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Various carboxamides were synthesized and their structure-activity relationships were examined as fungicides. 
The fungicidal activity and spectrum depended on the aromatic ring and N-substituent at the amide moiety. 
Among them, N-(biphenyl-2-yl)-2-chloropyridine-3-carboxamide exhibited high activity against gray mold, and 
the corresponding 3-CF3-pyrazole-4-carboxamide exhibited higher activity. Moreover, it was found that com
pounds with hydrophobic branched alkyl groups at the artha position of the N-phenyl group exhibited high and 
broad-spectrum fungicidal activity. The benzene ring of the N-phenyl group can be replaced with a thiophene 
ring, and optimization of the alkyl groups on the thiophene ring led to penthiopyrad (1); N-[2-(l,3-dimethyl
butyl)-3-thienyl]-I-methyl-3-(trifluoromethyl)pyrazole-4-carboxamide, which proved to be very effective against 
various diseases. © Pesticide Science Society of Japan 

Keywords: penthiopyrad, MTF-753, 3-(trifluoromethyl)pyrazole-4-carboxamide, aminothiophene, carboxam
ide, fungicide. 

Introduction 

The discovery of the systemic fungicide carboxin greatly en
couraged further optimization of the chemical structure. Thus, 
a number of carboxin-related carboxamides have been shown 
to be effective in the control of plant diseases as shown in Fig. 
1. 1

,2) Carboxin is a narrow-spectrum fungicide with specific 

potency against Basidiomycetes. In the 1980s, mepronil and 
flutolanil, which contain a (3-isopropyloxy)phenyl group, 
were developed. In the 1990s, two azole carboxamides, fu
rametpyr3) and thifluzamide,4) were launched onto the Japan

ese market to control Rhizoctonia solani (rice sheath blight). 
On the other hand, N-(biphenyl-2-yl)-2-methyl-I,4-thiox-

0Iane-3-carboxamide (F-427; 2) is unique in that it exhibits a 

broader spectrum of activity and could control Deuteromycete 
and Phycomycete species as well as BasidiomycetesS

) com-
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pared with carboxin. In 1989, the Mitsubishi Kasei Corpora
tion discovered that a 2-chloropyridine-3-carboxamide deriva
tive (BC-723; 3) exhibited fungicidal activity against 
Deuteromycetes (gray mold and apple scab) as well as Basid
iomycetes.6) 

At that time, the authors were engaged in a project aimed to 

discover a broad-spectrum fungicide whose structure was dif
ferent from that of existing fungicides. We considered BC-

723 to be a suitable lead compound because it showed the po
tential for broad-spectrum activity. In the course of our re

search, we realized the importance of the aromatic rings and 
N-substituent in the carboxamide compounds and attempted 
to increase fungicidal activity by structural modification.7

-
13

) 

This led to the identification of (penthiopyrad; 1) (RS)-N-[2-
(I ,3-dimethylbutyl)-3-thienyl]-I-methyl-3-(trifluoromethyl)

pyrazole-4-carboxamide as a potent fungicide for various 
plant diseases involving Basidiomycetes. Furthermore, it was 
observed that 1 exhibited high activity against fungicide-re
sistant strains of various diseases, such as gray mold, cucum
ber powdery mildew, and apple scab. 13- IS) 

Penthiopyrad has been tested in official trials with the code 
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Fig. 1. Development of carboxin-related carboxamides as fungicides. 

number MTF-753 in Japan since 1997. The fungicide was 
registered in 2008 in Japan, and the registration covers its use 
on turf, vegetables, and fruits. Registration in the US, Canada, 
and EU is planned for after 2011. 

In this paper, we describe the details of the discovery, syn
thesis, and fungicidal properties of penthiopyrad. 

Materials and Methods 

1. Preparation of compounds 
Melting points (mp) were uncorrected. IR spectra were meas
ured with a JASCO FT-IR-7300 spectrometer. IH-NMR spec
tra were measured with a JEOL JNM-A400 FT-NMR system 
at 400 MHz using tetramethylsilane as the internal standard. 

1.1. Pyrazole carboxylic acid 
Ethyl 2-ethoxymethylene-4,4,4-trifluoroacetoacetateI6) (9.7 g, 
0.041 mol) was added dropwise to a solution of methyl 
hydrazine (1.9 g, 0.041 mol) in ethyl acetate (50mL) at 
5-10°C. The reaction mixture was refluxed with stirring for 
3 h. The solvent was distilled off under reduced pressure, and 
the residue was purified with silica gel to give ethyl I-methyl-
3-(trifluoromethyl)pyrazole-4-carboxylate (7.7 g, 85%) as a 
white solid. 16) This ester compound was hydrolyzed to 1-
methyl-3-(trifluoromethyl)pyrazole-4-carboxylic acid. 

1.2. 3-Amino-2-substituted thiophene derivatives 
The 3-amino-2-substituted thiophene derivatives described in 
this paper were synthesized according to Schemes 1-3. IH_ 
NMR spectrum data of the 3-amino-2-substituted thiophene 
derivatives are given in Supplemental Table S 1. 

