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Benzoxazoles as novel herbicidal agents
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Abstract

BACKGROUND: Despite the need to develop new herbicides with different modes of action, due to weed resistance, many
important classes of compounds have been studied poorly for this purpose. Benzoxazoles are considered privileged structures
because of their biological activities, but their phytotoxic activities have not received a lot of attention until now.

RESULTS: Double vinylic substitution reactions were carried out to furnish four 2-nitromethylbenzoxazoles and one oxazolidine.
Benzoxazol-2-ylmethanamine was obtained by reduction of compound 3a. These compounds were evaluated for their phy-
totoxicity in Allium cepa (onion), Solanum lycopersicum (tomato), Cucumis sativus (cucumber) and Sorghum bicolor (sorghum).
Comparison with oxazolidine analogue allowed us to understand that the benzoxazolic structure is very important for the her-
bicidal activity.

CONCLUSION: All the synthesized compounds exhibited biological activity on seed germination. The four
2-nitromethylbenzoxazoles showed phytotoxic activity and the 5-chloro-2-(nitromethyl)benzo[d]oxazole (3b) exhibited higher

inhibition than the commercial herbicide against all four plant species tested.
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1 INTRODUCTION

Aromatic heterocyclic compounds are known for their wide range
of biological activities. Among the heterocyclic classes, the ben-
zoxazole scaffold is a constituent of several natural products and
many synthetic drugs (Fig. 1).

Benzoxazole derivatives have been used in medicinal chem-
istry and many compounds have substantial chemotherapeutic
activity, including antiviral,>® antibacterial,®=° antifungal®-° and
anticancer.%'° Because of this, benzoxazole derivatives have been
considered privileged scaffolds able to bind multiple targets and
provide new prototypes for drug design.'"1?

Benzoxazoles substituted at position 2 are usually synthesized
by coupling carboxylic acid derivatives and 2-aminophenols,
frequently with the aid of catalysts, acidic conditions and
high temperature.’®='> By contrast, many methods use con-
densation between a 2-aminophenol and an aldehyde,
with subsequent oxidation.'®’” In a search for environmen-
tally friendly, milder conditions and easier procedures, we
recently developed a synthesis using a double vinylic sub-
stitution of 1,1-bis-methylsulfanyl-2-nitroethylene (1) and a
2-aminophenol (2).'®

Despite their wide use in medicinal chemistry, low levels of
cytotoxicity and the facile synthesis of benzoxazole derivatives,
these compounds have not received much attention regarding
their potential use in agrochemical research.

Aryloxyphenoxypropionic acid derivatives belong to a class
of herbicides containing benzoxazolyl substituents, as in fenox-
iprop and metamifop. However, these substituents are not cru-
cial for their activity, as shown by haloxyfop and fluazifop which
maintain the same level of activity without the benzoxazolyl
group (Fig. 2)."

Dietrich et al. synthesized and evaluated the herbicidal activity
of a library of 300 benzoxazolylamino-1,3,5-triazines.?° They inves-
tigated the effect of a benzoxazolyl group as a substituent in the
1,3,5-triazines, a known class of herbicide. This work was inspired
by a patent published by Giencke et al. that showed the herbicidal
activity of 2,4-diamino-1,3,5-triazines, including some compounds
containing the benzoxazolyl group.?'

More recently, Fukuda et al. published a patent presenting the
herbicidal activity of 2-substituted benzoxazoles containing aryl
and heteroaryl substituents, but the mechanism of action was not
determined.??

In this study, we synthesized a series of 2-substituted benzoxa-
zoles (3) and evaluated their phytotoxic activity on several crops
to assess their structure—activity relationships.

