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In the course of an agrochemical random screening test of 1-alkylpyrazole-4-carboxamide analogs showing her-
bicidal activity, it was discovered that some 1-alkyl-3-sulfonyloxypyrazole-4-carboxamides exhibited high insec-
ticidal activity. These derivatives were readily synthesized through the reaction of various amines with mixed an-
hydrides of pyrazole-4-carboxylic acids. All pyrazole-4-carboxamides synthesized were evaluated for insecticidal
activity and their structure—activity relationships are discussed. It was found that introduction of a methyl or an
ethyl group at the I-position of the pyrazole ring increased insecticidal activity, in particular, introduction of a
methylsulfonyloxy group on the pyrazole ring at the 3-position induced potent activity. The level of activity var-
ied with N-substituents of the carbamoyl group at the 4-position of the pyrazole ring. An o-branched alkyl
group, such as an isopropyl or a sec-butyl group on the amide nitrogen atom, demonstrated the highest level of
activity. Among the compounds evaluated, N-sec-butyl-1-methyl-3-methylsulfonyloxypyrazole-4-carboxamide
showed the highest activity against Nephotettix cincticeps, and exhibited moderate activity against both adults
and eggs of Tetranychus urticae. Interestingly, substitution of a cyano group induced a higher level of acaricidal
activity, while N-(3-cyanopentan-3-yl)-1-methyl-3-methylsulfonyloxypyrazole-4-carboxamide gave excellent ac-

tivity against 7. urticae as well as N. cincticeps. © Pesticide Science Society of Japan

Keywords:
tionships.

Introduction

Many substituted pyrazole derivatives with carboxamide moi-
eties have the potential of being agrochemicals, and they are
classified as an important class of compounds in the agro-
chemical industry. Some are used as practical agrochemicals,
such as pyrazosulfuron-ethyl,” tebufenpyrad®” and tolfen-
pyrad,® so active investigation of pyrazole carboxamide deriv-
atives continues to be carried out in order to select useful
compounds. DuPont’s group found that N-sec-butyl-3-methyl-
sulfonyloxypyrazole-1-carboxamide controlled Diabrotica un-
decimpunctata howardi, Nilaparvata lugens and N. cincticeps
at a low rate of application and that pyrazole-1-carboxamide
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exhibited low acute mammalian toxicity.

On the other hand, we previously reported that 3-(substi-
tuted oxy)pyrazole-4-carboxamides exhibited potent bleach-
ing activity as carotenoid biosynthesis inhibitors, of which N-
ethoxy-1-methyl-3-(3-trifluoromethylbenzyloxy)pyrazole-4-
carboxamide (KPP-297) and N-(2,4-difluorophenyl)-1-ethyl-
3-(3-trifluoromethylphenoxy)pyrazole-4-carboxamide (KPP-
856) were the most promising rice herbicides®”; however, in
the course of agrochemical evaluation, there was no observ-
able effect against targeted pests, such as N. cincticeps or T.
urticae, even at a high rate of application. Through further
structural studies on pyrazole, we assumed that the introduc-
tion of a methylsulfonyloxy group at the 3-position of the
pyrazole ring would increase insecticidal activity. Accord-
ingly, a number of new 1-alkyl-3-sulfonyloxypyrazole-4-car-
boxamides were synthesized and their insecticidal activities
were evaluated to identify practical insecticides. As a result of
structural modifications, a series of 1-alkyl-3-methylsulfony-
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loxypyrazole-4-carboxamides having an o-blanched alkyl
group on the nitrogen atom of the carbamoyl group were
found to be highly active against N. cincticeps and T, urticae.

This paper will report the synthesis of 1-alkyl-3-sulfony-
loxypyrazole-4-carboxamides and their structure—activity re-
lationships for insecticidal and acaricidal activity.

