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New 2-phenyl-4,5,6,7-tetrahydro-2H-indazole derivatives as paddy field herbicides In Taek Hwang,1∗ Hyoung Rae Kim,2 Dong Ju Jeon,2 Kyung Sik Hong,1 Jong Hwan Song,2 Chang Kook Chung3 and Kwang Yun Cho1 1 Korea



Research Institute of Chemical Technology, Bioorganic Science Division, Yusung, Taejon 305-606, Korea Research Institute of Chemical Technology, Medicinal Science Division, Yusung, Taejon 305-606, Korea 3 Hankooksamgong Co Ltd, 235-6 Kalgot-dong Osan Kyunggido, Korea 2 Korea



Abstract: A series of 3-chloro-2-(4-chloro-2-fluorophenyl)-4,5,6,7-tetrahydro-2H-indazole derivatives containing various substituted isoxazolinylmethoxy groups at the 5-position of the benzene ring were synthesized and their herbicidal activities assessed under greenhouse and flooded paddy conditions. Among them, compounds having a phenyl or cyano substituent at the 3-position of the 5-methylisoxazolin-5-yl structure demonstrated good rice selectivity and potent herbicidal activity against annual weeds at 16–63 g AI ha−1 under greenhouse conditions. Field trials indicated that these two compounds controlled a wide range of annual weeds rapidly with a good tolerance on transplanted rice seedlings by pre-emergence application. They showed a low mammalian and environmental toxicity in various toxicological tests.  2004 Society of Chemical Industry



Keywords: isoxazoline; 2-phenyl-4,5,6,7-tetrahydro-2H-indazole; transplanted rice herbicide



1 INTRODUCTION 3-Chloro-2-(4-chloro-2-fluoro-5-substituted-phenyl)4,5,6,7-tetrahydro-2H-indazoles pioneered by S275 at Sumitomo1 are well-known herbicidal compounds with Protox (protoporphyrinogen-IX oxidase)-inhibiting activity (Fig 1).2 A large number of analogues have been released in which various substituents such as alkoxy, alkenyloxy, alkynyloxy, alkoxycarbonyl, alkenyl, carbamoylalkyl, alkylamino and sulfonylamino are introduced to the 5-position of the phenyl group.2,3 In addition, the alkoxy substituents include a variety of methoxy and ethoxy groups substituted by 5- or 6-membered heterocycles.4,5 The compounds studied here belong to one of such series with novel 2-isoxazolin-5-ylmethoxy groups introduced to the 5-position of the phenyl moiety (Fig 1).6,7 The 2-isoxazolin-5-ylmethoxyphenyl-tetrahydroindazole compounds exhibit a potent herbicidal activity with excellent rice selectivity.6,7 Various Protox inhibitors have been applied, mostly for foliar treatment under upland conditions because their herbicidal activity comes from a contact phytotoxicity. However, the present compounds can be used by soil application in rice under submerged paddy conditions.6,7 The synthesis of new 4,5,6,7tetrahydro-2H-indazole derivatives, their herbicidal



activity under greenhouse and field conditions and their toxicological evaluation results are described in this paper.