2 MATERIALS AND METHODS

2.1 General procedures

Reagents and solvents were used without any prior purification.
The microwave-assisted synthesis was conducted in an Anton
Paar Monowave 200, a single-mode oven with infrared sensors to
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Figure 1. Examples of drugs and natural products containing a benzoxazole heterocycle: suvorexant,? boxazomycins A3 and calcimycin.*
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Figure 2. Commercial herbicides and benzoxazoles derivatives.

control the potency and afford the selected temperature. All the
compounds tested were purified via flash column chromatogra-
phy and their purity was assessed by gas chromatography (GC) and
nuclear magnetic resonance (NMR). "H and *C NMR spectra were
recorded on a Bruker ARX-400 (400 and 100 MHz, respectively).
Mass spectra were recorded on a Shimadzu GCMS-QP5000.

2.2 Synthetic procedures
Nitroethylene 1 (165 mg 1.0 mmol), 2-aminoalcohols (1.0 mmol)
and ethanol (4 mL) were placed in a glass tube, sealed and
irradiated for 60 min in an Anton Paar Monowave 200 oven at
110°C. The obtained 2-nitromethylbenzoxazoles 3 were purified
by flash column chromatography employing dichloromethane as
the eluent.

2-(Nitromethyl)benzo[dJoxazole (3a): "H NMR (400 MHz, CDCl,):
6 5.83 (s, 2H), 7.42-7.50 (m, 2H), 7.61-7.64 (m, 1H), 7.82-7.85 (m,
1H). *C NMR (100 MHz, CDCly): 6 71,67, 111.25, 121.10, 125.32,
126.86, 140.66, 151.39, 153.98. GC-MS (70 eV) m/z (%): 178 (M, 2),
132 (100), 104 (25), 77 (35).

5-Chloro-2-(nitromethyl)benzo[dloxazole  (3b): 'H NMR
(400 MHz, CDCl,): 6 5.81 (s, 2H), 7.44 (dd, 1H, J 8.49, 2.12) 7.54
(dd, 1H, J 8.49), 7.80 (d, 1H, J 2.12). 3 C NMR (100 MHz, CDCl,):
6 7148, 112.07, 121.04, 127.34, 130.97, 141.67, 149.90, 155.26.

GC-MS (70eV) m/z (%): 212 (M*, 5), 166 (100), 138 (25), 102 (45),
63 (40).

5-Methyl-2-(nitromethyl)benzo[dloxazole  (3¢):  'H NMR
(400 MHz, CDCl;): 6 2.50 (s, 3H), 5.78 (s, 2H), 7.25-7.29 (m, 1H),
747 (d, 1H,J 8.37),7.57-7.60 (m, TH). *C NMR (100 MHz, CDCl,): §
21.48,71.70,110.58,120.82, 128.06, 135.32, 140.84, 153.95, 153.97.

4-Methyl-2-(nitromethyl)benzo[d]oxazole  (3d): 'H NMR
(400 MHz, CDCly): 6 2.64 (s, 3H), 5.80 (s, 2H), 7.21 (d, 1H, J 7.51),
7.38-7.34 (dd, 1H, J 7.51, 8.07), 7.41 (d, 1H, J 8.07). '*C NMR
(100 MHz, CDCl,): 6 16.42, 71.69, 108.46, 125.74, 126.55, 131.71,
139.99, 151.19, 153.15. GC-MS (70eV) m/z (%): 192 (M*, 3), 146
(100), 117 (18),91 (32).

2-(Nitromethylene)oxazolidine (5): "H NMR (400 MHz, DMSO-dy):
5 3.14-3.56 (m, 4H), 6.53 (s, 1H). '*C NMR (100 MHz, DMSO-dy): 6
44.71,59.92,97.69, 156.75.

A suspension of 2-(nitromethyl)benzo[d]oxazole 3a (178.15 mg,
1.0 mmol), palladium on carbon 10% (17.82 mg, 10 wt% of the
substrate) as a catalyst, in methanol (10 mL) was stirred under
a hydrogen atmosphere (1 atm) at 25°C. The progress of the
reactions was followed by silica-gel thin-layer chromatography.
After 2 h the reaction mixture was filtered and concentrated under
vacuum. The crude product was purified by silica-gel column
chromatography using dichloromethane as the eluent.?®
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Figure 3. Shoot length of tomato compared with S-metolachlor. Values are expressed as percentage difference from the control.
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Figure 4. Root length of tomato compared with S-metolachlor. Values are expressed as percentage difference from the control.

