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In search of environmentally benign insecticides with high activity, low toxicity, and low residue, a series
of novel anthranilic diamide containing propargyl ether were designed and synthesized. All compounds were
characterized by 1H NMR spectroscopy, high-resolution mass spectrometry, or elemental analysis. The sin-
gle crystal structure of 18g was determined by X-ray diffraction. The insecticidal activities against Lepidop-
tera pests of the new compounds were evaluated. Their insecticidal activities against oriental armyworm
(Mythimna separata) and diamondback moth (Plutella xylostella) indicated that most of the compounds
showed moderate to high activities at the tested concentration.
J. Heterocyclic Chem., 00, 00 (2015).
INTRODUCTION

Resistance has often been a problem or a potential prob-
lem for insecticide and is one of the most important reasons
why insecticides with a new mode of action have been de-
sired [1]. The ryanodine receptor (RyR) derives its name
from the plant metabolite ryanodine (A), a natural insecti-
cide from Ryania speciosa, known to modify calcium chan-
nels [2–5]. As ryanodine is a potent natural insecticide, it
has been conjectured that RyRs would provide an excellent
target for insect control. The phthalic diamides [6–8] from
Nihon Nohyaku, and the anthranilic diamides [9–12] from
Dupont, are the first synthetic classes of potent activators
of insect RyRs. The recent commercial introduction of
RyR insecticides flubendiamide (B) and chlorantraniliprole
(C) is significant in the field of crop protection, particularly
important in light of ability of insects to rapidly develop re-
sistance and the need for safe and effective pesticides that
act at new biochemical targets [13,14].

Owing to their prominent insecticidal activity, unique
modes of action and good environmental profiles, anthranilic
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diamides, and their chemical synthesis have recently
attracted considerable attention in the field of novel agricul-
tural insecticides. There were many literatures reported for
the modification of the anthranilic diamides [15–17]. Most
modificationwas related to a variation of the substitution pat-
tern in part of the aliphatic amide moiety. Although less re-
search has been devoted to the modification of the
anthraniloyl skeleton, it has been reported that the biological
activity of such compounds can be affected by changing the
anthraniloyl skeleton to a large extent [18]. In continuation
of our research on biologically active heterocycles [19,20],
a series of novel anthranilic diamide containing propargyl
ether were designed and synthesized, and their insecticidal
activities were tested. The results showed that some com-
pounds exhibited moderate insecticidal activities against
Mythimna separateWalker and Plutella xylostella Linnaeus.
RESULTS AND DISCUSSION

Synthesis. In the present work, the synthesis of a series
novel anthranilic diamide derivatives as well as their
insecticidal activities against three lepidopterous pests
were studied. The target propargyl ether compounds
18a–18n were synthesized by a simple and convenient
four-step procedure starting from the key intermediate
2-(3-chloro-pyridin-2-yl)-5-oxo-pyrazolidine-3-carboxylic
acid ethyl ester (9). Compound 9 was oxidized to give
pyrazolone 15 in low yield. Compound 15 was reacted
orporation



Figure 1. Molecular structure of compound 18g.
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with propargyl bromide in dry dimethylformamide to
yield ethyl 1-(3-chloropyridin-2-yl)-3-(prop-2-yn-1-yloxy)-
1H-pyrazole-5-carboxylate (16). Then compound 16 was
hydrolyzed to give the key intermediate 1-(3-chloropyridin-
2-yl)-3-(prop-2-yn-1-yloxy)-1H-pyrazole-5-carboxylic acid
(17). The title compounds 18 were synthesized from
compound 17 and the appropriate intermediate 14 (obtained
from the intermediate 13 and corresponding amine, see
Table 1) in dry tetrahydrofuran using triethylamine as base.

Crystal structure analysis. Compound 18g was
recrystallized from ethyl acetate/petroleum ether to give
colorless crystal suitable for X-ray single crystal
diffraction with the following crystallographic parameters:
a=8.8615(18)Å, b=16.668(3)Å, c=14.680(3)Å, α=90°,
β=90.10(3)°, γ=90°, μ=0.355mm�1, V=2286.4(7)Å3,
Z=4, Dx = 1.434mgm�3, F(000) = 960, T=113(2)K,
1.84°≤ θ≤ 26.03°. The crystal is monoclinic.
The molecular structure of 18g contains the following

four-plane subunit: the cyclopropane ring C1-C3 (p1), ben-
zene ring C5-C10 (p2), the pyridine ring C18-C22-N5
(p3), and the pyrazole ring (p4) (Fig. 1). The dihedral angel
between the plane of the pyridine ring p3 and the plane of
the pyrazole ring p4 is about 81.6°. The average bond
lengths and bond angles of the phenyl ring, the pyrazole
ring, the pyridine ring, and the amide bond are normal.
The intermolecular edge-to-face π–π stacking appears
between the pyridine ring and the phenyl ring in another
adjacent molecule. These interactions can help to further
stabilize the crystal structure [21,22]. The title compound
has an extensive network of hydrogen bonding involving
the two acceptor N atoms. They are linked together by
N–H···O hydrogen bonds, also, the intramolecular
N–H···O hydrogen bonding sequence is repeated to form
a ring. The crystal packing structure of this compound is
shown in Figure 2.
Table 1

Melting points and yields of compounds 14a–14n.

Compound R1 R2 R3

mp
(°C)

Yield
(%)

14a CH3 Cl n-propyl 119–121 88.0
14b CH3 Cl n-butyl 87–88 77.9
14c CH3 Cl i-butyl 117–122 68.1
14d CH3 Cl Cyclohexyl 167–168 89.2
14e H Cl n-propyl 120–122 79.3
14f H Cl i-propyl 161–162 58.0
14g H Cl Cyclopropyl 143–145 61.9
14h H Cl n-butyl 108–110 66.4
14i H Cl Cyclohexyl 179–181 56.9
14j CH3 H n-propyl 88–90 70.2
14k CH3 H i-propyl 137–139 70.2
14l CH3 H Cyclopropyl 118–120 80.0
14m CH3 Br i-propyl 161–163 71.4
14n CH3 Br Cyclopropyl 157–159 63.8
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Biological activity. Table 3 shows the insecticidal activities
of the title compounds 18a–18n and chlorantraniliprole against
oriental armyworm. The results of insecticidal activities given
in Table 3 indicated that most of the title compounds exhibited
excellent activity against oriental armyworm. For instance,
the insecticidal activities of compounds 18a, 18c, 18f, and
18m against oriental armyworm at 10mgkg�1 were 100%.
Moreover, compounds 18a and 18c still exhibited good
insecticidal activity against oriental armyworm when the
concentration was reduced to 5mgkg�1.

Table 4 shows the insecticidal activities of the title com-
pounds 18a–18n and chlorantraniliprole against diamond-
back moth. The results indicate that the title compounds
have good insecticidal activities against diamondback
moth. For instance, the insecticidal activities of compounds
18a, 18b, 18l, and 18m against diamondback moth at
5mgkg�1 were 100%.

