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ABSTRACT. A series of rotenone oxim®©-ether derivatives were synthesized and charaetriZll
compounds were tested for their insecticidal, ndt and fungicidal activities against the selecpadts and
compared with those of rotenone. The results dbbioal tests show that the rotenone oxidrether derivatives
have improved insecticidal but weak miticidal aittes againstM. eparate, N. cincticeps, T. urticae compared
with rotenone. The disustituted oxin@-ethers showed novel fungicidal activity agaifstsolani with an
inhibition of 80.7-95.2%.
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INTRODUCTION

Pesticides play an important role in our lives, owly for crop protection in agriculture, but also
for human health. However, the unrestricted use gifiliiitoxic pesticides over several decades
has resulted in the accumulation of pesticides hia soil and their dispersion into the
environment [1]. Rotenone (Figure 1) is an abundeattiral product occurring in the roots of
tropical plants belonging to theeguminosae family [2]. It has been widely used as an
insecticide, acaricide and piscicide because obitsad spectrum of toxicity, and hence has
been a valuable alternative to synthetic pestici@s4]. However, rotenone has a serious
limitation to its widespread usage due to its sutioiify towards ultraviolet rays or solar
irradiation. Owing to rotenone’s high photolabiligither breaking down or isomerizing in the
presence of sunlight will decrease its bioactivitiggler field conditions, resulting in poor
persistence in the environment and inadequate fieftbrmance [5].

Figure 1.Structure of rotenone with the atoms labeling scheseal in the spectral elucidation.
Imitating and modifying the chemistry of biologikalactive natural products is an

alternative approach for developing more efficiesmtd less toxic pesticides. Several
investigations of structure-activity relationshipgve been reported, using mainly natural

*Corresponding author. E-mail: g.cao@mail.scut.edu.cn



422 Gao Cao et al.

rotenoids and their derivatives [6-9]. The highilnitory potency of rotenone is associated with
the compounds containing the A-B-C-D-E five ringsteyn with the cis-@a 128-B/C ring
juncture, this arrangement result in an approxiipateshaped molecule with a certain angle;
Another important structural feature is that 2,3-elinoxy substitution on the ring A and a
suitable substituent on the ring E [10, 11]. Mazhfions at the B and C rings of rotenone are
permissible as long as they do not seriously affleetpreferred configuration of the B/C ring
juncture. In order to improve the biological adi®$ and photostabilization of rotenone, we
designed and synthesized a series of rotenone d@ketber derivatives using natural rotenone
as a substrate. Furthermore, all the compoundsapdp along with the parent compound
rotenone, were tested for their insecticidal, mdtitiand fungicidal activities against selected
pathogens.

RESULTS AND DISCUSSION
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Scheme 1Synthetic pathway to rotenone oxit®eether derivatives3a-3g and4a-4c).
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Compound2 was prepared by the reaction of rotenone and hythowne in ethanol
(Scheme 1) by the procedure reported previously,i@nmelting point is in agreement with the
literature value (237-239 °C) [LHurthermore, X-ray diffraction results show that gamnd2
exists in the form oE-isomer with the isopropenyl group in an equatgoiasition [13]. In the
process of preparing, the phase transfer catalyst plays an importalet iro improving the
yields and shortening the reaction time. CompouBdsS3g were prepared in an alkaline
medium, and the addition of potassium iodide acetdd the reactions via the halogen-
exchange. Table 1 summarized the time of reactigiek], and melting point o8a-3g, 4a-4c
derivatives.

Table 2 shows the insecticidal and miticidal adgggtof rotenone and the oxin@ethers
against the selected insediythimna separata (M. separate), Nephotettix cincticeps (N.
cincticeps), Aphis fabae (A. fabae) and miteTetranychus urticae (T. urticae). Generally, most of
the rotenone oxim®-ether derivatives exhibited insecticidal and niitéd activities againsil.
eparate, N. cincticeps andT. urticae, comparable to the parent compound rotenone niviable
that all compounds, including rotenone, have nedtisidal activity againsh. fabae. Of the
test compounds, compoundis and4c are the most active.