2 MATERIALS AND METHODS 2.1 Synthesis Figure 2 shows the final two steps of the synthesis of 2[4-chloro-2-fluoro-5-(5-methyl-2-isoxazolin-5-ylmethoxy)]phenyl-4,5,6,7-tetrahydro-2H-indazole derivatives (3). The key starting compound, 4-chloro-2fluoro-5-hydroxyphenylhydrazine, was prepared from 2-fluorophenol. Detailed syntheses of intermediates and derivatives were reported elsewhere.6,7 To a solution of 2-(4-chloro-2-fluoro-5-hydroxy)phenyl-4,5,6,7-tetrahydro-2H-indazole (1) in acetone was added methallyl chloride and potassium carbonate with a catalytic amount of potassium iodide, and the mixture was refluxed for 12 h to afford compound 2. Various hydroximoyl chlorides dissolved in dichloromethane were added dropwise to a solution of compound 2 and triethylamine in dichloromethane. The mixture was stirred at room temperature for 12 h to give the corresponding isoxazolines at the position of methallyl group. We describe here the synthesis of compound 3a (R = Ph) as a typical example.
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(3 × 50 ml). The combined organic layer was washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated. The crude product was purified by silica gel column chromatography (ethyl acetate + hexane, 1 + 3 by volume) to give compound 3a as colourless crystals (0.25 g, 62%); mp: 145–146 ◦ C; MS m/z (relative intensity): 475 (3.2), 474 (2.5), 473 (6.5), 315 (25.2), 313 (31.0), 285 (5.5), 284 (5.3), 220 (2.4), 174 (10.1), 160 (14.1), 146 (3.7), 118 (100), 104 (17.0), 91 (10.5), 77 (37.5); IR (potassium bromide): 3059, 2933, 2849, 1600, 1504, 1197, 1053 cm−1 ; UV λmax = 254.5 cm−1 ; Anal Calc for C24 H22 Cl2 FN3 O2 : C, 60.77; H, 4.67; N, 8.86%; Found: C, 60.77; H, 4.62; N, 8.85%. The NMR spectra of other compounds of general structure 3 are given in Table 1. Figure 1. General structure of substituted phenyl-4,5,6,7-tetrahydro-2H-indazoles.



2.1.1 3-Chloro-2-(4-chloro-2-fluoro-5-methallyloxyphenyl)-4,5,6,7-tetrahydro-2H-indazole (compound 2) A mixture of compound 1 (3.0 g, 10 mmol), methallyl chloride (1.2 g, 13.3 mmol), potassium carbonate (1.8 g, 13 mmol) and potassium iodide (catalytic) in acetone (30 ml) was refluxed for 12 h. After cooling, the precipitates were filtered off and the solvent was evaporated from the filtrate. The crude product was purified by silica gel column chromatography (ethyl acetate + hexane, 1 + 3 by volume) to give compound 2 as an oil (3.1 g, 88%); 1 H NMR (deuterochloroform): δ 7.28 (1H, d, J = 9.2 Hz), 6.98 (1H, d, J = 6.5 Hz), 5.14 (1H, m), 5.01 (1H, m), 4.47 (2H, brs), 2.70 (2H, m), 2.50 (2H, m), 1.85–1.71 (4H, m), 1.84 (3H, s); MS m/z (relative intensity): 356 (14.5), 355 (7.0), 354 (22.4), 319 (7.2), 299 (3.2), 273 (2.7), 265 (2.2), 198 (4.1), 163 (7.9), 157 (9.4), 55 (100). 2.1.2 3-Chloro-2-[4-chloro-2-fluoro-5-{(3-phenyl-5methylisoxazolin-5-yl)-methoxy} phenyl]-4,5,6,7tetrahydro-2H-indazole (compound 3a) To a stirred solution of compound 2 (0.3 g, 0.84 mmol) and triethylamine (0.1 g, 1.0 mmol) in dichloromethane (50 ml) was added benzohydroximoyl chloride (0.16 g, 0.94 mmol) in dichloromethane (50 ml) at room temperature. The mixture was stirred at room temperature for 12 h. After addition of water, the organic layer was extracted with dichloromethane