In Tables 3 and 4, we can see that the larvicidal activities
of the title compounds appeared to be strongly associated
with the substituent group and its position on the benzene.
Methyl-substituted derivative at ortho and chloro-
substituted at para is very important for increasing activity.
And the chloro-substituted derivatives showed higher in-
secticidal activity than the bromo-substituted correspond-
ing derivatives. Further studies on structural optimization
and structure–activity relationships of these anthranilic di-
amide derivatives are in progress.

EXPERIMENTAL

Materials and methods. 1H NMR spectra were
obtained at 400MHz using a Bruker AV400 spectrometer
(Bruker Co., Switzerland) in CDCl3 or DMSO-d6
solution with tetramethylsilane as the internal standard.
Chemical shift values (δ) were given in parts per million
(ppm). High-resolution mass spectrometry (HRMS)
data were obtained on a Varian QFT-ESI instrument
stry DOI 10.1002/jhet



Figure 2. Packing diagram of compound 18g.
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(Varian Medical Systems, Salt Lake City, UT). Elemental
analyses were determined on a Yanaco CHN Corder MT-3
elemental analyzer (Anatec Yanaco Corporation, Uji,
Kyoto, Japan). The melting points were determined on
an X-4 binocular microscope melting point apparatus
(Beijing Tech Instruments Co., Beijing, China) and were
uncorrected. All solvents and liquid reagents were dried
by standard methods and distilled before use.

General procedures. Chlorantraniliprole was prepared
according to the route shown in Scheme 1. The title
compounds 18 were synthesized from compound 17 and
the appropriate intermediate 14 (obtained from the
intermediate 13 and corresponding amine, see Table 1) in
dry tetrahydrofuran using triethylamine as base as shown
in Scheme 2.

Synthetic procedure for 2-amino-3-methylbenzoic acid (4).
Compound 4 was prepared according to the literature [13].
Chloralhydrate (8.1g, 55mmol, 1.1 equiv) and Na2SO4

(71.0g, 0.5mol, 10 equiv) were dissolved in water (200mL)
in a three-neck 500-mL round-bottom flask. The solution
was stirred with a mechanical stirrer and heated at 40°C
until the mixture became clear. A warm solution of the
commercial o-toluidine 1 (5.4g, 50mmol) in water (50mL)
and an aqueous solution of concentrated HCl (5.32g,
4.5mL, 52.5mmol, 1.05 equiv) was added, followed by a
Journal of Heterocyclic Chemi
warm solution of hydroxylamine hydrochloride (10.4g,
0.15mol, 3.0 equiv) in water (45mL). The mixture was
heated to reflux under vigorous stirring, allowed to reflux for
10min, and then cooled at room temperature. The product
precipitated out of solution, and after standing overnight, the
solid was collected and dried to obtain 2-hydroxyimino-N-o-
tolyl-acetamide.

Sulfuric acid (60mL) was heated in a three-neck
250-mL round-bottom flask at 60°C and then removed.
The dry 2-hydroxyimino-N-o-tolyl-acetamide (2) was
added in portions with stirring over 30min so that the
temperature did not exceed 70°C. The mixture was then
heated at 80°C for 20min then allowed to cool at room tem-
perature. The reaction mixture was poured over crushed ice
(100g) and left to stand for 1h, yielding a crude precipitate
that was collected by suction filtration. The product was
washed with water (2 × 50mL) and filtered to give crude
7-methyl-1H-indole-2,3-dione, which was directly used
for the next step without further purification.

To a stirred suspension of compound 3 in a 5% aqueous
sodium hydroxide solution (150mL), this mixture was
cooled at 0°C, was added dropwise a 30% aqueous hydro-
gen peroxide solution (150mL). The reaction mixture was
stirred at 50°C for 30min and then allowed to reach room
temperature. The filtered solution was acidified to pH4
stry DOI 10.1002/jhet



Scheme 1. General synthetic route of the chlorantraniliprole.

Scheme 2. General synthetic route of the title compounds 18a–18n.
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with an aqueous 1N hydrochloric acid solution, and a tan pre-
cipitate was collected by filtration, washed thoroughly with
cold water, and dried under vacuum to afford 2-amino-3-
methylbenzoic acid (4). The overall yield of compound 4
was 25.6%, mp 173–174°C. 1H NMR (DMSO-d6,
Journal of Heterocyclic Chemi
400MHz), δ: 7.61 (d, J=8.0Hz, 1H, Ph-H), 7.15 (d,
J=7.0Hz, 1H, Ph-H), 6.50 (m, 1H, Ph-H), 2.09 (s, 3H, CH3).

Synthetic procedure for 2-amino-5-chloro-3-methylbenzoic
acid (5). 2-Amino-5-chloro-3-methylbenzoic acid (5) was
prepared according to the literature [14]. To a solution of 2-
stry DOI 10.1002/jhet
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amino-3-methylbenzoic acid (10g, 66mmol) in DMF
(40mL) was added N-chlorosuccinimide (8.8g, 66mmol),
and the reaction mixture was heated at 100°C for 40min.
The reaction was cooled at room temperature and let stand
overnight. The reaction mixture was then slowly poured
into ice water (150mL) to precipitate a white solid. The
solid was filtered and washed with water (3×50mL) and
then taken up in ethyl acetate (600mL). The ethyl acetate
solution was dried over magnesium sulfate and evaporated
under reduced pressure, and the residual solid was washed
with ether (3×30mL) to afford intermediate 2-amino-5-
chloro-3-methylbenzoic acid (5): white solid, mp 196–197°C
(dec.) yield 76.0%; 1H NMR (DMSO-d6, 400MHz), δ:
7.53 (s, 1H, Ph-H), 7.21 (s, 1H, Ph-H), 2.09 (s, 3H, CH3).

Synthesis of intermediates 2-amino-5-chloro-3,N-dimethyl-
benzamide (6). 2-Amino-5-chloro-3,N-dimethyl-benzamide
(6) was prepared according to the literature [15]. To a
100-mL round-bottomed flask was placed 2-amino-5-
chloro-3-methylbenzoic acid (5) (3.7 g, 20mmol) and
then was added 50mL of thionyl chloride. The resulting
mixture was refluxed for 3 h. The mixture was evaporated
in vacuo to dryness, and then 60mL of THF was added.
To this solution was added dropwise a solution of 50 g of
25% aqueous methylamine solution under an ice bath.
The resulting solution was allowed to stir at room
temperature for 12 h and then water (200mL) was added.
The yellow precipitate was collected by filtration and
dried to give 2.36 g (59.3%) of compound 6, mp 130–
132°C. 1H NMR (CDCl3, 400MHz) δ: 7.16 (d,
J=2.2Hz, 1H, Ph-H), 7.09 (d, J=1.6Hz, 1H, Ph-H),
6.01 (br, 1H, NH), 5.52 (br, 2H, NH2), 2.95 (d,
J=4.8Hz, 3H, NHCH3), 2.13 (s, 3H, CH3).