Table 1.Reaction time, yield and m.p. data in synthesi®tdnone oxim&-ethers.

Product thi;??r?)n Yield (%) M.p. (°C)
3a 36 73.0 226228
3b 10 68.8 178-180
3c 20 75.1 101-193
3d 10 71.9 188-190
3e 12 41.0 > 260
3 12 57.3 165-167
3g 13 60.0 100-192
4a 23 55.6 > 260
4b 25 445 > 260
4c 25 54.2 > 260

Table 2.Insecticidal and miticidal activities of rotenondrne O-ether derivatives.

Compound Mortality (%)
M. separata N. cincticeps T. urticae A. fabae
Rotenone 43.2 215 20.3 0
3a 35.2 254 13.3 0
3b 40.8 30.5 14.2 0
3c 34.6 23.5 12.9 0
3d 5.0 4.8 32.6 0
3e 31.5 18.4 16.7 0
3f 30.4 20.5 15.6 0
3g 45.3 19.0 15.2 0
4a 46.7 22.7 27.1 0
4b 42.1 214 20.8 0
4c 43.5 22.1 30.2 0

For the structure-activity relationship analysisgnpounds3a-3g and4a-4c were defined as
monosubstituted derivatives and disubstituted dékigs respectively. Comparing the
bioactivities of the monosubstituted derivativ8a-8g), it was found that suitable substituents
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on the phenyl group are so important that a hufferdhce has been observed. For exangge,
and 3f have moderate antifungal activity agaif$tizoctonia solani (R. solani), but 3g lost
antifungal activity completely (Table 3). The oxin@eethers, in which R is a disubstituted
group, showed a higher activity than those in whids B monosubstituted group. For example,
4a, 4b and4c have patrticularly excellent fungicidal activity agst R. solani, with an inhibition
rate of 80.7-95.2%, while the monosubstituted oxatieers3a, 3c, 3g and rotenone have nearly
no inhibition effect on any fungicidal activity. Ehinformation can be useful for designing new
macrocyclic fungicides. From the different inhibiti effects ofda, 4b and 4c, the fungicidal
activity of disubstituted oxime ethers is also elgsassociated with R on the bridged chain. In
addition, the results show that the introductiornhef thiazole ring3d) provides little help but

is actually harmful in terms of improving the bitigity. Further studies on the biological
activity and structure-activity relationships ofstlseries of compounds are in progress.

Table 3. Fungicidal activity of the test compouadsinst the selected pathogen species (500 mg/L).

Compound Inhibition (%)
G.zeae | P.capsici | P.oryzae | B.cinerea | R solani | S sclerotiorum | E. graminis
Rotenone 0 0 2.9 0 0 0 10.0
3a 0 0 0 0 0 0 0
3b 6.8 55.1 254 0 40.1 0 10.0
3c 0 394 5.6 0 0 0 0
3d 0 0 7.1 0 8.5 0 0
3e 3.4 0 0 0 60.2 7.5 0
3f 6.4 0 0 0 60.5 5.6 0
39 2.6 0 3.1 0 0 1.2 0
4a 0 7.8 6.0 9.1 90.6 9.3 0
4b 0 0 0 6.4 95.2 3.7 0
4c 0 3.5 6.2 3.1 80.7 5.4 0

CONCLUSIONS

The molecular design, synthesis, insecticidal, aitiil and fungicidal activities of a series of
rotenone oximed-ether derivatives have been demonstrated. Som@aamds were found to
display higher insecticidal and miticidal activi@gainstM. separata, N. cincticeps and T.
urticae than rotenone. Derivativesa, 4b and4c not only showed general insecticidal activity
but also have a novel fungicidal activity, espeeighinstR. solani at a dosage of 500 mg/L.
These derivatives were identified as being the npostising candidates for further study.
Further structural optimization and fungicidal sities studies on these rotenoid analogues are
ongoing in our laboratories.

