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Insecticidal Benzoylphenylurea-S-Carbamate: A New
Propesticide with Two Effects of Both Benzoylphenylureas and
Carbamates
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New propesticides with two effects of both benzoylphenylureas and carbamates were designed and
synthesized by the key intermediate N-chlorosulfenyl-N-methylcarbamate, which was prepared for
the first time. These benzoylphenylurea-S-carbamates were identified by 'H NMR spectroscopy and
elemental analyses. The bioactivities of the new compounds were evaluated. These benzoylpheny-
lurea-S-carbamates exhibited excellent larvicidal activities against Oriental armyworm, some of which
were good as compared to the parent benzoylphenylureas. Toxicity assays indicated that these
benzoylphenylurea-S-carbamates had knockdown activities of carbamates at higher concentrations
and insect growth regulator activities of benzoylphenylureas at lower concentrations. We found that
the title compounds exhibited good systemic larvicidal activities against Oriental armyworm, which
were especially advantageous when combating sucking pests. Some of these title compounds can
kill aphids and mosquitoes as well.
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INTRODUCTION of these BPU derivatives were improved at the same tife (
It would be desirable to combine the insecticidal activity of BPU
and carbamate into a single pesticidal compound and suffer
shortcomings in their ancillary properties.

This paper is concerned with the synthesis and toxicological

Benzoylphenylureas (BPUs), discovered in the 1970s, are
known well as commercial chitin formation inhibitors. In
contrast to traditional pesticides, BPU and its derivatives mainly
control the growth and development process of insects by ! )
interfering with chitin biosynthesis and breedirg-@). Con- propertles of a series of BPU-S-carbamates of.general stru.ct.ures
sequently, the toxicity of BPUs to vertebrates and environmental ! - Which are a novel class of compounds having the pesticidal
impact is very low and a high insecticidal selectivity is achieved. Properties of both the BPU and the carbamate.

However, BPUs do not have systemic propertids As a

consequence, BPUs cannot effectively control sucking pests suctEXPERIMENTAL PROCEDURES

as aphids and hidden feeders such as bollworms, budworms, hstruments. The title compounds were synthesized under a nitrogen
and stem borers. atmosphere. Proton NMR spectra were obtained at 300 MHz using a

Carbamates have excellent insecticidal activities against aBruker AC-P300 spectrometer in CQGblution with tetramethylsilane
broad spectrum of insects. They possess knocking-down, fast-as the internal standard. Chemical shift valugswiere given in ppm.
killing, and systemic effects. However, they are toxic to Elemental analyses were determined on a Yanaca CHN Corder MT-3
possess improved ovicidal and acarcidal activities and are lessuSing the El method. The melting points were determined on an X-4
toxic to mice than the methylcarbamatBs (Many biscarbamoyl ~ Pinocular microscope melting point apparatus (Beijing Tech Instruments

. o ) - Co., Beijing, China) and were uncorrected. Yields were not optimized.
sulfide derivatives of methylcarbamate insecticides have also . .

. . o .. General Synthesis.Solvents were dried by standard methods and

been reported to retain the good |nsec_:t|C|daI act|V|t_y of the par(?ntdistilled prior to use. 2-Chlorobenzoyl, 2,6-dichlorobenzoyl, and 2,6-
methylcarbamate but were substantially less toxic to the white yiqyropenzoyl isocyanates were synthesized by the method of the
mouse €). We have also reported that the BPUs substituted by jiterature ). Sulfur dichloride was prepared by the reaction of sulfur
N-alkyl carbamylosulfenyl could retain the insecticidal activity monochloride with chlorined). Pyridine was distilled over sodium
of the parent BPUs and that the solubility and hydrophobicity hydroxide pellets and kept dry by storing over the same reagent.
General Synthetic Procedure for h-10. To a stirred solution of

