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Um Protocolo Simples e Eficiente para a Reacdo de Knoevenagel de
Benzilidenomalonitrilas e Avaliagao da Atividade Larvicida em Aedes Aegypti

Resumo: Os mosquitos do género Aedes sdo responsaveis pela dengue, febre amarela, chikungunya e
Zika. Embora importantes avangos surgiram no desenvolvimento de medidas alternativas para o
controle de mosquitos, os inseticidas quimicos continuam sendo uma parte vital dos programas de
controle integrado. Nesse trabalho foram sintetizados uma série de benzilidenomalononitrilas em bons
rendimentos (71-99%), usando apenas agua e glicerol a temperatura ambiente. O estudo da atividade
larvicida entre os derivados de benzilidenomalononitrilas mostrou que o composto 2e (R = 4-Cl)
apresentou melhor atividade larvicida (LCsp e LCyy de 9,42 e 15,02, respectivamente, em 24 h). Um
estudo de docking molecular foi aplicado para identificar a interacdo do modo 2e com os sitios de
ligagdo na enzima acetilcolinesterase, o perfil de interagdo mostrou um valor de 48,9795, com cinco
ligagdes em trés diferentes aminoacidos.
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Abstract

Mosquitoes of the genus Aedes are responsible for dengue, yellow fever, chikungunya and Zika.
Although important advances have emerged in the development of alternative methods for mosquito
control, chemical insecticides remain a vital part of integrated control programs. In this paper were
synthetized benzylidenemalononitrile derivatives in good yields (71-99%) using only water and glycerol
at room temperature. A study of the larvicidal activity between benzylidenemalononitriles showed that
the compound 2e (R= 4-Cl) possesses excellent larvicidal activity (LCs; and LCqy of 9.42 and 15.02,
respectively at 24 h). A study of molecular docking was applied to identify the type of interaction of
compound 2e with binding sites at the enzyme acetylcholinesterase. The profile of the interaction
showed a score 48.9795 with five bonds at three different amino acids.
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1. Introduction

Mosquitoes of the genus Aedes are
responsible for dengue, vyellow fever,
chikungunya, and Zika.' Yellow fever, like
dengue, is a viral hemorrhagic fever and can
be lethal. Chikungunya virus is an alphavirus
that belongs to the Semliki Forest Virus
antigenic complex. More one million cases
have been reported in the Americas since
2013. The first Brazilian case was confirmed
in the Amapa federal state in 201.”* Zika
virus has generated a great deal of concern
because of its associations with microcephaly
and  Guillain-Barré  syndrom.>®  These
pathogens collectively infect 100 million
people every year, and over 2.5 billion people

live in areas susceptible to these disease.””?
Insecticides,””’ genetically modified
mosquitoes,10 and larvicides™* can all

control these vectors. However, controlling
the mosquito vector at the larval stage is
especially powerful because they can be
easily targeted in breeding habitats, i.e.,
larvae are immobile.

Although important advances have
emerged in the development of alternative
measures for mosquito control, chemical
insecticides remain a vital part of integrated
control programs. The use the pyrethroid and
organophosphate pesticides are common in
the control of adult mosquitoes worldwid."’
However, resistance to insecticides is a
growing problem in vector control programs
this resistance can be a consequence of
various physiological variables.”"

Concurrently, continuous monitoring of
mosquito populations may play an important
role in preventing or minimizing the
development of resistance to effective
insecticides. However, developing new
products to combat insects is equally
important. Therefore, the synthesis of new
biologically active compounds for larvicidal
control has attracted strong interest.

Benzylidenemalononitrile derivatives are
versatile building blocks in the synthesis of
biological and pharmacological molecules.

Vo

For example, 1,3-diarylpyrazole derivatives
have anti-inflammatory properties”® and can
be prepared via an intermediary in the
synthesis of tyrphostins, which are active in
cancer cell lines.'® Similarly, aminopyridines
are potent antibacterial agents’ and the
phenanthroline-3-carbonitrile precursor
analogues have larvicidal activity against
Aedes aegypti and Culex quinquefasciatus.'®

The synthesis of benzylidenemalononitrile
derivatives occurs via the Knoevenagel
condensation. Synthesis in aqueous solvent
has experienced remarkable growth, but this
synthesis usually requires catalysts such as
organic bases, Lewis acids,™ ionic liquids,*
organometallic catalysts,”! and functionalized
biopolymers under microwave irradiation.,,
In continuation of our work on new catalyst-
free synthetic strategies,”** we developed
an efficient and easy methodology that use
only water and glycerol at room temperature
to prepare benzylidenemalononitrile
derivatives with potential larvicial activity
against Aedes aegypti.

