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Abstract : 34-Dimethyl-N-[4-chloro-2-fluoro-5-{(pyrazolylmethyl)oxy}phenyl|maleimides or 3,4,5,6-tetrahydro-N-[4-chloro-2-
fluoro-5-{(pyrazolylmethyl)oxy} phenyl]phthalimides were prepared and evaluated their herbicidal activities
under paddy conditions. Those compounds which have N-methyl-5-pyrazolylmethyloxy moiety showed good
tolerance in transplanted rice and strong herbicidal activities on barnyardgrass below 60 g/ha of

dose.(Received May 12, 2000, accepted June 23, 2000)
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N-Pheny! imides are bleaching herbicides that act by
interrupting chlorophyll biosynthesis via inhibiting the
activity of the protoporphyrinogen oxidase (protox, EC
1334) (Dayan and Duke, 1997). The chemical
- structure of protox herbicudes has some similiarities,
N-C(=0)- group bound to a hydrophobic alkyl ; and
N-(5- propargyloxy or 5-alkoxycarbonyl)phenyl. Also,
many kinds pyrazoles developed as
agrochemicals (Kobayashi, 1989) and 3-aryl pyrazoles,
although they has no N-C(=O)-group, were developed
as protox inhibiting herbicides (Woodard et al., 1994).

In the course of our program to develop new

of were

herbicides, we were interested in the syntheses and
herbicidal activities of the N-{5-[(pyrazolylmethyljoxy]
phenyllimides 6, 7 and 8, the combined structure of
N-phenyl imide and pyrazole. It was envisioned that
heterocycles like pyrazole in place of 5-propargyloxy
or 5-alkoxycarbonyl groups could enhance the
biological activity.

Pyrazoles were prepared from phenyl methyl
ketones or alkyl methyl ketones, as described in
Scheme 1. The basecatalyzed condensation of 24-
dichlorophenyl methyl ketone with diethyl oxalate
gave 1 which was reacted with hydrazine hydrate to
afford 5-methoxycarbonyl pyrazole 2. When N-methyl-
ation of pyrazole 2 was carried out with dimethyl

sulfate in the presence of base, a mixture of N-methyl
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pyrazole isomers (3 and 3’) were obtained with
When
performed in the absence of base with an excess

variable product ratios. the reaction was
amount of dimethyl sulfate (4 equiv) in refluxing
acetonitrile, 5-alkoxycarbonyl-1-methyl-pyrazole (3) was
exclusively produced. Two isomers can be separated
using silica gel column chromatography and identified;
the characteristic H' NMR peak of N-methyl-3-(24-
dichlorophenyl)-5-methoxycarbonylpyrazole (3) appeared
at & 424 (s, 3H, NCHs), and that of N-methyl-5-(24-
dichloropheny!)-3-methoxycarbonyl-pyrazole (3‘) appeared
at § 3.81 (s, 3H, NCHj) (Tensmeyer and Ainsworth,
1966). Chlorination of 3 with N-chlorosuccinimide
(NCS) in DMF at 80°C, followed by reduction of
alkoxycarbonyl group with LiAlHy afforded the alcohol
4. Chlorination of alcohol 4 with methansulfonyl
chloride in the presence of triethylamine afforded the
5-chloromethyl-1-methylpyrazole 5, which was coupled
with 3 4-dimethyl-N-(4-chloro-2-fluoro-5-hydroxy  phenyl)
maleimide or 3,4,5,6-tetrahydro-N-(4-chloro-2-fluoro-5-
hydroxyphenyl)phthalimide in the presence of sodium
hydride in DMF to give the desired products 6 or 7,
respectively. Similarly, compounds 8 were prepared by
the same procedure from the pyrazole isomer 3.