1.2.1. (RS )-3-Amino-2-(J,3-dimethylbutyl)thiophene (6d) 
(Scheme 1) 

A mixture of di-tert-butyl dicarbonate (38.7 g, 0.180 mol) and 
methylene chloride (30mL) was added dropwise to a solution 
of 2-acetyl-3-aminothiopheneI7) (4.25 g, 0.18 mol) in methyl
ene chloride (500mL), and the reaction mixhlre was stirred 
for 1 hr at room temperature. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica 
gel (hexane:ethyl acetate=IO: 1) to give N-(2-acetylthio
phene-3-yl) tert-buty1carbamate (5a) (23.5 g, 54%) as a color
less oil. 

The mixture of the above carbamate (5a; 1.0 g, 3.9 mmol) 
and THF (lOmL) was added dropwise under nitrogen to 1.07 
M isobutyl magnesium bromide THF solution (20 mL) below 
15"C. The mixture was stirred for 1 hr at room temperature 
and poured into a saturated ammonium chloride solution (100 
mL). The mixture was extracted with ethyl acetate (100mL). 
The organic layer was washed with brine (70mL) and dried 
over Na2S04. The solvent was distilled off under reduced 
pressure to give crude N-[2-(1,3-dimethyl-l-hydroxybutyl) 
thiophene-3-yl] tert-buty1carbamate (1.2 g). Trifluoroacetic 
acid (4.3 g, 38 mmol) was added to a methylene chloride 
(10 mL) solution of the above carbamate (1.2 g) and 
triethylsilane (0.44 g, 3.8 mmol) at room temperature. The 
mixture was stirred overnight and poured into saturated 
sodium hydrogen carbonate solution (100 mL). The mixture 
was extracted with ethyl acetate (100 mL). The organic layer 
was washed with brine (70mL) and then dried over Na2S04. 

The solvent was distilled off under reduced pressure, and the 
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Scheme 1. 

residue was purified with silica gel (hexane: ethyl acetate 
=8S: IS) to give (RS)-3-amino-2-(1,3-dimethy1buty1)thio
phene (6d) (O.SO g, 70%) as a yellow oil. 

1.2.2. 3-Amino-2-isopentylthiophene (9b) (Scheme 2) 
Catalytic amounts of 1,2-dibromoethane and ether (S mL), 
magnesium (0.186 g), and isopentyl bromide (1.17 g, 7.74 
mmol) were used to prepare a solution of isopentylmagne
sium bromide, which was added dropwise under nitrogen to a 
solution of 3-nitrothiophene 19) (7; O.S g, 3.87 mmol) in THF 
(12 mL) at -SO°C. The mixture was stirred at -SO°C for 
20 min. A solution of 2,3-dichloro-S,6-dicyano-p-benzo
quinone (LOS g, 4.64 mmol) in THF was added, and the mix
ture was stirred at -SO°C for 1 hr and poured into a saturated 
ammonium chloride solution (SO mL). Ethyl acetate (SO mL) 
was added to the mixture, and a gummy solid was removed by 
Celite filtration. The organic phase was separated from the fil
trate, washed with brine (SOmL), and dried over Na2S04. The 
solvent was distilled off under reduced pressure, and the 
residue was purified with silica gel (hexane: toluene = 20 : 1) 
to afford 2-isopentyl-3-nitrothiophene IS) (8b) (0.37 g, 48%) 
as a yellow oil. 

Iron (0.49 g) was added to a solution of the compound 8b 

(0.31 g, 1.SS mmol) and concentrated hydrochloric acid (3.0 
mL) in methanol (lOmL). The mixture was stirred at 60°C 
for 1 h, cooled, and poured into water (SOmL). The resulting 
mixture was neutralized with potassium carbonate and ex
tracted with ethyl acetate (30 mL). The organic layer was ex
tracted with S% hydrochloric acid solution (20mLX4). The 
acid layer was neutralized with potassium carbonate and ex
tracted with ethyl acetate (80 mL). The organic layer was 
washed with brine (SO mL) and dried over Na2S04• The sol-

N02 o 
S 

R2MgBr,DDQ,THF 

(7) 

vent was 
distilled off under reduced pressure to give 3-amino-2-
isopentylthiophene (9b) (0.11 g, 42%) as a yellow oil. 

1.2.3. 3-Amino-2-phenylthiophene (13) (Scheme 3) 
Tetrakis(triphenylphosphine)palladium (0.33 g, 0.29 mmol) 
was added under nitrogen to a solution of 2-bromo-3-nitroth
iophene2o

,21) (10) (0.6 g, 2.88 mmol), phenyl boronic acid (11; 
O.3S g, 2.88 mmol), ethanol (2 mL), and 2 M potassium car
bonate solution (S mL) in toluene (30 mL). The mixture was 
refluxed with stirring for 9 hr. The cooled mixture was washed 
with water (20 mL), and the organic layer was dried over 
Na2S04• The solvent was distilled off under reduced pressure, 
and the residue was purified with silica gel (hexane: ethyl ac
etate=20: 1) to give 3-nitro-2-phenylthiophene (12) (O.SO g, 
8S%) as a yellow oil. 