Materials and Methods

1. Synthesis of Compounds

1.1, General procedure
The preliminary synthetic route for 1-alkyl-3-substituted sul-
fonyloxypyrazole-4-carboxamides (vi) is shown in Fig. 1. The
hydroxy group of ethyl 1-alkyl-3-hydroxypyrazole-4-carboxy-
lates (i) >® was protected by a reaction with benzy! chloride,
and then the ester moiety of ii was converted to various
amides by means of the usual amidation methods to afford 1-
alkyl-3-benzyloxypyrazole-4-carboxamides (iv). After hy-
drogenolysis of the benzyloxy group, 1-alkyl-3-hydroxypyra-
zole-4-carboxamides (v) were treated with sulfonyl chlorides
in the presence of potassium carbonate to yield the desired
products (vi). As protection and deprotection with the benzyl
group were ineffective, the synthetic route was improved (Fig.
2). Ethyl 1-alkyl-3-hydroxypyrazole-4-carboxylates (i) were
hydrolyzed to give the acid (vii), which were treated with
more than two equivalents of ethyl chloroformate in the pres-
ence of potassium carbonate to afford mixed anhydride-like
intermediates (viii). Anhydrides (viii) were found to be useful
intermediates and reacted with more than two equivalents of
the desired amines to give 1-alkyl-3-hydroxypyrazole-4-car-
boxamides (v). Subsequent O-sulfonylation of 3-hydroxy
group was easily performed to yield the targeting pyrazoles
(vi); furthermore, it was not necessary to isolate the 1-alkyl-3-
hydroxypyrazole-4-carboxamides (v). Namely, sulfonyl chlo-
rides were added to the reaction mixture of the mixed anhy-
drides (viii) and amines to give the final products, 1-alkyl-3-
sulfonyloxypyrazole-4-carboxamides (vi).

1.2, Dypical Procedure
Chemical structures of all compounds were confirmed by 'H
NMR spectra, which were recorded on a Bruker DPX-250
NMR spectrometer with tetramethylsilane (TMS) as an inter-
nal standard. All melting points were measured by a BUCHI-
530 micro melting point apparatus and are uncorrected.
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Fig. 1. Synthetic route of 1-alkyl-3-substituted sulfonyloxypyra-
zole-4-carboxamides.
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Fig. 2. Alternative synthetic route of 1-alkyl-3-substituted sulfony-
loxypyrazole-4-carboxamides.