*To whom correspondence should be addressed. FeB6(0)22- sulfur dichloride (0.01 mol) in dichloromethane (15 mL) was added
23499842. Fax:+86(0)22-23499842. E-mail: wang98h@263.net. dropwise a solution of N-methylcarbamate (0.01 mol) and pyridine
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Table 1. Melting Points and Yields of Compounds I;—3o
R1
| = I
SO 1-10
1l
H;C-N—-C-0-R
compd. R R m.p. (°C) yield (%)
—N=c2CHs 4-CF, 133-134 31.0
I N=Csch ’ '
CH
I —N=C(SCi|3 4-Cl 136-138 479
_CH
I —N=C\Sci|3 4-F 117-118 2338
—N= /CHS
I N=Clch, 4-CN 165-168 29.1
— = ~CH3
Is N=Clep,  3-CEr4-Cl 131133 297
—_—N— /CH3
Is N=C3gch, 4-OCF; 80-82 513
CH
I —N=C(SC,3_|3 4-Br 121-122 362
_ _CH;
Is _N_C\SCH3 3-Br-4-CF; 143-145 431
(CHa)2
—N=C . -
I H—<SCH3 4-OCF; 66-68 312
Tio < 2 4-CF,
CHs

(0.011 mol) in dichloromethane (5 mL) afG. The mixture was stirred

at 0°C for 30 min. Then, the reaction mixture was added dropwise to
a solution of substituted aniline (10 mmol) and pyridine in dichlo-
romethane (20 mL). Then, the resulting mixture was concentrated under
reduced pressure and extracted with ethyl ether. The organic phase wa

washed with saturated brine, dried over anhydrous sodium sulfate, and

filtered. After the solvent was removed under reduced pressure, the
residue was purified by column chromatography on a silica gel using
a mixture of petroleum ether (6@®0 °C) and ethyl acetate as the eluent
to give l;—9 as white crystals. The melting points and yields of
compoundd ;g are listed inTable 1. Compound 1o was not purified

and used for further operations.

General Synthetic Procedure for lla—v. A solution of substitut-
edbenzoyl isocyanate (2 mmol) in dichloromethane (10 mL) was added
dropwise to a solution dfi—10 (2 mmol) in dichloromethane (5 mL) at
room temperature. The reaction was monitored by thin-layer chroma-
tography. After the reaction was completed, the solvent was evaporate
off under reduced pressure, and the residue was recrystallized from
ethyl ether. The melting points, yields, and elemental analyses of
compoundslla—v are listed inTable 2 The'H NMR analyses of
compounddla —v are listed inTable 3.

Biological Assay.All bioassays were performed on representative
test organisms reared in the laboratory. The bioassay was repeated

25+ 1 °C according to statistical requirements. Assessments were made

on a dead/alive basis, and mortality rates were corrected using Abbott's
formula (L0). Evaluations are based on a percentage scale-&00 in
which 0= no activity and 100= total Kill.

Larvicidal Activity against Oriental Armyworm. The larvicidal
activities of the title compound$a —v and the parent compounds were
evaluated using a previously reported procedidrd {). The larvicidal

Chen et al.
Scheme 1
9 n S R
SCl + HyC—HN-C-0-R —» CIS-N-C-0—R  nN~{y
CHs
2 o] o] R’
7\ R RN I\
HT_@w rconco (/7NN
o I — e
HaC-N-C—-0-R H,C—N g._o_R

lay

activity was tested against Oriental armyworktythimna(=Pseuda-
letia) separata(Walker)] by foliar application. For the foliar armyworm
tests, individual corn leaves were placed on moistened pieces of filter
paper in Petri dishes. The leaves were then sprayed with the test solution
and allowed to dry. The dishes were infested with 10 fourth-instar
armyworm larvae. Each treatment was replicated three times. Percentage
mortalities were evaluated 4 days after treatment. For comparative
purposes, the parent compounds, penfluron, diflubenzuron, triflumuron,
N-2,6-diflurobenzoyl-N-4-trifluromethoxylphenylurea (diftrifmeouron),
N-2-chlorobenzoyl-N4-trifluromethylphenylurea (chlotrifmeuron), and
methomyl, were tested under the same conditions. Penfluron, difluben-
zuron, triflumuron, and methomyl are commercial insecticides.