Compound 12 was converted to the corresponding 
aminothiophene (13) by a method similar to that shown 
above. 

1.3. (RS)-N- [2-(1 ,3-Dimethylbutyl)-3-thienylJ-1-methyl-
3 - (trifluorome thyl) pyrazol e-4 -carboxamide 
(penthiopyrad; 1) 

1-Methyl-3-(trifluoromethyl)pyrazole-4-carbonyl chloride, 
which was prepared by the reaction of I-methyl-3-(trifluo
romethyl)pyrazole-4-carboxlic acid (0.S3 g, 2.7 mmol) with 
thionyl chloride (1 mL), was added to a solution of (RS)-3-
amino-2-(1,3-dimethylbutyl)thiophene (6d; O.S g, 2.7 mmol) 
in pyridine (S mL) at room temperature. The reaction mixture 
was stirred for 1 hr at room temperature, poured into the S% 
hydrochloric acid solution (30 mL), and then extracted with 
ethyl acetate (30mL). The organic layer was washed succes
sively with saturated sodium hydrogen carbonate solution and 

Fe,aq.HCI,MeOH .. 

R2=Et (8a) 

=isopentyl (8b) 

R2=Et (9a) 

=isopentyl (9b) 

Scheme 2. 
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brine and then dried over Na2S04 . The solvent was distilled 
off under reduced pressure and the residue was purified by sil
ica gel (hexane: ethyl acetate=6 : 4) to give the compound (1) 

(0.40 g, 41 %) as a white solid. 
Other carboxamide derivatives were prepared by the reac

tion of the corresponding carboxylic acids22
-

30
) and amines.31

) 

The melting points, IR spectrum data, and IH-NMR spectrum 
data of carboxamide derivatives are given in Supplemental 
Table S2. 

2. Biological evaluation 
2.1. Kidney bean gray mold 

Because BC-723 (3) did not show activity against gray mold 
by the usual screening using a mycelium agar disk of Botlytis 
cinerea as the inoculum, we used a spore solution of B. 
cinerea as the inoculum described below: 

Each compound was dissolved in acetone and then diluted 
with water to prepare the test solution. Each test solution was 
sprayed on kidney beans at the seed-leaf stage until run off. 
After the leaves dried, they were cut and placed in plastic cups 
covered with wet paper disks to maintain humidity. Spores of 
gray mold were collected with potato sucrose broth medium 
and inoculated with paper disk soaked spore solution. Four 
days after inoculation, the size of the lesion was measured, 
and the control percentage was calculated. Activity levels of 
compounds were shown by the following index for the control 
percentage in the tables. 

Control percentage = [( diameter oflesion on untreated leaf 
-diameter oflesion on treated leaf) 
I(diameter oflesion on untreated leaf)] 
X 100 

0: 500 ppm <95% (500 ppm) 
1: 500 ppm ~95% (500 ppm) and <50% (62.5 ppm) 
2: 62.5 ppm ~50-95% (62.5 ppm) 
3: 62.5 ppm ~95% (62.5 ppm) 

2.2. Cucumber powdery mildew 
Each test solution was sprayed on 1.5-leaf-stage cucumber 
plants until run off. After the leaves had dried, spores of cu
cumber powdery mildew were shaken off onto the sprayed 
leaves. Seven days after inoculation, the infected lesion area 
was assessed, the control percentage was calculated using the 
following formula, and activity levels of the compounds are 
shown by the following index for the control percentage listed 
in the tables. 

** het/aryl group=heterocyc1ic or aryl group 

Control percentage = [(percentage lesion of untreated leaf 
-percentage lesion of treated leaf) 
Ipercentage lesion of untreated leaf) 1 
X 100 

0: 250 ppm <95% (250 ppm) 
1: 250 ppm ~95% (250 ppm) and <50% (25 ppm) 
2: 25 ppm ~50-95% (25 ppm) 
3: 25 ppm ~95% (25 ppm) 

2.3. Wheat brown rust 
Each test solution was sprayed on 1.5-leaf-stage wheat plants 
until run off. After the leaves had dried, spores of brown rust 
were sprayed on them and the leaves were kept in a cold con
dition at high humidity for two days. The plants were main
tained for further eight days in a growth chamber at 18°C, and 
the number of colonies derived was counted. The control per
centage was calculated by the following formula, and the ac
tivity levels of compounds are shown by the following index 
for the control percentage in the tables. 

Control percentage = [(colony number of untreated pot 
-colony number of treated pot) 
I( colony number of untreated pot)] X 100 

0: 250 ppm <95% (250 ppm) 
1: 250 ppm 2:95% (250 ppm) and <50% (25 ppm) 
2: 25 ppm 2:50-95% (25 ppm) 
3: 25 ppm ~95% (25 ppm) 
2.4. Rice blast 

Each test solution was sprayed on 2- or 3-leaf stage rice plants 
until run off. After the leaves had dried, a spore suspension of 
rice blast was sprayed on the plants, which were maintained in 
a growth chamber at 25°C and high humidity. Seven days 
after inoculation, the number of lesions was counted. The 
control percentage was calculated using the following for
mula, and the activity levels of compounds are shown by the 
following index for the control percentage in the tables. 