1.2.1. Ethyl 3-benzyloxy-I1-methylpyrazole-4-carboxylate
(ii; R' : Me)
Benzylchloride (29.9ml, 259 mmol) was added to an N,N-di-
methylformamide (DMF; 300ml) solution of ethyl 3-hy-
droxy-1-methylpyrazole-4-carboxylate (40.0g, 235mmol)
and potassium carbonate (39.0 g, 282 mmol) and the mixture
was heated at 70°C for 9 hr with stirring. The resulting mix-
ture was poured into 2 M-hydrochloric acid solution (1L). A
solid deposit was isolated by filtration, washed with water and
hexane, and then well dried to give ethyl 3-benzyloxy-1-
methylpyrazole-4-carboxylate (52.7g, 202mmol) in 86%
yield as a pale yellow solid. mp: 48-50°C; 'H NMR &
(CDCL,, TMS): 1.33 (34, t, J/=7.1 Hz, CH,CH,0), 3.76 (3H,
s, CH;N), 4.27 (2H, q, J=7.1 Hz, CH,CH,0), 5.33 (2H, s,
CH,0), 7.34-7.36 (3H, m, benzene), 7.49-7.51 (2H, m, ben-
zene), 7.68 (1H, s, pyrazole).
1.2.2.  3-Benzyloxy-1-methylpyrazole-4-carboxylic acid
(iii; R' : Me)
A 20% aqueous solution (30 ml) of potassium hydroxide was
added to an ethanol solution (100 ml) of ethyl 3-benzyloxy-1-
methylpyrazole-4-carboxylate (30.0g, 115mmol) and the
mixture was stirred under reflux for 3 hr. The resulting mix-
ture was poured into 4 M-hydrochloric acid solution (300 ml).
A solid deposit was isolated by filtration, washed with water
and well dried to give 3-benzyloxy-1-methylpyrazole-4-car-
boxylic acid (20.9 g, 90.0 mmol) in 78% yield as a colorless
solid. mp: 169-171°C; '"H NMR &, (DMSO-d,): 3.78 (3H, s,
CH;N), 5.36 (2H, s, CH,0), 7.29-7.44 (3H, m, benzene),
7.44-7.52 (2H, m, benzene), 7.68 (1H, s, pyrazole), 11.7-12.4
(1H, bs, OH).
1.2.3.  N-Isopropyl-3-benzyloxy-1-methylpyrazole-4-car-
boxamide (iv; R! : Me, R? : Isopropyl, R* : H)
A toluene (20ml) solution of 3-benzyloxy-1-methylpyrazole-
4-carboxylic acid (2.00g, 8.61 mmol) and thiony! chloride
(6 ml) was stirred under reflux for 3 hr. After the distillation of
toluene and excess thionyl chloride, dichloromethane (20 ml),
triethylamine (1.13 g, 11.2 mmol), and isopropylamine (0.56
g, 9.47 mmol) were added in turn with cooling in an ice-cold
water bath. The mixture was stirred at 0°C for 1hr and at
room temperature for 12hr. The resulting mixture was
quenched by 1 M-hydrochloric acid solution (40ml) and ex-
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tracted twice with ethyl acetate (50 mlX2). The combined or-
ganic layers were washed with brine, dried over anhydrous
magnesium sulfate and evaporated. The residue was purified
by silica gel column chromatography (ethyl acetate/hexane=
2/1) to give N-isopropyl-3-benzyloxy-1-methylpyrazole-4-
carboxamide (1.90 g, 7.02 mmol) in 82% yield as a colorless
solid. '"H NMR &y (CDCl,, TMS): 1.14 (6H, d, J=6.5 Hz, iso-
propyl), 3.76 (3H, s, CH;N), 4.16 (1H, dsep, J=6.5 and
7.5Hz, isopropyl), 5.32 (2H, s, CH,0), 6.61 (1H, bd,
J=7.5Hz, NH), 7.30-7.54 (5H, m, benzene), 7.71 (1H, s,
pyrazole).
1.2.4. N-Isopropyl-3-hydroxy-1-methylpyrazole-4-carbox-
amide (v; R' : CH,, R? : Isopropyl, R* : H)
N-Isopropyl-3-benzyloxy-1-methylpyrazole-4-carboxamide
(1.90 g, 6.96 mmol), ethanol (100 ml) and 10% palladium on
charcoal (0.3 g) were put in a stainless steel autoclave, and the
mixture was stirred under 0.39 MPa hydrogen gas at room
temperature until the gas was no longer absorbed. After the
reaction, the catalyst was filtered off and the filtrate was evap-
orated. A solid deposit was washed with hexane and well
dried to give N-isopropyl-3-hydroxy-1-methylpyrazole-4-car-
boxamide (1.23g, 6.72mmol) in 97% vyield as a colorless
solid. mp: 143-145°C; '"H NMR &, (CDCL,, TMS): 1.24 (6H,
d, J=6.6 Hz, isopropyl), 3.76 (3H, s, CH;N), 4.24 (1H, dsep,
J=6.6 and 7.1 Hz, isopropyl), 6.51 (1H, bd, /=7.1 Hz, NH),
7.65 (1H, s, pyrazole). (OH: not detected). )
1.2.5. N-Isopropyl-1-methyl-3-methylsulfonyloxypyra-
zole-4-carboxamide (1)
Methylsulfony! chloride (0.10ml, 1.20mmol) was added
to a DMF (15ml) solution of N-isopropyl-3-hydroxy-1-
methylpyrazole-4-carboxamide (0.2 g, 1.09 mmol) and triethy-
lamine (0.14 g, 1.42 mmol), and the mixture was stirred for 2
days. The resulting mixture was quenched by 1 M-hydrochlo-
ric acid solution (40 ml) and extracted twice with ethyl acetate
(50 ml1X2). The combined organic layers were washed with
brine, dried over anhydrous magnesium sulfate, and evapo-
rated. The residue was purified by silica gel column chro-
matography (ethyl acetate’hexane=1/2) to give N-isopropyl-
1-methyl-3-methylsulfonyloxypyrazole-4-carboxamide (0.23
g, 0.86 mmol) in 79% yield as a colorless solid. mp: 88-89°C;
'H NMR &, (CDCl,, TMS): 1.23 (6H, d, J=6.5Hz, iso-
propyl), 3.47 (3H, s, CH,S0,), 3.84 (3H, s, CH,;N), 4.19 (1H,
dsep, J=5.9 and 6.5Hz, isopropyl), 6.22 (1H, bd, J=5.9 Hz,
NH), 7.81 (1H, s, pyrazole).
1.2.6.  1-Methyl-3-hydroxypyrazole-4-carboxylic acid (vii;
R':CH,)
A 20% aqueous solution (100ml) of sodium hydroxide was
added to an ethanol solution (200 ml) of ethy! 3-hydroxy-1-
methylpyrazole-4-carboxylate (50.0g, 192mmol) and the
mixture was stirred under reflux for 4 hr. The resulting mix-
ture was poured into a 4 M-hydrochloric acid solution
(500ml). A solid deposit was isolated by filtration, washed
with water and well dried to give 3-hydroxy-1-methylpyra-
zole-4-carboxylic acid (43.2 g, 188 mmol) in 98% yield as a