Synthetic procedure for (3-chloro-pyridin-2-yl)-hydrazine
(8). To a suspension of 2, 3-dichloropyridine 7 (100.0 g,
0.676mol) in anhydrous ethanol (420mL) was added 50%
hydrazine hydrate (280mL, 2.884mol). The resulting
mixture was refluxed for 36h and then cooled at room
temperature. The product precipitated out of solution, the
white crystal was collected by filtration, washed thoroughly
with cold ethanol, and dried to give white crystals (74.4 g,
76.8%), mp 163–164°C. 1H NMR (CDCl3, 400MHz) δ:
8.09 (d, J=3.9Hz, 1H, pyridyl-H); 7.47 (d, J=8.1Hz, 1H,
pyridyl-H); 6.64 (dd, J1=3.9Hz, J2=8.1Hz, 1H, pyridyl-
H); 6.21 (s, 1H, NH); 3.97 (br. s, 2H, NH2).

Synthetic procedure for 2-(3-chloro-pyridin-2-yl)-5-oxo-
pyrazolidine-3-carboxylic acid ethyl ester (9). To a 200mL
of absolute ethanol in a 500-mL three-necked round-
bottomed flask was added 6.9 g (0.3mol) of sodium cut
in pieces of suitable size. When all the sodium has
reacted, the mixture was heated to reflux and (3-
chloro-pyridin-2-yl)-hydrazine (8) (39.82 g, 0.277mol)
was added. The mixture was refluxed for 10min, then
diethyl maleate (51.65 g, 0.3mol) was added dropwise.
The resulting orange-red solution was held at reflux for
30min. After being cooled at 65°C, the reaction
Journal of Heterocyclic Chemi
mixture was treated with glacial acetic acid (30 g,
0.51mol). The mixture was diluted with water (30mL).
After removal of most solvent, the residue was treated
with water (300mL). The slurry formed was dissolved
in aqueous ethanol (70%, 200mL) and stirred
thoroughly. The solid was collected by filtration and
washed with aqueous ethanol (50%, 3 × 50mL) to give
2-(3-chloro-pyridin-2-yl)-5-oxo-pyrazolidine-3-
carboxylic acid ethyl ester (9) (36.6 g, 49.0%), mp 132–
134°C. 1H NMR (DMSO-d6, 400MHz) δ: 10.18 (s, 1H,
NH); 8.25 (d, J=4.8Hz, 1H, pyridyl-H); 7.91 (d,
J=7.4Hz, 1H, pyridyl-H); 7.18 (dd, J1= 4.8Hz,
J2= 7.4Hz, 1H, pyridyl-H); 4.81 (d, J= 9.8Hz, 1H,
CH); 4.17 (q, J= 7.0Hz, 2H, OCH2); 2.89 (dd,
J1= 9.8Hz, J2=16.8Hz, 1H, CH2-H); 2.34 (d,
J=16.8Hz, 1H, CH2-H); 1.20 (t, J= 7.0Hz, 3H, CH3).

5-Bromo-2-(3-chloro-pyridin-2-yl)-3,4-dihydro-2H-pyrazole-3-
carboxylic acid ethyl ester (10). To a solution of 2-(3-chloro-
pyridin-2-yl)-5-oxo-pyrazolidine-3-carboxylic acid ethyl
ester (9) (27g, 0.1mol) in acetonitrile (300mL) was added
phosphorous oxybromide (34.4g, 0.12mmol). The reaction
mixture was refluxed for 5h, then 250mL of solvent was
0removed by distillation. The concentrated reaction mixture
was slowly poured into saturated aq. Na2CO3 (250mL) and
stirred vigorously for 30min. The resulting mixture was
extracted with CH2Cl2 (2×250mL), the organic extract was
separated, dried, filtered, concentrated, and purified by silica
gel chromatography to afford 5-bromo-2-(3-chloro-pyridin-
2-yl)-3,4-dihydro-2H-pyrazole-3-carboxylic acid ethyl ester
(10) (31.0g, 93.0%), mp 59–60°C. 1H NMR (DMSO-d6,
400MHz) δ: 8.10 (d, J=4.4Hz, 1H, pyridyl-H); 7.83 (d,
J=7.7Hz, 1H, pyridyl-H); 6.98 (dd, J1=4.4Hz, J2=7.7Hz,
1H, pyridyl-H); 5.17 (dd, J1=8.7Hz, J2=11.8Hz, 1H, CH);
4.08 (q, J=7.0Hz, 2H, OCH2); 3.27 (dd, J1=8.7Hz,
J2=17.6Hz, 1H, CH2-H); 3.57 (dd, J1=11.8Hz,
J2=17.6Hz, 1H, CH2-H); 1.12 (t, J=7.0Hz, 3H,CH3).

Synthetic procedure for 5-bromo-2-(3-chloro-pyridin-2-yl)-2H-
pyrazole-3-carboxylic acid ethyl ester (11). To a solution of 5-
bromo-2-(3-chloro-pyridin-2-yl)-3,4-dihydro-2H-pyrazole-3-
carboxylic acid ethyl ester (10) (17g, 51mmol) in acetonitrile
(250mL) was added sulfuric acid (98%, 10g, 102mmol).
After being stirred for several minutes, the reaction mixture
was treated with K2S2O8 (21g, 76.5mmol) and refluxed for
4.5h. After being cooled at 60°C, the mixture was filtered,
the filter cake was washed with acetonitrile (30mL). The
filtrate was concentrated to 100mL then was added slowly
to water (250mL) under stirring. The solid was collected by
filtration, washed with acetonitrile (3×30mL), water
(30mL), and then dried to give 5-bromo-2-(3-chloro-
pyridin-2-yl)-2H-pyrazole-3-carboxylic acid ethyl ester (11)
(15.6g, 92.7%), mp 117–118°C. 1H NMR (CDCl3,
400MHz) δ: 8.52 (d, J=4.8Hz, 1H, pyridyl-H); 7.92 (d,
J=8.1Hz, 1H, pyridyl-H); 7.45 (dd, J1=4.8Hz, J2=8.1Hz,
1H, pyridyl-H); 6.95 (s, 1H, pyrazolyl-H); 4.24 (q,
J=7.2Hz, 2H, CH2); 1.21 (t, J=7.2Hz, 3H, CH3).
stry DOI 10.1002/jhet
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Synthetic procedure for 5-bromo-2-(3-chloro-pyridin-2-yl)-
2H-pyrazole-3-carboxylic acid (12). To a mixture of the
ethyl 5-bromo-2-(3-chloro-pyridin-2-yl)-2H-pyrazole-3-
carboxylic acid ethyl ester (11) (15.6 g, 47.2mmol) in
methanol (120mL) was added aqueous sodium hydroxide
solution (60mL, 1molL�1). The solution was stirred at
room temperature for 6 h then concentrated in vacuo to
about 50mL. The concentrated mixture was diluted with
H2O (150mL) and washed with ethyl acetate (150mL).
The aqueous solution was acidified using concentrated
hydrochloric acid to pH=2. The solid was collected by
filtration, washed with ether (30mL), and then dried to
give 5-bromo-2-(3-chloro-pyridin-2-yl)-2H-pyrazole-3-
carboxylic acid (12) (12.75 g, 89.3%), mp 197–200°C. 1H
NMR (CDCl3, 400MHz) δ: 8.52 (dd, J1=1.5Hz,
J2=4.8Hz, 1H, pyridyl-H); 7.94 (dd, J1=1.5Hz,
J2=8.1Hz, 1H, pyridyl-H); 7.48 (dd, 1H, J=4.8, 8.1Hz,
pyridyl-H); 7.10 (s, 1H, pyrazolyl-H).