Control percentage= 100X(lesion number of untreated pot 
-lesion number of treated pot) 
Ilesion number of untreated pot) 

0: 250 ppm <95% (250 ppm) 
1: 250ppm ~95% (250 ppm) and <50% (50 ppm) 
2: 50 ppm ~50-95% (50 ppm) 
3: 50 ppm ~95% (50 ppm) 



Vol. 36, No.3, 347-356 (2011) Structure-Activity Relationship of Carboxin-related Carboxamides as Fungicide 351 

Results and Discussion 
ited relatively high activity against gray mold, whereas its cor-
responding N-(biphenyl-3-yl) and N-(biphenyl-4-yl) deriva-

1. N-(Biphenyl-2-yl) het/aryl carboxamides tives showed a lower level of activity. In order to study the im-
In the case of N-(biphenyl) het/aryl** carboxamides, activity portance of het/aryl groups on the carbon atom of the car-
against gray mold varied markedly with the substitution mode bamoyl group, we evaluated the activity of various N-
of the N-(biphenyl) group on the carbamoyl group. N- (biphenyl-2-yl) het/aryl carboxamides against various dis-
(biphenyl-2-yl) 2-chloropyridine-3-carboxamide (14) exhib- eases and the results are summarized in Table 1. Among the 

Table 1. N-(Biphenyl-2-yl) hetlaryl carboxamides and fungicidal activity 

N1? ~ ~ II 

~ t7 

Fungicidal activity 
Compound No. Ar 

Gray mold Powdery mildew Brown rust Blast 

CF, 

15 6· 3 2 0 
M,' 

~" 

16 ~)-. 2 0 N.T. 0 
,N 

M, 
CI 

17 6-. 0 0 0 0 
Me' 

CF, 

18 Jl~. 3 2 N.T. 
M, S 

CHI', 

19 J-~. 3 2 0 

M, S 

20 ~. 2 N.T. 0 

M, S 

a 
21 ;i-- 0 0 0 0 

M, S 

Me 

22 6-- 3 0 0 
S 

Me 

23 0-- 3 0 

a 

14 b-- 2 0 N.T. 0 

01 

24 ti-· 3 0 0 
N 

01 

25 6-. 3 0 N.T. 0 

Me 

26 0-- 2 3 2 0 

2 (-<;. 3 2 0 0 

S 

3 (BC-723) 2 0 0 0 

Disease (orop): Gray mold (Kidney Beans); Powdery mildew (Cucumber); Brown rust (Wheat); Blast (Rice). N.T.: not tested. 
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N-(biphenyl-2-yl) het/aryl carboxamides, pyrazole derivative 
(15) or thiazole derivative (18, 19) with o-CF3 or o-CHF2 

group to the amide moiety not only exhibited high activity 
against gray mold but also moderate activity against powdery 
mildew. In addition, their methyl-substituted derivatives (16, 
20) exhibited moderate activity against gray mold, whereas 
their chloro-substituted derivatives (17, 21) were inactive. 
In the case of the five-membered heterocyclic compounds, 
methyl-substituted thiophene (22) and furan derivatives (23) 
exhibited high activity against gray mold, but low or no activ
ity against wheat brown rust and rice blast. In the case of the 
six-membered heterocyclic compounds (2, 14, 24-26), they 
exhibited high activity against gray mold. In particular, the 
pyran derivative (26) was effective against powdery mildew 
and wheat brown rust. Therefore, when the substituent at the 
N-phenyl ring of the amide moiety is a 2-phenyl group, it is 
considered to be essential for a compound exhibiting activity 
against gray mold to have a hetlaryl carboxamide moiety with 
an o-hydrophobic substituent on the hetlaryl group. 

Taking into account the activity against gray mold and 
powdery mildew and the residual activity as a whole, we con
sidered I-methyl-3-(trifiuoromethyl)pyrazole-4-carboxamide 
as the most suitable structure, and hence we evaluated its fun
gicidal activity in the following research. 

2. N-(2-Alkylphenyl or 2-alkyl-3-thienyl)-I-methyl-3-(tri-
jluoromethyl)pyrazole-4-carboxamides 

The fungicidal activity of various l-methyl-3-(trifiuoro
methyl)pyrazole-4-carboxamides against various diseases is 
listed in Table 2. Compound 27, which has an 1,1,3-
trimethylindane-4-yl group similar to that of the N-substituent 
at the amide group in BC-723, exhibited higher activity 

Journal of Pesticide Science 

against gray mold and wheat brown rust than BC-723. Com
pounds having an isopropyl or a sec-butyl group on the N
phenyl ring at the amide group (28, 29) also exhibited high 
activity against gray mold and wheat brown rust and higher 
activity against powdery mildew than compound 27. This in
dicates that a bulky and hydrophobic substituent at the ortho 
position of the N-phenyl ring is necessary to elicit more po
tent activity against gray mold. Similar effects due to a sub
stituent has been suggested in previous research on BC-
723.6),32) Furthermore, compounds 28 and 29 exhibited higher 
activity against wheat brown rust than the N-(biphenyl-2-yl) 
derivative (15). 