colorless solid. mp: 218-219°C; 'H NMR &, (DMSO-d,):
3.64 (3H, s, CH;N), 7.89 (1H, s, pyrazole). (OH and COOH:
not detected).
1.2.7.  (3-Ethoxycarbonyloxy-1-methylpyrazol-4-yl)  ethyl
carbonate (viii; R' : CHy)
Ethyl chlorofomate (2.11 ml, 22.1 mmol) was added to an ace-
tone solution (20ml) of 3-hydroxy-1-methylpyrazole-4-car-
boxylic acid (1.50g, 10.6mmol) and potassium carbonate
(1.60g, 11.6 mmol) with cooling in an ice-cold water bath.
The mixture was stirred at 0°C for 1 hr and at room tempera-
ture for 1 hr. After the reaction, the solid deposit was filtered
off and the filtrate was evaporated to give (3-ethoxycarbony-
loxy-1-methylpyrazol-4-yl) ethyl carbonate (3.03g, 10.6
mmol) quantitatively as a colorless oil. 'H NMR &,, (CDCl,,
TMS): 1.37(3H, t, J=7.1 Hz, CH,CH,0), 1.39(3H, t, J=7.1
Hz, CH,CH,0), 3.88 (3H, s, CH;N), 4.34 (2H, q, J=7.1 Hz,
CH,CH,0), 4.35 (2H, q, J=7.1 Hz, CH,CH,0), 7.88 (1H, s,
pyrazole).
1.2.8.  N-Isopropyl-1-methyl-3-methylsulfonyloxypyra-
zoele-4-carboxamide (1; One-pot synthesis)
Isopropylamine (2.60g, 44.0mmol) was added to an
acetonitrile solution (50ml) of (3-ethoxycarbonyloxy-1-
methylpyrazol-4-yl)carbonyl ethyl carbonate (4.42g, 14.7
mmol) with cooling in an ice-cold water bath. The mixture
was stirred at 0°C for 1 hr and at room temperature overnight.
Potassium carbonate (6.10g, 44.1 mmol) and methylsulfonyl
chloride (5.04 g, 44.1 mmol) was added and the mixture was
stirred under reflux for 8hr. The resulting mixture was
quenched by 1M-hydrochloric acid solution (200ml) and
extracted twice with ethyl acetate (200 m1X2). The combined
organic layers were washed with brine, dried over anhydrous
magnesium sulfate and evaporated. The residue was purified
by silica gel column chromatography (ethyl acetate/hexane=
1/1) to give N-isopropyl-1-methyl-3-methylsulfonyloxypyra-
zole-4-carboxamide (2.54 g, 9.70mmol) in 66% yield as a
colorless solid.
1.2.9.  N-(3-Cyanopentan-3-yl)-1-methyl-3-methylsulfony-
loxypyrazole-4-carboxamide (28)
3-Amino-3-pentylcyanide (5.88 g, 52.4mmol) was added to
an acetonitrile solution (15ml) of (3-ethoxycarbonyloxy-1-
methylpyrazol-4-yl) ethyl carbonate (1.50 g, 5.24 mmol) with
cooling in an ice-cold water bath and the mixture was stirred
at 0°C for 1hr. Acetonitrile (15ml), potassium carbonate
(3.62g, 26.2 mmol) and methylsulfonyl chloride (2.0ml, 26.2
mmol) was added to the mixture and the mixture was stirred
at 60°C for 12 hr. The resulting mixture was quenched with 1
M-hydrochloric acid solution (80 ml) and extracted twice with
ethyl acetate (60 mix2). The combined organic layers were
washed with brine, dried over anhydrous magnesium sulfate
and evaporated. The residue was purified by silica gel column
chromatography (ethyl acetate/hexane=1/1) to give N-(3-
cyanopentan-3-yl)-1-methyl-3-methylsulfonyloxypyrazole-4-
carboxamide (0.62 g, 1.99 mmol) in 38% yield as a colorless
solid. mp: 96-97°C; 'H NMR & (CDCl;, TMS): 1.09 (6H, t,
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J=7.5Hz, CH,CH,), 1.91-2.20 (4H, m, CH;CH,), 3.48 (3H,
s, CH;), 3.87 (3H, s, CH,), 6.41 (1H, bs, NH), 7.87 (1H, s,
pyrazole).