EXPERIMENTAL
General

Rotenone (purity = 95-98%) was purchased from Sigwdgich (Steinheim, Germany). Other
reagents were analytical grade. Melting points westerthined using a RY-1 melting point
apparatus and were given uncorrected. Infrared speatre recorded on an Avatar-360FT
infrared spectrometer using potassium bromide di$¢sNMR spectra were recorded on a
Bruker Avance-400 superconductor nuclear magnesiorr@nce instrument, with chemical shift
(8) values reported in ppm relative to tetramethagtedl (TMS) as an internal standard. Elemental
analysis was performed with an Elemental Vario EL agtpa.
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Synthetic procedures for compound 3a-3g, 4a-4¢

A solution of chloroalkane (RCI or R£I10.01 mol) in anhydrous pyridine (5 mL) was added
dropwise to a stirred solution of compou&@.01 mol, 0.02 mol foda-4c) in acetone (20 mL)

at room temperature (20 °C). Then the mixture wasedtand heated to reflux. All reactions
were performed under an atmosphere of nitrogen. Afierreaction finished, the reaction
mixture was concentrated. The residual solution wasigd by column chromatography (2x22
inch silica column) using petroleum ether and ettodtate (3:1 by volume) as eluent. The main
peak was concentrated to aff@at3g, 4a-4c.

Characterization data of the rotenone oxime O-ether derivatives

Compound 3a. Orange solid*H NMR (CDCk, 400 MHz)8: 1.75 (s, 3H, 8'-Ch), 2.91 (ddJ =
8.0 Hz,J = 16.0 Hz, 1H, 4'-H), 3.27 (dd] = 10.0 Hz,J = 16.0 Hz, 1H, 4’-H), 3.50 (s, 3H,
OCHy), 3.78 (s, 3H, OCH), 4.21 (d,J = 12.0 Hz, 1H, 6-H), 4.48 (1] = 2.8 Hz, 1H, 12a-H),
4.55 (dd,J = 12.0 Hz,J = 2.4 Hz, 1H, 6-H), 4.80 (dl = 2.4 Hz, 1H, 6a-H), 4.90 (s, 1H, 7'-H),
5.06 (s, 1H, 7’-H), 5.14 () = 8.8 Hz, 1H, 5'-H), 5.28 (ddJ = 12.0 Hz,J = 12.0 Hz, 2H,
NOCH,), 6.39 (s, 1H, 4-H), 6.44 (dl = 8.4 Hz, 1H, 10-H), 6.77 (s, 1H, 1-H), 7.38 (m, 3H,
Ce¢Hs 3,4,5-H), 7.47 (dJ) = 6.4 Hz, 2H, @H52,6-H), 7.79 (dJ = 8.4 Hz, 1H, 11-H). Anal. calcd
for CyoH2NOg: C, 72.13%, H, 5.85%, N, 2.80%. Found: C, 71.80%5H49%, N, 2.80%. IR
(KBr) vicmi™: 3062, 2929, 2982, 2852, 1620, 1509, 1198, 741.

Compound 3b. White solid.*H NMR (CDCk, 400 MHz)8: 1.75 (s, 3H, 8'-Ch), 2.91 (dd,J =
8.0 Hz,J = 16.0 Hz, 1H, 4’-H), 3.27 (dd] = 9.6 Hz,J = 16.0 Hz, 1H, 4-H), 3.50 (s, 3H,
OCHy), 3.78 (s, 3H, OCH), 4.21 (d,J = 12.0 Hz, 1H, 6-H), 4.49 (d, = 2.4 Hz, 1H, 12a-H),
4.57 (dd,J = 12.0 Hz,J = 2.4 Hz, 1H, 6-H), 4.79 (d} = 3.2 Hz, 1H, 6a-H), 4.90 (s, 1H, 7"-H),
5.06 (s, 1H, 7™-H), 5.15 (i = 9.2 Hz, 1H, 5"-H ), 5.20~5.33 (m, 3H, =GHDCH; ), 5.75 (d,J

= 17.6 Hz, 1H, =Ch), 6.39 (s, 1H, 4-H), 6.45 (m, 2H, 1-H, 10-H), 6.71 (d&; 10.8 Hz,J =
21.6 Hz, =CH), 7.42 (¢] = 8.0 Hz, 4H, GH,), 7.79 (d,J = 8.8 Hz, 1H, 11-H). Anal. calcd for
CaHaiNOg: C, 73.13%, H, 5.94%, N, 2.66%. Found: C, 73.65%65.83%, N, 2.58%. IR (KBr)
vicmi™: 3081, 3063, 2976, 2935, 2877, 2853, 1620, 151381900, 742.

