKa. In order to per-
form the electronic / structural characterization a conforma-
tional analysis was performed using the code ArgusLab © [15]
[16] [17] [18], configured to perform semi-empirical calculations
(based on the theory of quantum mechanics with Hamiltonian
PM3 [ 19] [20]). After the optimization, the single point calcula-
tions were performed to obtain the dipole moment, electrostatic
potential map, electron density map, HOMO and LUMO orbital
and heat of formation, Mulliken atomic charges.

3 RESULTS AND DISCUSSIONS

In the ChemSpider© virtual repository, we obtain some
physico-chemical properties of rotenone stemonone (Table 1)
that are of paramount importance for the study of molecular
modeling. Among these properties we can mention the
polarizability (35.6 + 0.5 10 2* cm?), because the greater the
increase in polarizability the greater the polar character of the
species and the LogP (2.04) that refers to the lipophilicity of the
compound from an octanol system / water, and the lower the
more hydrophilic value will be the compound [21].

Table 1: Physical-chemical properties of the stemonone, taken
from the ChemSpider virtual repository.

Properties Name Value of properties

Density 15+0.1g/cm?

Boiling point 628.5 + 55.0 ° C a 760
mmHg

Steam pressure 0.0+1.9mmHga25°C

Enthalpy of Vaporization 96.4 + 3.0 kJ / mol
Flash point 231.2+250°C
Refractive index 1.673

Molar Refractivity 89.7+0.4cm?3
Connection Acceptors #H 8

Donors of titles 1

Freely rotating connection 3

Polar surface area 101 A2

Polarisability 35.6+0.510-24 cm®
Superficial tension 72.1 +5.0dine /cm
Molar Volume 239.3+5.0cm?
LogP 2.04

ACD / LogD (pH 5.5) 2.96

Drawing a molecule three-dimensionally or withdrawing it
from an online repository, it is not found with a more stable confor-
mation, requiring a geometric optimization for the fidelity of the
minimum energy calculations possible to find the most stable struc-
ture [22]. Therefore, using the ArgusLab® program [15], it was pos-
sible to design the three-dimensional structure (Figure 1) and per-
form geometric optimization calculations of stemonone, generating
-111009.5782 kcal / mol as the lowest and stable energy.
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Figure 1: Three-dimensional structure of rotenone stemonone

The calculations of energies, based on the Hamiltonian
PM3 in order to obtain the electron density map, Homo orbit-
als (Highest Occupied Molecular Orbital) and Low Unoccu-
pied Molecular Orbital (LUMO), heat of formation and atomic
charges of Mulliken. We obtained that the heat of formation is
-223.8274 kcal / mol, dipole moment is equal to 3.68827466 D
and the orbitals 69 and 70 represent HOMO with value -
9.24864 eV and LUMO with value -1.68833 eV, respectively.
The border orbitals are descriptors that act as an intermediate
of the stability of the structures and of the chemical reactivity
of the molecule [23]. Since they are information about funda-
mental characteristics of the chemical reactivity, such as ioni-
zation potential, electronegativity, hardness and softness of
the molecule, electronic affinity, electronic potential among
others (Table 2) [24]. Electronegativity and molecular hardness
help predict the formation of chemical bonds and the physical
and chemical properties of the substance [25] [26]. The electron
affinity is the energy change when a neutral atom in the gase-
ous state and the ionization potential according to Koopman's
theory can be used in the Density Functional Theory (DFT)
method [27].

Table 2: Chemical properties found from the boundary
orbits HOMO and LUMO

Parameters Values
HOMO -9.24864 eV
LUMO -1.68833 eV
Electronic affinity 1.68833 eV
Vertical ionization potential 9.24864 eV
Electronegativity 5,46848 eV
Chemical hardness 0,138918 eV
Chemical softness 3,78015 eV
Electronic chemical potential -5,46848 eV
Electrophilicity index 3,95542 eV

