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Abstract

BACKGROUND: In the context of the demand for more efficient herbicides, the aim of the present work was to synthesize anilides
via simple methods, and evaluate their herbicidal activities through seed germination assays. In silico studies were carried out
to identify the enzyme target sites in plants for the most active anilides.

RESULTS: A total of 18 anilides were prepared via one-pot reaction in yields that varied from 36 to 98% through reactions of
anilines with sorbic chloride and hexanoic anhydride. According to seed germination assays in three dicotyledonous and one
monocotyledonous plant species, the most active anilides showed root and shoot growth inhibition superior to that of Dual
(S-metolachlor). In silico studies indicated that histone deacetylase was the probable enzyme target site in plants for these
substances. The affinities of the most active anilides for the binding sites of this enzyme were equal to or higher than those
calculated for its inhibitors.

CONCLUSION: Anilides 4d, 4e, 4 g, and 4 h are promising candidates for the development of novel herbicides. According to
in silico studies, they inhibit histone deacetylase in plants, which can be exploited for the development of new weed control
methods.
© 2018 Society of Chemical Industry

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
About 30 to 40% of losses in food production are attributable to
the presence of weeds in crops.1 In melon (Cucumis melo L.), for
example, losses can reach 100%.2 In such cases, it is necessary
to use agrochemicals to control these pests. This situation is very
often observed in countries such as Brazil, which was the ninth
largest producer of melons worldwide in 2012.3 In addition, Brazil
is currently the second largest agricultural exporter and the largest
supplier of sugar, orange juice and coffee in the world. In 2013,
it reached the position of the largest soybean supplier in the
world, surpassing the USA, and in that year 36% of total Brazilian
exports were related to agribusiness. It is thus essential to carry out
research with the aim of obtaining new herbicides for use in this
industry in Brazil.4

Anilides are a class of amides that have been extensively
studied because of their various biological activities, such as
antimycobacterial,5,6 antifungal,7 larvicidal,8 turbeculostatic,9

insecticidal10 and herbicidal activities.11 In addition, some
anilides such as acetanilide, acetaminophen [N-(4-hydroxyphenyl)
acetamide], and phenacetin [N-(4-ethoxyphenyl)ethanamide]
are employed in the pharmaceutical industry as antipyretic
analgesics.12

Currently, many anilides are used as herbicides in agricul-
ture, as they are easily obtained by reactions of aromatic
amines with acyl chlorides or with carboxylic acid anhydrides,
known as ‘one-pot’ reactions.13 For example, propanil [N-(3,4-
dichlorophenyl)propanamide], which belongs to the acetanilide

class, is used as a post-emergent herbicide for the con-
trol of grasses and broadleaf weeds mainly in rice (Oryza
sativa L.) plantations14; butachlor [N-(butoxymethyl)-2-chloro-
N-(2,6-diethylphenyl)acetamide], belonging to the class of
chloroacetanilides, is a pre-emergent herbicide used in the con-
trol of several annual grasses15; alachlor [2-chloro-2’,6’-diethyl-N-
(methoxymethyl)acetanilide], also a representative of the class of
chloroacetanilides, is employed as a pre- and post-emergent her-
bicide in corn, soybean and peanut plantations for the control of
several weeds16; S-metolachlor [(S)-2-chloro-N-(2-ethyl-6-methyl-
phenyl)-N-(1-methoxypropan-2-yl)acetamide], another example
of the class of chloroacetanilides, is a selective pre-emergent
herbicide used to control weeds in soybean, corn, sugarcane,
bean and cotton crops.17

Many of the herbicides used in crop protection act as photo-
synthesis inhibitors; for example, acetanilides. One such inhibitor
is propanil, which was discovered by Rohm and Haas in 1957
and has its effect by interrupting the electron transport chain
through inhibition of photosystem II, which consequently
inhibits plant growth.14 In addition to this herbicide, Miletín
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Scheme 1. Synthesis of the amides 2a– i.

et al.18 reported the synthesis of a series of anilides derived from
2-alkylpyridine-4-carboxylic acid that inhibited the photosyn-
thetic electron transport chain in spinach chloroplasts. The site of
their action is the Z+/D+ intermediate, or tyrosine radicals, which
are located on the D1 and D2 proteins on the donor side of photo-
system II.11 This was confirmed by Král’ová et al.11,19 by the use of
the electronic spin resonance (ESR) spectroscopy technique.