Similar to the methods described above, all 1-alkyl-3-sul-
fonyloxypyrazole-4-carboxamides were prepared through the
synthetic route shown in Fig. 2.

2. Evaluation of Insecticidal Activity
Each test compound was dissolved in 0.2ml dimethyl
sulfoxide, and the solution was diluted with water containing
an emulsifier (Sorpol 2564) and spreader (Neoesterin).

2.1.  Green rice leafhopper (N. cincticeps)
Rice seedlings (5-cm tall: two-leaf stage) were sprayed with a
water solution (10ml) of the test compound. After spraying,
20 leafhopper nymphs (3rd instar nymph) were released onto
the rice seedling. Leafhopper nymphs were reared under 16 h
light-8 h dark cycles at 25°C. Mortality was determined 7
days after treatment.

2.2.  Two-spotted spider mite (T. urticae)
Acaricidal and ovicidal activity was evaluated by the leaf disk
assay as follows. Twenty female adults were applied to a leaf
disk of kidney bean (Phaseolus vulgaris) (5-cm diameter :
two-leaf stage) for 24 hr. Animals were removed only for the
treatment for ovicidal activity, after which a leaf disk was
sprayed with a water solution (10ml) of the test compound.
Animals and eggs were reared under 16 hr light-8 hr dark cy-
cles at 25°C. Mortality was determined 2 days and ovicidal
activity was determined 7 days after treatment.

Results and Discussion

1. Synthesis :

The desired 3-sulfonyloxypyrazole-4-carboxamides (vi) were
easily synthesized by sulfonylation of 3-hydroxypyrazole-4-
carboxamides (v), although synthesis of vi by amidation of 3-
sulfonyloxypyrazole-4-carboxylates, which were prepared by
sulfonylation of 3-hydroxypyrazole-4-carboxylates (i), was
unsuccessful because of easy hydrolysis of the 3-sulfonyloxy
group; therefore, facile preparation of the key precursor (v)
was very important to supply a wide variety of targeting com-
pounds (vi). From the point of view of synthetic efficiency,
the synthetic route shown in Fig. 1, which consists of five
common reactions, provides a good yield for each step, but it
is desirable for the protection and de-protection processes of
the 3-hydroxyl group to be omitted.

On the other hand, the improved synthetic method via
mixed anhydride-like intermediates (viii) has the advantage of
giving the desired compounds through four steps, as shown in
Fig. 2. Moreover, since the amidation of viii and the subse-
quent sulfonylation of 3-hydroxypyrazole-4-carboxamides (v)
generated in situ can be carried out in one flask, it is essen-
tially possible to obtain the final products (vi) through only
three steps from the starting materials (i), provided that there
is much scope for the improvement of chemical yield. Con-
cretely, compound 1, N-isopropyl-1-methy!-3-methylsulfony-

loxypyrazole-4-carboxamide, was prepared in 42% overall
yield from the starting materials (i) through the synthetic
route shown in Fig. 1; however, the adoption of the synthetic
route illustrated in Fig. 2 gave compound 1 in 66% overall
yield.