The HOMO orbital, or higher occupied molecular or-
bital, is directly associated with the electrospray character of a
compound and the LUMO orbital, or lower free-energy molec-
ular orbital is directly associated with the electron-acceptor
character of a compound [28]. The difference between the val-
ues of the border orbitals, called GAP, is the most important in
determining the chemical stability. The molecules have larger
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band gaps, making them more stable. Those with smaller gaps  Table 3: Mulliken atomic charges for the C, O and H atoms of

are reactive, due to the ease in interacting with the reagents rotenone stemonone

[25]. The GAP obtained a -7.56031 eV. They are shown by

HOMO (Figure 2) and LUMO (Figure 3) with the positive ATOMS | CHARGES | ATOMS | CHARGES

phases represented in blue and negative in red. We can high- o1 -0.2154 C22 | -0.2573

light the symmetry, since both the HOMO orbital showed to C2 0.1765 023 | -0.3057

be symmetrical between the positive and negative phases as C3 -0.3294 024 -0.1928

the LUMO orbital was shown to be symmetrical. C4 0.2474 C25 -0.1477
C5 -0.3893 026 -0.1913
C6 0.1728 c27 -0.1453
C7 -0.3227 H28 0.2460
C8 -0.1396 H29 0.2477
09 -0.0684 H30 0.1198
C10 0.0143 H31 0.0938
c11 -0.1416 H32 0.0933
C12 0.4582 H33 0.2868
013 -0.2605 H34 0.2559
014 -0.3738 H35 0.2373
C15 0.4258 H36 0.0959
016 -0.1604 H37 0.1208
C17 0.0907 H38 0.0876
C18 -0.0995 H39 0.0952

Figure 2: Representative image of the positive and negative phases of the C19 -0.1459 H40 0.1181

HOMO orbital of rotenone stemonone €20 0.0240 HA41 0.0903
C21 0.0886

By calculating the map of electrostatic potential it is possible
to identify the areas of higher nucleophilicity and electro-
philicity of the stemonone molecule and to calculate the sur-
face of electrostatic potential (figure 4) on the surface of elec-
tronic density (figure 5). In analyzing the potential electro-
static map (Figure 6), we can highlight a greater concentration
of electrons, red nucleophilic region, in the areas where the
oxygen (01, 09, 013, 014, O16, 023, O24 and O26) are lo-
cated, but the remainder of the structure is lacking electrons,
a white electrolytic region, except for the regions that find
rings and cycles formed by the carbons that remain in an area
of neutrality in violet color [30].

Figure 3: Representative image of the positive and negative phases of the
LUMO orbital of rotenone stemonone.

The atomic charges are important in the correlational study
between the structure of the molecule and its biological activ-
ity, because the charge density of a chemical species describes
the distribution of the electrons responsible for the chemical
behavior of each species. For the calculation of atomic loads,
we used the Mulliken Population Analysis, or simply Mulli-
ken's atomic charges (Table 3). This method divides, regard-
less of electronegativity, the charge density between two at-
oms uniformly. Table 3 shows that there were variations of the
atoms of the same element, since the oxygen with the highest
charge was O9 with -0.0684 and lower with O14 with -0.3738.
The highest value carbon was C12 with 0.4582 and lower C3
value with -0.3294. The lowest value hydrogen was H41 with
-0.3294 and higher value was H33 with 0.2868.

Figure 4: Surface of electrostatic potential of rotenone stemonone
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Figure 5: Surface of electronic density of rotenone stemonone

Figure 6: Surface of electronic density of rotenone stemonone

Using the MarvinSketch © software [14], it was possible to cal-
culate the pKa of rotemonone, obtaining the value of 7.28 in
the hydroxyl present. This value implies that when at pH 7.28,
there will be release of H + from the hydroxyl, leaving the mol-
ecule with charge -1, being an important data for future mo-
lecular docking studies (Figure 7).

Figure 7: two-dimensional structure and pKa of rotenone stemonone

4 CONCLUSION

The structure of rotenone Stemonona was geometri-
cally optimized by the ArgusLab® software, based on the sem-
iempirical method and PM3 quantum mechanics, until reach-
ing the point of least potential energy, seeking the most stable
and close conformation of its native form, obtaining at the end
of the process the energy of -111009.5782 kcal / mol, formation
heat of -223.8274 kcal / mol and dipole moment 3.68827466. It
was possible to tabulate some molecular properties of rote-
none Stemonone, such as electronegativity, ionization poten-
tial, chemical hardness, chemical sofness, electronic chemical
potential and electrophilicity index. Through the map of elec-
trostatic potential, it is possible to determine the areas where
nucleophilic connections will occur which comprises all areas
of the oxygen. With the geometrization it is possible to obtain
the atomic charges of Mulliken for the atoms of C, H and O,
highlighting the variation of charges between atoms of the
same element.