For the herbicidal evaluation, plant species were
grown to the two to three leaf stages. Seeds of
pre-germinated Oryza sativa L. and dry seeds of
various plants were sown in white plastic pots having
surface area of 350 cm’ filled with sandy loam with
12 % of organic matter and pH 6.0 in the green
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stages, treatments were made at various growth stages.
A solution containing the target herbicide solution was
prepared by dissolving the compound in 50% of
acetone containing 0.2% of Tween-20 and applied in a
spray volume of 4,000 L/ha at 8~12 days after
seeding. Herbicidal activities were determined fourteen
days after treatment and recorded as percent control
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Scheme 1

on a scale 0 to 100, where 0 indicated no visible
effect and 100 indicated complete killing of plants.
The results of the herbicidal activities are summarized
in Table 1.

Interestingly, N-alkyl group on pyrazolyl moiety
showed high effect on herbicidal activity. Without
N-alkyl group on pyrazoyl moiety, no herbicidal
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6a: Ry= H, R,= 2,4-dichloro-5-nitrophenyl, X = H

6b: R,= CH;, R,= 2,4-dichloro-5-nitrophenyl, X = Cl

6¢: R;= CH;, Ry= t-butyl, X = H

6d: R = ethyl, R,= 2-chlorophenyl, X = Cl

6e: R;= CH;, R,= 2-chlorophenyl, X = Cl

6f: R;= CHj, Ry= 3-methylphenyl, X = Cl

6g: R= CH;, R,= 2,4-dichlorophenyl, X = Cl

7: Ry= CH;, Ry= 2,4-dichloro-5-nitrophenyl, X = H

8: Ry= CH;, Ry= 2,4-dichloro-5-nitrophenyl, X = H

Scheme 2
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Table 1. Herbicidal activities of N-{5-[(pyrazolylmethyl)oxy]phenyl}imides under paddy condition

Compound Rate ORYSA”  ORYSA % control of

(g/ha) (3-lea) (seed) ECHOR SCPJlU  MOOVA  CYPSE SAGPY

6a 1000 0 0 0 0 0 0 0

6b 1000 0 70 100 0 70 x 0

250 0 0 70 0 40 x 0

63 0 0 30 0 0 x 0

6c 1000 0 100 100 0 100 100 50

250 0 100 100 0 90 100 20

63 0 70 100 0 80 100 20

6d 1000 0 100 100 0 100 100 50

250 0 100 100 0 100 100 20

63 0 30 70 0 50 100 20

16 0 0 20 0 0 100 0

6e 1000 0 100 100 0 100 100 50

25 0 100 100 0 100 100 0

63 0 100 ) 0 100 100 0

16 0 50 70 0 60 0 0

6f 1000 0 100 100 0 100 100 0
250 0 100 100 0 100 100 0 .

63 0 100 100 0 100 100 0

16 0 100 90 0 60 100 0

6g 1000 0 100 70 0 40 100 0

7 1000 0 100 100 0 100 x 0

250 0 100 90 0 100 x 0

63 0 100 90 0 100 x 0

16 0 100 30 0 50 x 0

8 1000 0 100 100 0 100 100 0

250 0 40 100 0 100 100 0

63 0 40 70 0 40 100 0

16 0 0 0 0 0 0 0

ORYSA:Oryza sativa L.(rice), ECHOR:Echinochloa crus-galli(barnyardgrass), SCPJU:Scirpus juncoides ROXB.(bulrush),
MOOVA:Monochoria vaginalis PRESL.(monochria), CYPSE:Cyperus serotinus ROTTB.(flat-sedge), SAGPY:Sagittaria

pygmaea MTQ.(arrow head).

activity was observed. The compound 8 derived from
pyrazol isomer 3’ showed less herbicidal activity than
the compound 7 derived from pyrazol isomer 3(Entry
8 and 9). It was noted that the compounds which
have N-methyl-5-pyrazolylmethyloxy moiety showed
strong tolerance in transplanted rice and 100 % control
against barnyardgrass at below 60 g/ha although they
had strong damage on seeded rice. The compound 6f
had strong tolerance in transplanted rice with good
herbicidal ~activity on barnyardgrass, monochoria
(MOOVA) and flat-sedge(CYPSE). When herbicide 6f
was applied at rate of 63~125 g/ha, the growth of
3-leaved rice was inhibited by slight chlorosis through
the rice leaf. The inhibition appeared severely after
seven days of application, but it was gradually

recovered after 2 weeks. Evaluation of herbicidal
activity in green house indicated that the compound
6f has potential post-emergent herbicide at rice field
in 5~15 days after transplantation at rate of 60~125
g/ha. In conclusion, we had synthesized new N-{5-
[(pyrazolylmethyl)oxylphenyl} imides and evaluated their
herbicidal activities under paddy conditions.