Compound 3c. White solid."H NMR (CDCk, 400 MHz)&: 1.75 (s, 3H, 8'-CH), 2.91 (dd,J =
8.0 Hz,J = 16.0 Hz, 1H, 4'-H), 3.27 (dd] = 10.0 Hz,J = 16.0 Hz, 1H, 4'-H), 3.58 (s, 3H,
OCHy), 3.79 (s, 3H, OCH), 4.23 (d,J = 12.0 Hz, 1H, 6-H), 4.49 (s, 1H, 12a-H), 4.58 ¢
12.0 Hz, 1H, 6H), 4.74 (s, 1H, 6a-H), 4.90 (s, 1H, 7’505 (s, 1H, 7’-H), 5.15 (1] = 8.8 Hz,
1H, 5'-H), 5.26 (s, 2H, OC}), 6.39 (s, 1H, 4-H), 6.41 (s, 1H, 1-H), 6.44 Jd&; 8.8 Hz, 1H, 10-
H), 7.37 (d,J = 8.0 Hz, 1H, GHsN 5-H), 7.72 (dJ = 8.8 Hz, 1H, 11-H), 7.82 (d, = 8.0 Hz,
1H, GHsN 4-H), 8.52 (s, 1H, €HsN 2-H). Anal. calcd for GyH,/N,CIOg: C, 65.11%, H,
5.09%, N, 5.24%. Found: C, 64.92%, H, 5.21%, N, 5.28%(KBr) vicm: 3063, 2963, 2930,
2879, 2856, 1780, 1621, 1514, 1199, 739.

Compound 3d. White solid.'H NMR (CDCl, 400 MHz)3: 1.76 (s, 3H, Ch), 2.89-2.95 (m,
1H, 4'-CH,), 3.25-3.32 (m, 1H, 4'-C}), 3.47 (s, 3H, OC}}, 3.78 (s, 3H, OCH), 4.22 (d,J =

12.0 Hz, 1H, 6-H), 4.51 (bs, 1H, 12a-H), 4.59 (@, 3.0 Hz,J = 12.0 Hz, 1H, 6-H), 4.72 (d,

= 3.0 Hz, 1H, 6a-H), 4.91 (s, 1H, 7’-H), 5.06 (s, T*H), 5.15 (t, 1H,J = 8.4 Hz, 5'-H), 5.33
(s, 2H, OCH), 6.31 (s, 1H, thiazole ring H), 6.40 (s, 1H, 4-6)%0 (d,J = 8.4 Hz, 1H, 10-H),
7.56 (s, 1H, 1-H), 7.80 (dl = 8.4 Hz, 1H, 11-H). Anal. calcd for,g1,,CIN,OgS: C, 60.59%,
H, 4.90%, N, 5.05%. Found: C, 60.72%, H, 5.02%, N, %96 (KBr) viem': 3016, 2971,
2936, 2876, 2850, 1617, 1485, 1201, 982, 738.
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Compound 3e. White solid.*H NMR (CDCl, 400 MHz)3: 1.75 (s, 3H, 8-CH), 2.92 (ddJ =
8.0 Hz,J = 16.0 Hz, 1H, 4'-H), 3.28 (dd] = 9.6 Hz,J = 16.0 Hz, 1H, 4’-H), 3.52 (s, 3H,
OCH;), 3.78 (s, 3H, OCH), 4.23 (d,J = 12.0 Hz, 1H, 6-H), 4.50 (d, = 2.8 Hz, 1H, 12a-H),
4.58 (dd, 1HJ = 2.4 Hz,J = 12.4 Hz, CHCI), 4.64 (s, 2H, 6H, C}Cl), 4.81 (dJ = 3.2 Hz, 1H,
6a-H), 4.90 (s, 1H, 7’-H), 5.06 (s, 1H, 7’-H), 5.15J% 8.8 Hz, 1H, 5'-H ), 5.23 (d] = 12.4
Hz, 1H, NOCH), 5.32 (dJ = 12.4 Hz, 1H, NOC}), 6.40 (s, 1H, 4-H), 6.45 (d,= 8.8 Hz, 1H,
10-H), 6.48 (s, 1H, 1-H), 7.46~7.58 (m, 8H;HXCsH,), 7.80 (d,J = 8.8 Hz, 1H, 11-H). Anal.
calcd for G;H3,CINOg: C, 71.20%, H, 5.49%, N, 2.24%. Found: C, 71.31%5H5%, N,
2.32%. IR (KBr)v/cm'lz 3017, 2975, 2938, 2912, 2852, 1675, 1620, 151971780, 731.