Benzoxazol-2-yImethanamine (6): "H NMR (400 MHz, CDCl,): &
4.39 (s, 2H), 7.30-7.35 (m, 2H), 7.50-7.52 (m, 1H), 7.68-7.72 (m,
TH). 3C NMR (100 MHz, CDCl,): § 51.62, 111.10, 120.43, 124.96,
125.59,141.22,151.21, 164.14.

3 BIOASSAYS*

The general procedure was as follows. Twenty seeds of Allium cepa
(onion) and Solanum lycopersicum (tomato) were placed in a Petri
dish (9 cm in diameter), with 5 mL of test solution, three replicates
of each concentration, and maintained for 9 and 7 days in the dark

at 25 °C. Seeds of Cucumis sativus (cucumber) and Sorghum bicolor
(sorghum) are bigger than the others, so the roots and shoots are
very bulky. Therefore, their development was hindered when the
bioassay was carried out in 9 cm Petri dishes. Therefore, 20 seeds
were placed in each 15-cm diameter petri dish with 8 mL of test
solution for 6 days in the dark, at 25 °C.

Compounds 3a-d, 5, 6 and S-metolachlor were weighed, dis-
solved in dimethyl sulfoxide (DMSO) and diluted with distilled
water to prepare 30 mL of an aqueous solution containing DMSO
0.3% v/v. Half of this solution was used in the bioassays, and the
other 15 mL was diluted with 15 mL of distilled water containing
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Figure 5. Shoot length of onion compared with S-metolachlor. Values are expressed as percentage difference from the control.
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Figure 6. Root length of onion compared with S-metolachlor. Values are expressed as percentage difference from the control.

0.3% DMSO v/v to prepare the less-concentrated solution. Aque-
ous DMSO 0.3% v/v was used as a negative control and the
pre-emergence commercial herbicide Dual (S-metolachlor) was
used as a positive control. All bioassays were carried out with the
solutions at concentrations of 1000, 500, 250, 125 and 50 pm. After
the germination period, the seeds were digitally photographed
and measured.

The results are presented as percentage differences from
the control in bar graphs with standard deviation error bars
(Figs 3-10). Thus, zero represents the control, positive values

represent stimulation of the studied parameters and negative
values represent inhibition.

4 RESULTS AND DISCUSSION

4.1 Synthesis

Using a procedure described in the literature,'® we prepared
the 2-nitromethylbenzoxazoles 3a-d, employing the double
vinylic substitution assisted by microwave irradiation between
1,1-bis-methylsulfanyl-2-nitroethylene 1 and 2-aminophenols
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Figure 7. Shoot length of cucumber compared with S-metolachlor. Values are expressed as percentage difference from the control.
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Figure 8. Root length of cucumber compared with S-metolachlor. Values are expressed as percentage difference from the control.

2. Compounds 3a-3d were purified using silica-gel column
chromatography and were easily identified by the presence of
the signal corresponding to aromatic hydrogens and lack of
methylsulfanyl hydrogens in the "H NMR spectra (Scheme 1)
Searching for the contribution of the benzenoid portion
in the heterocyclic compound, we tested oxazolidine 5. The
2-nitromethylene-oxazolidine 5 was obtained via the same syn-
thetic method, using 2-aminoethanol as a nucleophile for the

double vinylic substitution. After filtration, the formation of
oxazolidine 5 was detected by the presence of the signal of the
alkenyl hydrogen at § 6.53 ppm, and absence of methylsulfanyl
hydrogens in the 'H NMR (Scheme 2).