It has been reported that replacement of the benzene ring of 
the parent compound with the thiophene ring sometimes 
maintains its biological activity,33) and the thiophene ring can 
be considered a bioisoster of the benzene ring. Hence, we 
synthesized pyrazole carboxamide derivatives (30-32) that 
had 2-substituted-3-thienyl groups on the nitrogen atom of the 
carbamoyl group and evaluated their activity. As a result, it 
was found that they exhibited the same activity against gray 
mold, powdery mildew, and wheat brown rust as that exhib
ited by the corresponding N-phenyl amide derivatives (15, 28, 
29). 

Although it was more difficult to synthesize N-[(2-substi
tuted)-3-thienyl] carboxamide than N-(2-substitued)phenyl
carboxamide, N-(2-alkyl-3-thienyl)-carboxamide derivatives 
had structural novelty and high activity and showed a ten
dency to broaden the fungicidal spectrum. Therefore, we syn
thesized various N-(2-alkyl-3-thienyl)-1-methyl-3-(trifiuoro
methyl)pyrazole-4-carboxamides and examined their fungi
cidal activity to investigate the effect of the alkyl groups sub
stituted at the 2-position of the thiophene ring on fungicidal 

Table 2. Fungicidal activity of N-phenyl-3-(trifluoromethyl)pyrazole-4-carboxamide derivatives and N-thienyl carboxamide derivatives 

Compound No. 

27 

28 

29 

15 

30 

31 

32 

3 (BC-723) 

R 

iso-Pr 

sec-Bu 

Ph 

iso-Pr 

sec-Bu 

Ph 

Ot 
F,C, J-~r=y 
n H 

N'~ 
Me 27 

Gray mold 

3 

3 

3 

3 

3 

3 

3 

2 

00 
F,ChN R 

1 ~ H 

N'N 
I 
Me 28, 29, 15 

f"'s 
o >=Z 

F,chN R 
1 ~ H 

N'N 
I 

Me 30-32 

Fungicidal activity 

Powdery mildew Brown rust 

0 3 

I 3 

2 3 

2 

1 3 

2 3 

2 0 

0 0 

Disease (crop): Gray mold (Kidney Beans); Powdery mildew (Cucumber); Brown rust (Wheat); Blast (Rice). 

Blast 

o 
o 
o 
o 
o 
o 
o 
o 
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activity. 

3. Various derivatives of N-(2-alkyl-3-thienyl)-1-methyl-
3-(trifluoromethyl)pyrazole-4-carboxamides 

The fungicidal activity of N-(3-thienyl)-1-methyl-3-(trifiuo
romethyl)pyrazole-4-carboxamide derivatives that had various 
alkyl groups at the 2-position of the thiophene ring against 
four diseases is listed in Table 3. The fungicidal effect of the 
alkyl group on the thiophene ring against each disease is de
scribed as follows. 

The fungicidal activity against gray mold was dependent on 
the number of carbon atoms in the branched alkyl group at
tached at the 2-position of the thiophene ring: Compounds 
with an alkyl group having 3 to 6 carbon atoms (C3: 30, C4: 

31, Cs: 34-36, C6: 1, 37, 38) exhibited high activity against 
gray mold, whereas compounds with alkyl groups having 2 or 
7 carbon atoms did not exhibit high activity (33, 39-42). 

On the other hand, the fungicidal activity against powdery 
mildew was considered to be affected by the chemical struc-

ture of the branched alkyl group: Compounds that have car
bon numbers from 4 to 7, and have one methyl group at the a 
or y position in their alkyl chains (31, 34, 35, 37-40) exhib
ited moderate or high activity against powdery mildew. Fur
ther, compounds having methyl groups at both the a and y 
positions in their alkyl chains (1, 41,42) exhibited high activ
ity. However, a compound having an ethyl group at the a; po
sition (36) showed no activity. 

In addition, all the compounds, except for 36, showed ex
cellent activity against wheat brown rust. On the other hand, 
only two compounds (1, 42) inhibited rice blast completely, 
and had a secondary carbon atom at both the a and y position 
on their alkyl group. 

Among these compounds, only compound 1, which had a 
2-(1,3-dimethylbutyl)-2-thienyl group on the nitrogen atom of 
the carbamoyl group, gave remarkable results at low applica
tion rates against four diseases. In addition, we observed that 
its corresponding phenyl derivative, namely, N-[2-( 1 ,3-di
methylbuty l)pheny I] -l-methyl-3 -( trifiuoromethy l)pyrazo le-4-

Table 3. Fungicidal activity of various N-(2-alkyl-3-thienyl)-3-( trifiuoromethyl)pyrazole-4-carboxamide derivatives 

00 F3C~R->-FCr§N R 
J I ~ H 

N .. ~ N .. ~ 

Me Me 43 

Fungicidal activity 
Compound No. Carbon number R 

Gray mold Powdery mildew Brown rust Blast 

33 2 ~ N.T. N.T. N.T. 

