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Abstract: In our studies aimed to produce new chemicals usedWeed control, 2-methyl-1,5-
diarylpentadienones were synthesized by the reacfip-methoxybenzaldehyde;nitrobenzaldehyde
and p-N,N-dimethylbenzaldehyde, respectively, with 2-butamamsulting in four model compounds.
The phytotoxicity of these compounds against wiceldoptiles and Sesame seedling was observed at
KM concentrations, indicating good potential foeithusage in weed management in the field.
Spectroscopic and computational studies were padgdrin order to gain understanding on their
mechanisms of action and to clarify some structaoahplexities due existence of conformers and
substituent effects. These compounds probably sabtydroxyphenylpyruvate dioxygenase inhibitors.
The tested compounds were characterized by specpisand single crystal X-ray diffraction
analyses. Solid crystalline state of the compoénd2-Methyl-1-fp-methophyphenyl)-5-(phenyl)-
diarylpentadienone) is observed in the monoclignace groupP2;, with unit cell dimensiona =
14.3366(4) A,b = 11.3788(4) Ac = 9.6319(3) A,p = 96.596,V = 1560.88(9) A andZ = 4.
CompoundC (2-Methyl-1-p-methophyphenyl)-5gtnitrophenyl)-diarylpentadienone) crystallizes in
the monoclinic space group2y,c with unit cell dimensions = 17.8276(9) Ab = 7.3627(4) Ac =
12.9740(6) A,p = 107.6230(10)V = 1623.04(14) A andZ = 4. LC-UV-MS analysis furnished
important data helpful for their characterizatidihe spectroscopic data and computational (DFT)
analysis revealed the fact that each of the comg®AFrD occurs in solution as four conformers.
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1. Introduction

The vyield of agriculture products is dependent ontil of the undesired plants, pests and weeds,
which contribute negatively for crop yields. Appnmately 7,000 weed species have been recognized
until now; perhaps a few hundred of them are prasgnroubles to the world's agriculturalists [1].
Although control of undesired plants using natw@npounds have long being considered as a good
and ecologically friendly approach, during the &6t years researches have been focused almost
exclusively on synthetic herbicides [2]. These commls can be synthesized and optimized in
laboratory for large scale production [3].

Different synthetic herbicides present at the miaidkget the same biological process in weedseio th
enormous use induces resistance in treated weegstdthis, the development of novel phytotoxic
agents with different target processes has receettpme a primary goal of the weed control research
[4]. Potential phytotoxic agents are inspired by thast variety of biologically active secondary
metabolites of plants [5]. Phytological investigais have characterized some natural substances as
good inhibitory agents [6], which disrupt mitochoiadl function and cause apoptosisAmabidopsis
roots at concentrations as low asy35 [7].

Natural products chalcones and their precursors kahibited good phytotoxic potential [8,9] causing
programmed cell death iArabidopsis thaliana roots [6,7]. The reduction of mitochondrial trans
membrane potential was detected after chalconéntezd. Unsymmetrical 1,5-diarylpentadienones
structurally resemble natural products chalconess@ssing broad range of pharmacological
properties. However, unsymmetrical 1,5-diarylpemadnes (Figure 1) have not been studied for their
herbicide activity before. Their structure is cors@d of two aryl groups and a carbonyl group in
conjugation with two C=C bonds. Diarylpentadienoresd their congeners exhibited various
biological activities such as antioxidant [10,1dytotoxicity [12], anti-leishmanial activity [13hnti-
tuberculous activity [14], antimalarial [15], anfifgal [16], antifertility [17], antimitotic [18],
antibacterial [19], and chemoprotective activit].2
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Figure 1. Comparison of the structure of 2-meth@diarylpentadienones with chalcone.
The aim of this study is to discuss some intergstinuctural aspects of a series of diarylpentaien
recently produced and characterized by our resegrohip, and also to evaluate their phytotoxic
activity in order to gain understanding on thefustural requirement to be potential herbicideseSeh
compounds have different electron-donating and dwéttving groups affecting the dienone system,
and analysis of the effects of these groups map helunderstand the mechanism of inhibition.
Docking studies were also carried out to predietghobability of binding of the compounAsD with
hydroxyphenylpyruvate dioxygenase (HPPD), a wealbgnized important molecular target for
inhibition of plant development. Moreover, theotaticalculations were performed to obtain detailed
information about the possible conformations ofcbmpound#-D, which were revealed by LC-UV-
MS analysis.
CompoundsA-D were produced in two steps according to the schsiosvn in Figure 2, by the
reaction of anisaldehyde amEN,N-dimethylbenzaldehyde with 2-butanone at first steproduce
intermediatel and 2 [21]. After purification intermediatd was treated with benzaldehydeN,N-
dimethylbenzaldehyde, an@nitrobenzaldehyde to yield compounds B and C, respectively. The
intermediate? yields compoundD by reacting withp-N,N-dimethylbenzaldehyde.
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Figure 2. Synthetic scheme for 2-methyl-5-phenylpdienones.