As described above, the mixed anhydrides (viii), which
were readily prepared by the reaction of vii with two equiva-
lents of ethyl chloroformate in the presence of potassium car-
bonate, were considered to be extremely useful intermediates
for shortening the synthetic pathway. Although the com-
pounds (viii) are very stable at room temperature under neu-
tral and acidic conditions, viii reacted with amines under
basic conditions to give amides (v) owing to moderate activa-
tion of the 4-carboxyl group by the ethoxycarbony! group. Si-
multaneously, the 3-hydroxyl group was reformed by de-pro-
tection of the carbonate moiety with excess amine or ethanol
formed in situ; that is, two ethoxycarbonyl groups of viii per-
formed well in both activation of the 4-carboxyl group and
protection of the 3-hydroxyl group. Therefore, the present
synthetic method could be applied to other compounds having
such a carboxyl group and a hydroxyl group in a molecule.

2. Insecticidal and Acaricidal Activities

Insecticidal and acaricidal activities against N. cincticeps and
T urticae were evaluated for 31 kinds of 1-alkyl-3-sulfony-
loxypyrazole-4-carboxamides (1-31) and their results are
summarized in Tables 1-4.

Table 1 shows the substituent effect of R! on insecticidal
and acaricidal activities in the series of N-isopropyl-1-alkyl-
3-methylsulfonyloxypyrazole-4-carboxamides (1-7), whose
substituents on the pyrazole ring, 4-isopropylcarbamoy! and
3-methylsulfonyloxy groups are much more important for po-
tent insecticidal and acaricidal activities, as described below.
As shown in Table 1, methyl, ethyl, 2-chloroethyl, 2-fluo-
roethyl, and propyl and isopropyl derivatives (1-6) exhibited
good insecticidal activity against N. cincticeps. Among them,
compounds 1, 2 and 3 were active at a low application rate of
3.1 ppm, while compounds 4, 5 and 6 showed moderate to low
levels of activity at the same rate; in particular, fert-butyl de-
rivative (7) was inactive even at a rate of 500 ppm. These re-
sults obviously suggest that the hydrophobicity and bulkiness
of R! influenced activity significantly and the methyl group
was the most suitable substituent for controlling N. cincticeps.
On the other hand, marked acaricidal activity against T. ur-
ticae was not observed in the series of compounds 1-7, al-
though compounds 1 and 3 showed more than 80% efficacy
for adults of T urticae.

Taking into account the availability of the methylsulfony-
loxy group in pyrazole-1-carboxamides presented by DuPont’s
group”, the desired biological activity should also be affected
by the substituent, R*, on the sulfonyloxy group at the 3-posi-
tion of the pyrazole ring. Table 2 summarizes insecticidal and
acaricidal activities of compounds 1 and 8-11, whose sulfonyl
groups are substituted by representative groups, such as
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Table 1. Insecticidal and acaricidal activities of N-isopropyl-1-atkyl-3-methylsulfonyloxypyrazole-4-carboxamides

R]
N’Ill
Me ) /
=8—0 NH
0O
1-7
Compound Concentration Mortality (%)
No. R mp (°C) (ppm) a) b)
N¢ Tu” (Adults) Tu (Eggs)

1 Methyl 88-89 62.5 100 100 37
3.1 100 17 23
2 Ethyl 65-67 62.5 100 51 13
3.1 100 - —
3 CICH,CH, 112-113 62.5 100 80 34
3.1 96 15 30
4 FCH,CH, 86-87 62.5 100 50 69
3.1 43 —— —
5 Propyl 70-71 62.5 100 36 26
3.1 76 — —
6 Isopropy!l 86-87 62.5 100 50 47
3.1 74 e -
7 tert-Butyl 78-80 500 0 50 0

Activity was evaluated 7 days after treatment: 0 (no activity)— 100 (complete kill).  Nc: Nephotettix cincticeps.  Tu: Tetranychus urticae.