Synthetic procedure for chlorantraniliprole. Chlorantranili-
prole was prepared according to the literatures [16,17]. To a
suspension of N-pyridylpyrazole acid 12 (0.30g, 1mmol) in
dichloromethane (20mL) was added oxalyl chloride (0.38g,
3mmol), followed by dimethylformamide (two drops). The
solution was stirred at room temperature. After 6h, the
mixture was concentrated in vacuo to obtain the crude acid
chloride. The crude acid chloride in dichloromethane
(20mL) was added slowly to a stirred solution of 2-amino-
5-chloro-3,N-dimethyl-benzamide (6) (0.24g, 1.2mmol) in
dichloromethane (20mL) in an ice bath. After 20min,
ethyl-diisopropyl-amine (0.13g, 1mmol) was added
dropwise. The solution was warmed at room temperature
and stirred for 12h. The solution was diluted with CH2Cl2
(20mL) and washed with 1N aq. HCl solution (10mL),
saturated aq. NaHCO3 (10mL), and brine (10mL). The
organic extract was separated, dried, filtered, and
concentrated and purified by silica gel chromatography to
afford chlorantraniliprole (0.43g, 89.3%), mp 197–200°C.
1H NMR (CDCl3, 400MHz) δ: 10.10 (br. s, 1H, NH); 8.46
(dd, J1=1.6Hz, J2=4.8Hz, 1H, pyridyl-H ); 7.85 (dd,
J1=1.6Hz, J2=8.0Hz, 1H, pyridyl-H); 7.38 (dd,
J1=4.8Hz, J2=8.0Hz, 1H, pyridyl-H); 7.24 (d, J=2.0Hz,
1H, Ph-H); 7.21 (d, J=2.0Hz, 1H, Ph-H); 7.11 (s, 1H,
pyrazolyl-H); 6.15–6.18 (m, 1H, NHCO); 2.95 (d,
J=4.9Hz, 2H, NHCH3); 2.17 (s, 3H, CH3).

Synthetic procedure for 2-amino-5-chloro-3-methyl-N-
propyl-benzamide (14a). Compound 13 was synthesized
according to the same method of compound 5. To a 100-
mL round-bottomed flask was placed 2-amino-5-chloro-
3-methylbenzoic acid (5) (5.0 g, 27mmol) and then was
added 50mL of thionyl chloride. The resulting mixture
was refluxed for 3 h. The mixture was evaporated in
vacuo to dryness and then 40mL of THF was added. The
solution was added slowly to a stirred solution of
propylamine (15.8 g, 270mmol) in tetrahydrofuran
Journal of Heterocyclic Chemi
(40mL) in an ice bath. The resulting solution was
allowed to stir at room temperature for 12 h. Then the
solution was concentrated in vacuo and diluted with ethyl
acetate (150mL) and washed with water (3 × 50mL). The
organic extract was separated, dried, filtered, and
concentrated and purified by silica gel chromatography to
afford the desired title compound 14a.

Compounds 14b–14n were prepared by similar method
mentioned earlier using the appropriate substrates. The
melting points and yields of compounds 14a–14n are listed
in Table 1. The 1H NMR data are listed in Table 2.

Synthetic procedure for 2-(3-chloro-pyridin-2-yl)-5-oxo-2,5-
dihydro-1H-pyrazole-3-carboxylic acid ethyl ester (15). To a
solution of 2-(3-chloro-pyridin-2-yl)-5-oxo-pyrazolidine-
3-carboxylic acid ethyl ester (9) (10 g, 37mmol) in
acetonitrile (150mL) was added sulfuric acid (98%, 7.2 g,
74mmol). After being stirred for several minutes, the
reaction mixture was treated with K2S2O8 (15 g,
56mmol) and refluxed for 4.5 h. After being cooled at
60°C, the mixture was filtered, the filter cake was washed
with acetonitrile (30mL). The filtrate was concentrated
and poured into ice water (200mL). The aqueous layer
was extracted with dichloromethane (3× 150mL). The
organic layer was washed with water (3 × 100mL) and
dried over anhydrous sodium sulfate. Then the ethyl
acetate was concentrated. The residue was purified by
column chromatography over silica gel using petroleum
ether (60–90°C) and ethyl acetate as the eluent to afford
2-(3-chloro-pyridin-2-yl)-5-oxo-2,5-dihydro-1H-pyrazole-
3- carboxylic acid ethyl ester (15) (6.2 g, 62.4%), mp 136–
138°C. 1H NMR (CDCl3, 400MHz) δ: 9.35 (s, 1H, NH);
8.52 (d, J=4.4Hz, 1H, pyridyl-H); 7.90 (d, J=8.0Hz,
1H, pyridyl-H); 7.43 (dd, J1=4.4Hz, J2=8.0Hz, 1H,
pyridyl-H); 6.36 (s, 1H, pyrazolyl-H); 4.19 (q, 2H,
J=7.2Hz, CH2); 1.19 (t, 3H, J=7.2Hz, CH3).

Synthetic procedure for ethyl 1-(3-chloropyridin-2-yl)-3-
(prop-2-yn-1-yloxy)-1H-pyrazole-5-carboxylate (16). Ester
16 was prepared according to the literature [7].
Compound 15 (2.0 g, 7.5mmol) was dissolved in 30mL
of dry dimethylformamide, and potassium carbonate
(1.52 g, 11.0mmol) was added. The mixture was heated at
40°C. The propargyl bromide (1.08 g, 9mmol) in dry
dimethylformamide (5mL) was added slowly to the
mixture. The solution was warmed at 100°C and stirred
for 3 h and poured into ice water (50mL). The aqueous
layer was extracted with ethyl acetate (3 ×40mL). The
organic layer was washed with water (3× 40mL) and
dried over anhydrous sodium sulfate. Then the ethyl
acetate was concentrated. The residue was purified by
column chromatography on a silica gel using petroleum
ether (60–90°C) and ethyl acetate as the eluent to afford
the ethyl 1-(3-chloropyridin-2-yl)-3-(prop-2-yn-1-yloxy)-
1H-pyrazole-5-carboxylate (16) (2.08 g, 90.1%), colorless
oil, 1H NMR (CDCl3, 400MHz) δ: 8.51 (dd, J1=1.2Hz,
stry DOI 10.1002/jhet



Table 2
1H NMR of compounds 14a–14n.

