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[57] : ABSTRACT

The substituted thiophene derivative of the invention which
is represented by the gencral formula (1) has a broad disease
spectrum for a pathogenic fungus of various crops. exhibits
an excellent controlling effect on disease such as gray mold.
powdery mildew and rust in particular, and is also effective
for a resistant fungus of conventional fungicides which has
beoome a serious problem. and consequently is useful for an
agricultural and horticultural fungicide.
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1 2
SUBSTITUTED THIOPHENE DERIVATIVE aminothiophene derivative has high safety for crops and
AND AGRICULTURAL AND consequently can attain the above object. Thus the present
HORTICULTURAL FUNGICIDE invention has been completed.
CONTA [GN'(I;IFR]!EZI?IAELI;'[};J‘ AS ACTIVE s  That is. the aspect of the invention is a substituted

BACKGROUND OF THE INVENTION

1) Field of the Invention

The present invention relates to a novel substituted
thiophene derivative. an agricultural and horticultural fun-
gicide containing the same as in active ingredient and a
method for controlling plant disease by the same.

2) Description of Related Art

Recently developed fungicides having selective mecha-
nism of action differ from conventionally used, nonselective
fungicides for exhibiting steady effect at low dosage.
However, the recent fungicides have a problem of develop-
ing chemical tolerance and leading to reduction of efficacy.
For example. a benzimidazole fungicide has a broad fungi-
cidal spectrum and exhibits excellent effect also on gray
mold disecase. However., such fungicide caused a drastic
reduction of efficacy due to appearance of a resistant fungus
against said fungicide in the 1970’s. A dicarboxyimide
fungicide was focused attention as a replacement of the
benzimidazole fungicide. Nevertheless. a resistant fungus
also appeared against the dicarboxyimide fungicide in the
1980’s. Consequently. the lack of the counter measure for
controlling the resistant fungus of gray mold disease has
become a serious problem in Japan and also in the world

On the other hand. an azole fungicide has a broad fungi-
cidal spectrum and is an excellent pesticide which exhibits
efficacy at a previously unknown low dosage particularly for
powdery mildew disease and rust disease of various crops
and scab disease of apple and pear. However, a resistant
fungus against this fungicide has recently appeared and aiso
led to a problem of a sharp fall of the fungicide efficacy.
Such occurence of fungicide resistant fungus has become an
inevitable problem for the selective fungicide, and accord-
ingly development of a new fuagicide is now an urgent
subject.

Many aromatic aniline derivatives have conventionally
been known to have fungicidal activity. For example. Japa-
nese Laid-Open Patent Hei 5-221994 and 6-199803 have
disclosed that various aniline derivatives have efficacy for
gray mold disease. The present inventors have tested fun-
gicidal activity against various plant-pathogenic fungi on the
compounds disclosed in these patents. However, the discase
control effect was low even in the case of gray mold disease
and no cfficacy was observed at all on powdery mildew
disease and brown rust disease.

Consequently, the object of the invention is to provide a
novel agricultural and horticultural fungicide which has a
broad spectrum for pathogenic fungus of various crops and
can also solve the resistant fungus which has become a
serious problem.

SUMMARY OF THE INVENTION

As a result of an intensive research on the bioactivity of
various heterocyclic amine derivatives. the present inventors
have found that some kinds of aminothiophene derivative
have powerful controlling effect on various plant disease and
exhibit excellent controlling activity for not only a sensitive
fungus but a resistant fungus of benzimidazole and dicar-
boxyimide fungicides, and further for the sensitive fungus
and resistant fungus of am azole fungicide and that such
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thiophene derivative represented by the general formula (1),
an agricultural and horticultural fungicide comprising the
same as an active ingredient and a method for controlling
plant disease by the same.

R 1))

Q E-l-j NHCOAr

s

wherein Q is a hydrogen atom. fluorine atom. chlorine atom.
bromine atom. iodine atom. methyl group. trifluoromethyl
group, methoxy group. methylthio group. methylsulfonyl
group, methylsulfoxy group. cyano group. acetyl group.
nitro group. alkoxycarbonyl group or amino group; R is a
straight or branched alkyl group having 1-12 carbon atoms.
straight or branched halogenoalky! group having 1-12 car-
bon atoms, straight or branched alkenyl group having 2-10
carbon atoms. straight or branched halogenoalkenyl group
having 2-10 carbon atoms, alkoxyalkyl group having 2-12
carbon atoms, alkylthioalkyl group having 2-10 carbon
atoms. cycloalky! group having 3-10 carbon atoms. hatogen
substituted cycloalkyl group having 3-10 carbon atoms. or
a phenyl group which can be substituted with 1-3 substitu-
ents; the substituent of said phenyl group is a hydrogen
atom. alkyl group having 1-4 carbon atoms. alkenyl group
having 2—4 carbon atoms, alkynyl group having 2—4 carbon
atoms, cycloalkyl group having 3-6 carbor atoms. alkoxy
group having 1-4 carbon atoms. halogenocalkoxy group
having 1-4 carbon atoms, alkylthio group having 14 car-
bon atoms. alkylsulfoxy group having 14 carbon atoms.
alkylsulfonyl group having 1-4 carbon atoms. halogen
atom. cyano group. acyl group having 2-4 carbon atoms.
alkoxycarbonyl group having 2-4 carbon atoms. amino
group or amino group substituted with alkyl group having
1-3 carbon atoms; R and the group —NHCOAr are adjacent
to each other; and Ar is a group represented by (A1) to (A8)
below:

R!
) _g\

R’/4 S

R:

(Al)

(A2)
N
NN :
Me
AN N
R fe) R!
R! (Ad)
i
s
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3
-continued
(AS)
Rt
= (AS)
L.
N Cl
N (A7)
=
[ I
N Cl
R! (A8)

wherein R! is a trifiuoromethyl group. difiuoromethyl group.
methyl group, ethyl group. chlorine atom. bromine atom or
iodine atom. R? is a hydrogen atom. methyl group, trifluo-
romethyl group or amino group. and n is an integer of 0-2.