Compound 3f. White solid."H NMR (CDCk, 400 MHz)3: 1.75 (s, 3H, 8'-Ch), 2.91 (ddJ =

8.0 Hz,J = 16.0 Hz, 1H, 4'-H), 3.27 (dd] = 9.6 Hz,J = 16.0 Hz, 1H, 4’-H), 3.52 (s, 3H,
OCHy), 3.78 (s, 3H, OCH), 4.22 (d,J = 12.0 Hz, 1H, 6-H), 4.49 (d, = 2.4 Hz, 1H, 12a-H),
4.58 (m, 3H, 6-H, ¢H,CH.CI), 4.78 (d,J = 3.6 Hz, 1H, 6a-H), 4.90 (s, 1H, 7’-H), 5.06 (s, 1H,
7'-H), 5.15 (t,J = 8.8 Hz, 1H, 5'-H ), 5.23 (d] = 12.0 Hz, 1H, NOCH}, 5.32 (d,J = 12.0 Hz,
1H, NOCH), 6.40 (s, 1H, 4-H), 6.45 (s, 1H, 1-H), 6.45 Jds 8.4 Hz, 1H, 10-H), 7.39 (d,=

8.0 Hz, 2H, GH, 2-H, G;H,6-H), 7.48 (d,J = 8.0 Hz, 2H, @H,3-H, G H,;5-H), 7.79 (dJ =

8.4 Hz, 1H, 11-H). Anal. calcd fors@H;CINOg: C, 67.94%, H, 5.52%, N, 2.56%. Found: C,
67.90%, H, 5.63%, N, 2.59%. IR (KBr)cm: 3062, 2965, 2933, 2878, 2855, 1777, 1619,
1513, 1199, 776, 738.

Compound 3g. White solid."H NMR (CDCk, 400 MHz)3: 1.75 (s, 3H, 8'-CH), 2.25 (s, 6H,
2xCH), 2.41 (s, 3H, Ch), 2.91 (ddJ = 8.4 Hz,J = 16.0 Hz, 1H, 4'-H), 3.27 (dd, = 10.0 Hz,
J=16.0 Hz, 1H, 4'-H), 3.55 (s, 3H, OGK13.78 (s, 3H, OC}}, 4.20 (dJ = 12.0 Hz, 1H, 6-H),
4.48 (t,J = 2.4 Hz, 1H, 12a-H), 4.56 (dd~= 2.0 Hz,J = 12.0 Hz, 1H, 6-H), 4.78 (m, 3H, 6a-H,
CH,CI), 4.90 (s, 1H, 7’-H), 5.05 (s, 1H, 7'-H), 5.14 Jt= 8.8 Hz, 1H, 5"-H ), 5.33 (d] = 11.6
Hz, 1H, NOCH), 5.40 (d,J = 11.6 Hz, 1H, NOCH), 6.39 (s, 1H, 4-H), 6.42 (s, 1H, 1-H), 6.45
(d,J =8.8 Hz, 1H, 10-H), 7.18 (s, 3H4l€, 3-H), 7.25 (dJ = 10.8 Hz, 1H, ¢H,6-H), 7.75 (d,

J = 8.8 Hz, 1H, 11-H). Anal. calcd fors;,CINOg: C, 68.80%, H, 5.95%, N, 2.43%. Found:
C, 68.63%, H, 6.03%, N, 2.40%. IR (KBrjcm™ 3082, 2974, 2966, 2937, 2835, 1619, 1507,
1184, 964, 743.