Compound 1H NMR δ (ppm)

14a (400MHz, DMSO-d6), δ: 8.37 (br, 1H, CONH); 7.41 (d, J = 1.8 Hz, 1H, Ph-H); 7.13 (d, J = 1.8 Hz, 1H, Ph-H); 6.32 (s, 2H, PhNH2);
3.14–3.17 (m, 2H, NHCH2); 2.08 (s, 3H, PhCH3); 1.50–1.52 (m, 2H, CH2CH3); 0.88 (t, J = 7.4 Hz, 3H, CH2CH3)

14b (400MHz, DMSO-d6), δ: 8.34 (br, 1H, CONH); 7.41 (d, J = 1.8 Hz, 1H, Ph-H); 7.12 (d, J = 1.8 Hz, 1H, Ph-H); 6.32
(s, 2H, PhNH2); 3.19–3.22 (m, 2H, NHCH2); 2.08 (s, 3H, PhCH3); 1.45–1.52 (m, 2H, CH2); 1.29–1.36 (m, 2H, CH2CH3);
0.89 (t, J = 7.3 Hz, 3H, CH2CH3)

14c (400MHz, DMSO-d6), δ: 8.38 (br, 1H, CONH); 7.42 (d, J = 2.0 Hz, 1H, Ph-H); 7.14 (d, J = 2.0 Hz, 1H, Ph-H);
6.29 (s, 2H, PhNH2); 3.01–3.03 (m, 2H, NHCH2); 2.08 (s, 3H, PhCH3); 1.77–1.88 (m, 1H, CH(CH3)2); 0.88
(d, J = 6.6 Hz, 6H, CH(CH3)2)

14d (400MHz, CDCl3), δ: 7.05–7.14 (m, 2H, Ph-H); 5.81 (br, 1H, CONH); 5.46 (br, 2H, NH2); 3.82–3.94 (m, 1H, cyclohexyl-H);
2.13 (s, 3H, CH3); 1.18–2.04 (m, 10H, cyclohexyl-H)

14e (400MHz, DMSO-d6), δ: 8.34–8.36 (m, 1H, CONH); 7.53 (d, J = 2.4 Hz, 1H, Ph-H); 7.15 (dd, J1 = 8.7 Hz, J2 = 2.4 Hz, 1H, Ph-H);
6.70 (d, J = 8.7 Hz, 1H, Ph-H); 6.54 (s, 2H, PhNH2); 3.13–3.16 (m, 2H, NHCH2 ); 1.46–1.53 (m, 2H, CH2CH3); 0.87
(t, J = 7.2 Hz, 3H, CH2CH3)

14f (400MHz, DMSO-d6), δ: 8.11–8.13 (m, 1H, CONH); 7.54 (d, J = 2.4 Hz, 1H, Ph-H); 7.15 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H, Ph-H);
6.70 (d, J = 8.8 Hz, 1H, Ph-H); 6.50 (s, 2H, PhNH2); 4.01–4.09 (m, 1H, CH); 1.14 (d, J = 6.6 Hz, 6H, CH(CH3)2)

14g (400MHz, DMSO-d6), δ: 8.35–8.37 (m, 1H, CONH); 7.53 (d, J = 2.4 Hz, 1H, Ph-H); 7.20 (dd, J1 = 8.8 Hz, J2 = 4.8 Hz, 1H, Ph-H); 6.76
(d, J = 8.8 Hz, 1H, Ph-H); 6.61 (s, 2H, PhNH2); 2.82–2.88 (m, 1H, cyclopropyl-H); 0.69–0.74 (m, 2H, cyclopropyl-H); 0.58–0.62 (m,
2H, cyclopropyl-H)

14h (400MHz, DMSO-d6), δ: 8.30–8.32 (m, 1H, CONH); 7.51 (d, J = 2.0 Hz, 1H, Ph-H); 7.15 (dd, J1 = 8.7 Hz, J2 = 2.0 Hz, 1H, Ph-H);
6.70 (d, J = 8.7 Hz, 1H, Ph-H); 6.53 (s, 2H, PhNH2); 3.17–3.19 (m, 2H, NHCH2 ); 1.42–1.51 (m, 2H, CH2CH2); 1.26–1.35 (m, 2H,
CH2CH3); 0.89 (t, J = 7.2 Hz, 3H, CH2CH3)

14i (400MHz, DMSO-d6), δ: 8.10–8.12 (m, 1H, CONH); 7.52 (d, J = 2.0 Hz, 1H, Ph-H); 7.14 (dd, J1 = 8.7 Hz, J2 = 2.0 Hz, 1H, Ph-H);
6.69 (d, J = 8.7 Hz, 1H, Ph-H); 6.47 (s, 2H, PhNH2); 3.67–3.70 (m, 1H, NHCH ); 1.08–1.79 (m, 10H, cyclohexyl-H)

14j (400MHz, DMSO-d6), δ: 8.20–8.22 (m, 1H, CONH); 7.35 (d, J = 7.6 Hz, 1H, Ph-H); 7.06 (d, J = 7.2 Hz, 1H, Ph-H); 6.45–6.49
(m, 1H, Ph-H); 6.18 (s, 2H, PhNH2); 3.14–3.19 (m, 2H, NHCH2); 2.07 (s, 3H, PhCH3); 1.46–1.55 (m, 2H, CH2CH3); 0.88
(t, J = 7.4 Hz, 3H, CH2CH3)

14k (400MHz, DMSO-d6), δ: 8.19–8.21 (m, 1H, CONH); 7.33 (d, J = 7.6 Hz, 1H, Ph-H); 7.05 (d, J = 7.0 Hz, 1H, Ph-H); 6.46–6.49
(m, 1H, Ph-H); 6.11 (s, 2H, PhNH2); 4.22–4.30 (m, 1H, CH); 2.18 ( s, 3H, CH3); 1.25 (m, 6H, J = 6.6 Hz, CH(CH3)2)

14l (400MHz, DMSO-d6), δ: 8.18 (s, 1H, CONH); 7.30 (d, J = 7.6 Hz, 1H, Ph-H); 7.05 (d, J = 6.8 Hz, 1H, Ph-H); 6.43–6.47
(m, 1H, Ph-H); 6.21 (s, 2H, PhNH2); 2.78–2.80 (m, 1H, cyclopropyl-H); 2.07 (s, 3H, PhCH3); 0.65–0.67 (m, 2H, CH2CH2,
cyclopropyl-H); 0.53–0.55 (m, 2H, CH2CH2, cyclopropyl-H)

14m (400MHz, CDCl3), δ: 7.24-7.31 ( m, 1H, Ar-H); 7.24–7.25 ( m, 1H, Ar-H);5.87 (br, 1H, NH); 4.20-4.26 (m, 1H, CH); 2.19
( s, 3H, CH3); 1.26 (d, 6H, J = 6.4 Hz, CH3)

14n (400MHz, CDCl3), δ: 7.08–7.12 (m, 2H, Ph-H); 6.03 (br, 1H, NH); 5.43–5.64 (br, 2H, NH2); 2.68–2.72 (m, 1H, cyclopropyl-H);
2.02 (s, 3H, CH3); 0.71–0.76 (m, 2H, cyclopropyl-H); 0.46–0.50 (m, 2H, cyclopropyl-H)
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J2=4.7Hz, 1H, pyridyl-H); 7.89 (dd, J1=1.2Hz, J2=8.0Hz,
1H, pyridyl-H); 7.41 (dd, 1H, J1=4.7Hz, J2=8.0Hz, 1H,
pyridyl-H); 6.51 (s, 1H, pyrazolyl-H); 4.91 (d, J=2.3Hz,
2H, OCH2); 4.21 (q, J=7.2Hz, 2H, CH2CH3); 2.54–2.56
(m, 1H, CH); 1.21 (t, J=7.2Hz, 3H, CH2CH3).

