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ABSTRACT

1. Design strategies of novel compounds related to two groups of herbicides

Forty-two compounds were synthesized based on the structure-based design technique, thirty-four of them
were a mimic to chloroacetamide herbicides group and eight compounds were designed as a mimic to pyridine
carboxylic acid herbicides group.

1.1. Design strategy of novel chloroacetamide derivatives (276-309) as a mimics of chloroacetamide
herbicides

Two different designs for mimics of chloroacetamide herbicides. First one, for synthesizing a novel
derivatives of chloroacetamide compounds (276-297) was by replacing the aliphatic oxygenated bridge in
chloroacetamide herbicides such as acetochlor (26) with aromatic part of some herbicides such as phenol ring of
bromoxynil (327), methoxyphenyl of anisuron (328) and 2,4-dichlorophenyl of 2,4-D (329). The second design
was based on monoterpenoid (cinnamaldehyde (274) and citral (275) moieties) as a scaffold for synthesizing a
novel derivatives of chloroacetamide compounds (298-309).

1.2. Design strategy of novel pyridine derivatives (319-326) as a mimics of Pyridine carboxylic acid
herbicides

The commercial herbicide triclopyr (184) consist of two moieties 3,5,6-trichloropyridin-2-olyl and acetic
acid moieties, herein, we kept the trichloropyridin-2-olyl moiety as a skeleton of suggested pyridine derivatives
(319-326) and replaced acetic acid moiety by acetyl and chloroacetyl moieties as a mimic of acetic acid moiety
and by other common commercial herbicide moieties such as propionic acid moiety of dichloprop (330), alkyl
phosphonic acid moiety of glyphosate (331), alkyl phosphate moiety of piperophos (332), methanesulfonyl
moiety of ethofumesate (333), nicotinoyl moiety of imazapyr (334) and alkyl acetate moiety of elumiclorac-
pentyl.

2. Chemistry

The target chloroacetamide derivatives (276-309) were synthesized via acylation of imine derivatives (223-
256) which synthesized by the reaction of aldehydes (271-275) and corresponding amines (257-270). The effects
of substituent pattern on the yields were studied. It was found that different aromatic substituents displayed
diverse vyields, and the order was as following: -N-(2,4-dichlorobenzyl) >-N-(2-hydroxybenzyl) >N-(2-
cinnamyl)>-N-(2-methoxybenzyl) >-N-(3,7-dimethylocta-2,6-dien-1-yl). The presence of methyl group in the
phenyl ring gave high yield but slowly reaction, on the other hand the presence of chlorine group on the phenyl
ring gave little yield with rapid reaction.

'H-NMR spectra and MS have confirmed the chemical structures of imine derivatives (223-256), *H and *3C-
NMR spectra and MS confirmed the chemical structures target compounds (276-309) and (319-326).

One the other hand, the target pyridine derivatives (319-326) were synthesized via acylation of the salt
sodium 3,5,6-trichloropyridin-2-olate salt (311) by different acid chlorides (312-318), substituent pattern of acid
chlorides little effects on the yield of pyridine
3. 3D-Pharmacophore modeling.

Using DS, 3D-pharmacophore model of standard chloroacetamide herbicides was established and
investigated its features included HBA and HYD, so we kept it on the designed compounds and adding RA.
Pretilachlor (43) was the highest fit value (fit value = 4) when it mapped in Hypo 1 of standard chloroacetamide
herbicide.

Hypo 1 was selected as the best models of synthesized chloroacetamide derivatives (276-297).
Pharmacophoric investigation features included HBA, HYD and RA also. Compound 295 was the highest fit
value (fit value = 4) when it mapped in Hypo 1 of synthesized chloroacetamide derivatives (276-297).

Hypo 1 was selected as the best models of synthesized chloroacetamide derivatives (298-309).
Pharmacophoric investigation features included HBA, HYD and RA also. Compound 307 shown the highest fit
value (fit value = 4) when it mapped in Hypo 1 of synthesized chloroacetamide derivatives (298-309).
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The 3D-pharmacophore model of standard pyridine carboxylic acid herbicides (182-188) investigated its
features included HBA, HYD and RA obtained hypotheses. The top-rated Hypo 1 was selected as the best model
and used to map compounds and standard herbicides. Triclopyr (184) shows the highest fit value (fit value = 5)
when it mapped in best Hypo 1 standard pyridine carboxylic acid herbicides (182-188).