2. Materials and methods

2.1. General methods

2.2, Gas Chromatography-Mass
Spectrometry (GC-MS)

The reactions analyses were conducted
using a gas chromatograph (GC2010 Ultra
Shimadzu Corporation, Japan) equipped with
an auto-sampler injection AOC-20i
(Shimadzu). Electron capture detection used
as detector (Shimadzu MS2010 Plus),
electronic impact of 70 eV and fragments
detected from 50-500 Da. Separations were
performed on a fused silica capillary column
(DB-5MS 5% 30 m x 0.25 mm internal
diameter, 0.25 mm film thickness) in a
stream of helium 1.0 mL min™. Injector
temperature was 230 °C, ion source 200 °C,
270 °C of interface and split ratio 5. The oven
temperature program started at 100 °C with
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an increase of 7 °C min™ to 200 °C and 20 °C
min™* to 300 °C lasting for 2 min.

2.3. Fourier Transform Infrared (FTIR)

FTIR spectra were recorded on a Bomen
MB-100 spectrometer samples were
prepared as thin films on KBr disks. The
transmittance was expressed in cm™ of band
between 4000 to 400 cm™.

2.4. Nuclear Magnetic Resonance (NMR)

NMR spectra were recorded on an Agilent
Technologies 500/54 Premium Shielded or
Agilent Technologies 400/54 Premium
Shielded spectrometer. The samples were
solubilized in CDCl; (99.9%) or CD;0D (99.9%)
and chemical shifts expressed in ppm relative
to internal standard TMS or deuterated
solvents. The chemical shifts were given in
ppm and coupling constants (J) in Hz. The
description of signals includes: s = singlet, d =
doublet, t = triplet and m = multiplet.

2.5. Chemical reagents

Benzaldehyde la (99.5%), 4-
methoxybenzaldehyde 1b (98%), 3,4,5-
trimethoxybenzaldehyde 1c  (99%), 4-
hydroxy-3-methoxybenzaldehyde 1d (98%),
4-chlorobenzaldehyde le (97%), 4-
fluorobenzaldehyde 1f (98%), 3-
nitrobenzaldehyde 1g (98%) and
malononitrile (99%) (Table 2) were purchased
of Sigma-Aldrich and used without further
purification. Glycerol (98%) and ethanol
(99%) were purchased of Vetec. Deuterated
solvents were purchased from Cambridge
Isotope Laboratories.
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2.6. Synthesis of the
benzylidenemalononitrile derivatives (2a-g)

The benzylidenemalononitrile products
(2a-g) were prepared via Knoevenagel
condensation (Table 2) from a mixture of
appropriate aldehydes 1a-g (3 mmol) and
malononitrile (3.5 mmol) in 5 mL of water
and glycerol (1:1) in a 25 mL round bottomed
flask. The solution was maintained with
magnetic stirring for 24 h at room
temperature. The reaction was monitored by
silica TLC plates, and bands were visualized
under ultraviolet (UV) light, using hexane and
acetyl acetate (7:3) as the eluent. At the end
of the reaction, the precipitate was filtered
and washed with ice water (50 mL). The
product was recrystallized in ethanol
overnight. All resulting compounds 1a-g were
obtained in good yields and characterized by
melting point, 'H NMR, FT-IR, and GC-MS
analysis (Supplementary information).

2.7. Physical and spectroscopic data

2-benzylidenemalononitrile (2a):
Molecular formula: CjgHgN,; MW: 154.05
g/mol; White solid; M.p. 85 °C; Yield 0.461 g
(99%); 'H NMR (400 MHz, CDCls, ppm): & 7.92
(m, 2H), 7.79 (s, 1H), 7.64 (m, 1H), 7.54 (m,
2H); C NMR (100 MHz, CDCl;, ppm): &
159.9, 134.6, 130.8, 129.6, 113.6, 112.5, 82.7;
IR (KBr, cm™): 3032, 2224, 1683, 756, 677; MS
(70 eV, %): m/z 154 (100), 127 (90), 103 (60).

2-(4-methoxybenzylidene)malononitrile

(2b): Cy1HgN,O; MW: 184.06 g/mol; Yellow
solid; M.p. 122 °C; Yield 0.480 g (84%); 'H
NMR (400 MHz, CDCls, ppm): & 7.88 (d, J=8.0
Hz, 2H), 7.63 (s, 1H), 7.0 (d, J=8.0 Hz, 2H),
3.89 (s, 3H); *C NMR (100 MHz, CDCl5, ppm):
164.72, 158.75, 133.14, 123.24, 114.80,
114.05, 112.84, 78.69, 55.69 ; IR (KBr, cm™):
3026, 2986, 2221, 1605; MS (70 eV, %): m/z
184 (100), 161 (13), 141 (25), 114 (42).
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2-(3,4,5-

trimethoxybenzylidene)malononitrile (2c):
Ci3H1:N,03; MW: 244.08 g/mol; Yellow solid;
M.p. 148 °C; Yield 0.724 g (99%); 'H NMR
(500 MHz, CDCls, ppm): 7.63 (t, J/=0.5 Hz, 1H),
7.24 (s, 2H), 7.17 (d, J=0.5 Hz, 2H), 3.96 (s,
3H), 3.89 (s, 6H). *C NMR (126 MHz, CDCl,,
ppm): 159.32, 153.35, 144.03, 125.89,
113.94, 113.15, 108.31, 80.59, 61.21, 56.34,
29.66.; IR (KBr, cm™): 3018, 2220, 1504, 1257,
1041. MS (70 eV, %): m/z 244 (100), 229 (74),
201 (37), 186 (21), 158 (32), 115 (32).