2. Material and Methods

2.1. Instrumentation
All chemicals were purchased from Organics, Signidrigh, Acros Chemicals and Fisher Scientific

Ltda and used without further purification. The tated solvents of Apolo were used for the NMR



analysis. Thin layer chromatography was performét precoated silica gel G-25-UV254 plates and
detection was carried out at 254 nm under UV, andaniline in HSO, solution. Mass spectra (ESI-
HRMS) were measured using a Thermo Scientific LT@ittap XL spectrometer operated at a
resolution of 60,000 FWHM, in positive moda/z 90-800. HRMS/MS data were obtained by ClB.
NMR and®*C NMR analyses were performed on a Brilker AVANCE 4pectrometer operating at
400.15 MHz and 100.62 MHz, respectively. CDCI3 wasd as a solvent and tetramethylsilane (TMS)
as internal reference. CompountlsD were dissolved in organic solvents at concentnati@bout 10
mg/mL each and placed into a 5-mm NMR tube. Chensbits @ ppm) were measured with
accuracy of 0.01'H) and 0.1 ppm*C). The UV-vis spectra were recorded using a PeEtimer
Lambda 25 spectrophotometer using 1 cm opticaltteggartz cuvettes at 25 °C and methanol as
solvent. X-ray diffraction intensities were measura room temperature (296 K) using Mg@-K
radiation § = 71.073 pm) on a Bruker APEX Il Duo diffractomete

2.2.  Yynthesis of the compounds A-D

Chalcone analogues can be formed by the directioeacf aldehyde and ketone using basic or acid
catalysis. Acid catalysts used for cross-aldol emsation reaction include sulfuric, hydrochlori@]2
and Lewis acids. Compounds and 2 were synthesized by treating anisaldehyde, p#idiN-
dimethylbenzaldehyde with 2-butanone in a 50 mLbdeunecked round bottom flask. Dry HCI gas
was passed via the content of the flask until it waturated and coloration appeared. The reaction
mixture was stirred for 8 hrs. The crude producs widuted with toluene and washed with NaHSO
solution. The organic layer was separated, drigth amnhydrous N&O, and evaporated in vacuum.
The residue was distilled under reduced pressurgite pure compound and 2, which were
solidified by keeping in a refrigerator for 24 htstermediate compountl was further treated with
benzaldehydeN,N-dimethylbenzaldehyde and p-nitrobenzaldehyde, wetded compound®-C,
while intermediate compourZiwas treated with benzaldehyde to yield compoDndll compounds
were produced in a good yield and were charactrmedifferent spectroscopic and spectrometric
analyses (see Electronic Supporting Information).

A solution of1 and2 with aldehyde in ethanol (5 mL) was stirred fomfhutes at room temperature
and sodium hydroxide solution in ethanol (4 mL,m®ole) was added and the stirring was continued
for 7 hrs. The solvent was evaporated in vacuumesidtie was dissolved in ethyl acetate, extracted
with NaHSQ solution, dried with Ng50O,, and concentrated in vacuum vyielding the crudelycd
which was collected as precipitate and furtherfdiby column chromatography and recrystallized

from ethanol to give pure compoundisD.