Chloroacetanilides, in contrast, inhibit long-chain fatty acid
(LCFA) biosynthesis, i.e., cell division and protein synthesis.
Chloroacetanilides cause the death of plants that are susceptible
to this mechanism of action.20

The process for the development of new bioactive compounds
can be time-consuming and expensive. Therefore, several research
groups are using computational chemistry, which can act as
a virtual shortcut, speeding up the process and reducing the
cost of research and development.21 Several in silico methods
have been used for this purpose, among which are docking
and pharmacophore methods, which reveal interactions between
organic compounds and enzymes.22 For example, combined in sil-
ico structure-based pharmacophore and molecular docking-based
virtual screening was used to identify novel herbicides that act
through inhibition of para-hydroxyphenylpyruvate dioxygenase.23

In this context, we prepared 18 anilides via a ‘one-pot reaction’
to be screened against seeds of Allium cepa L., Bidens pilosa L.,
Cucumis sativus L., and Lactuca sativa L. The most active com-
pounds then underwent computational studies to determine their
enzyme target in plants.

2 MATERIALS AND METHODS
2.1 Chemicals
2.1.1 General
The progress of the reactions was monitored by visualization of
thin-layer chromatography (TLC) plates in an ultraviolet irradia-
tion chamber with a 254 nm lamp.24 All compounds were purified
by column chromatography on silica gel (60-230 mesh; Sigma
Aldrich, St. Louis, MO, USA) and, in some cases, the recrystalliza-
tion technique was also employed. Melting points were obtained
in a MQAPF-301 (Microquímica Equipamentos Ltda, Palhoça,
Brazil) melting point apparatus and were not corrected. Infrared
(IR) spectra were acquired using a Varian 660-IR spectrophotome-
ter (equipped with GLADI-ATR, Agilent, Santa Clara, CA, USA) with
the attenuated total reflectance (ATR) method. Nuclear magnetic
resonance (NMR) spectra were recorded on a Varian Mercury
300-MHz spectrometer using CDCl3 and DMSO-d6 as solvents.
The 1H NMR chemical shifts were reported using the residual
signals of CHCl3 (𝛿 = 7.27 ppm) and DMSO-d5 (𝛿 = 2.50 ppm) as
references. 13C NMR chemical shifts were recorded using the CDCl3

signal (𝛿 = 77.0 ppm) and the DMSO-d6 signal (𝛿 = 39.5 ppm) as
references. The mass spectra were obtained on Shimadzu (Kyoto,
Japan) GC–MS-QP5050A and GC–MS-QP2010 Ultra equipment
after 70-eV electron impact ionization (EI). The H1 NMR and 13C

NMR spectra of the anilides can be found in the Supporting
Information.

2.1.2 General procedure 1: synthesis of anilides 2a– i
Sorbic acid (1; 0.500 g; 4.46 mmol), anhydrous dichloromethane
(10.0 mL), and oxalyl chloride (C2O2Cl2) (1.0 mL; 11.15 mmol) were
added to a two-neck round-bottomed flask and maintained under
nitrogen atmosphere. The reaction mixture was stirred for 30 min
and concentrated under vacuum. The residue (yellow oil) was
dissolved in anhydrous dichloromethane (10.0 mL), and cooled in
an ice bath (0 ∘C). The anilines (11.15 mmol) were added to the
round-bottomed flask, and the mixture stirred for 2 h.