2-(4-hydroxy-3-

methoxybenzylidene)malononitrile (2d):
Ci1HgN,0,; MW: 200.02 g/mol; White solid;
M.p. 136 °C; Yield 0.504 g (84%); *H NMR
(500 MHz, CD3;0D, ppm): & 7.94 (s, 1H), 7.57-
7.56 (d, 1H, J=2.5 Hz), 7.43 (m, 1H), 7.07 (d,
1H, J= 8.5 Hz), 3.95 (s, 3H). °C NMR (126
MHz, CD;0D, ppm): 159.76, 153.71, 146.92,
126.05, 124.67, 115.22, 114.45, 113.38,
111.19, 76.87, 55.05; IR (KBr, cm'l): 3427,
3022, 2976, 2225, 226, 1026. MS (70 eV, %):
m/z 200 (100), 157 (95), 129 (29), 102 (50).

2-(4-chlorobenzylidene)malononitrile (2e):
CioHsCIN,; MM: 188.01 g/mol; White solid;
M.p. 176 °C; Yield 0.4455 g (79%); ‘H NMR
(500 MHz, CDCl3, ppm): 6 7.88-7.85 (d, J= 8.5
Hz, 2H), 7.74 (s, 1H), 7.55-7.52 (d, J=8.5 Hz,
2H); *C NMR (126 MHz, CDCl;, ppm): 158.26,
141.15, 131.83, 130.07, 129.27, 113.42,
112.32, 83.37; IR (KBr, cm’l): 3095, 3032,
2225, 1683, 827. MS (70 eV, %): m/z 188 (71),
153 (100).

2-(4-fluorobenzylidene)malononitrile (2f):
CioHsFNy; MW: 172.04 g/mol; White solid;
M.p. 135°C; Yield 0.4128 g (80%); 'H NMR
(400 MHz, CDCl;, ppm): 6 7.98-7.96 (m, 2H),
7.75 (s, H), 7.27-7.23 (m, 2H); *C NMR (100
MHz, CDCl;, ppm): 166.11 (d, Ycr =207 Hz),
157.98, 133.37, 127.18, 117.18, 113.40,
112.22, 82.05; IR (KBr, cm™): 3074, 3041,
2229, 1508. MS (70 eV, %): m/z 172 (100),
145 (96), 121 (54).

Vo

2-(4-nitrobenzylidene)malononitrile  (2g):
C1oHsN30,; MW: 199.04 g/mol; White solid;
M.p. 106 °C; Yield 0.423 g (71 %); ‘H NMR
(400 MHz, CDCls;, ppm): & 8.38-8.36 (d, J= 8.8
Hz, 2H), 8.07-8.04 (d, J= 8.8 Hz, 2H), 7.87 (s,
1H); *C NMR (100 MHz, CDCl;, ppm): 56.82,
150.33, 135.76, 131.27, 124.60, 112.58,
111.55, 87.52; IR (KBr, cm’l): 3045, 2225,
1527, 1356. MS (70 eV, %): m/z 199 (75), 153
(100), 141 (33), 123 (86).

2.8. Larvicidal activity

2.8.1. Collection and maintenance of
target vector

The larvicidal experiments used third
instar larvae of Aedes aegypti Rockefeller
strain from the Arthropoda Laboratory of the
Federal University of Amapa. The assay was
conducted under controlled conditions with a
temperature between 25 + 2 °C, relative
humidity of 75 + 5%, and photoperiod of 12
hours.

2.8.2. Larvicidal activity in vivo

Compounds 2a-g were dissolved in
dimethylsulphoxide (DMSQO) at different
concentrations (15.0, 12.5, 10.0, 5.00, and
2.50 ppm) from a stock solution of 1.500
ppm. Negative controls were performed
using distilled water containing the same
amount of DMSO (1%). All experiments were
performed in triplicate with 10 larvae in each
replicate. The mortality rate of the larvae was
determined at 24 and 48 h of exposure.
Larvae were considered dead when they did
not respond to stimuli or did not rise to the
solution surface relative to the control. The
bioassay experiments were conducted
according to World Health Organization
(WHO) standards with modifications.”
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2.9. Statistical analysis

The lethal concentration LCs, and LCqyq
(determined in 24 and 48 h incubation) for
compound 2e were calculated using Probit
analysis with Software StatGraphic
Centurium XV version 15.2.11. When the
control mortality of the treated groups was
between 5-20%, the analysis was corrected
according to WHO? formula: mortality (%) =
X = Y/X x 100, where X = percent survival in
the untreated control and Y = percent
survival in the treated sample.