2.3.  Growth of wheat coleoptile (Triticuma estivum) and Sesamum indicum

Wheat seedsT¢iticuma estivum) were sown in Petri dishes (15 cm diameter) having sheet of filter
paper soaked with distilled water and grown indhek at 22 °C for 3 days. Roots and caryopses were
detached from the shoots. Shoots were placed iaradér Weij guillotine, the apical 2 mm were cut
off and discarded and the next 4 mm of the colézptvere recovered and used for the bioassay. This
bioassay was performed to evaluate the initial ¢inowf wheat coleoptile in the presence of
compounds in concentrations 10; 3x10* M; 1x10* M, 3x10° M; and 10° M adopted from
literature [24][25][26]. As a positive control, tierbicide Oxyfluorfen (240g/L) was used at the sam
concentrations. Seedling growth of sesa®esafmum indicum) was carried by following methodology
described by Grisi et al. [27]. The concentratiads M; 3x10* M; 1x10* M; 3x10° M and 10° M
were used, and positive control herbicide Oxyfleor{240 g/L) was used at the same concentrations.
All results were tested for normality and homosstiday with the Shapiro-Wilk and Levene tests,
respectively. Normal and homoscedastic data weaéysed with ANOVA followed by Tukey's test.
The heteroscedastic data were analysed with thepammetric Kruskal-Wallis test, in the software
Past 2.14 [28].

24. X-ray characterization

Single crystals were grown by dissolving the comuisuin 5 mL of hot ethanol and allowing them to
grow at room temperature for 24 hrs. Yellow prismstable for single crystal diffraction were
obtained and used for data collection. X-ray ddfien intensities were measured at room temperature
(296 K) using Mo-K, radiation £ = 71.073 pm) on a Bruker APEX Il Duo diffractonret8tandard
procedures were applied for data reduction andrpben correction. The crystal structures were
solved by direct methods using the SHELX97 prografh.non-hydrogen atoms were refined with
anisotropic displacement parameters with SHELXL29][ The hydrogen atoms were calculated at
idealized positions using the riding model optidrS6IELXLI7.

2.5.  Docking study
Molecular docking was carried out using Auto Doadollfrom Scripts Vina Research Institute [30].

Auto Dock is a suite of automated docking toolssigieed to predict how small molecules such as

substrates or drug candidates bind to a receptin@ivn 3D structure. Docking was used to predict



both ligand orientation and binding affinity. Fopaking analysis, first the ligands were optimized o

the basis of energy by software Avogadro 1.1.1.[8HIculations were performed by removing water
molecules first and adding polar hydrogen atomsguiie option available in autodock tool. Gasteiger
charges were also assigned for ligands and theprtiiein ligand were processed for obtaining file
.pdbqt, which are input files for autodock 4.2. f#me 1TFZ was optimized by considering only active

site that occupied by inhibitors. The preferreceotation of ligands and receptor by the formatién o
stable complex was predicted in three dimensioisdiBg energy interaction results were elucidated

using Discovery Studio Visualiser 4.1 [32].

2.6. Computational methods

Computational studies of the compounsld were performed using the Gaussian09 package [33].
Geometries of all the species were optimized inga phase without any symmetry constraints. The
resulting structures were assessed using vibratfeguency analysis to check whether the strusture
represent true minimum-energy geometries. If anggmary frequency was detected, we performed
further optimizations along the normal coordinatesresponding to the imaginary frequency(ies)
(without symmetry constraints). For all the specigsler investigation, we studied four possible
conformers, marked ds4 (see the manuscript text). All the calculationgavdone using the split-
valence 6-311++G(d,p) basis set [34] containingsits of polarization and diffuse functions on both
heavier and hydrogen atoms, and the hybrid Becteetharameter hybrid functional with the non-
local correlation provided by Perdew/Wang 91 B3PWB94%,36]. This approach is subsequently
referred to as B3PW91/6-311++G(d,p). For all theudtires under investigation, we studied the
singlet states and for some of them we checketketrgiates as well (see discussion in the text and
Electronic Supporting Information). To further redi the energies of the optimized conformers, we
performed single-point calculations on the gas-phaptimized geometries using the B3PW91
functional and the Dunning’s correlation consisteasis set cc-pVTZ [37]. In the paper, we discuss
the results obtained in the gas phase without genat correction ZPEAEy). The charge analysis was
performed using the Natural Bond Orbital (NBO) suoke with the ‘pop=nbo’ command as
implemented in the Gaussian09 package [38,39]. dldde structures and frontier orbitals were

visualized using the OpenGL version of Molden S<ualization software [40].

