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A series of novel benzoylpyridazyl ureas were designed and synthesized from maleic anhydride and
hydrazine monohydrate. These benzoylureas were identified by 'H NMR spectroscopy and element
analysis. The bioactivities of the new compounds were evaluated. These compounds exhibited
larvicidal activities against oriental armyworm, and in particular, compound 13 displayed comparable
activity to the commercial insecticide Hexaflumuron. Most of these compounds also had some
larvicidal activities against mosquito. Interestingly, some compounds showed good plant growth

regulatory activities.
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INTRODUCTION

The control of insects is of vital importance to the feeding of an
ever-growing poplulation. It is well-known that insects at the
larval stage, such as those belonging to the order of Lepidoptera,
cause extensive damage to many crops (/). Benzoyl ureas repre-
sent a class of pesticide that act as insect growth regulators
(IGRs), which act on the larval stages of most insects by inhibiting
or blocking the synthesis of chitin, a vital and almost indestructible
part of the insect exoskeleton during the molting stage; therefore,
the failure to successfully cast off the old exoskeleton leads to the
eventual death of the larvae (2, 3). During the past decades,
benzoylureas have attracted considerable attention (4—11).

L-7063 and EL-494 (Figure 1) are two commercial products of
Eli Lilly Co., which contain pyrazinal groups. L-7063 displays
excellent larvicidal activities against the order of Lepidoptera and
shows good systemic activities (/). Aryloxyphenyl and (haloalk-
oxy)phenyl benzoylureas such as Flufenoxuron and Hexaflumur-
on (Figure 1) exhibited better larvicidal activities and had a
broader spectrum of control of insects than diflubenzuron. For
example, the larvicidal activity of Flufenoxuron against Tetrany-
chus cinnabarinus was >100 times higher than that of Difluben-
zuron (12, 13). Bioisosterism is an effective way to design bioactive
compounds and used in the design of benzoylurea com-
pounds (74, 15). Building on these developments (Figure 1 and
bioisosterism, which is a method for selecting molecular groups for
drug design and lead-compound development, a series of novel
benzoylpyridazyl ureas (Figure 1) were designed and synthesized.
The bioactivities of the new compounds were evaluated.

MATERIALS AND METHODS

Instruments. '"H NMR spectra were obtained at 300 MHz using a
Bruker AC-P300 spectrometer or at 400 MHz using a Varian Mercury Plus
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400 spectrometer in CDCl; solution with tetramethylsilane as the inter-
nal standard. Chemical shift values (0) are given in parts per million.
Elemental analyses were determined on a Yanaca CHN Corder
MT-3 elemental analyzer. The melting points were determined on an
X-4 binocular microscope melting point apparatus (Beijing Tech Instru-
ments Co., Beijing, China) and are uncorrected. Yields were not opti-
mized.

General Synthesis. The reagents were all analytically or chemically
pure. All anhydrous solvents were dried and purified by standard
techniques prior to use. 2,6-Difluorobenzoyl isocyanate was prepared
according to the literature method (16).

Synthesis of 1,2-Dihydropyridazine-3,6-dione (I-1). To a solution
of hydrazine monohydrate (6.0 g, 120 mmol) in water (50 mL) cooled with
an ice—water bath was slowly added concentrated hydrochloric acid
(9.6 g), and then maleic anhydride (9.8 g, 100 mmol) was added. Then
the mixture was heated under reflux for 3 h. When the mixture was cooled
to room temperature, a white solid was separated out from the reaction
solution, which was filtered and washed with water to obtain intermediate
I-1 (9.6 g, 86%): mp 301—302 °C [lit. 299—300 °C (17)].

Synthesis of 3,6-Dichloropyridazine (I-2). Phosphorus oxychloride
(40 mL) was added to compound I-1 (9.6 g, 85.7 mmol), and the mixture
was heated at 90 °C for 4 h. Then the excess phosphorus oxychloride was
removed under reduced pressure, and crushed ice (20 g) and water (20 mL)
were added; sodium bicarbonate was slowly added to the mixture until the
neutralization reaction was completed. The mixture was extracted by ethyl
acetate. The organic extract was dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to give a crude product, which was
purified by flash column chromatography on silica gel to give compound I-
2 (10.8 g, 85%) as a white solid: mp 68—69 °C; 'H NMR (400 MHz,
CDCl;) 4 7.50 (s, 2H).