Synthetic procedure for 1-(3-chloropyridin-2-yl)-3-(prop-2-
yn-1-yloxy)-1H-pyrazole-5-carboxylic acid (17). To a
mixture of compound 16 (2.08 g, 7.4mmol) in methanol
(20mL) was added aqueous sodium hydroxide solution
(10mL, 1mol L�1). The solution was stirred at room
temperature for 6 h then concentrated in vacuo to about
5mL. The concentrated mixture was diluted with H2O
(40mL) and washed with ethyl acetate (20mL). The
aqueous solution was acidified using concentrated
hydrochloric acid to pH=2. The solid was collected by
filtration, washed with ether (10mL), and then dried to give
1-(3-chloropyridin-2-yl)-3-(prop-2-yn-1-yloxy)-1H-pyrazole-
5-carboxylic acid (17) (1.61g, 80.5%), mp 183–185°C. 1H
NMR (DMSO-d6, 400MHz) δ: 8.50 (dd, J1=1.6Hz,
J2=4.7Hz, 1H, pyridyl-H); 7.90 (dd, J1=1.6Hz,
Journal of Heterocyclic Chemi
J2=8.0Hz, 1H, pyridyl-H); 7.41 (dd, 1H, J1=4.7Hz,
J2=8.0Hz, 1H, pyridyl-H); 6.57 (s, 1H, pyrazolyl-H); 4.91
(d, J=2.4Hz, 2H, OCH2); 2.56 (t, J=2.4Hz, 1H, CH).

Synthetic procedure for the title compounds 18a–18n. To
a suspension of N-pyridylpyrazole acid 17 (1mmol) in
dichloromethane (20mL) were added oxalyl chloride
(3mmol) and dimethylformamide (two drops). The
solution was stirred at ambient temperature for 4 h. Then
the mixture was concentrated in vacuo to give the crude
acid chloride. The crude acid chloride in tetrahydrofuran
(25mL) was added slowly to a stirred solution of 14
(1.2mmol) and triethylamine (1.2mmol) in
tetrahydrofuran (15mL). The mixture was stirred at
ambient temperature for 8 h. Then the solution was
concentrated in vacuo and diluted with CH2Cl2 (60mL)
and washed with 1N aq. HCl solution (15mL), saturated
aq. NaHCO3 (15mL), and brine (15mL). The organic
extract was separated, dried, filtered, and concentrated
and purified by silica gel chromatography to afford the
desired title compound 18a–18n.
stry DOI 10.1002/jhet
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2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-methyl-6-propylcarbamoyl-
phenyl)-amide (18a). White crystal, yield, 52.2%; mp
198–200°C; 1H NMR (CDCl3, 400MHz) δ: 9.78 (s, 1H,
CONH); 8.24 (d, J=4.6Hz, 1H, pyridyl-H); 7.62 (d,
J=8.0Hz, 1H, pyridyl-H); 7.13 (dd, J1=4.6Hz,
J2=8.0Hz, 1H, pyridyl-H); 7.02 (d, J=1.8Hz, 1H, Ph-H);
7.00 (d, J=1.8Hz, 1H, Ph-H); 6.39 (s, 1H, pyrazolyl-H);
6.00–6.03 (m, 1H, NHCH2); 4.74 (d, J=2.4Hz, 2H,
OCH2); 3.12–3.15 (m, 2H, CH2NH); 2.48 (t, J=2.4Hz,
1H, CH); 1.98 (s, 3H, PhCH3); 1.36–1.38 (m, 2H, CH2CH3);
0.75 (t, J=7.3Hz, 3H, CH2CH3). The value of HRMS [M
+Na]+ for C23H21Cl2N5O3: 508.0914. Found: 508.0922.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (2-butylcarbamoyl-4-chloro-6-methyl-
phenyl)-amide (18b). White crystal, yield, 54.8%; mp
200–202°C; 1H NMR (CDCl3, 400MHz) δ: 9.87(s, 1H,
CONH); 8.37 (d, J = 4.6Hz, 1H, pyridyl-H); 7.75 (d,
J=8.0Hz, 1H, pyridyl-H); 7.26 (dd, J1=4.6Hz,
J2=8.0Hz, 1H, pyridyl-H); 7.15 (d, J=2.0Hz, 1H, Ph-
H); 7.12 (d, J=2.0Hz, 1H, Ph-H); 6.50 (s, 1H, pyrazolyl-
H); 6.10–6.13 (m, 1H, NHCH2); 4.87 (d, J=2.4Hz, 2H,
OCH2); 3.27–3.29 (m, 2H, CH2NH); 2.48 (t, J=2.4Hz,
1H, CH); 2.11 (s, 3H, PhCH3); 1.43–1.46 (m, 2H,
CH2CH2); 1.29–1.31 (m, 2H, CH2CH2); 0.86 (t,
J=7.3Hz, 3H, CH2CH3). The value of HRMS [M+Na]+

for C24H23Cl2N5O3: 522.1070. Found: 522.1065.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-isobutylcarbamoyl-6-methyl-
phenyl)-amide (18c). White crystal, yield, 48.5%; mp
230–231°C; 1H NMR (CDCl3, 400MHz) δ: 9.84 (s, 1H,
CONH); 8.37 (d, J=4.7Hz, 1H, pyridyl-H); 7.75 (d,
J=8.0Hz, 1H, pyridyl-H); 7.26 (dd, J1=4.7Hz,
J2=8.0Hz, 1H, pyridyl-H); 7.18 (m, 1H, Ph-H); 7.14 (m,
1H, Ph-H); 6.46 (s, 1H, pyrazolyl-H); 6.08–6.10 (m, 1H,
NHCH2); 4.87 (d, J=2.4Hz, 2H, OCH2); 3.12–3.14 (m,
2H, CH2NH); 2.48 (t, J=2.4Hz, 1H, CH); 2.12 (s, 3H,
PhCH3); 1.73–1.76 (m, 1H, CHCH2); 0.87 (d, J=6.2Hz,
6H, (CH3)2). Anal. Calcd. for C24H23Cl2N5O3(%): C,
57.61; H, 4.63; N, 14.00. Found: C, 57.42; H, 4.88; N, 13.86.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-cyclohexylcarbamoyl-6-
methyl-phenyl)-amide (18d). White crystal, yield,
57.9%; mp 152–154°C; 1H NMR (DMSO-d6, 400MHz)
δ: 8.44 (d, J=4.7Hz, 1H, pyridyl-H); 8.10 (d, J=8.0Hz,
1H, pyridyl-H); 7.54 (dd, J1=4.6Hz, J2=8.0Hz, 1H,
pyridyl-H); 7.39 (d, J=2.4Hz, 1H, Ph-H); 7.10 (d,
J=2.4Hz, 1H, Ph-H); 6.60 (s, 1H, pyrazolyl-H); 6.25–6.27
(m, 1H, NHCH); 4.82 (d, J=2.3Hz, 2H, OCH2); 3.60 (t,
J=2.3Hz, 1H, CH); 3.48–3.51 (m, 1H, CHNH); 2.05 (s,
3H, PhCH3); 1.95–1.98 (m, 2H, CH2); 1.84–1.86 (m, 2H,
CH2); 1.47–1.49 (m, 2H, CH2); 1.22–1.24 (m, 2H, CH2);
1.01–1.03 (m, 2H, CH2). The value of HRMS [M+Na]+