3. Results and Discussion



Although the 2D-draw of these diarylpentadienonesnss to indicate simple molecular structures,
there are some structural elements that render soame complexity due the possibility of existente o
conformers, and this may impact their activitieeu3, during former works we have seen thatothe
carbonylic and vinylic methyl group disturb the mdaity of the cross-conjugated 1,5-
diarylpentadienyl-3-one system [21], which opensta$ity for different contributions of substituent

at the aromatic rings. Also, during some analy$ighese compounds, the injection of dissolved pure
and crystalline diarylpentadienones in the HPLC-M$®; with the column temperature set at°@0 at
least four peaks are detected (data not shown,hHseg)g two major and two far minor peaks, with
exactly same MS data, but differing in UV-absorpti@.g.A: major peaks with longérmax at c.a.
315 and 335; minor peaks with shortenax at c.a. 280 and 290). The UV data of some e$dh
compounds will be presented and discussed elsewHere we presented the room temperature NMR
data, where only the more stable conformers are; sbe MS/MS data at relatively low energy
showing interesting fragmentation paths; their ¥X-emalysis; and their herbs inhibition activities
along with a suggestion for their mechanism of actiAlso a gas-phase conformational study is

discussed.

3.1. NMR spectroscopic characterization

'H NMR spectrum of compounidl showed two characteristic signals of two methyugps in the
shielded region ay 2.07 and 2.45, one methoxy singletaB.85, whereas one =CH was displayed at
oy 7.39 as singlet; additionally, two aromatic signlaaving integration for four protons were detected
atdy 6.93 and 7.413C NMR spectra ofl showed signals for two methyl groups3at12.9 and 25.8,
one OCH atdc 55.3 and six peaks frofg 113—-159 for eight carbons, with two of these pdeang
double intensity for aromatic carbons. The charatte peak abc 200.3 is due to carbonyl carbon.
The 'H and **C NMR spectra ofl and 2 are similar except the presence of tigN-dimethyl
substituent on benzene ringdrshowed by signals éat; 3.02 ands¢ 40.15.

The reaction of the intermediate compouhdavith benzaldehydelN,N-dimethylaminobenzaldehyde
and p-nitrobenzaldehyde yields compounds-C, respectively, while the reaction oRN,N-
dimethylaminobenzaldehyde with the compouhdgields compoundD. Also, extra signals in the
aromatic region were noted in th spectra and the signal for methyl ketone growsamfeared,
showing that an aromatic ring was added and thayhgtoup was modified. The appearance of a pair
of doublets aby 7.53 and 7.69, with a coupling constant of c.aHz6typical for two hydrogens in an
E-double bound, clearly confirms that the aldoldmmsation with the second aldehyde occur. Further
complete characterizations were performed *By NMR, **C NMR, UV/Vis spectroscopy, mass

spectrometry and X-ray analysis (for details, sleetEonic Supporting Information).



CompoundsA-D were produced in good yields after re-crystali@atfrom ethanol: 51% foA, 93%

for B, 69.3% forC, and 67% foiD. The reaction progress was monitored by TLC. HEation time
depends on the nature of the aldehyde and sulbstitanh it. Thus, for crossed aldol reaction, el@atr
donors N,N-dimethylamine) at th@-position in the benzene rings decrease the reattioe, while
nitrobenzaldehyde reacted very fast.

3.2.  Mass-spectral characterization

The mass-spectra profile of all four compounds aée important and interesting fragmentation
paths. The pseudomolecular ion peak ([MHH}f the compound (CyoH10,, 278 Da) appeared at
m/z 279.4 in its ESI(+)-MS/MS spectrum. Although thewelecules demonstrate a high degree of
unsaturation, which contributes for their stabjlitfe MS/MS spectra, obtained when precursor ions
were accelerated using relatively low energy (30 f@Y collisional induced dissociation (CID) agdins
argon, contain interesting ion fragments which eates well with their structures (see Electronic
Supporting Information). Thus, the ions detectedvat121 and 91 were found related to the rings A
and B of the compound, which are formed from anisaldehyde and benzaldiehsespectively. The
peak atm/z 103 (100%) is due to production of styrene cafjgaih b). The cleavage that eliminates
neutral phenyl ring results in the productiom®f 171.08 (path d). Well expected fragment ions were
detected atn/z 77 (path i), 131 (path k) and 143 (path f). Thgliam ions ofn/z 131 and 143 were
probably formed after ESl-protonation at C(2) od)C(espectively, followed by cleavage of C(2) —
C(3) or C(3) — C(4) bonds. The peaks that appeatradz 135 (path h) and 105 (path g) matches the
formulas for methoxybenzoyl and benzoyl acylliunmsp although compound does not have an
oxygen atom directly attached to C(1) or C(5), eespely. These two apparently unexpected ions
could be formed after ESI-protonation at C(2) o#)C¢€yclization assisted hy-electrons from C=0
forming an oxetane ring. Cleavages at this oxetargpafter H-rearrangement led nwz 135 and 105
(Figure 3). The compounds C andD follow the same pattern. Their mass spectra areiged in the