Systemic Larvicidal Activities against Oriental Armyworm. The
systemic larvicidal activities of the title compountdb, IIf , Ili, and
Il and the parent compounds were evaluated using a previously
reported procedurel). The systemic larvicidal activity was tested
against Oriental armywornM. (=Pseudaletigseparata(\Walker)] by
plant-irrigating application. Each test compound was prepared to
terminal concentrations of 100, 25, 10, and 5 md by adding distilled
water with a little emulsifier 2201. For each dose, 100 mL of the test
solution was irrigated at the root of a corn plant in a pot. After irrigation
for 24 h, individual corn leaves were cut and placed on Petri dishes.
The dishes were infested with 10 fourth-instar armyworm larvae. After
feeding for 24 h, fresh corn leaves were added to the dishes. Each
treatment was replicated four times. Percentage mortalities were
evaluated 4 days after treatment. For comparative purposes, the parent
compounds, diflubenzuron, diftrifmeouron, chlotrifmeuron, and meth-
omyl, were tested under the same conditions.

Insecticidal Activity against Aphis. The insecticidal activities of
the title compound#lb andlIf and the parent compounds methomyl
were tested again#phis laburniKaltenbach by foliar application.
About 60 aphids were transferred to the shoot wittb3resh leaves

gf horsebean. The shoot with aphids was cut and dipped into the solution

of 200ug/mL of test compound for 2 s, after removing extra solutions

on the leaf; the aphids were raised in the shoot at-26°C and 85%

relative humidity for 16 h. Each experiment for one compound was

triplicated. The revised death rate was calculated by Abbott’s formula.
Larvicidal Activity against Mosquito. The larvicidal activity of

the title compoundlf against mosquito was tested. The title compound

IIf was prepared to a terminal concentration of 5 mgthy dissolving

IIf in acetone and adding distilled water. Ten fourth-instar mosquito

larvae were put into the 10 mL of the test solution and raised for 8

days; the results were expressed by death percentage.

gRESULTS AND DISCUSSION

Preparations. The title compound#ia —v were prepared as
shown inScheme 1 The N-chlorosulfenyl-N-methylcarbamate
was prepared by the reaction of sulfur dichloride with N-
methylcarbamate in dichloromethane using pyridine as the acid

cceptor. It has been reported that the sulfide derivatives of

-methylcarbamate were prepared by the reaction of the
appropriate N-chlorosulfenyl aliphatic carbamates or N-(chlo-
rothio)phosphinic acid amides with N-methylcarbam&tel 3—
16). The key intermediate N-chlorosulfenyl-N-methylcarbamate
was prepared for the first time. The N-chlorosulfenyl-N-
methylcarbamate without further purification was reacted with
substituted aniline in the presence of pyridine to diveo as
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Table 2. Melting Points, Yields, and Elemental Analyses of Compounds lla—v

Rz\/\ i / \/R1
4 C—NH—C— S Taw
— S —
H3C—N—§|)-O-R
O
ield elemental analysis
ie
R R? R M mp. o) (%, calc.)
%) C H N
— n—n~-CH3 4458 3.19 10.66
IIa N= C\SCH 2.,6-F, 4-CF5 60.0 122(dec) (4477) (319) (10.44)
__n—~rCH3 45.30 341 10.98
b N=Clgep,  26F: 4-cl LU 162164 4 Gay a11e)
__Nn=c-CHs 46.84 3.38 11.68
Ie N C\SCH 2,6-F, 4-F 78.8 123-126 (4691) (352) (1152)

CHs 48.69 3.50 14.10
—N= 7’ . ~
Id ocn, 26T 4-CN 250 158(dec)  yg'en (347) (14.19)