30 3 ~ 3 3 0 

31 4 Jv 3 2 3 0 

34 5 ~ 3 3 3 0 

35 5 U 3 2 3 N.T. 

36 5 Jv 3 0 2 0 

6 ~ 3 3 3 3 

37 6 ~ 3 2 3 

38 6 Y 3 3 3 2 

39 7 ~ 2 2 3 0 

40 7 ~ 2 3 

41 7 ~ 0 3 3 0 

42 7 ~ 2 3 3 3 

43 6 3 3 3 3 

Disease (crop): Gray mold (Kidney Beans); Powdery mildew (Cucumber); Brown rust (Wheat); Blast (Rice). N.T.: not tested. 
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carboxamide (43), exhibited high activity.3l) As a result, 1, 3-
dimethylbutyl group, was found to be the most potent alkyl 
group that can be positioned at the artha position of the N
thienyl or N-phenyl group. 

Journal of Pesticide Science 

4. N-[2-{l,3-Dimethylbutyl)-3-thienyl] het/aryl carbox-
am ides 

Because compound 1, which had a 2-{l,3-dimethylbutyl)-2-
thienyl group on the nitrogen atom of the carbamoyl group, 
showed excellent fungicidal activity, we synthesized various 
N-[2-{l,3-dimethylbutyl)-3-thienyl] hetlaryl carboxamides 

Table 4. Fungicidal activity of N-[2- (1,3-dimethylbutyl)-3-thienyl]het/aryl carboxamide derivatives (Type A) and corresponding N-(biphenyl-

2-yl) het/aryl carboxamide derivatives (Type B) 

0 

1P A'-{~ ~ ~ S ~ ~ /; 

Type A Type B ~ II 

Compound No. R Type 
Fungicidal activity 

Gray mold Powdery mildew Brown rust Blast 

1 N~ A 3 3 3 3 
, ;, . 

15 /N 
B 3 2 0 M, 

44 N~' A 3 3 3 3 
, . 

Me,N B 

45 
N:}-

A 3 I 3 2 
, j • 

16 /N B 2 0 N.T. 0 M, 

46 :>- A 3 2 3 2 
N~ 

17 ' /; . 
B 0 0 0 0 ,N 

M, 

47 CF, A 3 3 3 N.T. 

18 
)L~. 

B 3 2 N.T. M, S 

48 CHF, A 3 3 3 3 

19 )L~. 
B 3 2 0 Me S 

49 M, A 3 2 3 3 
)L~. 20 M, S B 2 N.T. 0 

50 M, A 3 3 3 3 &. 22 S B 3 0 0 

51 M, A 3 3 3 3 

23 6-- B 3 0 

52 a A 2 3 N.T. N.T. 

14 0-. B 2 0 N.T. 0 

53 a A 3 0 3 I 

24 b--. B 3 0 0 N 

54 a A 2 3 0 

25 6-. B 3 0 N.T. 0 

55 Me A 3 2 3 3 

26 b-. B 2 3 2 0 

56 (1-. A 3 3 I 

2 B 3 2 0 0 
S 

Disease (crop): Gray mold (Kidney Beans); Powdery mildew (Cucumber); Brown rust (Wheat); Blast (Rice). N.T.: not tested. 
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and evaluated their effect. 
The fungicidal activity of N-[2-(l,3-dimethylbutyl)-3-

thieyl] het/aryl carboxamides (Type A) and N-(biphenyl-2-yl) 
het/aryl carboxamides (Type B) having corresponding het/aryl 
carboxylic moieties is listed in Table 4. 

Type A compounds showed equal or higher activity against 
gray mold than Type B compounds except for 54. In addition, 
al! Type A compounds exhibited fungicidal activity against 
wheat brown rust, whereas Type B compounds exhibited low 
or no activity. This indicates that the 2-(l,3-dimethylbutyl)-3-
thienyl group contributed to fungicidal activity against wheat 
brown rust. In addition, it was found that five-membered hete
rocyclic Type A compounds (1, 44-51) exhibited higher activ
ity against powdery mildew and rice blast than the correspon
ding Type B compounds. Further, among six-membered hete
rocyclic Type A compounds (52-56), it was found that the 
pyridine compound (52) and pyrane compound (55) exhibited 
high fungicidal activity against powdery mildew and rice 
blast, respectively. 

These results indicates that the introduction of the 2-( 1 ,3-
dimethylbutyl)-3-thienyl group to the nitrogen atom on the 
carbamoyl group not only enhanced fungicidal activity but 
also broadened the fungicidal spectrum. 