Table 2. Insecticidal and acaricidal activities of N-isopropyl-1-alkyl-3-subustituted sulfonyloxypyrazole-4-carboxamides

l\f/[e
N
T
0=§-0 NH
0
1,8-11
Compound R mp Concentration Mortality (%)
No. O (ppm) Ne® Tu” (Adults) Tu (Eggs)
1 Methyl 88-89 62.5 100 100 37
3.1 100 17 23
8 Ethyl oil 62.5 100 14 2
3.1 55 — —
9 CF, 139-140 62.5 24 15 10
10 CICH, 79-81 62.5 100 15 13
3.1 10 — —_
11 Me,N 67-69 62.5 0 0 0

Activity was evaluated 7 days after treatment: 0 (no activity)— 100 (complete kill). © Ne: Nephotettix cincticeps. ® Tu: Tetranychus urticae.
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methyl, ethyl, trifluoromethyl, chloromethyl, and dimethy-
lamino groups. Other substituents on the pyrazole ring were
fixed to the N-isopropylcarbamoyl group at the 4-position and
the 1-methyl group that exhibited the highest insecticidal ac-
tivity, as shown in Table 1. The results in Table 2 clearly indi-
cate that compounds 8 (R*=ethyl) and 10 (R*=chloromethyl)
perfectly controlled N. cincticeps at a rate of 62.5 ppm; how-
ever, their activities at 3.1 ppm were far lower than that of a
methyl derivative (1). Substitution of an electron-withdrawing
group such as 9 (R*=CF,) markedly decreased the activity,
and the dimethylamino derivative (11) showed no insecticidal
activity. These results evidently suggested that the methylsul-
fonyloxy derivative (1) was also the most active compound
for controlling N. cincticeps. Additionally, all compounds ex-
cept for 1 exhibited no or lower acaricidal activity against 7.
urticae.

As discussed above and based on the results in Tables 1 and
2, after modification of both substituents on the 1-nitrogen
atom and the 3-sulfonyloxy group of the pyrazole ring, we
came to the conclusion that compound 1 is still the most ac-
tive among the compounds (1-11). Then, we attempted to
modify the substituents (R? and R®) on the nitrogen atom of
the 4-carbamoyl group in order to obtain more active deriva-
tives. Table 3 summarizes the insecticidal and acaricidal activ-
ities of 1-methyl-3-methylsulfonyloxypyrazole-4-carboxam-
ides (1, 12-22). As shown in Table 3, compounds 16 (cyclo-
propyl), 17 (sec-butyl), 18 (tert-butyl), 19 (2-pentyl), 20 (3-
pentyl) and 21 (2-heptyl) induced more than 90% mortality
against N. cincticeps at 62.5 ppm. We thus assumed that the
a-blanched alky group on the nitrogen atom of the carbamoyl
group would be effective for higher insecticidal activity. The
low activity of N-methyl (12), N-ethyl (13), and N-propy! (14)

Table 3. Insecticidal and acaricidal activities of 1-alkyl-3-methylsulufonyloxypyrazole-4-carboxamides

Me\ IE\-%, /Rz

O-——S\\—O N

o] 0 R

1,12-22
Compound . R mp Concentration Mortality (%)
No. ) (ppm) Ne® Tu” (Adults)  Tu (Eggs)

1 Isopropyl H 8889 62.5 100 100 37
3.1 100 17 23
1.3 74 16 22
12 Methyl H 88-89 62.5 20 19 4
13 Ethyl H 57-59 62.5 0 0 0
14 Propyl H 85-86 62.5 87 25 7
15 Isopropyl Me 101-102 62.5 41 10 5
16 Cyclopropyl H 96-97 62.5 97 21 9
3.1 10 — —
17 sec-Butyl H 71-73 62.5 100 89 12
3.1 100 — —
1.3 97 — —
18 tert-Butyl H 122-123 62.5 100 23 3
3.1 80 — —
19 2-Pentyl H oil 62.5 100 94 44
3.1 95 7 6
20 3-Pentyl H 78-80 62.5 100 100 19
3.1 65 10 —
21 2-Heptyl H 73-74 62.5 94 29 6
3.1 8 - —
22 1-Phenylethyl H 125-126 62.5 81 0 0