2.2 Herbicidal activity and selectivity 2.2.1 Screening under greenhouse conditions Two rice seedlings at 2.5-leaf stage were transplanted at 2 cm depth in a pot (surface area: 140 cm2 ) filled with muddy loam soil (clay: 14%, total carbon: 1.5%, pH 5.6). Five pre-germinated rice seeds, three annual weed seeds and two perennial weed rhizomes were sown at 0.5–1.0 cm depth in the same pot. The pots were maintained under flooded conditions at 3 cm depth of water at 28–33 ◦ C (day) and 20–26 ◦ C (night) in a greenhouse. The stock solution of test compounds in acetone + water (50 + 50 by volume) was gently added to the water surface at a prescribed rate 1 day after transplanting rice seedlings (early preemergence application; +1). Three weeks after the application, the herbicidal efficacy and rice injury were evaluated on a visual rating scale of 0 (inactive or no damage) to 100 (complete kill of weed or crop). 2.2.2 Selectivity between rice and Echinochloa oryzicola under greenhouse conditions To evaluate the effect of application timing on the selectivity between rice and Echinochloa oryzicola Vasin, two rice seedlings at 2.5-leaf stage (10-dayold) were transplanted, and approximately 20 seeds of E oryzicola were sown in a single pot (140 cm2 ). Stock solutions of the test compounds were dropped into the pots 0, 2, 5 and 7 days after transplanting. Herbicidal efficacy and rice injury were evaluated four weeks after application, and final results were presented as the average of triplicates.



Figure 2. Reaction routes and conditions: i, methallyl chloride, K2 CO3 , KI, acetone, reflux; ii, R–CCl = NOH, triethylamine, CH2 Cl2 , rt.
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New 2-phenyl-4,5,6,7-tetrahydro-2H-indazole herbicides Table 1. NMR Spectra of 3-chloro-2-[4-chloro-2-fluoro-5-(3-R-5methylisoxazolin-5-yl) methoxyphenyl]-4,5,6,7-tetrahydro-2Hindazoles (3)



Compound 3a [R = Ph]



1H



NMR (CDCl3 ) : δ



7.78–7.39 (5H, m), 7.26 (1H, d, J = 9.4 Hz), 7.01 (1H, d, J = 6.3 Hz), 4.09 (1H, d, J = 9.4 Hz), 3.99 (1H, d, J = 9.4 Hz), 3.61 (1H, d, J = 16.7 Hz), 3.17 (1H, d, J = 16.7 Hz), 2.69 (2H, m), 2.49 (2H, m), 1.90–1.59 (4H, m), 1.64 (3H, s)



3b [R = Ph(2-CN)] 7.77 (2H, d, J = 8.5 Hz), 7.68 (2H, d, J = 8.5 Hz), 7.26 (1H, d, J = 9.4 Hz), 7.00 (1H, d, J = 6.5 Hz), 4.11 (1H, d, J = 9.4 Hz), 3.99 (1H, d, J = 9.4 Hz), 3.61 (1H, d, J = 16.7 Hz), 3.15 (1H, d, J = 16.7 Hz), 2.69 (2H, m), 2.49 (2H, m), 1.90–1.71 (4H, m), 1.64 (3H, s) 3c [R = Ph(4-Me)] 7.59–7.00 (6H, m), 4.07 (1H, d, J = 9.4 Hz), 3.98 (1H, d, J = 9.4 Hz), 3.56 (1H, d, J = 16.9 Hz), 3.13 (1H, d, J = 16.9 Hz), 2.70 (2H, m), 2.49 (2H, m), 2.37 (3H, s), 1.85–1.69 (4H, m), 1.61 (3H, s) 3d [R = Ph(2-F)]



3e [R = Ph(2,4-Cl2 )]



3f [R = Ph(2-NO2 )]