~CH3 41.98 2.84 10.10

—N=cZ _ ~ _4 - -
e Clgch,  26F2 3CR4CI 686 122124 ' Do (og)y
CH3 4359 317 1020
—N=C{ g - i . ‘ .
nf Sschs  26F  40CF; 507 128130 Lo Sio0 107
CH3 4146 323 1017
—N=c{ g : i . . v
Mg ech,  26F 4-Br 789 132134 0 313 (1024)

~CH3z 38.93 278 9.27

Mh  —N=Clgh 26F; 3BraCh T4 12042 G SO0 o0

W aa e o e B3 28 o3
I —N-c(gg; 2-Cl 4-Cl 800  140-142 (32:‘5‘}) (gigg) (} } :?g)
Ik —N-C:g:; 2.l 4-F 882 129-131 (isjgg) 5133) (H:Zé)
m —N—Cigg; 2Cl  4OCF; 628  120-122 (ﬁ:gg) (gég) (}8‘_%
Im —N—Cigg,‘: 2.l 4-Br 789 118120 (:}:g?) (ggg) (18:(2)2)
IIn —N=Cigg|3_| 2-Cl  3-Br-4-CF; 773  112(dec) (33 }Z) é:%) (g::;)

CHs 4197  3.11 10.02
2,6-Cl, 4-CF, 471 126-129 @219) (G0l)  (9.84)

~CHgs 42.63 3.29 10.50

Mp  —N=Cligh,  26Ch 40l 406 1333 300 S50 (05
— enrCHs 438 320 1099
IIq N=Cisch, 26k 4-F 769 9698 4304y (330) (10.79)
— enrCHa 4098 28 969
Ir N=Clgey, 26Ch  4OCK 286 118120 GUL Sol 00
,CH
Is  —N=CIJ.%  26Cl,  4Br 857 132134 o8 278 - 927

(39.03) (2.62) (9.10)

.CH
Me  —N=C{ %  26Cl, 3-Br4CF, 808 134136 o 23 261 845

SCH3 (37.05) (249) (8.64)
(CHa)z 4548  3.68 9.49
_N=C _ = B B B

Hu b CH, 2,6-F, 4-OCF; 20.3  Amorphous @551) (365 (9.65)

5327 346 7.97

v _Q 26F, 4k 93 sase il S0 000
CH,

shown inScheme land Table 1. We found that the BPU-S- Bioassay.Larvicidal Activity against Oriental Armyworm.

carbamateda —v crystallized well; hence, the title compounds The results of larvicidal activity tests given ifable 4 show
Ila—v could be purified by recrystallization from ethyl ether. that the title compoundsla—v exhibit excellent larvicidal
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Table 3. H NMR of Compounds lla-v

o (ppm)
lla 2.32 (s, 3H, CHy), 2.42 (s, 3H, SCHs), 3.21 (5, 3H, NCHg), 6.92 (t, 2H, 3J4 = 8.4 Hz, Ph),
7.35 (m, 1H, Ph), 7.42 (d, 2H, 3y = 8.4 Hz, Ph), 7.67 (d, 2H, 3J4 = 8.1 Hz, Ph),
11.19 (s, 1H, NH)

Il 2.30 (s, 3H, CHs), 2.40 (s, 3H, SCHs), 3.20 (s, 3H, NCHs), 6.89 (t, 2H, 3J = 8.1 Hz, Ph),
7.28-7.38 (m, 3H, Ph), 7.35 (d, 2H, 304 = 9.0 Hz, Ph), 11.07 (s, 1H, NH)

lc 2.30 (s, 3H, CHs), 2.40 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 6.89 (t, 2H, 3Ju = 8.4 Hz, Ph),
7.06 (d, 2H, 3y = 9.0 Hz, Ph), 7.19-7.38 (m, 3H, Ph), 11.05 (s, 1H, NH)