2.10. Molecular docking between the
compound 2e and the acetylcholinesterase

The  crystallographic  structure  of
acetylcholinesterase from Drosophila
melanogaster deposited in complex form
under code 1DX4 with a resolution of 3.64 A
was selected from the Protein Data Bank
(PDB). To validate the docking, the Mean
Square Deviation (RMSD) was calculated
using the Discovery Studio (DS) Visualizer for
the crystallographic structure, and the
docking simulation was performed using
GOLD 4.1. The RMSD was considered relevant
for results below 2 A; the RMSD for 1XD4

Carvalho, H. L. et al.

complex ligand was 0.7732 A.*® The amino
acids of the active site were selected as
described in the literature: TYR71; TRP83;
GLY149; PHE330; VY370; TRP472; and
HIS480.”

3. Results and discussion

The reaction of benzaldehyde 1a with 1
equiv. of malononitrile at room temperature
in water for 24 h resulted in trace yield of
Knoevenagel adduct 2a (Table 1, entry 1).
When the reaction was performed using a
mixture of water and glycerol (1:1) as
solvents and at room temperature the
product 2a was formed with 99% yield (Table
1, entry 2). Glycerol is a green co-solvent in
several reactions in organic synthesis. Beyond
to increase the solubility of organic reagents,
facilitates the separation of the reaction
product. The vyield using glycerol as solvent
at 24 h was of only 54% (Table 1, entry 3) due
to glycerol’s high viscosity. However, when
the reaction was performed in a mixture of
water and glycerol at 50 oC for 12 h (Table 1,
entry 3), the product 2a was formed with
75% vyield. These experiments showed that
the success of the reaction was dependent on
the solvent effects.

Table 1. Optimization of synthesis of benzylidenemalononitrile 2a via the Knoevenagel
condensation using water and glycerol as solvents

0]
NC/\CN CN
H X
solvents, time (h) m
1a temperature (°C) 2a
Entry Time (h) Solvents Temperature (2C) Yield (%)
2a
1 24 Water r.t. Trace
2 24 Water:Glycerol r.t. 99
3 24 Glycerol r.t. 54
4 12 Water:Glycerol 50 75
5 12 Water:Glycerol r.t. 90
r.t. = room temperature (30 2C + 2 2C)
Rev. Virtual Quim. |Vol 10| |[No. 2| |XXX]
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The water and glycerol mixture at room
temperature  outperforms  conventional
organic solvents like toluene, DMF, and
ethanol. The condition reaction (Table 1,
entry 2) encouraged us to apply this method
for the synthesis of others
benzylidenemalononitrile compounds (Table
2). Aldehydes 1a-g with different functional
groups were used to evaluate the influence
of the substituent groups. In all cases, the
formation of  benzylidenemalononitrile

compounds 2a-g occurred via the
Knoevenagel reaction.
All  Knoevenagel adducts 2a-g were

obtained in good yields (71-99%). In general,
the aromatic aldehydes readily condensed
with malononitrile. Xu and co-authors
reported the formation of these compounds
in excellent yields of 99%; however, this
reaction occurred in the presence of 10%
polystyrene-supported DABCO as the catalyst
in methanol at room temperature for 60 min
2 In another study, Sonawane and co-
authors showed the formation
benzylidenemalononitrile compounds in 98%
yield using 5 mol% Ni(NOs),.6H,0 at room
temperature in water for 20 min.?
Compounds 2a-g were characterized by FTIR,
GC-MS, and NMR and compared to literature
data (Supplementary Information).

The benzylidenemalononitrile compounds
2a-g were tested against Aedes aegypti
larvae at different concentrations (15, 12.5,
10, 5, and 2.5 ppm). Of these, the compound
2e had the most promising larvicidal
properties (Figure 1).

Electron-rich compound such as 2-(4-
hydroxy-3-
methoxybenzylidene)malononitrile 2c
exhibited low larvicidal activity profile.
Similar data was observed for 2-(3,4,5-

Vo

trimethoxybenzylidene)malononitrile 2d. The
compound 2b showed better larvicidal
mortality in comparison to their analogues
approximately 30% at 12 ppm with 48 h of
incubation.

Among the halogenated compounds, the
2-(4-chlorobenzylidene)malononitrile 2e had
the best larvicidal mortality with LCs, values
of 9.42 and 9.44 at 24 h and 48 h,
respectively. The LCq were 15.02 and 15.05
at 24 h and 48 h, respectively for the adduct
2e (Table 3). This result confirmed the strong
influence of the electronic and steric effects
on the substituents on the
benzylidenemalononitrile derivatives in the
larvicidal activity of Aedes aegypti. Similarly,
Da Silva and coworkers studied the larvicidal
activity in a biurets series. They noted that
activity for the fluorine para-substituent was
lower than the chlorine.*

The 2-(4-fluorobenzylidene)malononitrile
2f showed a mortality rate lower than 5%.
The 2-(3-nitrobenzylidene)malononitrile 2g
has a strongly electron withdrawing
substituent attached to the aromatic ring,
and it did not exhibit mortality against Aedes
aegypti larvae at 12 ppm.