7.90–6.99 (6H, m), 4.10 (1H, d, J = 9.4 Hz), 3.98 (1H, d, J = 9.4 Hz), 3.69 (1H, d, J = 16.7 Hz), 3.33 (1H, d, J = 16.7 Hz), 2.70 (2H, m), 2.50 (2H, m), 1.83–1.69 (4H, m), 1.63 (3H, s) 7.74–7.45 (3H, m), 7.27 (1H, d, J = 9.2 Hz), 7.00 (1H, d, J = 6.5 Hz), 4.10 (1H, d, J = 9.4 Hz), 4.00 (1H, d, J = 9.4 Hz), 3.55 (1H, d, J = 16.7 Hz), 3.09 (1H, d, J = 16.7 Hz), 2.70 (2H, m), 2.50 (2H, m), 1.83–1.54 (4H, m), 1.64 (3H, s) 8.27 (2H, d, J = 2.0 Hz), 7.86 (2H, d, J = 2.0 Hz), 7.26 (1H, d, J = 9.2 Hz), 7.02 (1H, d, J = 6.5 Hz), 4.14 (1H, d, J = 9.4 Hz), 4.00 (1H, d, J = 9.4 Hz), 3.66 (1H, d, J = 16.5 Hz), 3.19 (1H, d, J = 16.5 Hz), 2.70 (2H, m), 2.50 (2H, m), 1.83–1.61 (4H, m), 1.66 (3H, s)



3g [R = 8.10 (1H, d, J = 2.0 Hz), 7.87 (1H, dd, Ph(4-Cl-2-NO2 )] J = 8.5, 2.0 Hz), 7.60 (1H, d, J = 8.5 Hz), 7.27 (1H, d, J = 9 Hz), 7.02 (1H, d, J = 6.5 Hz), 4.13 (1H, d, J = 9.6 Hz), 4.00 (1H, d, J = 9.6 Hz), 3.64 (1H, d, J = 16.7 Hz), 3.17 (1H, d, J = 16.7 Hz), 2.69 (2H, m), 2.50 (2H, m), 1.91–1.68 (4H, m), 1.65 (3H, s) 3h [R = CN]