Iid 2.31(s, 3H, CHg), 2.41 (s, 3H, SCH), 3.17 (s, 3H, NCHs), 6.91 (t, 2H, 3Ju = 8.4 Hz, Ph),

7.35 (m, 1H, Ph), 7.42 (d, 2H, 3y = 8.4 Hz, Ph), 7.69 (d, 2H, 3J = 8.1 Hz, Ph),
11.25 (s, 1H, NH)

lle 2.30 (s, 3H, CHs), 2.40 (s, 3H, SCHs), 3.23 (s, 3H, NCHs), 6.91 (t, 2H, 3Ju = 8.4 Hz, Ph),
7.31-7.40 (m, 2H, Ph), 7.52 (d, 1H, 34 = 9.0 Hz, Ph), 7.61 (d, 1H, ) = 2.1 Hz, Ph),
11.12 (s, 1H, NH)

Iif 2.30 (s, 3H, CH), 2.40 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 6.90 (t, 2H, 3J4 = 8.4 Hz, Ph),
7.20-7.38 (m, 5H, Ph), 11.12 (s, 1H, NH)
lig 2.30 (s, 3H, CHy), 2.40 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 6.89 (t, 2H, 3J = 8.4 Hz, Ph),

7.13(d, 1H, 3Juy = 9.0 Hz, Ph), 7.28-7.38 (m, 1H, Ph), 7.50 (d, 2H, 3J = 8.4 Hz, Ph),
11.07 (s, 1H, NH)

lh 2.30 (s, 3H, CHs), 2.40 (s, 3H, SCHs), 3.23 (s, 3H, NCHs), 6.91 (t, 2H, 3J4 = 8.4 Hz, Ph),
7.28-7.40 (m, 2H, Ph), 7.60 (d, 1H, 4} = 2.4 Hz, Ph), 7.72 (d, 1H, 3Ju = 8.4 Hz, Ph),
11.15 (s, 1H, NH)

Il 2.29 (s, 3H, CHs), 2.39 (s, 3H, SCHs), 3.19 (s, 3H, NCHz), 7.28-7.42 (m, 5H, Ph),
7.52-7.55 (m, 1H, Ph), 7.65 (d, 2H, 3Jus = 8.4 Hz, Ph), 11.04 (s, 1H, NH)

1l 2.29 (s, 3H, CHs), 2.39 (s, 3H, SCHs), 3.20 (s, 3H, NCHs), 7.39 (d, 2H, 3Juy = 9.0 Hz, Ph),
7.30~7.38 (m, 5H, Ph), 7.52-7.54 (m, 1H, Ph), 10.96 (s, 1H, NH)

Ik 2.29 (s, 3H, CHs), 2.39 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 7.06 (t, 2H, 3J4 = 9.0 Hz, Ph),
7.20~7.36 (m, 5H, Ph), 7.52-7.55 (m, 1H, Ph), 10.99 (s, 1H, NH)

Il 2.29 (s, 3H, CHs), 2.39 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 7.21-7.36 (m, 7H, Ph),
7.51-7.54 (m, 1H, Ph), 10.99 (s, 1H, NH)

lim 2.29 (s, 3H, CHs), 2.39 (s, 3H, SCHs), 3.21 (s, 3H, NCHs), 7.14 (d, 2H, %)y = 8.4 Hz, Ph),
7.30-7.54 (m, 6H, Ph), 10.99 (s, 1H, NH)
Iin 2.29 (s, 3H, CHy), 2.39 (s, 3H, SCHs), 3.23 (s, 3H, NCHs), 7.28-7.38 (m, 4H, Ph),