The solvent was removed under reduced pressure, and the
residue purified by silica gel column chromatography to produce
anilides 2a– i (Scheme 1). The eluent employed in the column
chromatography purification was a mixture of hexane and ethyl
acetate. The proportion of hexane and ethyl acetate is inherent to
each anilide, and is described in the Supplementary Information.
Some of the products were further purified by recrystallization.

The spectra and spectrometric data for compounds 2a–i can be
found in the Supporting Information.

2.1.3 General procedure 2: synthesis of anilides 4a– i
The anilines (2.45 mmol) were added to a solution of hex-
anoic anhydride 97% (v/v) (560𝜇L; 2.35 mmol) in anhydrous
dichloromethane (10.0 mL). The reaction mixture was stirred
under nitrogen atmosphere for 2 h, and quenched with a satu-
rated solution of sodium bicarbonate (20.0 mL). The organic phase
was separated in a separating funnel and the aqueous phase was
extracted with three portions of dichloromethane (20.0 mL). The
combined organic phases were washed with 10 mL of 1 M HCl and
dried over anhydrous sodium sulfate. The mixture was filtered
and the solvent was evaporated under reduced pressure. The
residue was purified by silica gel flash column chromatography
to produce anilides 4a–i (Scheme 2). The eluent employed in the
column chromatography purification was a mixture of hexane and
ethyl acetate. The proportion of hexane and ethyl acetate is inher-
ent to each anilide, and is described in the Supporting Information.
Some of the products were further purified by recrystallization.

The spectra and spectrometric data for compounds 4a–i can be
found in the Supporting Information.

2.2 Herbicidal bioassays
2.2.1 General procedures
The pre-emergent herbicidal activities of compounds 2a– i and
4a– i were evaluated against seeds of onion (A. cepa ‘Texas Early
Grano 502 PRR’), beggartick (B. pilosa), cucumber (C. sativus ‘hick’),
and lettuce (L. sativa ‘Vitória Santo Antão’). The beggartick seeds
employed in this study were collected in November 2015 at
the Santa Juliana site, located in the rural area of Visconde do
Rio Branco, Minas Gerais, Brazil (altitude 351 m; 20∘59’25.55” S,

wileyonlinelibrary.com/journal/ps © 2018 Society of Chemical Industry Pest Manag Sci (2018)
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Scheme 2. Synthesis of the amides 4a– i.
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Figure 1. Effects of the compounds on shoot development of A. cepa relative to the control solution. Values are expressed as percentage difference from
the control. The error bars represent the standard deviation.

42∘48’11.88” W; coordinates obtained from the Google Earth
application). In 90-mm-diameter Petri dishes containing germi-
nation paper, 20 onion seeds, 20 lettuce seeds, and 50 beggartick
seeds were distributed and 5.0 ml of the test solution was added
to each plate. A total of 20 seeds of cucumber and 9.0 mL of the
test solution were added to 145-mm-diameter Petri dishes.25 The
dishes were sealed with plastic film and kept in a germination
chamber (B.O.D., Piracicaba, Brazil) at 25 ∘C, in the absence of light,
for 120 h (5 days).

The experiments were carried out in triplicate with test solu-
tions at concentrations of 500, 300, 200, 100 and 50𝜇M. The solu-
tions were prepared using 0.3% (v/v) aqueous dimethylsulfoxide
(DMSO) solution. An aqueous solution of DMSO at 0.3% (v/v) and
an aqueous solution of the commercial herbicide Dual (Dual Gold
Syngenta® Company, São Paulo, Brazil; S-metolachlor) were used
as negative and positive controls, respectively. After the growth
period, the plates were frozen at 0 ∘C for 24 h (to facilitate handling
of the seedlings in the next stage). The plates were removed from
the freezer, and after 10 min the seeds were laid on black paper. The
seeds were photographed with a digital camera and the lengths of
shoots and roots measured with the aid of a computer program.
The growth percentage of shoots and roots was calculated accord-
ing to the following equation:

G (%) = (S − C)
C

100

where S is the average length of the germinating shoots or roots
of the plants, and C corresponds to the average growth of the
negative control.26