7.31 (1H, d, J = 9 Hz), 6.98 (1H, d, J = 6.5 Hz), 4.12 (1H, d, J = 9.7 Hz), 3.96 (1H, d, J = 9.7 Hz), 3.51 (1H, d, J = 17.2 Hz), 2.98 (1H, d, J = 17.2 Hz), 2.70 (2H, m), 2.51 (2H, m), 1.85–1.53 (4H, m), 1.60 (3H, s)
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2.3 Field trial Field experiments were conducted in the year 2002 at the experimental field in this Institute. The soil was silty to sandy loam with a composition of 51% sand, 39% silt and 10% clay. The content of organic matter was 1.2%, and pH of the soil was 5.9. The field was rotovated and leveled under submerged conditions, and rice seedlings (3-leaf stage, cv Donjin) were transplanted with a transplanting machine to approximately 3 cm depth with 30 cm row spacing on 10 May. To evaluate the herbicidal activity, pre-germinated seeds of annual weed species were additionally sown within each plot (2.5 × 2 m2 ). The test compounds were formulated as emulsifiable concentrates (EC) of the following composition: test compound 6, N-methylpyrrole 5, surfactant HY-100SO (a mixture of sodium polyoxyethylene dodecyl sulfate, calcium dodecyl benzene sulfonate and xylene) 10 and aromatic hydrocarbon solvent, Kocosol-100, 79 g. The EC was spread uniformly on the water surface of the plot at a prescribed rate just after transplanting the rice seedlings (pre-emergence application; +0). Rice injury was estimated by visual rating on a 0–100 scale. Weed control (%) at 45 days after application was determined as the average of triplicates by the comparison of each weed species remaining in the quadrat (0.5 × 0.5 m2 ) with those in the untreated. 2.4 Toxicology Toxicology tests were performed at the Korea Institute of Toxicology (KIT) according to the OECD standard procedure. 2.4.1 Acute toxicity Acute toxicity studies were performed on mice according to the method of OECD guideline No 401.8 Fifteen specific pathogen-free (SPF) male and female mice (initiated 4.5-week-old and treated 5-week-old) of ICR strain were used in the acute toxicity test. During the course of the study, animal rooms were under 12 h light (150–300 Lux):12 h dark cycle with a temperature of 22 (±3) ◦ C, relative humidity 50 (±10)%, and 10–20 cycle h−1 of ventilation. Control and treated groups consisted of three males and three females each. The animals were fed 3–4 h before dosing with 5 ml kg−1 of a solution of 3a or 3h in dimethyl sulfoxide (Merck, Germany) by gavage with a metal gastric cannula. The compounds were tested at 313, 625, 1250, 2500 and 5000 mg AI kg−1 animal weight. The control group received 5 ml kg−1 water. The animals were observed carefully every 2 days to record toxic manifestations, and also to measure body mass and water and ration consumption. LD50 was calculated using Probit analysis.9 After the 14-day experimental period, the mice were killed. 2.4.2 In vitro chromosome aberration (CA) test10 Chinese hamster lung fibroblast (CHL) cells11 were maintained in 1000 ml of Eagle’s minimum essential 485
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medium (MEM; GIBCO BRL #41 500–034) supplemented with sodium bicarbonate 2.2 g, L-glutamine 292 mg, streptomycin sulfate 100 µg ml−1 , penicillin G·Na 105 units, fetal bovine serum (FBS, GIBCO BRL; 100 ml), and allowed to grow at 37 ◦ C in a 5% carbon dioxide–95% air humidified incubator.12 Each culture was trypsinized and suspended with 0.5 ml of 0.1% trypsin and 5 ml of culture medium. The doubling time was around 12–15 h and the modal chromosome number was 25. Cells were harvested and seeded at 2 × 104 per plate (surface area 25 cm2 ). After 72 h incubation, they were treated with compound 3a or 3h for 6 h in the presence and absence of a metabolic activation system. The metabolic activation system was provided by a mixture of S9 homogenate, isocitrate and NADP. The positive controls used were cyclophosphamide with metabolic activation and with mitomycin C without metabolic activation. For metaphase analysis, 0.2 ml of colcemid solution (0.001%, Serva) was added to the cultures (4 ml). Cells were harvested and processed further by hypotonic treatment in potassium chloride (0.0375 M) at 37 ◦ C for 5 min and fixed three times in methanol + acetic acid (3 + 1 by volume). After transfer onto glass slides, nuclei and metaphases were Giemsa (5%)-stained for analysis of CA. One hundred metaphases per culture were examined for frequency of CAs. The metaphases were screened for structural chromosome aberrations such as diploid, polyploidy and endoreduplication.13 CA rates were determined under 1000-fold magnification. Before screening all slides were coded. Statistical analysis was carried out with the SAS program14 at P < 0.05, P < 0.01 and P < 0.001. 2.4.3 Aquatic toxicity test15 Aquatic toxicity was measured by determining LC50 values for Oryzias latipes Jordan & Schneider and Daphnia magna Straus. Oryzias latipes was bred under 22–26 ◦ C and 16:8 h light:dark photoperiod, feeding everyday with brine shrimp (Golden West Artemia, USA) at forenoon and Tetramin flake (Tetra, Germany) at afternoon. Groups of seven 11-monthold O latipes were exposed to concentrations of 1.0, 1.7, 3.1, 5.6 and 10.0 mg litre−1 of the test compounds for 24, 48, 72 and 96 h. Daphnia magna was bred under 18–22 ◦ C and 16:8 h light:dark photoperiod, and fed every day with Chlorella sp with 0.1–0.2 mg of carbon per Daphnia per day. Thirty D magna successively reared for 24 h were exposed to the test compounds at



0.1, 0.17, 0.31, 0.56 or 1.0 mg litre−1 in a crystallizing dish containing 150 ml of water for 24 and 48 h. LC50 values were calculated using Probit analysis8 and highest test concentration resulting in 0% mortality, lowest test concentration resulting in 100% mortality and no-observed-effect level were also determined.