Activity was evaluated 7 days after treatment: 0 (no activity)— 100 (complete kill). ¥ Nc: Nephotettix cincticeps. ¥ Tu: Tetranychus urticae.
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analog supported this presumption. It is also noteworthy that
additional substitution on the nitrogen atom of the carbamoyl
group markedly reduced activity; in fact, N-isopropyl-N-
methyl analog (15) was markedly inferior to N-isopropyl ana-
log (1), even though 15 had the o-blanched alky group; that
is, a hydrogen atom on the nitrogen atom of the carbamoyl
group is essential to increase mortality. Among the active
compounds (16-21), sec-butyl and 2-pentyl derivatives (17
and 19) were particularly active against N. cincticeps; further-
more, the insecticidal activity of 17 was superior to 1 at a rate
of 1.3ppm. In spite of being an N-monosubstituted analog
with an ¢-blanched aralkyl group, the 1-phenylethyl deriva-
tive (22) showed no more than 80% mortality at 500 ppm ap-
plication. On the other hand, almost all compounds shown in
Table 3 exhibited unsatisfactory acaricidal activity against T.
urticae, except for 17, 19 and 20.

As it was considered that further modifications were re-
quired in order to improve acaricidal activity, we tried to in-
troduce an electron-withdrawing group, such as a cyano or a
trifluoromethyl group, onto the alkyl group of the N-alkylcar-
bamoyl group. Table 4 shows the insecticidal and acaricidal
activities of further modified compounds (23-31). When the
acaricidal activity of 12 was compared with that of 23, substi-

tution of the cyano group remarkably increased acaricidal ac-
tivity. A similar tendency was observed when 14 and 24, 17
and 25 or 20 and 28 were compared; however, we could not
evaluate the activity of the compound with a cyano group cor-
responding to 1, which was the most potent against 7. urticae
in Table 3, because the targeted compound (R’>=R®=CH,,
R7=CN) was not obtained even through the synthetic routes
depicted in Fig. 1 and 2. Comparison of 19 and 26 indicated
that introduction of the cyano group was not always effective
for eliciting higher activity. A spiro compound (29) reduced
the activity compared with 28. Substitution of a trifluo-
romethy! group (31) was not advantageous for eliciting high
acaricidal activity. Among the compounds with a cyano group
(23-30), 28 controlled T urticae perfectly even at 3.1 ppm ap-
plication, although the efficacy against N. cincticeps was
slightly inferior. It was assumed that the cyano group was
readily metabolized for N. cincticeps so that compounds with
a cyano group could not exhibit excellent activity against M.
cincticeps.

In conclusion, our findings indicated that N-sec-butyl-
1-methyl-3-methylsulfonylpyrazole-4-carboxamide controlled
N. cincticeps even at 1.3ppm application and that N-(3-
cyanopentan-3-yl)-1-methyl-3-methylsulfonyloxypyrazole-4-

Table 4. Insecticidal and acaricidal activities of 1-alkyl-3-methylsulfonyloxypyrazole-4-carboxamides
}\I/ie
v S
0=4-0 NH
0 O
23-31
Compound RS RS R mp Concentration Mortality (%)
No. 0O (ppm) Ne? Tu? (Adults) Tu (Eggs)

23 H H CN 111-113 62.5 47 100 100
3.1 — 8 8
24 H Ethyl CN oil 62.5 - 100 100 94
3.1 10 7 3
25 Methy! Ethyl CN 109-112 62.5 100 100 100
3.1 88 15 9
26 Methyl Propyl CN 109-112 62.5 100 64 67
3.1 81 8 3
27 Methyl Isopropyl CN 80-82 62.5 100 100 100
3.1 32 11 26
28 Ethyl Ethyl CN 96-97 62.5 100 100 100
3.1 55 100 100
29 ~(CH,)s CN 108-111 62.5 50 93 20
30 Ethyl Propyl CN 120121 62.5 22 15 39
31 H H CF, 67-68 62.5 22 86 61

Activity was evaluated 7 days after treatment: 0 (no activity)— 100 (complete kill). “ Nc: Nephotettix cincticeps. ® Tu: Tetranychus urticae.
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carboxamide exhibited the highest level of acaricidal activity
in the pyrazole derivatives presented.
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