Acetylcholinesterase (AChE) plays an
important  role in transmitting the
signal/message to central nervous system,
and it a critical mosquito enzyme, and AChE is
the molecular target for many insecticides
including organophosphate and carbamate
compounds.* Thus, molecular docking was
used to identify the mode of interaction
between linkers at the enzyme or
receptor/binding site via specific key
interactions. This can predict the binding
affinity between the protein-linker
complexes.”
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water and glycerol at room temperature for 24 h.

P
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Table 1. Synthesis of benzylidenemalononitrile derivatives 2b-g via Knoevenagel reaction in

NC CN
H _ N CN
H,0:Glycerol, 24 h, CN
R r.t. 2b-g
Entry Aldehyde (1b-h) Product (2b-g) Yield (%) M.p. [M.p. of
literature]
(0] XN CN 87 122 °C[114 - 1169C]
/©)‘\H MeO c
MeO
1b 2b
(o] MeO N CN 84 136 2C [134-136 °C]
2 MeO H CN 32
MeO
MeO OMe
OMe
1c 2c
(o] MeO N CN 99 148 °C [149-150 °C]
MeO 33
3 D/\(N
HO
1d 2d
o] N CN 79 170 °C [166-167 °C]
4 m ®
Cl
le 2e
o) ~CN 80 130°C [125 - 126 °C]
@AH F
F
1f 2f
(o] O,N o CN 71 113 2C[107-109 °C]
6 OZN\©)‘\H m 33

1g

2g
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Figure 1. Larvicidal activity of benzylidenemalononitrile derivatives on Aedes aegypti larvae at
24hand 48 h

Table 3. Larvicidal activity (LCsq and LCqy) of 2-(4-chlorobenzylidene)malononitrile 2e by

Aedes aegypti
Adduct 2e Aedes aegypti
24 h 48 h
LCso 9.42 9.44
cL” 7.32-11.44 7.34-11.47
LCso 15.02 15.05
cL” 12.70 - 20.14 12.72 - 20.19

*LCsp and LCqy in ppm. **C.L. = Confidence limit.

Figure 2 shows the profile of interaction
between the compound 2e and the amino
acid residues of an AChE. The score was
48.9795 with five bonds at three different
amino acids. These included HIS480, which is
a hydrogen bond between the H16 atom of
the adduct 2e and 03458 of the HIS480
amino acid with a distance of 2.51 A.
Hydrophobic interactions were also observed

between the TYR370 amino acid with the
aromatic ring and chlorine atom Cl11 with a
distance of 4.06 A this also interacted with
aromatic ring (4.38 A) of the ligand 2e. There
were two hydrophobic interactions between
TRP83 and the aromatic ring of compound 2e
and with the pyrrolidine and the aromatic
rings, and the distances were 3.75 A and 4.65
A, respectively.
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@ oxygen @ nitrogen @ chlorine

hydrogen @carbon

Figure 2. Simulation of molecular docking between the enzyme AChE (represented by the
amino acids of the active site) and compound 2e

4. Conclusion

In this study, new synthetic strategies
using water and glycerol as the solvents for
the preparation of benzylidenemalononitrile
derivatives offered good vyields in the room
temperature. The larvicidal activity of these
compounds were evaluated on Aedes aegypti
larvae. The LCsy value was 9.42 at 24 h for
adduct 2e. These results suggested that
compound 2e can be obtained from an eco-
friendly reaction in good yields and is a
potential larvicidal molecule.

Acknowledgments

The authors thank the Foundation of the
State of Amapa for financial support
PAPESQ/UNIFAP EDITAL N2 015/2015.

References

! Smith, L.; Kasai, S.; Scott, J. Pyrethroid
resistance in Aedes aegypti and Aedes
albopictus: Important mosquito vectors of
human diseases. Pesticide Biochemistry and
Physiology 2016, 133, 1. [CrossRef] [PubMed]
2 Dubrulle, M.; Mousson, L.; Moutailler, S.;
Vazeille, M.; Failloux. A Chikungunya virus
and Aedes mosquitoes: Saliva is infectious as
soon as two days after oral infection. Plos
One 2009, 4, 1. [CrossRef]

3 Nunes, M.; Faria, N.; de Vasconcelos, J.;
Golding, N.; Kraemer, M.; de Oliveira, L,;
Azevedo, R.; da Silva, D.; da Silva, E.; da Silva,
S.; Carvalho, V., Coelho, G.; Cruz, A,;
Rodrigues, S.; Vianez, J.; Nunes, B.; Cardoso,
J.; Tesh, R.; Hay, S.; Pybus, O.; Vasconcelos, P.
Emergence and potential for spread of
Chikungunya virus in Brazil. Bmc Medicine
2015, 13, 1. [CrossRef]