Synthesis of 6-Chloropyridazin-3-amine (I-3). Ammonium was
bubbled into the anhydrous ethanol (100 mL) below —15 °C to make an
ammonia-saturated ethanol solution. This ammonia-saturated ethanol
solution (100 mL) was added to intermediate I-2 (13.6 g, 84.6 mmol) in
an autoclave, and the mixture was heated at 130 °C for 20 h under
sealed condition. Then the mixture was cooled to room temperature, and
the solvent was removed under reduced pressure to give a crude
product, which was dissolved in ethyl acetate. The ethyl acetate solution
was washed with saturated brine, dried over anhydrous sodium sulfate,
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Figure 1. Commercial products of benzoylpyrizinyl ureas and benzoylpheny! ureas, designed benzoylpyridazyl ureas.

Table 1. Experimental Data of Compounds I-4b—I-4m?

el

NuU—\ 7
N—N
compd. Nu appearance m.p. (°C) yield (%)
1-4b O—@—CH3 white solid 167-168 23
I-4¢ O—@—OCH3 white solid 166-167 58
1-4d OOBr white solid, 177-183 17
Cl
I-de OOCI white solid 185-188 28
Cl
Cl
1-4f OO al white solid 136-138 21
Cl
I4g o@ off-white solid | 140-141 25
T-4h OC,Hs white solid 163-166 67
I-di O_CHZOCI white solid 100-105 52
1-4j OCH(CHs), pale yellow oil / 47
I-4k SC4Hg-n pale yellow solid 80-82 50
I-41 S@ yellow solid 140-141 67
T-4m OCH,CF; white solid 99-103 54

“/, not tested.

filtered, and concentrated in vacuo to give compound I-3 (7.9 g, 67%) as a
colorless crystal: mp 229—231 °C; "H NMR (300 MHz, CDCls) 6 4.75 (br's,
2H, NH,), 6.75 (d, *Jun=9.2 Hz, 1H, Ar—H), 7.22 (d, *Jyy=9.2 Hz, 1H,
Ar—H).

Synthesis of 6-(4-Chlorophenoxy)pyridazin-3-amine (I-4a). To a
mixture of sodium hydroxide (0.31 g, 7.8 mmol) and 4-chlorophenol

(1.00 g, 7.8 mmol) in water (10 mL) in the autoclave was added
intermediate I-3 (0.50 g, 3.9 mmol), and then the mixture was heated at
190 °C for 20 h under sealed condition. Then the mixture was cooled to
room temperature and extracted by ethyl acetate. The organic extract was
washed with saturated brine, dried over anhydrous sodium sulfate, and
filtered. The filtrate was concentrated in vacuo to give a crude product,
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Table 2. Physical Properties and Elemental Analyses of Compounds 2—14
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211-212 67  59.34(59.38)3.85 (3.67) 14.62 (14.58)
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OCH; 198-200 54 57.05 (57.00) 3.75 (3.52) 14.02 (13.99)
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203-205 24 48.21 (48.13) 2.59 (2.47) 12.37 (12.47)

218-220 90 45.59 (45.64) 2.06 (1.92) 11.56 (11.83)

186-188 58 49.01 (49.22) 2.35 (2.29) 13.00 (12.76)

@]

194-195 84 53.31(53.41) 2.53(2.74) 13.99 (13.84)

Cl 206-207 82 54.52 (54.49) 3.00 (3.13) 13.36 (13.38)

-]

?