Electronic Supporting Information.
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Figure 3. Fragmentation scheme followed for the poumdA under collisional induced dissociation
(CID) after ESI(+) ionization.

3.3. Crystallographic characterization

ORTEP drawings of the compoundsandC with numbering scheme are presented in Figured4 an
crystal packing diagram is shown in Figure S1. &ebk bond distances and angles for these
compounds are listed in Table S1 for understantiegeffect of substitution upon the compound
geometries The electron-donating and withdrawirgugs significantly affect the bond distances and
angles in compounds. The bond lengths along theooachain between the two aromatic rings are
within the values for alternate single and douldeds. This alternation of single and double bonds
makes the structure more flexible and less plahbhe C(10)-O(1) bond is a typical double bond,
which is in accord with the IR data. The bond dists N(1)-0O(3) and N(1)-O(4) in the nitro group
of C are exactly the same due to resonance insidgitbig. As expected, only weak interactions are
observed in the crystal packing of these compoumtailed information about the structure

determination is given in Table S2 (see Electr@upporting Information).
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Figure 4. ORTEP structures and atomic numberingreehfor the compounds (left) andC (right).
Displacement ellipsoids for non-H atoms drawn at38% probability level.

3.4. Phytotoxic potential

The compounds studied induced inhibition of wheakaptiles growth in percentage compared to
positive control Oxyfluorfen (Figure S2). All compads had inhibitory effect at all concentrations
tested on the growth of coleoptiles. However, tirgest percentage of inhibition was caused by the
compoundD at the concentration of £OM, while the compound\ was the best inhibitor at lower
concentration. Mayb@, being not very sensitive to pH variation comparedhe compoundB-D,
does not disturb molecular target by changing aueng site geometry when its concentration
enhances.

Table S3 in Electronic Supporting Information shovesnparison of the average of each treatment
with the average obtained for the herbicide Oxyfieio treatment at different concentrations. It was
noted that at all concentrations the effect oflthebicide is statistically similar to the effecusad by

the compounds studied, except for the compoBnat 3.1 M. Thus, we can say that these
compounds have properties that resemble the heebidt the concentration of TOM all the
compounds\, B, C, andD were found to be more potent than the referendgicide (Table S3).

Sesame seedlings grown in contact with the compouAdandD exhibited lower values of shoot and
root length. The Figure S3 shows the average groivthe seedlings grown under the effect of these
compounds. It was observed that only the concémtraif 3.10° M did not inhibit the growth of
shoots, since no significant difference was shovirerwcompared with control treatment. The root
seedling growth was compromised by the action ef dbmpoundsA andD at all concentrations
tested, showing that these compounds have phytofdperties. Seedlings subjected to treatment
with the herbicide Oxyfluorfen exhibited the loweaverage growth of shoot and root at all

concentrations tested.

3.5. Growth of cdls of Sesamum indicum
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The seedlings of metaxylem cells were exposed éoctimpound#\ andD at the concentrations of
3.10* M and 10° M. The seedlings showed significant reductioreimgth by comparing with negative
control treatment (Figure S4). The results of éaehtment are also statistically compared in T&dle
(see Electronic Supporting Information). The cehldths in the presence of the compouAdsndD
were measured to be 71.85 um and 63.42 um resplgchior the first concentration and 95.47 pum and

79.40 um for the second concentration, respectivdlg average value of the control was 166.5 um.
3.6.  Herhicide compounds - HPPD enzyme docking studies