Among them, compound 6f showed promising
herbicidal activities against barnyardgrass with excell-
ent 3-leaf rice tolerance at a rate of 60 g/ha.

Spectral Data (1H NMR, 200 MHz, CDCl3)

N-Methyl-3-(2,4-dichlorophenyl)-5-methoxycarbonylpyraz
ole 3): & 392 (t, 3H, OCH3), 424 (s, 3H, NCH3),
726-732 (dd, 1H, J=22 and 86), 7.35 (s, 1H,.CH),
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7.78 (d, 1H, J=8.6, Ph).

N-Methyl-5-(2,4-dichlorophenyl)-3-ethoxycarbonyl-pyrazo
le (3): & 143 (t, 3H, OCH2CH3), 381 (s, 3H,
NCH3), 444 (q, 2H, OCH2CH3), 6.85 (s, 1H,
pyrazole C=CH), 7.27-7.57 (m, 3H, Ph)

6a: & 2.06 (s, 6H, 2CH3), 4.02 (s, 3H, NCH3), 511 (s,

2H OCH2), 683 (s, 1H), 6.94 (d, 1H, Ph), 7.31 (d,
1H, Ph), 7.70 (s, 1H, Ph), 813 (s, 1H, Ph)

6b: & 2.07 (s, 6H, 2CH3), 406 (s, 3H, NCH3), 517 (s,
2H, OCH2), 6.94 (d, 1H, Ph), 7.31 (d, 1H, Ph), 7.70
(s, 1H, Ph), 813 (s, 1H, Ph)

6c: & 123 (s, 9H, tBu), 213 (s, 6H, 2CH3), 3.85 (s
3H, NCH3), 6.67 (s, 1H, pyrazole), 6.84 (d, 1H, Ph),
7.30 (d, 1H, Ph)

6d: 8 206 (s, 6H, 2CH3), 2.38 (s, 3H, CH3), 3.99 (s,
3H, NCH3), 5.07 (s, 2H, CH2), 6.60 (s, 1H, CH=),
6.90-7.63 (m, 6H, Ph)

6e: & 2.06 (s, 6H, 2CH3), 405 (s, 3H, NCH3), 5.11 (s,
2H, CH2), 682 (s, 1H, CH=), 694 (m, 1H, Ph),
7.20-749 (m, 4H, Ph), 7.76-791 (m, 1H, Ph)

6f: & 1.21 (t, 3H, NCH2CH3), 2.06 (s, 6H, 2CH3), 3.92
(g, 2H, NCH2CH3), 5.09 (s, 2H, OCH2), 6.38 (s, 1H,
CH=), 7.17-7.84 (m, 6H, Ph)

6g: 6 207 (s, 6H, 2CH3), 4.04 (s, 3H, NCH3), 512 (s,
2H, OCH2), 687 695 (m, 2H, ph), 726729 (m,
1H, Ph), 7.32 (s, 1H, CH=), 762 (d, 1H, Ph)

{5-[(Pyrazolylmethyl)oxy]phenyl}imides 75
7: & 183 (m, 4H, 2CH2), 242 (m, 4H, 2CHD2), 402 (s,

3H, NCH3), 511 (s, 2H, OCH2), 694 (d, 1H, Ph),
731 (d, 1H, Ph), 7.70 (s, 1H, Ph), 813 (s, 1H, Ph)

8: & 1.83 (m, 4H, 2CH2), 243 (m, 4H, 2CHD), 416 (s,

3H, NCH3), 566 (s, 2H, OCH2), 7.02 (d, 1H, Ph),

7.35 (d, 1H, Ph), 7.71 (s, 1H, Ph), 816 (s, 1H, Ph)
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