The data generated in this work consists of an initial
step to serve as a basis for future studies of the relationships
between the three-dimensional structure of rotenone and its
biological activities.

ACKNOWLEDGMENT

We thank The Pro-Reitoria de Pds-Graduacdo e Pesquisa da
Universidade Estadual do Ceara (PROPGPQ/UECE) for the
support. This work was partly supported the Fundagao
Cearense de Apoio ao Desenvolvimento Cientifico e
Tecnolégico (FUNCAP), Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES).

6 REFERENCES

[1] D. P. Santana, “Economia Social e Solidaria e o Desafio do
Desenvolvimento Sustentavel,” Comun. Técnico Embrapa, vol. 132, pp.
1-18, 2005.

[2] F. Peres, J. C. Moreira, and G. S. Dubois, “Agrotoxicos , saide e

ambiente: uma introdugo ao tema,” E Venen. ou é remédio? Agrotoxicos,
saude e Ambient., vol. 5, no. Nrr 5, pp. 21-41, 2003.

[3] WHO, “Public health impact of pesticides used in agriculture,”
Transactions of the Royal Society of Tropical Medicine and Hygiene.
1990.

[4] A. C. Akinmoladun, C. O. Oladejo, S. S. Josiah, C. D. Famusiwa, O. B.

Ojo, and M. T. Olaleye, “Catechin, quercetin and taxifolin improve redox
and biochemical imbalances in rotenone-induced hepatocellular
dysfunction: Relevance for therapy in pesticide-induced liver toxicity?,”
Pathophysiology, vol. 25, no. 4, pp. 365-371, 2018.

[5] D. Shiengthong, T. Donavanik, V. Uaprasert, and S. Roengsumran,
“Constituents Of That Medicinal Plants - 111 New Rotenoid Compounds
- Stemonacetal, Stemonal And Stemonone,” Tetrahedron Lett., vol. 15,
no. 23, pp. 2015-2018, 1974.

IJSER © 2019
http://www.ijser.or


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 10, Issue 4, April-2019 1336
ISSN 2229-5518

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

R. B. de A. E. J. Barreiro, C. R. Rodrigues, M. G. Albuquerque, C. M. R.
de Sant’anna, “Molecular Modeling: A Tool for the Rational Planning of
Drugs in Medicinal Chemistry,” New Chem., vol. 20, p. 1, 1997.

E. S. M. M. Reges, M. M. Marinho, “In Silico Characterization of
Hypoglycemic Agent Phenformin Using Classical Force Field
MMFF94,” Int. J. Recent Res. Rev., vol. 11, pp. 36-43, 2018.

D. C. B. N. C. Cohen, J. M. Blaney, C. Humblet, P. Gund, “Molecular
modeling software and methods for medicinal chemistry,” J. Med. Chem.,
vol. 33, pp. 883-894, 1990.

E. S. M. M. Reges, M. M. Marinho, “Semi-Empirical Study of the Drug
Riociguat, an Important Drug for Oral Treatment against Chronic
Thromboembolic Pulmonary Hypertension,” Int. J. Sci. Eng. Sci., vol. 1,
pp. 13-17, 2017.

M. M. M. E. S. Marinho, “A DFT study of synthetic drug topiroxostat:
MEP, HOMO, LUMO,” Int. J. Sci. Eng. Res., vol. 7, pp. 1264-1270,
2016.

J. J. S. M. J. Dewar, E. G. Zoebisch, E. F. Healy, “Development and use
of quantum mechanical molecular models. 76. AM1: a new general
purpose quantum mechanical molecular model,” J. Am. Chem. Soc., vol.
107, pp. 3902-3909, 1985.