Compound 4a. n(2):n(RCL) = 2:1, white solid!H NMR (CDChk, 400 MHz)&: 1.75 (s, 6H,
2x8'-CHg), 2.91 (ddJ = 8.0 Hz,J = 16.0 Hz, 2H, 2x4’-H), 3.27 (dd,= 9.6 Hz,J = 16.0 Hz,
2H, 2x4’-H), 3.57 (s, 6H, 2xOC§)j 3.78 (s, 6H, 2x0OCH¥), 4.22 (d,J = 12.0 Hz, 2H, 2x6-H),
4.49 (d,J = 2.4 Hz, 2H, 2x12a-H), 4.57 (dd= 2.4 Hz,J =12.0 Hz, 2H, 2x6-H), 4.78 (d,=

3.2 Hz, 2H, 2x6a-H), 4.90 (s, 2H, 2x7'-H), 5.05 (s, 2M72H), 5.15 (t,J = 8.8 Hz, 2H, 2x5'-
H), 5.25 (d,J = 12.0 Hz, 2H, 2xOCk+H), 5.30 (d,J = 12.0 Hz, 1H, 2xOCk+H), 6.40 (s, 2H,
2x4-H), 6.45 (d,) = 8.4 Hz, 2H, 2x10-H), 6.50 (s, 2H, 2x1-H), 7.45 (s, 2MCH,-H), 7.78 (d,
J=8.4 Hz, 2H, 2x11-H). Anal. calcd forEls,N,O,,: C, 70.42%, H, 5.69%, N, 3.04%. Found:
C, 70.23%, H, 5.64%, N, 2.99%. IR (KBr))cm'l: 3061, 3017, 2929, 2983, 2870, 1675, 1620,
1510, 1201, 1092, 982, 740.

Compound 4b. n(2):n(RCL) = 2:1, white solid*H NMR (CDCk, 400 MHz)&: 1.76 (s, 6H,
2x8'-CHg), 2.92 (ddJ = 8.0 Hz,J = 16.0 Hz, 2H, 2x4’-H), 3.24 (dd,= 9.6 Hz,J = 16.0 Hz,
2H, 2x4'-H), 3.52 (s, 6H, 2xOCHi 3.78 (s, 6H, 2xOC}h), 4.22 (d,J = 12.0 Hz, 2H, 2x6-H),
4.51 (s, 2H, 2x12a-H), 4.58 (dd, 287 2.4 Hz,J = 12.0 Hz, 2x6-H), 4.82 (d, = 2.8 Hz, 2H,
2x6a-H), 4.90 (s, 2H, 2x7'-H), 5.06 (s, 2H, 2x7'-H), %, J = 8.8 Hz, 2H, 2x5’-H ), 5.28 (d,
J=12.0 Hz, 2H, OCH, 5.36 (dJ = 12.0 Hz, 2H, OCH), 6.40 (s, 2H, 2x4-H), 6.45 (d,= 8.4
Hz, 2H, 2x10-H), 6.49 (s, 2H, 2x1-H), 7.58 (m, 8H, 21¢},7.81 (d,J = 8.4 Hz, 2H, 11-H).
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Anal. calcd for GyHsgN,O40: C, 72.27%, H, 5.66%, N, 2.81%. Found: C, 73.05%5.62%, N,
2.72%. IR (KBr)v/cm'lz 3018, 2972, 2935, 2912, 2860, 1677, 1621, 152321780, 741.