@]
2 o & 9
E a
-

9 181-183 82 52.46(52.18)3.52(3.75) 17.35 (17.39)
10 128130 90 53.50(53.57) 4.02 (4.20) 16.41 (16.66)
1 SC;Hyn 150-151 54 52.33(52.45)4.46 (4.40) 15.39 (15.29)
12 s@ 151-152 84  55.88(55.95)3.11 (3.13) 14.89 (14.50)
13 OCH,CF; 200-202 83 44.42 (44.69) 2.78 (2.41) 14.89 (14.89)
14 CH; 203-205 49 53.22(53.43)3.37(3.45) 19.00 (19.17)

Table 3. "H NMR (CDCls) of Compounds 2—14
compd 0

2 2.36 (s, 3H, ArCH3), 7.05 (t, 3y = *yr = 8.4 Hz, 2H, Ar—H), 7.08 (d, ®Uyy = 8.5 Hz, 2H, Ar—H), 7.16 (d, *Juy = 9.5 Hz, TH, Ar—H), 7.21 (d, %y = 8.4 Hz, 2H, Ar—H),
7.46—7.58 (m, 1H, Ar—H), 8.26 (br, 1H, CONHA), 8.33 (d, 3y = 9.4 Hz, 1H, Ar—H), 11.11 (br, 1H, CONHCO)

3 3.82 (s, 3H, OCH,), 6.93 (d, ®Uy = 9.0 Hz, 2H, Ar—H), 7.05 (t, ®Uyy = 3Jhir = 8.4 Hz, 2H, Ar—H), 7.13 (d, %y = 9.0 Hz, 2H, Ar—H), 7.16 (d, 3y = 9.5 Hz, TH, Ar—H),
7.48—7.58 (m, 1H, Ar—H), 8.31 (d, ®Uys = 9.5 Hz, 1H, Ar—H), 8.35 (br, TH, CONHA), 11.11 (br, 1H, CONHCO)

4 7.06 (t, ®Uih = 3y = 8.6 Hz, 2H, Ar—H), 7.11 (d, 3y = 8.8 Hz, 2H, Ar—H), 7.21(d, ®Uyy = 9.4 Hz, 1H, Ar—H), 7.48—7.58 (m, 1H, Ar—H), 7.53 (d, 3Jy = 8.6 Hz, 2H,
Ar—H), 8.31 (br, 1H, CONHAr), 8.37 (d, 3y = 9.4 Hz, 1H, Ar—H), 11.16 (br, 1H, CONHCO)

5 7.06 (t, ®Uhr = >y =8.4 Hz, 2H, Ar—H), 7.38(d, 3y = 9.5 Hz, 1H, Ar—H), 7.42 (s, 2H, Ar—H), 7.48—7.58 (m, 1H, Ar—H), 8.20 (br, 1H), 8.46 (d, ®Jyy= 9.5 Hz, 1H, Ar—H,
CONHAr), 11.16 (br, 1H, CONHCO)

6 7.06 (t, 3y = 2nr = 8.4 Hz, 2H, Ar—H), 7.29—7.32 (m, 3H, Ar—H), 7.45(d, *Jyy = 2.2 Hz, 1H, Ar—H), 7.50—7.58 (m, 1H, Ar—H), 8.16 (br, 1H, CONHAr), 8.43 (d, *diys =
9.5 Hz, 1H, Ar—H), 11.14 (br, 1H, CONHCO).

7 7.05 (t, 3y = 2Jir = 8.4 Hz, 2H, Ar—H), 7.18—7.39 (m, 4H, Ar—H), 7.46—7.58 (m, 2H, Ar—H), 8.36 (d, iy = 9.5 Hz, TH, Ar—H), 8.45 (br, 1H, CONHA), 11.14 (br, 1H,
CONHCO)

8 5.12 (s, 2H, OCH.AY), 7.05 (t, ®Uiy = *Uyr = 8.3 Hz, 2H, Ar—H), 7.06 (d, ®Uy = 9.6 Hz, TH, Ar—H), 7.36 (d, ks = 8.5 Hz, 2H, Ar—H), 7.44 (d, 3y = 8.5 Hz, 2H, Ar—H),
7.48—7.58 (m, 1H, Ar—H), 8.27 (d, ®Uys = 9.5 Hz, 1H, Ar—H), 8.28 (br, TH, CONHA), 11.13 (br, 1H, CONHCO)