S. Kim et al., “PubChem 2019 update: Improved access to chemical
data,” Nucleic Acids Res., vol. 47, no. D1, pp. D1102-D1109, 2019.

H. E. P. A. Williams, “‘ChemSpider: an online chemical information
resource’, 2010.”

MarvinSketh, “Marvin was used for drawing, displaying and
characterizing chemical structures, substructures and reactions.” 2019.

M. A. Thompson, “Planaria Software LLC, Seattle, WA.” .

Z. M. C. Thompson, M. A., “J. Am. Chem. Soc.,” J. Am. Chem. Soc., vol.
113, p. 8210, 1991.

and D. F. J. P. M. A. Thompson, E. D. Glendening, “No Title,” CHem,
vol. 98, pp. 10465-10476, 1994.

and G. K. S.J. P. M. A. Thompson, “No Title,” Chem, vol. 99, pp. 6374—
6386, 1995.

James J. P. Stewart, “No Title,” J. Comp. Chem, vol. 10, pp. 209-220,
1989.

J. J. P. Stewart, “No Title,” J. Comp. Chem, vol. 10, pp. 221-264, 1989.

Y. CHIANG, Po-Chang; HU, “Simultaneous determination of LogD,
LogP, and pKa of drugs by using a reverse phase HPLC coupled with a
96-well plate auto injector,” Comb. Chem. High Throughput Screen., vol.
12, pp. 250-257, 2009.

I. CARVALHO, M. T. PUPO, and L. S. C. BORGES, A. D. L.
BERNARDES, “Introdugdo a modelagem molecular de farmacos no
curso experimental de quimica farmacéutica,” Quim. Nova, vol. 23, pp.
428-438, 2003.

and P. K. C. Vijayaraj, R., V. Subramanian, “Comparison of global

[24]

[25]

[26]

[27]

[28]

[29]

[30]

IJSER © 2019

reactivity descriptors calculated using various density functionals: a
QSAR perspective,” J. Chem. Theory Comput., vol. 10, pp. 2744-2753,
2009.

P. K. Padmanabhan, J., Parthasarathi, R., Elango, M., Subramanian, V.,
Krishnamoorthy, B. S., Gutierrez-Oliva, S., ... & Chattaraj, “Multiphilic
descriptor for chemical reactivity and selectivity,” J. Phys. Chem. A, vol.
37, pp. 9130-9138, 2007.

R. S. Mulliken, “A new electroaffinity scale; together with data on
valence states and on valence ionization potentials and electron
affinities.,” J. Chem. Phys., vol. 2(11), pp. 782-793, 1934.

R. G. Pearson, “Hard and soft acids and bases,” J. Am. Chem. Soc., vol.
85(22), pp. 3533-3539, 1963.

T. Koopmans, “Uber die Zuordnung von Wellenfunktionen und
Eigenwerten zu den einzelnen Elektronen eines Atoms,” Physica, vol. 1,
pp. 104-113, 1934

Arroio, A., Hondrio, K. M., &amp; da Silva, “No Title,” A. B. Quim. Nov.,
vol. 33, pp. 694-699.

C. B. Zhang, G., & Musgrave, “Comparison of DFT methods for
molecular orbital eigenvalue calculations,” J. Phys. Chem. A, vol. 111,
pp. 1554-1561, 2007.

E. S. M. G. A. Aratjo, E. P. Silva, E. P. Sanabio, J. A. Pinheiro, R.R.
Castro, R.R. Castro, M.M. Marinho, F. K. S.Lima, “Characterization in
Silico of the Structural Parameters of the Antifungal Agent
Ketoconazole,” Sci. Signpost Publ., 2016.

http://www.ijser.org


http://www.ijser.org/

	1 Introduction
	2 Methodology
	3 Results and Discussions
	In the ChemSpider( virtual repository, we obtain some physico-chemical properties of rotenone stemonone (Table 1) that are of paramount importance for the study of molecular modeling. Among these properties we can mention the polarizability (35.6 ± 0....
	Table 1: Physical-chemical properties of the stemonone, taken from the ChemSpider virtual repository.
	4 Conclusion
	Acknowledgment
	6 References