The nitro group in the benzoxazole 3a was reduced under a
hydrogen atmosphere catalyzed with palladium on carbon to pro-
duce the benzoxazol-2-ylmethanamine 6. The carbon and hydro-
gens of the methylene group of compound 6 were displaced to a
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Figure 9. Shoot length of sorghum compared with S-metolachlor. Values are expressed as percentage difference from the control.
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Figure 10. Root length of sorghum compared with S-metolachlor. Values are expressed as percentage difference from the control.

higher magnetic field in the *C and "H NMR spectra, respectively,
when compared with the starting material 3a, which is a key evi-
dence for the conversion (Scheme 3).

4.2 Biological activity

4.2.1 Solanum lycopersicum (Figs 3 and 4)

All tested 2-nitromethylbenzoxazoles (3a-3d) showed high phy-
totoxicity, superior to S-metolachlor. The most active compound
was 3b which inhibited 100% of aerial and root growth at 1000 and
500 pM. The presence of the nitro group seems to be important for

the phytotoxic activity, because compound 6 was less active than
compounds 3a-3d. Oxazolidine 5 showed a totally different activ-
ity pattern. Surprisingly, it stimulated aerial and root growth. This
allowed us to conclude that the benzenoid ring is very important
for the phytotoxic activity in tomato seeds.

4.2.2  Allium cepa (Figs 5 and 6)

Compounds 3a and 3cexhibited similar activities to S-metolachlor,
but compounds 3b and 3d showed higher levels of phytotoxicity,
both inhibited 100% of the aerial and root growth at 1000 pm. Once
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Scheme 1. Double vinylic substitution to synthesize benzoxazole derivatives.
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Scheme 2. Synthesis of 2-nitromethylene-oxazolidine.
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Scheme 3. Synthesis of benzoxazol-2-ylmethanamine.

again, compound 6 exhibited lower activity than the nitromethyl
benzoxazoles and S-metolachlor, indicating the importance of
the nitro group for the activity and the oxazolidine compound 5
presented a different activity pattern, stimulating the root growth.

4.2.3 Cucumis sativus (Figs 7 and 8)

Compounds 3a and 3c presented lower activity than
S-metolachlor. However, compounds 3b and 3d showed higher
phytotoxic activity than S-metolachlor in shoot and root assays.
Compound 3b was the most active inhibiting 100% of the roots
and almost 90% of shoot growth at 1000 pm, whereas the reduced
benzoxazole 6 did not show relevant inhibition. However, oxazo-
lidine 5 presented a pronounced stimulation of the growth of the
roots.

4.2.4 Sorghum bicolor (Figs 9 and 10)

Compounds 3a and 3b showed higher levels of inhibition than
S-metolachlor, but surprisingly the most phytotoxic compound
was the derivative 6. Compound 6 showed much more inhibition
of roots and shoots than the commercial herbicide. Once again
oxazolidine 5 did not show phytotoxic activity.

5 CONCLUSIONS

Employing the double vinylic substitution in 1,1-bismethy
Isulfanyl-2-nitroethylene, four 2-nitromethylbenzoxazole deriva-
tives (3a—d) were prepared. These compounds were evaluated
for their potential phytotoxic activity in Allium cepa, Solanum
lycopersicum, Cucumis sativus and Sorghum bicolor.

The structure—activity relationship was evaluated by testing the
oxazolidine 5, which was prepared by double vinylic substitution.

2 2
]\ HZN R 110°C, 1h, MW R
+ o

EtOH

3aR'=R?=H, 90%
3bR'=H,R?=Cl, 63%
3¢ R'=H, R? =CH3, 72%
3d R'=CHs;, R? = H, 55%

The nitro group of compound 3a was hydrogenated to afford the
benzoxazole 6.

All compounds were found to exhibit activity in seed ger-
mination. Compound 3b proved to be more phytotoxic than
S-metolachlor (commercial herbicide Dual) for all four species
tested, being able to inhibit 100% germination in Allium cepa,
Solanum lycopersicum, and Cucumis sativus. Compound 6 was
the most active against Sorghum bicolor, being more active than
S-metolachlor. By contrast, compound 5 exhibited stimulating
activity for all species tested.

We can conclude that benzoxazoles represent a class of com-
pounds with great potential for development of novel herbicides.
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