The 3D-pharmacophore model of synthesized pyridine derivatives (319-326) investigated its features included
HBA, HYD and RA obtained hypotheses. The top-rated Hypo 1 was selected as the best model and used to map
compounds. Compound 322 shown the highest fit value (fit value = 5) when it mapped in Hypo 1 of synthesized
pyridine derivatives (319-326).

4. Mapping of the test set compounds on standard pharmacophore models

All twenty-two synthesized chloroacetamide derivatives (276-297) mapped to standard chloroacetamide
herbicides pharmacophore, the best-fit ligand is molecule (278), fit value = 3.77. The mapping of the standard
chloroacetamide herbicides on the Hypo 1 of synthesized chloroacetamide derivatives (276-297) showed that all
of standard herbicides mapped and the highest fit molecule was butenachlor (31), fit value = 3.33.

Also, all twelve synthesized chloroacetamide derivatives (298-309) mapped to standard chloroacetamide
herbicides pharmacophore except 305, the best-fit ligand is molecule (304), fit value = 3.59. The mapping of the
standard chloroacetamide herbicides on the Hypo 1 of synthesized chloroacetamide derivatives (298-309)
showed that only four standard herbicides mapped and the highest fit molecule was butachlor (30), fit value =
3.25.

On the other hand, all of eight synthesized pyridine derivatives (319-326) mapped to standard pyridine
carboxylic acid herbicides pharmacophore, the best-fit ligand is molecule (326), fit value = 4. There are four
standard pyridine carboxylic acid herbicides mapped on the Hypo 1 of synthesized pyridine derivatives, the
highest molecules mapped to pharmacophore of synthesized pyridine derivatives with fit values 4.03 is triclopyr
(184).

5. Virtual screening and Drug-Likeness analysis based on 3D-Pharmacophore

Two kinds of virtual screening were studied, Firstly, structure-based virtual screening (SBVS) which based
on chemical structure of synthesized compounds by use Zinc Drug-Like library which contains 10'639'400
compounds chosen to make screening of synthesized compounds, there were no compounds of synthesized
compounds found on Zinc Drug-Like library. Secondly, pharmacophore-based virtual screening. The Hypo 1
was applied to screen the selected molecules through the 3D databases Drug like Diverse, Herbicides, scPDB
Mini Maybridge and Sample databases, it gave a lot of compounds mapped on the pharmacophore model of
synthesized compounds and this result consider a validation method to approve the pharmacophore models.

On the other hand, all of synthesized compounds integrated with Lipinski rules, however, compounds 296,
297, 306, 307, 308 and 309, so we synthesized only two compounds have containing 2,4-dichlorophenyl moiety
296 and 297 and four compounds (306-309) containing citral moiety because they have ALogP more than 5 as
the only violation with Lipinski rules.

6. In silico ADMET Screening

Using DS, ADMET descriptors calculated to help avoid having to eliminate compounds with unfavorable
ADMET characteristics later in the development process, preferably before synthesis. The ADMET models of
synthesized compounds showed that all of synthesized compounds under the limit except the same compounds
which gave ALogP more than 5

7. Herbicidal activity

The synthesized compounds were assayed for in vitro herbicidal activity against four weed species; C. album,
and A. arvensis as broadleaf weeds, L. temulentum, and E. crus-galli as grass weeds in comparison with
acetochlor as a standard chloroacetamide herbicide and triclopyr as pyridine carboxylic acid herbicide. The
concentration inhibits the 50% of the chlorophyll content (ECso mg/L) was used to evaluate the herbicidal
activity of the synthesized compounds. The results revealed that all tested compounds exhibited remarkable
inhibition against the content of chlorophyll of the four weeds. The herbicidal activity of synthesized
chloroacetamide derivatives (276-297) against broad leaf weeds C. album and A. arvensis comparing with
acetochlor as a standard herbicide, the most ten effective compounds against both weeds and have ECs less than
acetochlor, many of them contains one or two of methyl group such as 293, 280, 296, 283, 291, 294 and 282.