Above ali, the pyrazole derivatives (1, 44) and thiazole de
rivative (48), which have a CHF2 or CF3 group, were the most 
superior in terms of fungicidal activity and spectrum. In addi
tion, a methyl-substituted thiophene derivative (50) and furan 
derivative (51) also exhibited high activity against various dis
eases. 

In view of its residual efficacy in pot tests and phytotoxicity 
(data not shown), we finally selected compound 1 as the de
veloped compound. 

In conclusion, based on BC-723 (3) as the lead compound, 
we synthesized various het/aryl carboxamides and evaluated 
their fungicidal activity. As a result of the structure-activity 
relationships, it is considered to be essential for a compound 
exhibiting activity against various diseases to have both a 
bulky and hydrophobic alkyl group at the ortho position of 
the N-aromatic ring and an ortho-substituted het/aryl carbox
amide moiety that is the common active structure with Basid
iomycetes.34

) Among these compounds, N-[2-(l,3-dimethyl
butyl )-3-thienyl]-1-methyl-3-(trifiuoromethyl)pyrazole-4-car
boxamide (1) showed excellent activity against gray mold, 
powdery mildew, wheat brown rust and rice blast. Compound 
1 was applicable in field tests, and was launched as 
penthiopyrad in Japan in 2008. 

Supplemental Tables S I and S2 are available in the online 
publication at http://www.jstage.jst.go.jp/browse/jpestics/. 

References 

I) M. Kulka and B. von Schmeling: "Modern Selective Fungi
cides-Properties, Applications, Mechanisms of Action-," ed. 
by H. Lyr, 2nd Ed., Gustav Fischer Verlag, Germany and New 
York, Chap. 8, pp. 133-147, 1995. 

2) T. Schewe and H. Lyr: "Modern Selective Fungicides-Proper
ties, Applications, Mechanisms of Action-," ed. by H. Lyr, 2nd 
Ed., Gustav Fischer Verlag, Germany and New York, Chap. 9, 
pp. 149-161, 1995. 

3) T. Mori, T. Ohsumi, S. Nakamura, K. Maeda, S. Nishida and H. 
Takano (Sumitomo Chemical Co., Ltd.): ElII: Pat. Appl. EP 
315502 (1989). 

4) P. O'Reilly, S. Kobayashi, S. Yamane, W. G. Phillips, P. Ray

mond and B. Castanho: Brighton Crop Protection ConJerence

Pests and Diseases, 427--434 (1992). 
5) L. V. Edgington and G. L. Barron: Phytopathology 57, 1256 

(1967). 
6) M. Oda, N. Sasaki, T. Sakaki, N. Nonaka, K. Yamagishi and H. 

Tomita: J. Pestic. Sci. 17, 91-98 (1992). 

7) Y. Yoshikawa, K. Tomiya, H. Katsuta, H. Kawashima, O. Taka
hashi, S. Inami, Y. Yanase, 1. Kishi, H. Shimotori and N.Tomura 
(Mitsui Toatsu Chemicals., Inc.): ElII: Pat. Appl. EP 0737682 
(1996). 

8) K. Tomiya and Y. Yanase: The BCPC International Congress

Crop Science & Technology, 2A-9, pp. 99-104 (2003). 
9) H. Katsuta, Y. Yoshikawa, K. Tomiya, H. Kawashima, O. Taka

hashi, T. Kitashima, S. Inami, Y. Yanase and 1. Kishi: Absll: 

29nd. Annll. Meeting Pestic. Sci. Soc. Jpn., p. 55, 2004 (in 
Japanese). 

10) Y. Yanase, T. Akase, 1. Kishi, N. Tomura, S. Inami, H. Shimo
tori, H. Katsuta, K. Tomiya and Y. Yoshikawa: Abstl: 29nd. 

An/lIl.Meeting Pestic. Sci. Soc. Jpn., p. 56,2004 (in Japanese). 
11) H. Katsuta: Abstl: 21st AssemblyJor Pesticide Design Research, 

Pestic. Sci. Soc. Jpn., p. 30, 2005 (in Japanese). 
12) H. Katsuta: Abstl: 32nd. Annu. Meeting Pestic. Sci. Soc. Jpn., p. 

33,2007 (in Japanese). 
13) Y. Yanase, Y. Yoshikawa, 1. Kishi, H. Katsuta: 11th IUPAC In

ternational Congress oj Pesticide ChemistlY, 31, p. 295 (2006) 
14) Y. Yanase, Y. Yoshikawa, 1. Kishi and H. Katsuta: Abs!J: 23rd 

Symposium oj Research Committee Jor the Bioactivity oj Pesti

cides, p. 13,2006 (in Japanese). 
15) S. Sakurai: Abstracts oj the 17th Symposium oj Research Com

mittee oj Fungicide Resistance, p. 30,2007 (in Japanese). 
16) T. Kitashima, K. Tomiya and K. Kodaka (Mitsui Chemicals, 

Inc): Jpn. Kokai Tokkyo Koho JP 2000-212166 (2000). 
17) P. R. Huddleston and 1. M. Barker: Synth. Conllnlln. 9, 731-734 

(1979). 
18) R. Ballini, G. Bartoli, M. Bosco, R. Dalpozzo and E. Marcan

toni: Tetrahedron 44, 6435-6440 (1998). 