3 RESULTS 3.1 Synthesis As mentioned above, the hydroxyl group on the benzene ring of compound 1 was alkylated with methallyl chloride and then various nitrile oxides (produced in situ under reaction conditions with triethylamine from the corresponding hydroximoyl chlorides) were reacted to the methallyl double bond by 1,3-dipolar cycloaddition reactions. Aromatic nitrile oxides (hydroximoyl chlorides) gave quite good yields (60–70%) but cyanogen oxide afforded a poorer yield (ca 30%). The final products were purified by silica gel chromatography (hexane + ethyl acetate, 30 + 1 by volume) to yield colorless crystals of over 97% purity. 3.2 Herbicidal activity The modification of the substitutent at the 5position in the benzene ring of compound 1 to isoxazolinylmethoxy groups leads to a high selectivity between transplanted rice and E oryzicola as shown in Table 2. In addition to E oryzicola, Monochoria vaginalis Presl and Cyperus serotinus Rottb are sensitive to this series of compounds. However, the selectivity between directly seeded rice and E oryzicola is not enough for practical use because of unacceptable injury to direct seeded rice plants. Nevertheless, compounds 3a and 3h seemed to be worth further examination in detail in terms of the rice safety as well as weed control efficacy against E oryzicola, M vaginalis and C serotinus. As shown in Table 3, compounds 3a and 3h demonstrate potent activity against not only E oryzicola and M vaginalis but also such annual weeds as Linder¨ nia pyxidaria L, Rotala indica (Willd) Kohn, Aneilema keisak Hassk, Cyperus difformis L and Ludwigia prostrata Roxb. Compound 3h, showing a slightly higher activity than compound 3a, ‘completely’ controls these weeds at 125 g AI ha−1 , and keeps a good level of activity even at 63 g AI ha−1 . The exception is with Scirpus juncoides Roxb, which is tolerant of these compounds up to 500 g AI ha−1 . We compared the activities of



Figure 3. Structures of oxadiazon, oxadiargyl, chlorphthalim, and pentoxazone.
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New 2-phenyl-4,5,6,7-tetrahydro-2H-indazole herbicides Table 2. Herbicidal activity of compounds applied at 1 day after seeding



Weed speciesb Compound 3a



3b



3c



3d



3e



3f



3g



3h



Rate (g ha−1 )



ORYSAa (TR)



ORYSA (SE)



ECHOR



SCPJU



MOOVA



CYPSE



SAGPY



250 63 16 250 63 16 250 63 16 250 63 16 250 63 16 250 63 16 250 63 16 250 63 16



10 0 0 0 0 0 10 0 0 10 0 0 0 0 0 0 0 0 30 20 10 10 0 0



100 80 50 50 10 0 70 60 50 100 50 40 100 40 20 20 20 10 100 100 100 60 30 10



100 100 100 100 100 95 100 100 100 100 100 100 100 100 80 100 90 70 100 100 100 100 100 100



70 60 40 10 10 0 50 50 40 60 70 40 50 30 0 40 30 0 80 80 20 40 40 10



100 100 100 100 70 60 100 100 90 100 100 80 100 100 95 100 90 90 100 100 100 100 100 100



100 100 100 70 50 0 100 100 90 100 100 0 100 100 100 100 100 0 100 100 100 100 100 100



70 50 40 70 20 10 50 50 0 80 50 30 60 40 0 20 20 0 100 100 50 50 30 0



a



ORYSA (TR): transplanting 2.5-leaf-stages of rice seedlings (Oryza sativa). ORYSA (SE): directly seeded rice (Oryza sativa). ECHOR: Echinochloa oryzicola, SCPJU: Scirpus juncoides, MOOVA: Monochoria vaginalis, CYPSE: Cyperus serotinus, SAGPY: Sagittaria pygmaea. Results are evaluated 3 weeks after application by visual rating scales of 0–100.



b



Table 3. Herbicidal activity against annual paddy weeds when applied 1 day after seeding



Annual weed speciesb Compound 3a



3h



Oxadiazon



Oxadiargyl



Rate (g ha−1 )