4-Hydroxyphenylpyruvate dioxygenase (HPPD) is a kagyme present in plants that breaks down
the amino acid tyrosine into components that platitze to create other molecules they need. Small
molecular entities can act as HPPD inhibitors [Z4].the compoundsA-D were analyzed for their
binding capability to the enzyme HPHRIb (code1TFZ) and the results obtained are tabulated in
Table S7. The active site calculation was carriedan the basis of the co-crystallized ligand B it
crystal structure. Centroid of the active site wamasured and then all compounds were evaluated for
their in silico inhibition activity. The amino acids present irtiae sites and contributing actively are
His-205, Pro-259, Asn-261, His-287, Met-314, Ph8;3BIu-373, Phe-398, Gly-399, Lys-400, Asn-
402, and Phe-403. It is clear from the results iobth for the compounda-D that they can have
strong interactions with amino acids residues, kkéonding, steric interactiong;interactions and
hydrophobic interactions. Compourigl docked within the binding groove of HPPD with aeti
residues. H bondings-interactions and hydrophobic interactions betwdenaromatic ring oB and
that of amino acids residue in active pocket wdyseoved (Figure 5). The results indicate that our
curcuminoid analogues could be useful inhibitorsiBPD.

CompoundB interacts with binding sites of amino acids withod fitting interactions. Hydrogen
bonding was observed between the ligand with Ash###Ving distance 2.75 A. The binding structure

is given in Figure 5.
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Figure 5. Docking diagram of the compouBavith 1TFZ.

3.7.  Computational studies

The numbering system used in these discussionaeppeFigure S5. Gas-phase optimized structures
of the four conformers for each of the compoundslistl are shown in Figure 6 as example, and in
Figures S6-S8. The main energetic and structuatlifes of the conformers of the compouAdd are
summarized below as follows:

(i) For all the four compounds, the singlet struetuwere found to be much lower in energy than the
triplet structures. The triplet structure was chted for the check purposes in the gas phasehéor t
conformerl of the compound\ (see Electronic Supporting Information, Table 88yl was found to
be higher in energy by ca. 44 kcal/mol. Thus, ia tudy our focus was only on the singlet struesur

(ii) For the compound\, the conformef (Figure 6) was found to be the most stable stractwhereas

for the compoundB-D the conformeB (Figures S6-S8) was found to be the most staldeisp (see
Electronic Supporting Information, Table S5). Tlbmformerl has the both double bonds, C(7) — C(8)
and C(11) — C(12) (see Figure 4 and Figure S5dloeling), in trans-configuration and the atoms C(9)
and O(1) in trans-position relative to each otfidre conformei3 also has the both double bonds in
trans-configuration but the atoms C(9) and O(1)xistposition relative to each other. Thus, it is
possible to convert conformérto conformer3 simply by the rotation around the single bond G{8)
C(10). This is supported by the very small energsribrs between the conformersand3 for all the
compoundsA-D, ranging from 0.05 to 1.3 kcal/mol at the B3PW9314 ++G(d,p) level (0.2-1.5
kcal/mol at the B3PW91/cc-pVTZ level of theory, skable S5). Also, the almost negligible energy
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difference between the conformetsand 3 of the compoundA (0.05 kcal/mol) explains why the
computed lowest-lying structuré)(differs from the experimentally found structus}, (see Figure 4.

(ii) For all the four compounds we found two ordh very close lying in energy structures for the
conformer3 (see Figures S3-S6 and Table S5 in Electronic &@tipg Information). The energy
differences between these structures generally framp 0.002 to 1.4 kcal/mol at the B3PW91/6-
311++G(d,p) level and from 0.1 to 1.8 kcal/mol la¢ B3PW91/cc-pVTZ level of theory (see Table
S5).

(iv) Interestingly, all the four calculated confcers for all the four compounds are quite closeaiche
other in energy, the maximum energy differenceswieen the global minimum isomet,or 3, and
isomer 4) being 5.9-8.0 kcal/mol at the B3PW91/6-311++G)dgvel and 6.7-8.9 kcal/mol at the
B3PW91/cc-pVTZ level of theory (see Table S5).

(v) Geometry optimizations led to the noticeableiural distortions of the conforme2s4 of all the
four compounds (see Figures S6-S8), the deviafimm planarity are especially noticeable for the
conformers2 and4 of the compoundé-D. The conforme® has the double bond C(7) — C(8) in cis-
configuration and the double bond C(11) — C(12)rams-configuration and the atoms C(9) and O(1)
in trans-position. The conformér has the double bond C(7) — C(8) in trans-configanaand the
double bond C(11) — C(12) in cis-configuration dnel atoms C(9) and O(1) in trans-position.