2.3 Computational study
2.3.1 Conformational search for active anilides
The three-dimensional chemical structures of compounds 4d, 4e,
4 g, 4 h, and 4i, which were the most active molecules in the exper-
iments described above, were drawn using the program Chems-
ketch 12.01 (Advanced Chemistry Development, Inc., Toronto,
Canada). The structures of compounds 4d, 4e, 4 g, 4 h, and 4i
were subjected to conformational searches with the Open3Dalign
2.8.2 software,27 which considered water implicitly by using the
Generalized Born Surface Area (GBSA) model. For each substance,
the most stable conformation was selected, as well as all those
up to 10 kcal mol-1 distant from the most stable conformation,
to be subjected to optimizations with the MOPAC 2012 com-
puter program,28 using the Hamiltonian PM7. In this case, water
was implicitly considered by the use of the Conductor-like Model
(COSMO). After calculating the Boltzmann distributions of the con-
formations of each substance, based on their total energies, the
structures corresponding to at least 2% of the total were selected.
These were observed in the VMD 1.9.2 computer program.29 When
a pair of similar conformations was observed, one of them was
discarded.

Pest Manag Sci (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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Figure 2. Effects of the compounds on root development of A. cepa relative to the control solution. Values are expressed as percentage difference from
the control. The error bars represent the standard deviation.

2.3.2 Pharmacophoric search
The database of protein ligands Ligand Expo (http://ligand-expo
.rcsb.org),30 obtained through the RCSB Protein Data Bank (http://
www.pdb.org),31 was subjected to hydrogen addition using the
OpenBabel 2.3.2 program,32 to be compared to the selected
conformations of compounds 4d, 4e, 4 g, 4 h and 4i using the
Align_it 1.0.4 program,33 which employed standard values for the
various parameters. Only results with a Tanimoto score≥ 0.734

were selected for the next step: 1S6R,35 1V3V,36 2GH6,37 3AOU,38

4C4X,39 and 5F1J.40

2.3.3 Search for amino acid sequences in the genomes of plants
The amino acid sequences of the enzymes selected through the
pharmacophoric search (1S6R, 1V3V, 2GH6, 3AOU, 4C4X and 5F1J)
were downloaded from the Research Collaboratory for Structural
Bioinformatics (RCSB) Protein Data Bank (http://www.pdb.org),31

to be used in searches for similar sequences in the genomes
of plants through the National Center for Biotechnology Infor-
mation (NCBI; http://www.ncbi.nlm.nih.gov). The program Blastp
2.3.1+41,42 was employed with the Domain Enhanced Lookup Time
Accelerated BLAST (Delta-BLAST) algorithm43 set to the default
parameters. This search was carried out in all non-redundant (nr)
database, which is much bigger returning a much closer match.
The enzyme with the highest scores was selected for the next step.

2.3.4 Selection of histone deacetylases
The amino acid sequences of all histone deacetylase enzymes
in the RCSB Protein Data Bank31 were downloaded and com-
pared using the Ugene1.16.2 program44 and the ClustalO 1.2.1
algorithm45 with 10 iterations. All enzymes with <90% similar-
ity to 2GH6 (number of amino acid residues= 369) and/or with
numbers of amino acid residues outside the 369± 60 range
were eliminated. Then, the three-dimensional structures of the
selected enzymes were observed in the VMD 1.9.2 computer
program,29 which allowed us to verify that several of them had

missing amino acid residues in their active sites or near them,
which led to the elimination of such structures. Those that were
mutants were also eliminated. The pdb files of the remaining
enzymes were submitted to the Python Makemultimer script
(http://watcut.uwaterloo.ca/makemultimer/index) to obtain the
corresponding three-dimensional monomeric structures, which
were aligned with the use of the Lovoalign 1.1.0 program.46 The
three-dimensional structures of the selected histone deacetylases
above were submitted to the Autopsf plugin of the VMD 1.9.2
software29 for the addition of missing atoms in such structures.
Then, using Autodock Tools 1.5.7rc1,47 the pdb files were con-
verted to pdbqt format.