ORYSAa



ECHOR



SCPJU



MOOVA



LIDPR



ROTIN



ANEKE



CYPDI



LUDPR



500 250 125 63 500 250 125 63 1000 500 250 125 250 125 63 31



10 10 0 0 17 10 0 0 20 10 0 0 33 10 0 0



100 100 100 100 100 100 100 93 100 100 98 87 100 100 100 90



27 7 0 0 40 3 0 0 93 57 20 20 90 53 33 0



100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100



100 100 100 100 100 100 100 100 100 100 100 97 100 100 100 100



100 100 100 83 100 100 100 97 100 100 100 93 100 100 100 100



100 100 100 87 100 100 100 97 100 80 10 0 100 100 67 0



100 100 93 57 100 100 100 90 100 100 100 87 100 100 100 100



100 100 100 83 100 100 100 90 100 100 97 77 100 100 100 97



a



ORYSA: transplanted 2.5-leaf-stage of rice seedlings (Oryza sativa). ECHOR: Echinochloa oryzicola, SCPJU: Scirpus juncoides, MOOVA: Monochoria vaginalis, LIDPY: Lindernia procumbens, ROTIN: Rotala indica, ANEKE: Aneilema keisak, CYPDI: Cyperus difformis, LUDPR: Ludwigia prostrata. Results were evaluated 4 weeks after the application by a visual rating scale of 0–100, and averaged over triplicates. b



compounds 3a and 3h with those of the widely used Protox-inhibiting herbicides oxadiazon and oxadiargyl (Fig 3). The activity profile of compounds 3a and 3h is similar to that of oxadiazon and oxadiargyl as shown in Pest Manag Sci 61:483–490 (2005)



Table 3. Scirpus juncoides is not controlled adequately by oxadiazon or oxadiargyl at 125–500 g AI ha−1 . Aneilima keisak is also tolerant at 63–25 g AI ha−1 . By comparison, at 125–250 g AI ha−1 , compounds 3a 487



IT Hwang et al Table 4. Effects of Application timing on the selectivity between transplanted rice and Echinochloa oryzicola



Application timing 0 DAS(T)a Compound



2 DAS(T)



5 DAS(T)



7 DAS(T)



Rate (g ha−1 )



ORYSAb



ECHOR



ORYSA



ECHOR



ORYSA



ECHOR



ORYSA



ECHOR



1000 250 63 16 4 1000 250 63 16 4 1000 250 63 16 4 250 63 16 4 1



30 17 10 7 0 37 17 13 3 0 40 27 7 0 0 63 57 10 0 0



100 100 100 100 70 100 100 100 100 67 100 100 100 53 0 100 100 100 70 3



13 13 7 0 0 20 17 13 3 0 30 13 0 0 0 53 30 20 0 0



100 100 100 100 97 100 100 100 97 87 100 100 100 100 93 100 100 100 97 83



17 13 3 0 0 20 17 3 0 0 30 10 3 0 0 43 30 7 0 0



100 100 100 100 73 100 100 100 98 73 100 100 100 85 0 100 100 100 95 27



20 10 3 0 0 23 17 10 0 0 33 10 10 0 0 50 30 7 0 0



93 87 67 30 0 73 75 55 50 0 100 100 90 63 0 100 100 85 50 0



3a



3h



Oxidiazon



Oxadiargyl



a



DAS(T): Days after transplanting. ORYSA: transplanted 2.5-leaf-state of rice (Oryza sativa) seedlings, ECHOR: Echinochloa oryzicola, Results are evaluated 4 weeks after the application by a visual rating scale of 0–100, and averaged over triplicates.



b



Table 5. Rice injury and weed control values in the field trials



Control (%) Treatment 3a 60 g litre−1 EC 3h 60 g litre−1 EC Oxadiazon 120 g litre−1 EC



Rate (g AI litre−1 )



Rate (ml EC litre−1 )