(vi) The energy differences between the lowestgyaonformer3 (1 for the compoundd) and the
conformers2 and 4 are quite noticeable, ranging from ca. 4 to 8 /kaal at the B3PW91/6-
311++G(d,p) level (ca. 4-9 kcal/mol at the B3PW@3sv/TZ level), see Figures S6-S8 and Table S5
in Electronic Supporting Information. This is expked by the necessity to change the C=C bond(s)
conformation to convert from the confornfeto 2/4, thus the interchanging energy barriers are quite

high in this case, compared to the interchange detivand3, see above.
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Isomer 1 Isomer 2
AE=0.0 kcal/mol AE=3 7 kealmol

Isomer 3-1 - Isomer 3-11 Isomer 4
AE=0.03 kcul/maol A=D1 keal/mol AE=5 9 kcal/mol

Figure 6. BAPW91/6-311++G(d,p) optimized gas plsisectures of the isomers of compouhdside

views (bottom rows) and top views.

Analysis of the electron density distribution iretlowest-energy isomers of the compouAdb, as
illustrated by the plots of the HOMOs (Figure Hows the following.

(i) The HOMOs of the compounds, C, andD have dominating contributions from the double bond
C(7) — C(8) and the benzene ring attached to d@yaing noticeable contributions from the electron-
donating group CED in the compound®\ and C and electron-withdrawing group NOn the
compoundD), along with some contributions from the O(1) a@#is-group. The HOMO of the
compoundB has dominating contributions from the double b@{dl) — C(12) and the benzene ring
attached to it, along with noticeable contributiémsn the electron-donating N(GH group and small
contributions from the O(1) and the double bond)&T(8).

(i) Thus, the both double bonds in all the foumpoundsA-D bear quite significant amounts of the
electron density, which is also supported by tlsilte of the NBO analysis showing quite noticeable
negative charges on the atoms C(7)-C(8) and C({13)Cof the double bonds (see Table S6,
Electronic Supporting Information). Also, large atige charges are accumulated on the carbonyl
oxygen O(1) and the methyl group (C(9)). Therefdine, parts of the compoundsD containing the
double bonds should have significant reactivity doi various electrophiles, for example, towards

positively charged amino acids residues or protdiee same should be true for the O- and N-
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containing functional groups of these compoundsotal, the whole molecules of the compouAdBD
should have strong interactions with amino acidsdiess, like H-bonding, steric interactions,
interactions, and hydrophobic interactions, as lesgd above in the section devoted to the docking

studies.

Figure 7. HOMOs and LUMOs of the lowest-energy ocomfers of the compounds (a),B (b), C (c),
andD (d).

4. Conclusions

The investigated compounds, B, C andD were shown to exhibit impressive phytotoxic adyivi
These compounds are easy to synthesize and canrdoeicpd in desired amounts. Synthetic
chalconoids can replace the natural herbicides tduelifficult and time-consuming purification
methods used to obtain those. The compoudnd@salso show binding affinity to enzymdFZ, which
may be the probable target for them. The DFT catauis provided valuable information on the
structural and electronic features AfD. Based on the computational results, we were &ble
determine the most stable conformers for eachefdhr compounds, make analysis of the electronic
structures of the compounds studied, and thus geosxplanations of their reactivity features. #res
that, at physiological conditions, the conformatiorobility of these substances does not affect

significantly their bioactivity.

Electronic Supporting Information
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Electronic Supporting Information is free of charfjecontains the following data: NMR spectra oé th
compoundsl, 2 and A-D; UV-vis spectra of the compounds 2 and A-D; mass spectra of the
compounddl, 2 andA-D; crystallographic information of the compouris C; phytotoxic properties
of the compound#\-D; synthetic details of the compounils2 and A-D; details of computational

studies of the compound@sD; docking details of the compoundsD.
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HIGHLIGHTS

» Phyto-toxic activity of compounds A-D was evaluated.
» Docking was performed against possible target.
»  Spectroscopic data are presented and discussed.
» DFT approach was applied for computational analysis.