* Lo Presti, A.; Cella, E.; Angeletti, S.; Ciccozzi.
Molecular epidemiology, evolution and
phylogeny of Chikungunya virus: An updating
review. Infection Genetics and Evolution
2016, 41, 270. [CrossRef] [PubMed]

Rev. Virtual Quim. |Vol 10| |[No. 2| |XXX]


https://doi.org/10.1016/j.pestbp.2016.03.005
https://www.ncbi.nlm.nih.gov/pubmed/27742355
https://doi.org/10.1371/journal.pone.0005895
https://doi.org/10.1186/s12916-015-0348-x
https://doi.org/10.1016/j.meegid.2016.04.006
https://www.ncbi.nlm.nih.gov/pubmed/27085290

Carvalho, H. L. et al.

> Hazin, A.; Poretti, A.; Cruz, D. C. S.; Tenorio,
C.; Van, A.; Pena, L. J.; Brito, C.; Gil, L. H.;
Miranda-Filho, D. B.; Marques, E. T.; Martelli,
C. M.; Alves, J. G.; Huisman, T. A. Computed
tomographic  findings in  microcephaly
associated with Zika virus. New England
Journal of Medicine, 2016, 374, 2193.
[CrossRef] [PubMed]

® Miranda-Filho, D. B.; Martelli, C. M. T;
Ximenes, R. A. A.; Araujo, T. V. B.; Rocha, M.
A. W.; Ramos, R. C. F.; Dhalia, R.; Franga, R. F.
O.; Janior, E. T. A. M.; Rodrigues, L. C. Initial
description of the presumed congenital Zika
syndrome. American Journal of Public Health
2016, 106, 598. [PubMed]

’ Vontas, J.; Kioulos, E.; Pavlidi, N.; Morou, E.;
Della Torre, A.; Ranson, H. Insecticide
resistance in the major dengue vectors Aedes
albopictus and Aedes aegypti. Pesticide
Biochemistry and Physiology 2012, 104, 126.
[CrossRef]

& Kushwah, R.; Dykes, C.; Kapoor, N.; Adak,
T.; Singh, O. Pyrethroid-resistance and
presence of two knockdown resistance (kdr)
mutations, F1534C and a novel mutation
T1520l, in Indian Aedes aegypti. Plos
Neglected Tropical Diseases 2015, 9, 1.
[CrossRef] [PubMed]

% Lima, E.; Paiva, M.; de Araujo, A.; da Silva,
E.; da Silva, U.; de Oliveira, L.; Santana, A.;
Barbosa, C.; Neto, C.; Goulart, M.; Wilding, C,;
Ayres, C.; Santos, M. Insecticide resistance in
Aedes aegypti populations from Ceara, Brazil.
Parasites & Vectors 2011, 4, 1. [CrossRef]
[PubMed]

' Crampton, J.; Warren, A.; Lycett, G.;
Hughes, M.; Comley, |.; Eggleston, P.Genetic
manipulation of insect vectors as a strategy
for the control of vector-borne disease.
Annals of Tropical Medicine and Parasitology
1994, 88, 3. [PubMed]

1 Oliveira, A.; Duarte, J.; Amado, J.; Cruz, R.;
Rocha, C.; Souto, R.; Ferreira, R.; Santos, K.;
da Conceiao, E.; de Oliveira, L.; Kelecom, A.;
Fernandes, C.; Carvalho, J. Development of a
Larvicidal nanoemulsion with Pterodon
emarginatus Vogel oil. Plos One 2016, 11, 1.
[CrossRef]

12 Oliveira, A.; Duarte, J.; Cruz, R.; Souto, R.;
Ferreira, R.; Peniche, T.; da Conceicao, E.; de

Vo

Oliveira, L.; Faustino, S.; Florentino, A.;
Carvalho, J.; Fernandes, C. Pterodon
emarginatus oleoresin-based nanoemulsion
as a promising tool for Culex quinquefasciatus
(Diptera: Culicidae) control. Journal of
Nanobiotechnology 2017, 15, 1. [CrossRef]

1 Nkya, T. E.; Akhouayri, |.; Kisinza, W.;
David, J. P. Impact of environment on
mosquito response to pyrethroid insecticides:
Facts, evidences and prospects. Insect
Biochemistry and Molecular Biology 2013, 43,
407. [CrossRef] [PubMed]

' Arora, S.; Balotra, S.; Pandey, G.; Kumar, A.
Binary combinations of organophosphorus
and synthetic pyrethroids are more potent
acetylcholinesterase inhibitors than
organophosphorus and carbamate mixtures:
An in vitro assessment. Toxicology Letters
2017, 268, 816. [CrossRef]

> Shehab, W. S.; Ghoneim, A. A. Synthesis
and biological activities of some fused pyran
derivatives. Arabian Journal of Chemistry
2016, 9, 966. [CrossRef]