7.53-7.55 (m, 1H, Ph), 7.60 (d, 1H, 4} = 2.1 Hz, Ph),
7.72(d, 1H, 3Juy = 8.1 Hz, Ph), 11.04 (s, 1H, NH)

llo 2.32 (s, 3H, CHy), 2.41 (s, 3H, SCH), 3.21 (s, 3H, NCHs), 7.17-7.28 (m, 3H, Ph),
7.38 (d, 2H, 3y = 8.1 Hz, Ph), 7.63 (d, 2H, 3y = 9.0 Hz, Ph), 11.12 (s, 1H, NH)

lp 2.32 (s, 3H, CHy), 2.41 (s, 3H, SCH), 3.2 (s, 3H, NCHs), 7.16-7.26 (m, 5H, Ph),
7.33(d, 2H, 3y = 9.0 Hz, Ph), 11.02 (s, 1H, NH)

lig 2.32 (s, 3H, CHs), 2.42 (s, 3H, SCH), 3.2 (s, 3H, NCHs), 7.05 (t, 2H, 3Ju = 9.0 Hz, Ph),
7.16-7.26 (m, 5H, Ph), 11.02 (s, 1H, NH)

IIr 2.32 (s, 3H, CHy), 2.41 (s, 3H, SCHs), 3.23 (s, 3H, NCHs), 7.17-7.32 (m, 7H, Ph), 11.02 (s, 1H, NH)

lls 2.32 (s, 3H, CHs), 2.41 (s, 3H, SCHs), 3.22 (s, 3H, NCHs), 7.12 (d, 2H, 3Ju = 8.4 Hz, Ph),
7.16-7.24 (m, 3H, Ph), 7.49 (d, 2H, 30w = 9.0 Hz, Ph), 11.02 (s, 1H, NH)

it 2.31(s, 3H, CHy), 2.41 (s, 3H, SCHs), 3.25 (s, 3H, NCHs), 7.19-7.29 (m, 4H, Ph),
7.58 (d, 1H, “Juy = 3.0 Hz, Ph), 7.70 (d, 1H, 3J4 = 8.4 Hz, Ph), 11.07 (s, 1H, NH)

Il 1.50 [s, 6H, (CH)z], 2.17 (s, 3H, SCHs), 3.19 (s, 3H, NCHs), 6.90 (t, 2H, 3Juy = 7.5 Hz, Ph),
7.21-7.39 (m, 5H, Ph), 7.64 (s, 1H, =CH), 10.90 (s, 1H, NH)

Iv 2.39 (s, 3H, CH), 3.32 (s, 3H, NCH), 6.83-6.92 (m, 4H, Ph), 7.09 (d, 1H, %)y = 7.5 Hz, Ph),

7.25-7.37 (m, 2H, Ph), 7.47 (d, 2H, 3J4s = 8.4 Hz, Ph),
7.70 (d, 2H, 3y = 9.0 Hz, Ph), 11.34 (s, 1H, NH)

activities against Oriental armyworm, which are parallel to those armyworm. Toxicity assays indicate that the title compounds
of the parent BPUs. For example, the larvicidal activity of the b, IIf, Ili, andlll, like the parent compound methomyl, can
titte compoundsIf was equal to the parent diftrifmeouron. The cause armyworm convulsion and vomit water as the main poison
mode of action of the title compountla. —Vv is very interesting. symptom within 20 min and kill armyworms within 1 h. Hence,
Toxicity assays indicate that at higher concentrations (for we have found that the title compounds have systemic properties,
example, 50 mg t') the title compounddla—v have the being absorbed from a plant’s roots and effectively transferred
knockdown activities and kill armyworm in 2 h, i.e., as fast as to other parts of the plant such as leaves. This property is
the parent N-methylcarbamates, whereas at lower concentrationgspecially advantageous when combating sucking pests, for a
(below 10 mg 1) the title compound#a-v can interfere with systemic insecticide can spread all through a plant and kill any
chitin biosynthesis of armyworm, like the parent BPUs, and targeted insects that feed on it.
symptoms of toxicity include discoloration, weight loss, ces-  The insecticidal activities of the title compounidis andlIf
sation of feeding, and death. at 200 mg L1 againstA. laburniKaltenbach were 54 and 36%,
Systemic Laricidal Activities against Oriental Armyworm.  respectively, as compared with 100% mortality of methomyl at
The results of systemic larvicidal activities against Oriental the same concentration. The larvicidal activity of the title
armyworm of some compounds and the parent compounds arecompoundilf against mosquito was 100% at 5 mg'L
summarized inrable 5. The title compounddb, IIf , Ili , and In summary, new propesticides with two effects of both BPUs
Il exhibit good systemic larvicidal activities against Oriental and carbamates were designed and synthesized by the key
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Table 4. Larvicidal Activities against Oriental Armyworm of
Compounds lla-v and Parent Compounds?