2.3.5 Docking
The three-dimensional chemical structures of 9,9,9-trifluoro-
8-oxo-N-phenylnonanamide (CF3),37 N-(4-aminobiphenyl-3-yl)
benzamide (LLX),48 4-(dimethylamino)-N-[7-(hydroxyamino)-
7-oxoheptyl]benzamide (B3N),49 (2R)-2-amino-3-(3-chlorophenyl)-
1-[4-(2,5-difluorobenzoyl)piperazin-1-yl]propan-1-one (0DI),50

and methyl 4-bromo-N-[8-(hydroxyamino)-8-oxooctanoyl]-
L-phenylalaninate (S17),51 which are inhibitors of histone deacety-
lases, were drawn and subjected to conformational searches as
described above. The pdb files of the most stable conformations
of such substances, as well as of anilides 4d, 4e, 4 g, 4 h, and
4i, after optimization with MOPAC 2012, were converted to the
pdbqt format using AutodockTools 1.5.7rc1.47 Then the program
Autogrid 4.2.647 was used for calculations of atomic affinities in
parallelepipedal regions (26.25× 26.25× 26.25 Å3) centered on
the CF3 molecules found in active sites of the enzyme present in
the 2GH6 complex.37 The Autodock 4.2.6 program47 used such
affinities to dock the above-mentioned substances to the enzyme
sites. With the exception of the ga_num_evals_parameter, which
was raised from 2500000 to 5000000, the other parameters were
kept at the default values of the program. Finally, the values
obtained with the software Autodock47 were subjected to analysis

wileyonlinelibrary.com/journal/ps © 2018 Society of Chemical Industry Pest Manag Sci (2018)
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Figure 3. Two-dimensional representation of the interaction of N-(3-nitrophenyl)hexanamide (4e) with the enzyme histone deacetylase from Alcalige-
naceae bacterium (code 1GH6 in the Protein Data Bank; http://www.pdb.org). The ligand was docked to the active site of the enzyme with the software
Autodock 4.2.6.47 The image was generated in the software LigProt+1.4.5.60

of variance (ANOVA), followed by means comparison according to
the Scott and Knott test (P ≤ 0.05). For this, the Sisvar computer
program52 was used.

3 RESULTS AND DISCUSSION
3.1 Chemical synthesis
The anilides 2a–i were prepared from sorbic acid via reaction with
oxalyl chloride to prepare to acid chloride. The reactive acid chlo-
ride was quenched with nine distinct anilines to obtain the desired
anilides 2a–i. These amides were purified by silica gel flash col-
umn chromatography and some of them were even recrystallized.
These anilides were fully characterized by spectrometric methods.

The one-pot reaction was the approach used to prepare anilides
4a–i, where the anilines were combined with hexanoic anhydride
in DCM to provide a total of nine hexanamides. Anilides 4a–i were
purified and fully characterized by infrared spectrophotometry, 1H
NMR, 13C NMR, and mass spectrometry. All physical properties and
spectrometric data for compounds 2a–i and 4a–i can be found in
the Supporting Information.

3.2 Herbicidal activity
3.2.1 Activity against Allium cepa, a monocotyledonous plant
(Figs 1 and 2)
All anilides inhibited shoot growth, with 4d and 4e being the most
active compounds, inhibiting growth by 66 and 63%, respectively.
This effect reached a maximum at 500𝜇M, and then decreased
with increasing concentration. Compounds 2c, 2d, 2e, 2f, 4d, and
4e inhibited the growth of roots at a concentration of 500𝜇M by
76, 69, 75, 74, 81, and 75%, respectively, while the commercial
herbicide Dual Gold inhibited growth by 63%.

3.2.2 Activity against Lactuca sativa, a dicotyledonous plant (Figs
S1 and S2 in Supporting Information)
Compounds 2e, 4d, 4e, and 4 g inhibited the growth of the
shoot at 500𝜇M by 71, 64, 68, and 61%, respectively. At this
concentration, anilide 2e showed 7% greater inhibition of the
aerial parts than that obtained with Dual.