9 1.45 (t, ®dy = 7.0 Hz, 3H, CH5CHy), 4.56 (q, °dhyy = 7.0, 2H, CH3CH,0), 6.98 (d, iy = 9.5 Hz, TH, Ar—H), 7.04 (t, 3y = °dhe = 8.3 Hz, 2H, Ar—H), 7.46—7.58 (m, 1H,
Ar—H), 8.19 (d, 3y = 9.5 Hz, 1H, Ar—H), 8.63 (br, TH, CONHAr), 11.18 (br, 1H, CONHCO)

10 1.41(d, *Jy = 6.1 Hz, 6H, OCH(CHj),), 5.47—5.49 (m, TH, OCH(CHa),), 6.92 (d, 3y = 9.5 Hz, TH, Ar—H), 7.04 (t, *Jiy = *Uyr = 8.3 Hz, 2H, Ar—H), 7.46—7.56 (m, 1H,
Ar—H), 8.15 (d, 3y = 9.5 Hz, 1H, Ar—H), 8.70 (br, TH, CONHA), 11.15 (br, 1H, CONHCO)

1 1.44—1.54 (m, 5H, CH5CH,CH,CH,0), 1.72—1.79 (m, 2H, CH3CH,CH,CH,0), 3.32 (t, 3y = 7.4 Hz, 2H, CH3CH,CH,CH0), 7.05 (t, 3y = *diyr = 8.4 Hz, 2H, Ar—H),
7.32 (d, % = 9.4 Hz, 1H, Ar—H), 7.50—7.57 (m, 1H, Ar—H), 8.10 (d, ®Uys = 9.4 Hz, 1H, Ar—H), 8.36 (br, 1H, CONHA¥), 11.15 (br, 1H, CONHCO)

12 7.04 (t, % = Ui = 8.4 Hz, 2H, Ar—H), 7.09 (d, 3y = 9.4 Hz, 1H, Ar—H), 7.41—7.46 (m, 3H, Ar—H), 7.47—7.54 (m, 1H, Ar—H), 7.57—7.63 (m, 2H, Ar—H), 8.10 (d,
%Jun = 8.4 Hz, 1H, Ar—H), 8.43 (br, 1H, CONHAT), 11.20 (br, 1H, CONHCO)

13 4.90 (q, 2k = 8.3 Hz, 2H, CF3CH,0), 7.04 (t, 3k = 3dur = 8.5 Hz, 2H, Ar—H), 7.15 (d, J= 9.5 Hz, TH, Ar—H), 7.50—7.57 (m, 1H, Ar—H), 8.32 (d, %Jy = 9.5 Hz, 1H,
Ar—H), 8.53 (br, 1H, CONHAr), 11.18 (br, 1H, CONHCO)

14 2.65 (s, 3H, ArCHs), 7.05 (t, Uiy = *dyr = 8.6 Hz, 2H, Ar—H), 7.34 (d, % = 9.1 Hz, TH, Ar—H), 7.47—7.57 (m, 1H, Ar—H), 8.24 (d, ®Ji = 9.1 Hz, TH, Ar—H), 8.59 (br,
1H, CONHA), 11.44 (br, 1H, CONHCO)
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which was purified by flash column chromatography on silica gel to give
compound I-4a (0.39 g, 46%) as a white solid: mp 203—207 °C; '"H NMR
(300 MHz, CDCl3) 6 4.54 (br s, 2H, NH,), 6.85 (d, >J;;1;=9.3 Hz, I H, Ar—
H), 7.00 (d, *Jy11 =9.3 Hz, 1H, Ar—H), 7.10 (d, *Ji13 = 8.9 Hz, 2H, Ph),
7.32(d, 3Ty = 8.9 Hz, 2H, Ph).

Compounds I-4b—I-4m were prepared according to a method similar to
that of compound I-4a. When sodium alkoxide was used as a nucleophile,
the corresponding alkyl alcohol was used as the solvent. The experimental
data of compounds I-4b—I-4m are listed in Table 1.