The herbicidal activity of synthesized chloroacetamide derivatives (276-297) against grass weeds L.
temulentum and E. crus-galli comparing with acetochlor as a standard herbicide, the most ten effective
compounds against both weeds and have ECs less than acetochlor, many of them contains one or two of methyl
group such as 293, 280, 296, 283, 291, 294 and 282.

Finally, it can note that the derivatives 293, 280, 283, 296 and 295 were determined to be the most potent
against tested weeds.

On the other hand, the herbicidal activity of synthesized monoterpenoid chloroacetamide derivatives (298-
309) against broad leaf weeds C. album and A. arvensis comparing with acetochlor as a standard herbicide, there
are five compounds 303, 306, 309, 307 and 308 have ECso less than acetochlor, also all of them contains one or
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two of methyl group except 308 which contains naphthyl group. Also, it can note that compounds were effective
were that contained citral moiety and only one contain cinnamyl moiety however it was the most active
compound against C. album and A. arvensis.

The herbicidal activity of synthesized monoterpenoid chloroacetamide derivatives (298-309) against grass
weeds L. temulentum and E. crus-galli comparing with acetochlor as a standard herbicide, there are seven
compounds 306, 309, 308, 303, 307, 302 and 301 have ECsg less than acetochlor, also five of them contains one
or two of methyl group, however, compound 308 contains naphthyl group and compound 302 contains chlorine
group. Also, it can note that compounds were effective were that contained citral moiety and only three
compounds contain cinnamyl moiety.

Finally, it can note that the derivatives containing citral moiety more effective than that contain cinnamyl
moiety against tested weeds, compound 303 was determined to be the most potent against tested weeds.

The herbicidal activity of synthesized pyridine derivatives (319-326) against C. album and A. arvensis
comparing with triclopyr as a standard herbicide, there are five compounds 324, 322, 319, 321 and 323 have
ECso less than triclopyr.

The herbicidal activity of synthesized pyridine derivatives (319-326) against L. temulentum and E. crus-galli
comparing with triclopyr as a standard herbicide, there are six compounds 320, 321, 322, 319, 323 and 324 have
ECso less than triclopyr respectively, it can note that compound 320 which contain propionic acid moiety was
most effective then compound 322 which contain ethyl phosphonic acid moiety.

Finally, it can note that, compound 322 and 324 which containing ethyl phosphonic acid and sulphonate
moieties respectively were determined to be the most potent against tested weeds.

8. Molecular docking

The docking of the synthesized molecules and standard herbicides on the crystal structure of main target
protein (VLCFAs (PDB ID 10XH) as a target of chloroacetamide compounds and auxin mimic (PDB ID 2P1N)
as a target of pyridine compounds) was performed using MOE software also, docking study was performed to
predict and determine the trend of synthesized compounds. The data have been analyzed based on the docking
score (AG, kcal/mol), hydrogen bonds and van der Waals connections nearby.

The highest score standard chloroacetamide herbicide was thenylchlor (-6.36 kcal/mol), but the highest score
standard chloroacetamide herbicide was florpyrauxifen (-5.82, kcal/mol) the binding was by combining for the
van der Waals force and different hydrogen bonding and hydrophobic interactions (-interactions). The top three
scored of the synthesized chloroacetamide compounds (276-297) were 290, 294 and 293 which corresponds to
the enzyme binding cavity, but top three scored of the compounds 304, 300 and 305 respectively which
corresponds to the enzyme binding cavity. On the other hand, the top three scored of synthesized pyridine
compounds were the compounds 323, 325 and 322 respectively which corresponds to the enzyme binding cavity.

Finally, the results show that the tested weeds growth was inhibited after treated with all of synthesized
compounds, but a grass weeds were more sensitive than broadleaf weeds, also Echinochloa crus-galli was more
sensitive for synthesized compounds than other weeds.

Also, the bioassay results were compatible with the theoretical molecular docking and pharmacophoric
investigation.
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