The commercial herbicide inhibited the growth of the roots by
26% at 500𝜇M, while anilides 2d, 2e, 4d, and 4e inhibited growth
by 64, 64, 67, and 64%, respectively.

Pest Manag Sci (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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In addition, compounds 2i, 4a, 4c, and 4i showed inhibition
of the roots of >50% at this concentration. However, anilide 2f
stimulated development of the roots by >50% at concentrations
of 300, 200, 100, and 50 𝜇M. For the monocotyledonous plant A.
cepa, 2f showed high inhibitory activity. The most active anilides
2e, 4d, 4e, and 4 g have in common a substituent on the aromatic
ring at the meta position.

3.2.3 Activity against Cucumis sativus, a dicotyledonous plant
(Figs S3 and S4 in Supporting Information)
The most active compounds 4d, 4e, and 4 h showed percentages
of shoot growth inhibition of 60, 74, and 65% at 500𝜇M, respec-
tively. The radicular part of this plant was inhibited by 77, 78, 71,
and 77% by 4d, 4e, 4 g, and 4 h, respectively. In general, these com-
pounds caused greater inhibition at the concentration of 500𝜇M

for both roots and shoots of this plant than Dual.

3.2.4 Bidens pilosa, a dicotyledonous plant (Figs S5 and S6
in Supporting Information)
The highest percentage of inhibition of the shoots of the seedlings
was obtained for the anilides 4e and 2b. Compounds 4e and 2b
hindered growth of the shoot by 81 and 72%, respectively. The
growth of roots was also strongly inhibited by these two com-
pounds, indicating that they are candidate herbicides against the
weed beggartick. Another interesting finding is that compound
2b inhibited growth of both the aerial parts and roots of B. pilosa,
while acting as a growth stimulator for the other plants. This is an
interesting finding as it suggests that 2b could be used as a selec-
tive herbicide for B. pilosa without inhibiting other crops.

3.3 Computational study
In order to identify the enzymatic target of the phytotoxic amides,
a pharmacophoric search was carried out with the most stable
conformations of anilides 4d, 4e, 4 g, 4 h and 4i, which were the
most active in the experiments carried out in the present work. This
resulted in the selection of six enzymes, 1S6R, 1V3V, 2GH6, 3AOU,
4C4X, and 5F1J,31 as these were the enzymes that gave results with
a Tanimoto score≥ 0.7 (Table S1 in Supporting Information). When
their amino acid sequences were used in a search of the plant
genomes, the highest score (410) was observed for 2GH6, which
is a histone deacetylase. All the other enzymes had scores <296
(Supporting Information Table S2). Therefore, histone deacetylase
seemed to be the target of the anilides in plants. Furthermore, as
the amino acid sequences of enzymes transcribed from the plant
genomes were very similar to that of 2GH6, it seemed reasonable
to use the three-dimensional structure of this enzyme in a prelim-
inary study with the aim of corroborating this initial result. Obvi-
ously, it would be better to use the three-dimensional structure of
a histone deacetylase produced by plants, but unfortunately none
is available.

Among the available three-dimensional structures of histone
deacetylases, only 1ZZ0, 1ZZ1 and 1ZZ353 presented similarities
to the amino acid sequence of 2GH631 that were >90%, had no
missing amino acids in the three-dimensional structures of their
binding sites, and were not mutants. Therefore, only these four
histone deacetylases were employed in this study, which revealed
affinities of compounds 4d, 4 g, and 4 h for these enzymes that
were statistically equivalent to those calculated for CF3, S17 and
LLX, which are ligands, respectively, in the active sites of the
crystalline structures of histone deacetylases 2GH6,37 2VCG,51 and
3MAX.48 For anilide 4i and especially for 4e, the affinities for the

Figure 4. Expansion of the tridimensional structure of the active
site of the enzyme histone deacetylase from Alcaligenaceae bacterium
(code 1GH6 in the Protein Data Bank; http://www.pdb.org) contain-
ing N-(3-nitrophenyl)hexanamide (4e) in this active site. The ligand was
docked to the enzyme using the computational program Autodock 4.2.6.47

Enzyme and ligand were represented using NewCartoon and CPK format
of VMD 1.9.2, respectively.29

enzymes were even greater. As the conformation of the 2GH6 site
was adjusted to maximize the favorable interaction with CF3, these
results indicate that the substances synthesized in the present
work have good affinity for the enzyme.