Compound 4c. n(2):n(RCh) = 2:1, white solid*H NMR (CDCk, 400 MHz)&: 1.75 (s, 6H,
2x8'-CH;), 2.41 (s, 6H, Ch), 2.90 (ddJ = 8.4 Hz,J = 16.0 Hz, 2H, 2x4'-H), 3.25 (dd,= 9.6
Hz,J = 16.0 Hz, 2H, 2x4'-H), 3.58 (s, 6H, 2x0gH3.78 (s, 6H, 2xOC}), 4.22 (d,J = 12.0
Hz, 2H, 2x6-H), 4.46 (s, 2H, 2x12a-H), 4.52 (dd, 2K, 2.0 Hz,J = 12.0 Hz, 2x6-H), 4.70 (d,
J = 2.4 Hz, 2H, 2x6a-H), 4.90 (s, 2H, 2x7'-H), 5.05 (8, 2x7'-H), 5.14 (t,J = 8.8 Hz, 2H,
2x5’-H ), 5.23 (d,J = 10.8 Hz, 2H, OC}), 5.32 (d,J = 10.8 Hz, 2H, OCH), 6.36 (s, 2H, 2x4-
H), 6.44 (s, 2H, 2x1-H), 6.38 (d,= 8.8 Hz, 2H, 2x10-H), 7.03 (s, 1H¢K,5"-H), 7.43 (s, 1H,
Ce¢H42"-H), 7.79 (dJ = 8.8 Hz, 1H, 11-H). Anal. calcd forsgs¢N,O1,: C, 70.87%, H, 5.95%,
N, 2.95%. Found: C, 70.72%, H, 5.89%, N, 2.92%. IR iBcm™: 3085, 2962, 2937, 2835,
1676, 1513, 1415, 1260, 1324, 1173, 910, 743.

Bioassay of insecticidal activity

Test pathogens: Stock colonies of rice green IggfboN. cincticeps, bean aphid\. fabae, two-
spot red miteT. urticae and oriental armywornVl. separata were reared in a conditioned room
maintained at 25+5 °C, 651+5% relative humidity &112 hour light:dark photoperiod [14].
Stock solutions of each test compound were preparadetone at a concentration of 1.000 g/L,
and then diluted to the required test concentratfon use with water containing an appropriate
amount of Tween-80.

Insecticidal activity against M. separata

Potter-spraying was used to measure the insectieid@lity of test compounds againit.
separata. Fifty third-instarM. separata and five corn fragments were placed in a Petri disth
sprayed with test solutions (500 mg/L) using a Pafrayer [15]. After air drying, they were
kept in a room for normal cultivation. After 24 heuthe number of live and dead insects was
recorded. The test was run three times, and thé{sesere averaged.

Insecticidal and miticidal activities against N. cincticeps, A. fabae and T. urticae

To measure the activities of test compounds ag&insincticeps, A. fabae andT. urticae, a
leaf-dipping method was introduced. Rice seedlirsgednd semester) were dipped in the test
solution (500 mg/L) for 5 seconds, air-dried andntiplaced in a large test tube. Each test tube
contained 20 seedlings. Twenty leafthoppers (thistiainlymph) were introduced into the tube,
and the mouth of the tube was covered with white dweth. The tube was kept at room
temperature, and the number of live and dead isssEminted after 24 hours. The test was run
three times, and the results were averaged. Thalitpias determined by the number of live
and dead insects as follows:

M :&xmo%

NO

in which M is the mortality, Nis the total number of live insects for the tesid N, is the
average number of dead insects.

Bioassay of fungicidal activity

Fungicidal activity of the title compounds agaiitGibberella zeae (G. zeae), Phytophthora
capsici (P. capsici), Pyricularia oryzae (P. oryzae), Botrytis cinerea (B. cinerea), Sclerotinia
sclerotiorum (S. sclerotiorum), Rhizoctonia solani (R. solani) and Erysiphe graminis (E.
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graminis) were evaluated using the mycelium growth rate [}t The appropriate amount of
test compounds was weighed accurately, dissolvethénatetone and then diluted into 500
mg/L. The culture media, with a known concentratiéithe test compounds, were obtained by
mixing the solution of test compounds acetone with potato dextrose agar (PDA), on which
fungus cakes were placed. The blank test was madg asetone. The culture was grown at
2515 °C, 6515% relative humidity and 12:12 houthtigark photoperiod for 72 hours. Three
replicates were performed. After the mycelia grew detafy, the diameter of the mycelia was
measured and the inhibition rate calculated acogrth the formula:

D, - D,
| =—=—2x100%
D

1

In which1 is the inhibition rateD, is the average diameter of mycelia in the blask mdﬁo
is the average diameter of mycelia in the preseftiee test compounds.
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