Synthesis of Target Compound 1. A solution of 2,6-difluorobenzoyl
isocyanate (0.18 g, 1.0 mmol) in dichloromethane (5 mL) was added
dropwise to a solution of compound I-4a (0.22 g, 1.0 mmol) in dichloro-
methane (10 mL) at room temperature, and the mixture was allowed to
stand for 2 h. Then part of the solvent was removed in vacuo, and the
precipitated solid was filtered to give a white solid (0.22 g, 55%): mp 208—
210 °C; "H NMR (300 MHz, CDCls) 6 7.06 (t, *Jyn= “Jur=8.4 Hz, 2H,
Ar—H), 7.16 (d, *Ju = 8.9 Hz, 2H, Ar—H), 7.22 (d, *Jy;1 =9.5 Hz, 1H,
Ar—H), 7.38 (d, *Jyy = 8.9 Hz, 2H, Ar—H), 7.49—7.59 (m, 1H, Ar—H),
8.27 (br, IH, CONHAT), 8.38 (d, *J114=9.5 Hz, 1H, Ar—H), 11.15 (br, 1H,
CONHCO). Anal. Caled. for CigH;CIF,N4O5: C, 53.41; H, 2.47; N,
13.84. Found: C, 53.35; H, 2.89; N, 13.85.

Compounds 2—14 were prepared according to a method similar to
that of compound 1. The physical properties, elemental analyses of
title compounds 2—14, and their '"H NMR data are listed in Tables 2
and 3.

Biological Assay. All bioassays were performed on representative
test organisms reared in the laboratory. The bioassay was repeated at 25 &
1 °C according to statistical requirements. Assessments were made on
a dead/alive basis, and mortality rates were corrected using
Abbott’s formula (/8). Evaluations are based on a percentage scale of
0—100, in which 0=no activity and 100=total kill. The deviation of values
was £5%.

Larvicidal Activity against Oriental Armyworm (Mythimna
separata). The larvicidal activities of compounds 1—14 against oriental
armyworm were evaluated by foliar application using the reported
procedure (19—21). 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 (the test compound was
resolved in acetone) and allowed to dry. The dishes were infested with 10
fourth-instar oriental armyworm larvae. Percentage mortalities were
evaluated 4 days after treatment. Each treatment was performed three
times. For comparative purposes, Hexaflumuron was tested under the
same condition.

Larvicidal Activity against Mosquito (Culex pipiens pallens). The
larvicidal activity of compounds 1—10, 13, and 14 was evaluated against
mosquito according to the reported procedure (22). The test solutions were
prepared by dissolving the compound in acetone and adding distilled
water. Ten fourth-instar mosquito larvae were put into the 10 mL of the
test solution and left for 8 days. The results are expressed as percentage
mortality. For comparative purposes, Hexaflumuron was tested under the
same condition.

Plant Growth Regulatory Activity Assay. The plant growth
regulatory activities of compounds 1—7 and 14 were evaluated using
previously reported procedures (23—25). Seeds of cucumber were
incubated at 26 °C in the dark for 72 h, and 10 cotyledons were cut off.
N,N-Dimethylformamide solutions of the test compounds were prepared
at concentrations of 10 mg/L. The experiments were conducted in sterile
Petri dishes (6 cm diameter) lined with a sheet of filter paper. To each dish
was added 0.3 mL of the test solution, and the solvent was evaporated
before the addition of 3 mL of water, followed by the above cotyledons.
Assays were carried out at 26 °C in the dark in an incubator for 5 days. The
number of roots was counted, and the growth regulatory activities were
evaluated. Controls were performed under the same conditions, using only
water. Each treatment was performed in triplicate. Hexaflumuron was
tested under the same condition.

RESULTS AND DISSCUSSION

Synthesis. 1,2-Dihydropyridazine-3,6-dione (I-1) was synthe-
sized from maleic anhydride and hydrazine monohydrate as shown
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Figure 2. General synthetic procedure for compounds 1—13.
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Figure 3. Synthetic procedure for compound 14.

in Figure 2. Then compound I-1 was treated with phosphorus
oxychloride to give intermediate I-2, which was reacted with
ammonia to yield compound I-3. The nucleophilic substitution of
intermediate I-3 produced compounds I-4a—I-4m, which were
combined with 2,6-difluorobenzoyl isocyanate to obtain the target
compounds 1—13. It was found that intermediate I-1 was not
obtained without hydrochloric acid, and the reaction temperature
had an important effect on the yield of compound I-3 because a lot
of black byproducts were produced if the reaction temperature
exceeded 95 °C. The nucleophilic aromatic substitution of inter-
mediate I-3 was accomplished in sealed condition because of the
difficulty of substituting the chloride atom on the pyridazine ring in
the presence of the amino group.