This higher affinity of substance 4e for the histone deacetylase
is attributable to the interaction between the oxygen atoms of the
nitro function and the Zn2+ ion (Figures 3 and 4). This interaction
is in agreement with observations for CF3 (Figure 5), which also
interacted with the same ion through oxygen atoms (Figures 6
and 7). In the case of substances 4d, 4 g, 4 h and 4i, interactions
with the Zn2+ ion seem to be hampered by steric interactions
between the enzyme and the groups bound to the oxygen atoms
of these substances (Supporting Information Figs S45–S60).

Although data in the literature suggest that the action of amides
against plants may be attributable to inhibition of photosystem
II,54 the results of the theoretical calculations carried out suggest
that, for the substances synthesized in the present work, the enzy-
matic target is histone deacetylase, which has been exploited in
the development of new herbicides by other research groups.55–59

4 CONCLUSIONS
Using one-pot methodologies, it was possible to obtain 18 anilides
with good yields (36–98%), several of which were active against
mono- and dicotyledonous plants. Among these, the most active
were 2b, 4d, 4e, 4 g, 4 h and 4i, which showed greater inhibition
than the commercial herbicide Dual Gold (S-metolachlor). In an
in silico study, it was possible to verify that they act against the

wileyonlinelibrary.com/journal/ps © 2018 Society of Chemical Industry Pest Manag Sci (2018)
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Figure 5. Two-dimensional representation of the interactions of 9,9,9-trifluoro-8-oxo-N-phenylnonanamide (CF3) and N-(3-nitrophenyl)
hexanamide (4e) with the enzyme histone deacetylase from Alcaligenaceae bacterium (code 1GH6 in the Protein Data Bank; http://www.pdb.org).
Ligands were docked to the active site of the enzyme with the software Autodock 4.2.6.47 The image was generated in the software LigProt+1.4.5.60

Figure 6. Two-dimensional representation of the interaction of 9,9,9-trifluoro-8-oxo-N-phenylnonanamide (CF3) with the enzyme histone deacetylase
from Alcaligenaceae bacterium (code 1GH6 in the Protein Data Bank; http://www.pdb.org). The ligand was docked to the active site of the enzyme with
the software Autodock 4.2.6.47 The image was generated in the software LigProt+1.4.5.60

Pest Manag Sci (2018) © 2018 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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Figure 7. Expansion of the tridimensional structure of the active
site of the enzyme histone deacetylase from Alcaligenaceae bacterium
(code 1GH6 in the Protein Data Bank; http://www.pdb.org) containing
9,9,9-trifluoro-8-oxo-N-phenylnonanamide (CF3) in this active site. The
ligand was docked to the enzyme using the computational program
Autodock 4.2.6.47 Enzyme and ligand were represented using NewCartoon
and CPK format of VMD 1.9.2, respectively.29

plants by inhibiting the histone deacetylase enzyme, in which the
affinity of the synthesized anilides is greater than that observed
for some of its inhibitors. Therefore, it is concluded that the amides
synthesized in this work, especially 2b, 4d, 4e, 4 g, 4 h and 4i, show
great potential for use in the development of new herbicides.
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18 Miletín M, Hartl J and Macháček M, Synthesis of some anilides
of 2-alkyl-4-pyridinecarboxylic acids and their photosynthesis-
inhibiting activity. Collect Czech Chem Commun 62:672–678 (1997).
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