for C26H25Cl2N5O3: 548.1227. Found: 548.1219.
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2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-propylcarbamoyl-phenyl)-
amide (18e). White crystal, yield, 51.6%; mp 185–
187°C; 1H NMR (CDCl3, 400MHz) δ: 12.06 (s, 1H,
CONH); 8.37–8.42 (m, 2H, pyridyl-H, Ph-H); 7.80 (d,
J=7.8Hz, 1H, pyridyl-H); 7.25–7.36 (m, 3H, pyridyl-H,
Ph-H); 6.48 (s, 1H, pyrazolyl-H); 6.19–6.21 (m, 1H,
NH); 4.85 (s, 2H, OCH2); 3.33–3.36 (m, 2H, NHCH2);
2.47 (s, 1H, CH); 1.57–1.59 (m, 2H, CH2CH2); 0.94 (t,
J=7.3Hz, 3H, CH2CH3). The value of HRMS [M+Na]+

for C22H19Cl2N5O3: 494.0757. Found: 494.0764.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-isopropylcarbamoyl-phe-
nyl)-amide (18f). White crystal, yield, 49.6%; mp 171–
172°C; 1H NMR (CDCl3, 400MHz) δ: 12.18 (s, 1H,
CONH); 8.46–8.51 (m, 2H, pyridyl-H, Ph-H); 7.90 (d,
J=8.0Hz, 1H, pyridyl-H); 7.32–7.42 (m, 3H, pyridyl-H,
Ph-H); 6.57 (s, 1H, pyrazolyl-H); 6.00–6.03 (m, 1H, NH);
4.94 (d, J=2.4Hz, 2H, OCH2); 4.27–4.30 (m, 1H, NHCH);
2.56 (t, J=2.4Hz, 1H, CH); 1.31 (d, J=6.6Hz, 6H, (CH3)2).
Anal. Calcd. for C22H19Cl2N5O3(%): C, 55.94; H, 4.05; N,
14.83. Found: C, 55.72; H, 4.32; N, 14.68.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-cyclopropylcarbamoyl-phe-
nyl)-amide (18g). White crystal, yield, 48.3%; mp 230–
232°C; 1H NMR (CDCl3, 400MHz) δ: 12.07 (s, 1H,
CONH); 8.38–8.43 (m, 2H, pyridyl-H, Ph-H); 7.83 (d,
J=8.0Hz, 1H, pyridyl-H); 7.27–7.34 (m, 3H, pyridyl-H,
Ph-H); 6.53 (s, 1H, pyrazolyl-H); 6.26–6.29 (m, 1H,
NH); 4.86 (d, J=2.3Hz, 2H, OCH2); 2.82–2.85 (m, 1H,
NHCH); 2.47 (t, J=2.3Hz, 1H, CH); 0.87–0.89(m, 2H,
CH2CH2); 0.78–0.80 (m, 2H, CH2CH2). The value of
HRMS [M+Na]+ for C22H17Cl2N5O3: 492.0601. Found:
492.0610.

2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (2-butylcarbamoyl-4-chloro-phenyl)-am-
ide (18h): White crystal, yield, 55.1%; mp 142–144°C; 1H
NMR (CDCl3, 400MHz) δ: 12.08 (s, 1H, CONH); 8.37–
8.42 (m, 2H, pyridyl-H, Ph-H); 7.81 (d, J=8.0Hz, 1H,
pyridyl-H); 7.26–7.36 (m, 3H, pyridyl-H, Ph-H); 6.49 (s,
1H, pyrazolyl-H); 6.16–6.18 (m, 1H, NH); 4.87 (d,
J=2.4Hz, 2H, OCH2); 3.37–3.39 (m, 2H, NHCH2); 2.48
(t, J=2.4Hz, 1H, CH); 1.55–1.57 (m, 2H, CH2CH2); 1.36–
1.38 (m, 2H, CH2CH2); 0.92 (t, J=7.3Hz, 3H, CH2CH3).
The value of HRMS [M+Na]+ for C23H21Cl2N5O3:
508.0914. Found: 508.0919.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-chloro-2-cyclohexylcarbamoyl-phe-
nyl)-amide (18i). White crystal, yield, 54.0%; mp
163–164°C; 1H NMR (CDCl3, 400MHz) δ: 12.07 (s, 1H,
CONH); 8.38–8.48 (m, 2H, pyridyl-H, Ph-H); 7.83 (d,
J=8.0Hz, 1H, pyridyl-H); 7.27–7.34 (m, 3H, pyridyl-H,
Ph-H); 6.57 (s, 1H, pyrazolyl-H);5.99–6.01 (m, 1H, NH);
4.94 (d, J=2.4Hz, 2H, OCH2); 3.89–4.95 (m, 1H,
stry DOI 10.1002/jhet
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NHCH); 2.56 (t, J=2.4Hz, 1H, CH); 1.92–1.94 (m, 2H,
CH2); 1.70–1.72 (m, 2H, CH2); 1.59–1.62 (m, 2H, CH2);
1.30–1.32 (m, 2H, CH2); 1.14–1.16 (m, 2H, CH2). The
value of HRMS [M+Na]+ for C25H23Cl2N5O3: 534.1070.
Found: 534.1073.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (2-methyl-6-propylcarbamoyl-phenyl)-
amide (18j). White crystal, yield, 57.6%; mp 201–
202°C; 1H NMR (CDCl3, 400MHz) δ: 9.99 (s, 1H,
CONH); 8.38 (s, 1H, pyridyl-H); 7.74 (d, J=7.0Hz, 1H,
pyridyl-H); 7.15–7.25 (m, 3H, pyridyl-H, Ph-H); 7.06–
7.08 (m, 1H, Ph-H); 6.46 (s, 1H, pyrazolyl-H); 6.04–6.06
(m, 1H, NHCH); 4.91 (s, 2H, OCH2); 3.24–3.27 (m, 2H,
NHCH2); 2.48 (s, 1H, CH); 2.15 (s, 3H, PhCH3); 1.50–
1.52 (m, 2H, CH2CH2); 0.88 (t, J=6.6Hz, 3H, CH2CH3).
Anal. Calcd. for C23H22ClN5O3(%): C, 61.13; H, 4.91; N,
15.50. Found: C, 60.99; H, 5.07; N, 15.44.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (2-isopropylcarbamoyl-6-methyl-phe-
nyl)-amide (18k). White crystal, yield, 65.2%; mp 69–
70°C; 1H NMR (CDCl3, 400MHz) δ: 8.81 (s, 1H, CONH);
8.30 (d, J=4.8Hz, 1H, pyridyl-H); 7.92 (dd, J1=1.5Hz,
J2=8.0Hz, 1H, pyridyl-H); 7.55–7.60 (m, 2H, pyridyl-H,
Ph-H); 7.35 (dd, J1=4.8Hz, J2=8.0Hz, 1H, pyridyl-H);
7.20–7.22 (m, 1H, Ph-H); 6.44 (s, 1H, pyrazolyl-H);
6.05–6.07 (m, 1H, NHCH); 4.96 (d, J=2.4Hz, 2H,
OCH2); 4.13–4.15 (m, 1H, NHCH); 2.56 (t, J=2.4Hz,
1H, CH); 2.29 (s, 3H, PhCH3); 1.12(d, J=6.6Hz, 6H,
(CH3)2). The value of HRMS [M+Na]+ for
C23H22ClN5O3: 474.1303. Found: 474.1299.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (2-cyclopropylcarbamoyl-6-methyl-phe-
nyl)-amide (18l). White crystal, yield, 61.1%; mp 221–
223°C; 1H NMR (CDCl3, 400MHz) δ: 9.86 (s, 1H,
Table