19) 1. M. Barker, P. R. Huddeleston and M. L. Wood: Synth. Com

Ill/Ill. 25, 3729-3734 (1995). 
20) W. Steinkopf, H. Jacob and H. Penz: JUStllS Liebigs Annalen del' 

chemie 512, 136--164 (1934). 
21) C. Carpanelli and G. Leandri; Annali di Chimica (Rome, Italy) 

51,181 (1961). 
22) T. Ohsumi, K. Tsushima, S. Nishida, K. Maeda, T. Ooshi and N. 

Matsuo, (Sumitomo Chemical Co. Ltd.): United States Patent 

Appl. US4837242 (1989). 
23) L. R. Fibel and P. E. Spoerri: J. Am. Chem. Soc. 70,3908-3911 

(1948). 
24) D. Laduree, H. EI. Kashef and M.Robba: Heterocycles 22, 

299-301 (1984). 



356 Y. Yoshikawa et at. 

25) S. Yamamoto, T. Sato, T. Ikai, T. Oguchi, T. Nawamaki (Nissan 
Chemical Industries, Ltd.): United States Patent Appl. 

US4668277 (1987). 
26) P. Schmidt, K. Eichenberger, M. Wilhelm and J. Druey: Helv. 

Chim. Acta 42, 349-359 (1959). 
27) A. Hantzsch: Justus Liebigs Annalen der Chemie 250, 257-273 

(1889). 
28) J. D. Elliott, M. Hetmanski, R. J. Stoodley and M. N. Palfrey

man: J Chem. Soc., Perkin Trans. I 1782-1789 (1981). 
29) W. S. Lee, H. G. Hahn, K. D. Nam: J Org. Chem. 51, 2789-

2795 (1986). 

Journal of Pesticide Science 

30) K. Dridi, M. L. EI Efrit and H. Zantour: Phosphorus, Su(jill; and 

Silicon and the Related Elements 134, 407-412 (1998). 
31) Y. Yoshikawa, K. Tomiya, N. Tomura, H. Katsuta, O. Takahashi, 

S. Inami, Y. Yanase, J. Kishi, H. Kawashima (Mitsui Toatsu 
Chemicals Inc): EU/: Pat. Appl. EP0824099 (1998). 

32) M. Oda, T. Sakaki, N. Sasaki, H. Nonaka, K. Yamagishi and H. 
Tomita: J Pesticide Sci. 18,49-57 (1993). 

33) M. Nozaki and H. Nagase (Kagaku Doujin Ltd., Japan): Medici
nal Chemistry, p. 98,1995 (in Japanese). 

34) P. Haken and C.L. Dunn: Proc. 6th Brit. Insecticide Fungicide 

Conference, 453-463 (1971). 



1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

11I1I1111111111111111111111111111111111111111111111111111111111111111111111111111111111111I 

tJ }[..;t{::j:.;..t /~i!tJ }[..;t{::j:."tt ~ ~~M~oo~IJO)m~i3tE;f~~ 

tfJII¥1i, mIBH'GZ, 1t;ti!j[~B, tBPifJj~{jz 

f.!f! I:{ 0) t; Jv¥.;f+J- ~ F{t-fr~ ~-frnX: G~ -e O)i'fIjjJ!I C ~mt.5 

'110)~{*~1lJIiJ«t.::. ~OOt.5'1:£c~mA"'7 r -71-(;1:, '7 ~ 

FO)1J~JJfic~*JJjFf J::O)fit~£':::*f¥ Vel't.::. -en G 
0)93'""(" N-( 'C'7 .:r.'::'Jv-2-1 Jv)-2-7 00 t" I) :;/ :"---3-t; Jv¥ 

.;f+J- ~ F;I):(Ek~;I)'6~,:::x;fGfi'ij~\t.5'li~:1FG, X;fLt-g~ 1-

} T Jv-3- r I) 7 Jv;;t 0 } T Jv- t" -7 '/- Jv-4 -t; Jv;f'.;f+J- ~ 

F;I):( J: l) fi'ij ~ \ t5'li~:1F G t.::. "6 G I:::, N- 7 .:r. .::. Jv £J:: 0) ;;t 
Jv Hll:':::ieIUJ<'liO):5tI~ 7 Jv.;f Jv~ <b "J{t-fr~J;I):(, i\1Iit.5'li'C' 
J1: ~ '~m A '" 7 r -7 1-~ <b "J :::. c;l):(;b;l), -::> t.::. N- 7 .:r.,::,)v 

£O).I'(:,,--t':..--JJfi(;I:, T;;t7.:r. :"--JJfi-ctt7&'C'~, T;;t7.:r.:"-
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T)v7'T)v)-3-T..I.,::,)v)]-I-} T)v-3-( r I) 7)v;;to} T 

)v)t"-7'/-)v-4-t;)v;f'.;f+J-~ F) ~JUI:!Gt.::. 
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