Compound 14 was obtained from the combination between
6-methylpyridazin-3-amine and 2,6-difluorobenzoyl isocyanate
as shown in Figure 3.

Biological Activity. Table 4 shows the larvicidal activities of
compounds 1—14 and Hexaflumuron against oriental armyworm
and mosquito. The results indicate that most of the compounds
1—14 exhibited larvicidal activities against oriental armyworm
and mosquito. One the whole, the larvicidal activities of the
alkyloxy-substituted benzoylpyridazyl ureas against oriental
armyworm were better than those of aryloxy-substituted com-
pounds. For example, compounds 9, 10, and 13 displayed higher
larvicidal activities against oriental armyworm than compounds
1-7. In particular, compound 13 had 80% mortality on oriental
armyworm at 10 mg L™', which exhibited comparable activity
with commercial Hexaflumuron. Compound 4 exhibited best
larvicidal activities against mosquito in the tested compounds,
which had 90% mortality even at 1 mg L™', but was not as
effective as Hexaflumuron, which showed 100% mortality at
0.25 mg L™'. The plant growth regulatory activities of com-
pounds 1—7 and 14 were evaluated, and their effects on the radi-
cle growth of cucumber are shown in Table 5. Interestingly,
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Table 4. Larvicidal Activities against Oriental Armyworm and Mosquito of Compounds 1—14 and Hexaflumuron?

F o 7y
BIPN ¥
N N N
H
| =
Toxicities against Oriental . . .
Toxicities against Mosquito
armyworm
compd. X — <
concentration larvicidal activity concentration larvicidal activity
(mgL™h ) (mg L™ %)
1 OOCI 200 10 2 20
2 OOCH3 200 0 2 0
3 O—©—00H3 200 10 2 10
2 100
4 8] Br 200 30
1 90
Cl
5 O—QCI 100 10 2 2
Cl
Cl
6 200 20 2 60
(o] Cl
Cl
7 200 20 2 40
(o]
8 O—CHZOCI 200 10 2 10
200 100
9 OC,H; 100 100 2 20
50 80
200 100
10 OCH{(CHj3), 100 100 2 10
50 70
200 100
1 SC4Hen 100 100 / /
50 9%
12 S@ 200 20 / /
25 100
13 OCH,CF, 1 30
10 80
14 CH, 200 10 2 20
F cl
g 2
Q»C—NH—C—NH OCF,CHF,
10 80 0.25 100
F cl
Hexaflumuron

“* Larivicidal activity was calculated according to the following equation: larvicidal activity (%) = numbers of dead insects x 100/numbers of total insects. /, not tested.

some compounds showed good stimulation of radicle growth of
cucumber, such as compounds 5 and 7, which, respectively, gave
130 and 105% promotion, whereas Hexaflumuron gave only
65% growth promotion.

In summary, a series of novel alkyloxy(thio)- or aryloxy-
substituted benzoylpyridazyl ureas were designed and synthe-
sized, and their structures were characterized by 'H NMR
and elemental analysis. The larvicidal activities against oriental

armyworm and mosquito and plant growth regulatory activities
of these benzoylpyridazyl ureas were evaluated. The results
indicate that most of the compounds 1—14 exhibited larvicidal
activities against oriental armyworm and mosquito. In particular,
compound 13 exhibited activity against oriental armyworm
comparable with that of the commercial Hexaflumuron. Inter-
estingly, some compounds showed good stimulation of radicle
growth of cucumber.
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Table 5. Plant Growth Activities on the Radicle Growth of Cucumber

compd plant growth regulatory activities at 10 mg L™ (%) rank?
1 30 +
2 50 +
3 30 +
4 50 +
5 130 ++
6 65 +
7 105 ++
14 =35 -
Hexaflumuron 65 +

‘44, 2100%; +, =250%; —, <50%.
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