Rice injurya (TR)



ECHORb



Other annualsc



240 480 240 480 480 960



4000 8000 4000 8000 4000 8000



10 20 10 20 10 30



98.8 99.5 98.2 99.2 99.1 99.5



99.1 99.8 99.1 99.6 99.3 99.5



a



Rice (TR): transplanted rice at 3-leaf stage. Rice injury: 0 indicates no visible effect and 100 complete death of plants. ECHOR: Echinochloa oryzicola. c Other annuals included MOOVA: Monochoria vaginalis, LIDPY: Lindernia pyxidaria, ROTIN: Rotala indica, ANEKE: Aneilema keisak, CYPDI: Cyperus difformis, LUDPR: Ludwigia prostrata. b



and 3h seemed to be safer than oxadiargyl in terms of transplanted rice injury. Selectivity between transplanted rice and E oryzicola was examined by varying the timing of the application of the herbicides at different leaf stages as 0, 2, 5 and 7 days after transplanting. As indicated in Table 4, compounds 3a and 3h show a ‘perfect’ control of E oryzicola at rates greater than 16 g AI ha−1 with pre- to early post-emergence application (+0 to +5 DAT). The injury to rice is acceptable at rates lower than 250 g AI ha−1 . While oxadiazon and oxadiargyl give ‘perfect’ control of E oryzicola at rates greater than 63 and 16 g AI ha−1 , severe to moderate rice injury is observed at rates greater than 250 and 63 g AI ha−1 , respectively. These results indicate that compound 3a and 3h have a better safety 488



margin between rice and E oryzicola than oxadiazon and oxadiargyl. Consequently, pre- or early postemergence application at younger than one-leaf stage E oryzicola is the most effective to bring out the full herbicidal efficacy of compounds 3a and 3h. 3.3 Weed control efficacy and selectivity in field trial The herbicidal efficacy and crop injury of compounds 3a and 3h in the form of 60 g litre−1 ECs were evaluated in a submerged paddy field by preemergence application. As shown in Table 5, these compounds exhibit excellent weed control (>98%) against E oryzicola and other annual weeds at a recommended rate of 240 g AI ha−1 (4 litres formulation ha−1 ). They induced slight rice injury (20%) at Pest Manag Sci 61:483–490 (2005)
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480 g AI ha−1 , twice the recommended rate. Oxadiazon showed a similar herbicidal performance at twice the application rate of compounds 3a and 3h. They also showed an excellent weed control efficacy when treated at 2 days before transplanting in the submerged paddy field. 3.4 Toxicity The acute toxicity (LD50 ) of compounds 3a and 3h to mice was over 2500 mg kg−1 . Both compounds showed low aquatic toxicity with an LC50 of >100 mg litre−1 against O latipes. However, the LC50 values of these compounds against Daphnia magna were 1–10 mg litre−1 and 0.1 mg litre−1 , respectively. They did not show any harmful effects on the Chinese hamster lung fibroblast (CHL) cells, being negative in both the mutation and chromosome aberration tests. These results were sufficient toxicological data for pesticide registration in Korea.



from pest weeds, oxadiazon had been used for more than 20 years in Japan2 until recently, although its activity and selectivity were not necessarily outstanding when examined in the present study. The rate of oxadiazon recommended for paddy fields is quite high, 500–1000 g AI ha−1 .16 In 1997, Kaken Pharmaceutical Co in Japan launched pentoxazone (Fig 3), which was originally developed as a paddy field herbicide. The recommended rate of pentoxazone has been reported as 150–450 g AI ha−1 to selectively eradicate Echinochloa spp and M vaginalis.17 The application rate of the present tetrahydroindazole compounds, 240–480 g AI ha−1 (Table 5), is comparable with that of pentoxazone. With low environmental and mammalian toxicity, we hope that either of our compounds, 3a and 3h, can soon be developed further and commercialized as an original paddy field herbicide in Korea.
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