® Wells, G.; Seaton, A.; Stevens, M. F. G.
Structural studies on bioactive compounds.
Oxidation of tyrphostin protein tyrosine
kinase inhibitors with hypervalent iodine
reagents. Journal of Medicinal Chemistry
2000, 43, 1550. [PubMed]

v Huang, J.; Zhou, J.; Song, S.; Song, H.; Chen,
Z.; Yi, W. A new and efficient ZnCl,-catalyzed
synthesis and biological evaluation of novel
2-amino-3,5-dicyano-4-aryl-6-aryl-
aminopyridines as potent antibacterial agents
against Helicobacter pylori (HP). Tetrahedron
2015, 71, 8628. [CrossRef]

'8 Bharathi, A.; Roopan, S.; Rahuman, A.;

Rajakumar, G. In Vitro Larvicidal and
antioxidant activity of
dihydrophenanthroline-3-carbonitriles.

Biomedical Research International 2014,

2014, 2. [CrossRef]

19 Wang, H.; Wang, C.; Yang, Y.; Zhao, M.
Wang, Y. H;PW,,040/mpg-CsN, as an
efficient and reusable bifunctional catalyst in
one-pot oxidation-Knoevenagel condensation
tandem reaction. Catalysis Science &
Technology 2017, 7, 405. [Link]

2 1i, G.; Xiao, J.; Zhang, W. Efficient and
reusable amine-functionalized
polyacrylonitrile fiber catalysts for

Rev. Virtual Quim. |Vol 10| |No. 2| |no prelo]|


http://dx.doi.org/10.1056/NEJMc1603617
https://www.ncbi.nlm.nih.gov/pubmed/27050112
https://www.ncbi.nlm.nih.gov/pubmed/26959258
https://doi.org/10.1016/j.pestbp.2012.05.008
https://doi.org/10.1371/journal.pntd.0003332
https://www.ncbi.nlm.nih.gov/pubmed/25569164
https://doi.org/10.1186/1756-3305-4-5
https://www.ncbi.nlm.nih.gov/pubmed/21226942
https://www.ncbi.nlm.nih.gov/pubmed/7910725
https://doi.org/10.1371/journal.pone.0145835
https://doi.org/10.1186/s12951-016-0234-5
https://doi.org/10.1016/j.ibmb.2012.10.006
https://www.ncbi.nlm.nih.gov/pubmed/23123179
https://doi.org/10.1016/j.toxlet.2016.12.009
https://doi.org/10.1016/j.arabjc.2011.10.008
https://www.ncbi.nlm.nih.gov/pubmed/10780912
https://doi.org/10.1016/j.tet.2015.09.018
http://dx.doi.org/10.1155/2014/915797
http://pubs.rsc.org/en/Content/ArticleLanding/2017/CY/C6CY01669C?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+rss%2Fcy+%28RSC+-+Catalysis+Science+%26+Technology+latest+articles%29#!divAbstract

LVa

Knoevenagel condensation in water. Green
Chemistry 2012, 14, 2234. [Link]

?! De Resende Filho, J. B. M.; Pires, G. P.; De
Oliveira Ferreira, J. M. G.; Teotonio, E. E. S.;
Vale, J. A. Knoevenagel condensation of
aldehydes and ketones with malononitrile
catalyzed by amine compounds-tethered
Fe;0,@Si0, nanoparticles. Catalysis Letters
2017, 147, 167. [Link]

2 Jimenez, D. E. Q.; Ferreira, I. M.; Yoshioka,
S. A.; Fonseca, L. P.; Porto, A. L. M. Silk fibroin
functionalized with CuSO, on Knoevenagel
condensation under microwave radiation.
Current Microwave Chemistry 2017, 4, 1.
[Link]

> Gallo, R.; Ferreira, |.; Casagrande, G.;
Pizzuti, L.; Oliveira-Silva, D.; Raminelli, C.
Efficient and eco-friendly synthesis of
iodinated aromatic building blocks promoted
by iodine and hydrogen peroxide in water: A
mechanistic investigation by mass
spectrometry. Tetrahedron Letters 2012, 53,
5372. [CrossRef]

24 Ferreira, |. M; Casagrande, G. A.; Pizzuti, L.;
Raminelli, C. Ultrasound-promoted rapid and
efficient iodination of aromatic and
heteroaromatic compounds in the presence
of iodine and hydrogen peroxide in water.
Synthetic Communication 2014, 44, 2094.
[CrossRef]

® WHO, World Health  Organization,
Guidelines for Laboratory and Field Testing of
Mosquito Larvicides; Communicable Disease
Control, Prevention and Eradication, WHO
Pesticide  Evaluation  Scheme, Geneva,
Switzerland 2005. [Link]

% Erickson, J.; Jalaie, M.; Robertson, D.;
Lewis, R.; Vieth, M. Lessons in molecular
recognition: The effects of ligand and protein
flexibility on molecular docking accuracy.
Journal of Medicinal Chemistry 2004, 47, 45.
[PubMed]

>’ Harel, M.; Kryger, G.; Rosenberry, T.;
Mallender, W.; Lewis, T.; Fletcher, R.; Guss, J.;
Silman, I.; Sussman, J. Three-dimensional
structures of Drosophila  melanogaster
acetylcholinesterase and of its complexes
with two potent inhibitors. Protein Science
2000, 9, 1063. [CrossRef] [PubMed]

Carvalho, H. L. et al.