larvicidal activity (%) at
concentration (mg L=1)

compounds 50 25 10 5 25 10 05 025

lla (penfluron-S-methomyl) 100 100 100 100 100 100 95 O
llv (penfluron-S-MTMC) 100 100 100 100 100 100 95 15
penfluron 100 100 100 100 100 100 100 95
llb (diflubenzuron-S-methomyl) 100 100 100 100 100 90 50 20
diflubenzuron 100 100 100 100 100 100 100 45
llc 100 100 50 10 0

ld 100 9 78 23 0

lle 100 100 100 80 60 20 O

[If (diftrifmeouron-S-methomyl) 100 100 100 100 100 90 80 50
llu (diftrifmeouron-S-aldicarb) 100 100 100 100 100 100 60 10

diftrifmeouron 100 100 100 100 100 100 80 40
lg 100 100 100 100 100 90 30 O
llh 100 9 9 8 25 0

[li (chlotrifmeuron-S-methomyl) 100 100 100 100 90 60 15 O
chlotrifmeuron 100 100 100 100 100 70 60 10
lj 100 100 100 50 O

Ik 100 9 15 5 0

Il (triflumuron-S-methomyl) 100 100 100 100 100 65 35 10
triflumuron 100 100 100 100 100 95 40 20
lIm 100 100 9 30 10 O

lIn 100 70 10 O

llo 100 100 100 100 40 O

lp 100 50 30 10 O

lg 100 100 35 0

Ir 100 90 100 100 65 O

lls 100 100 45 20 O

It 90 40 10 0

methomyl 100 62 0

2 Note that blank cells mean not tested. Penfluron is N-2,6-diflurobenzoyl-N'-
4-trifluromethylphenylurea; diflubenzuron is N-2,6-diflurobenzoyl-N'-4-chloropheny-
lurea; triflumuron is N-2-chloro-N'-4-trifluromethoxylphenylurea; diftrifmeouron is
N-2,6-diflurobenzoyl-N'-4-trifluromethoxylphenylurea; chlotrifmeuron is N-2-chlo-
robenzoyl-N'-4-trifluromethylphenylurea; MTMC is 3-methylphenyl methylcarbamate;
methomyl is O-(1-methylthioethylimino)-N-methylcarbamate; and aldicarb is 2-methyl-
2-(methylthio)propanal O-[(methylamino)carbonyljoxime.

Table 5. Systemic Larvicidal Activities against Oriental Armyworm of
Some Compounds and Methomyl

larvicidal activity (%) at
concentration (mg L™1)

compound 100 25 10 5
Ib (diflubenzuron-S-methomyl) 100 95 80 25
diflubenzuron 0
[If (diftrifmeouron-S-methomyl) 100 100 70 5
diftrifmeouron 0
[li (chlotrifmeuron-S-methomyl) 100 100 85 55
chlotrifmeuron 0
Il (triflumuron-S-methomyl) 100 95 95 80
triflumuron 0
methomyl 100 100 100 95
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titte compounds exhibited good systemic larvicidal activities
against Oriental armyworm, which were especially advantageous
when combating sucking pests. Some of these title compounds
can kill aphids and mosquitoes as well.
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