Insecticidal activities against oriental armyworm of the

Compound

Larvicid

200 100 50

18a 100 100 100
18b 100 100 100
18c 100 100 100
18d 100 40
18e 100 100 100
18f 100 100 100
18g 100 100 100
18h 100 100 100
18i 100 50
18j 100 100 80
18k 100 40
18l 100 100 100
18m 100 100 100
18n 100 100 100
Chlorantraniliprole 100 100 100
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CONH); 8.24 (s, 1H, pyridyl-H); 7.61 (d, J=7.7Hz, 1H,
pyridyl-H); 7.03–7.13 (m, 2H, pyridyl-H, Ph-H); 6.87–
6.93 (m, 2H, pyridyl-H, Ph-H); 6.35 (s, 1H, pyrazolyl-H);
6.14–6.16 (m, 1H, NH); 4.73 (s, 2H, OCH2); 2.56 (s, 1H,
CH); 2.34–2.36 (m, 1H, CH); 1.99 (s, 3H, PhCH3); 0.61–
0.63 (m, 2H, CH2CH2); 0.32–0.34 (m, 2H, CH2CH2).
Anal. Calcd. for C23H20ClN5O3(%): C, 61.40; H, 4.48; N,
15.57. Found: C, 61.30; H, 4.45; N, 15.66.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-bromo-2-isopropylcarbamoyl-6-methyl-
phenyl)-amide (18m). White crystal, yield, 54.6%; mp
204–206°C; 1H NMR (CDCl3, 400MHz) δ: 9.99 (s, 1H,
CONH); 8.46 (dd, J1=1.5Hz, J2=4.7Hz, 1H, pyridyl-H);
7.83 (dd, J1=1.6Hz, J2=8.0Hz, 1H, pyridyl-H); 7.33–7.42
(m, 3H, pyridyl-H, Ph-H); 6.57 (s, 1H, pyrazolyl-H); 5.92–
5.94 (m, 1H, NHCH); 4.94 (d, J=2.4Hz, 2H, OCH2); 4.16–
4.19 (m, 1H, CH); 2.56 (t, J=2.4Hz, 1H, CH); 2.19 (s, 3H,
PhCH3); 1.22 (d, J=6.6Hz, 6H, (CH3)2). The value of HRMS
[M+Na]+ for C23H2BrClN5O3: 552.0409. Found: 554.0401.
2-(3-Chloro-pyridin-2-yl)-5-prop-2-ynyloxy-2H-pyrazole-
3-carboxylic acid (4-bromo-2-cyclopropylcarbamoyl-6-
methyl-phenyl)-amide (18n). White crystal, yield, 52.5%;
mp 226–228°C; 1H NMR (CDCl3, 400MHz) δ: 9.91 (s, 1H,
CONH); 8.47 (s, 1H, pyridyl-H); 7.84 (d, J=7.6Hz, 1H,
pyridyl-H); 7.28–7.39 (m, 3H, pyridyl-H, Ph-H); 6.63 (s, 1H,
pyrazolyl-H); 6.33–6.35 (m, 1H, NH); 4.96 (s, 2H, OCH2);
2.80–2.82 (m, 1H, CH); 2.58 (t, J=2.4Hz, 1H, CH); 2.19
(s, 3H, PhCH3); 0.85–0.87 (m, 2H, CH2CH2); 0.55–0.58
(m, 2H, CH2CH2). The value of HRMS [M+Na]+ for
C23H19BrClN5O3: 550.0252. Found: 550.0253.

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,
3

title compounds 18a–18n and chlorantraniliprole.

al activity (%) at conc. (mg kg�1)

25 10 5 2.5 1

100 100 100 100 30
100 100 60
100 100 100 60

50
100 100 20
100 50
10

100 90
100 100 80 20
40
100 100 100 100 100
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Table 4

Insecticidal activities against diamondback moth of the title compounds
18a–18n and chlorantraniliprole.

Compound

Larvicidal activity (%) at conc. (mg kg�1)

50 20 10 5 1

18a 100 100 100 100 60
18b 100 100 100 100 0
18c 100 100 100 40 0
18d 100 100 0
18e 100 100 100 60 40
18f 100 100 100 60 0
18g 100 100 0
18h 0
18i 0 0
18j 100 100 100 0
18k 40 0
18l 100 100 100 100
18m 100 100 100 100 0
18n 100 100 100 0
Chlorantraniliprole 100 100 100 100 100

Z. Huang, J. Tong, S. Zhou, L. Xiong, H. Wang, and YU. Zhao Vol 000
and mortality rates were corrected using Abbott’s formula.
Evaluations are based on a percentage scale of 0–100 in
which 0 is equal to no activity and 100 is equal total kill.
Insecticidal activity against oriental armyworm (Mythimna

separata). The insecticidal activities of the title compounds
18a–18n against oriental armyworm were evaluated using
the reported procedure [23]. The insecticidal activity
against Oriental armyworm was tested by foliar application,
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 10 fourth-instar Oriental armyworm larvae. Per-
centage mortalities were evaluated 2 days after treatment.
Each treatment was performed three times. For comparative
purposes, chlorantraniliprole was tested under the same
conditions. The results were summarized in Table 3.
Insecticidal activity against diamondback moth

(P. xylostella Linnaeus). The insecticidal activities of the
title compounds 18a–18n against diamondback moth were
evaluated using the leaf disc assay [24]. The leaf discs
(5 cm×3 cm) were cut from fresh cabbage leaves and then
dipped into the test solution for 15 s. After air-drying, the
treated leaf discs were placed individually into boxes
(80 cm3), and then the second-instar diamondback moth
larvae were transferred to the Petri dish. Three replicates
(seven larvae per replicate) were carried out. The commer-
cial insecticide chlorantraniliprole was used as a standard.
The results were summarized in Table 4.
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