28 Xu, D. Z.; Shi, S.; Wang, Y. Polystyrene-
immobilized DABCO as a highly efficient and
recyclable organocatalyst for the
Knoevenagel condensation reaction. RSC
Advances 2013, 3, 23075. [CrossRef]

2 sonawane, J. P.; Chaudhari, S. B.; Patil, S.
S.; Sonawane, M. V. A facile and efficient
green protocol for the Knoevenagel
condensation in aqueous media.
International Journal of Chemical & Physical
Sciences 2015, 4, 60.[Link]

%% da Silva, J. B. P.; Navarro, D. M. A. F.; da
Silva, A. G.; Santos, G. K. N.; Dutra, K. A,
Moreira, D. R.; Ramos, M. N.; Espindola, J. W.
P.; de Oliveira, A. D. T.; Brondani, D. J.; Leite,
A. C. L.; Hernandes, M. Z.; Pereira, V. R. A.; da

Rocha, L. F.; de Castro, M. C. A. B.; de
Oliveira, B. C.; Lan, Q.; Merz, K. M.
Thiosemicarbazones as Aedes aegypti
larvicidal.  European Journal  Medicinal
Chemistry 2015, 100, 162. [CrossRef]
[PubMed]

31 Turpaev, K.; Ermolenko, M.; Cresteil, T.;
Drapier, J. Benzylidenemalononitrile
compounds as activators of cell resistance to
oxidative stress and modulators of multiple
signaling pathways. A structure-activity

relationship study. Biochemical
Pharmacology 2011, 82, 535. [CrossRef]
[PubMed]

32 Swaringen, R.; Yeowell, D.; Wisowaty, J.;
Elsayad, H.; Stewart, E.; Darnofall, M.
Reaction of orthoformates with acidic

methines. Journal of Organic Chemistry 1979,
44, 4825. [CrossRef

** Sharghi, H.; Ebrahimpourmoghaddam, S.;
Doroodmand, M. Iron-doped single walled
carbon nanotubes as an efficient and
reusable heterogeneous catalyst for the
synthesis of organophosphorus compounds
under solvent-free conditions. Tetrahedron
2013, 69, 4708. [CrossRef]

34 Reegan, A.D.; Stalin, A.; Paulraj, M.G.;
Balakrishna, K.; Ignacimuthu, S.; Al-Dhabi,
N.A. In silico molecular docking of niloticin
with acetylcholinesterase 1 (AChE1) of Aedes
aegypti L. (Diptera: Culicidae): a promising
molecular target. Medicinal Chemistry
Research 2016, 25, 1411. [CrossRef]

Rev. Virtual Quim. |Vol 10| |[No. 2| |XXX]


http://pubs.rsc.org/en/content/articlelanding/2012/gc/c2gc35483g#!divAbstract
https://link.springer.com/article/10.1007/s10562-016-1916-1
http://www.eurekaselect.com/144634
https://doi.org/10.1016/j.tetlet.2012.07.102
http://dx.doi.org/10.1080/00397911.2013.879900
http://apps.who.int/iris/bitstream/10665/69101/1/WHO_CDS_WHOPES_GCDPP_2005.13.pdf
https://www.ncbi.nlm.nih.gov/pubmed/14695819
http://dx.doi.org/10.1110/ps.9.6.1063
https://www.ncbi.nlm.nih.gov/pubmed/10892800
http://dx.doi.org/10.1039/C3RA43921F
http://ijcps.org/admin/php/uploads/225_pdf.pdf
https://doi.org/10.1016/j.ejmech.2015.04.061
https://www.ncbi.nlm.nih.gov/pubmed/26087027
https://doi.org/10.1016/j.bcp.2011.05.028
https://www.ncbi.nlm.nih.gov/pubmed/21669191
http://dx.doi.org/10.1021/jo00394a017
https://doi.org/10.1016/j.tet.2013.03.073
http://dx.doi.org/10.1007/s00044-016-1579-x

Carvalho, H. L. et al. D‘/q

> Gupta, S.; Mohan, C. G. Dual binding site  models and sequential virtual screening.
and selective acetylcholinesterase inhibitors  Biomed Research International 2014, 2014, 1.
derived from integrated pharmacophore [CrossRef] [PubMed]

Rev. Virtual Quim. |Vol 10| |No. 2| |no prelo]|


http://dx.doi.org/10.1155/2014/291214
https://www.ncbi.nlm.nih.gov/pubmed/25050335