Another aspect of the invention is intermediates of the
substituted thiophene derivative represented by the general
formula (1). that is. an aminothiophene derivative repre-
seated by the general formula (2):

Q 6

Yo
NH;

wherein Q is a hydrogen atom. fluorine atom. chlorine atom.
bromine atom, iodine atom, methyl group, trifiucromethyl
group, methoxy group. methylthio group. methylsulfonyl
group. methylsulfoxy group. cyano group, acetyl group.
nitro group. alkoxycarbonyl group or amino group; Y is a
hydrogen atom. alkyl group having 1—4 carbon atoms.
alkenyl group having 2-4 carbon atoms. alkynyl group
having 2-4 carbon atoms. cycloalkyl group having 3-6
carbon atoms, alkoxy group having 1-4 carbon atoms.
halogenoalkoxy group having 1-4 carbon atoms. atkylthio
group having 1-4 carbon atoms, alkylsulfoxy group having
1-4 carbon atoms. alkylsulfony! group having 1-4 carbon
atom, halogen atom. cyano group, acyl group having 2-4
carbon atoms. alkoxycarbonyl group having 2-4 carbon
atoms. amino group or amino group substituted with alkyl
group having 1-3 carbon atoms, m is an integer of 1-3, and
a phenyl group and amino group are adjacent to each other;
and a nitrothiophene derivative represented by the general
formula (3)

Q 3

Y
NO;

wherein Q is a hydrogen atom, fluorine atom. chlorine atom.
bromine atom. iodinc atom. methy! group, trifluoromethyl
group. methoxy group. methylthio group. methylsulfonyl
group. methylsufoxy group. cyano group, acetyl group. nitro
group, alkoxycarbonyl group or amino group. Y is a hydro-
gen atom. alkyl group having 1-4 carbon atoms. alkenyl
group having 2-4 carbon atoms. alkynyl group having 2-4
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carbon atoms, cycloalkyl group having 3—6 carbon atoms.
alkoxy group having 1-4 carbon atoms. halogenoalkoxy
group having 1-4 carbon atoms, alkylthio group having 14
carbon atoms. alkylsulfoxy group having 1-4 carbon atoms.
alkylsulfonyl group having 1-4 carbon atoms. halogen
atom. cyano group. acyl group having 2-4 carbon atoms.
alkoxycarbonyl group having 2—4 carbon atoms. amino
group or amino group substituted with alkyl group having
1-3 carbon atoms. m is an integer of 1-3. and a phenyl group
and nitro group are adjacent to each other.

DETAILED DESCRIPTION OF THE
INVENTION

Examples of the substituent R of the thiophene derivative
represented by the general formula (1) in the invention
specifically include isopropyl. sec-butyl. tert-butyl.
l-methylbutyl. 1-methylhexyl. 1-ethylpropyl. 1.2-
dimethylbutyl. 1.3-dimethylbutyl. 1-ethyl-3-methylbutyl.
1.2-dimethylhexyl. 1.3-dimethyloctyl. 3-methylbutyl.
3-methylpentyl. 4-methyloctyl. 1.2.2.3-tetramethylbutyl.
1.3.3-trimethylbutyl, 1.2,3-trimethylbutyl, 1.3-
dimethylpentyl, 1.3-dimethylhexyl. 5-methyl-3-hexyl,
2-methyl-4-heptyl. 2.6-dimethyl-4-heptyl. 1-methyl-2-
cyclopropylethyl. n-butyl. n-hexyl and other straight or
branched alky! groups having 1-12 carbon atoms; 3-chloro-
1-methyibutyl. 2-chloro-1-methylbutyl. 1-chlorobutyl, 33-
dichloro-1-methylbutyl, 3-chloro-1-methylbutyl. 1-methyl-
3-trifluoromethylbutyl, 3-methyl-1-trifluoromethylbutyl and
other straight or branched halogenoalkyl groups having
1-12 carbon atoms; propenyl. 1-methyl-1-propenyl. 1-ethyl-
1-butenyl. 2.4-dimethyl-1-pentenyl. 2.4-dimethyl-2-
pentenyl and other straight or branched alkenyl groups
having 2-10 carbon atoms; 2-chloro-1-methyl-1-butenyl
and other halogenoalkenyl groups having 2-10 carbon
atoms; cyclopropyl. cyclohexyl. 2-ethylcyclohexyl,
2-isopropylcyclohexyl and other cycloalkyl groups having
3-10 carbon atoms; methoxymethyl. 1-methoxyethyl.
1-cthoxyethyl, 1-methoxypropyl, 1-isopropoxyethyl and
other alkoxyaikyl groups having 2-10 carbon atoms;
methylthiomethyl, 1-methylthjoethyl, 1-ethylthioethyl,
1-methylthiopropyl. 1-isopropylthioethyl and other alkylth-
ioalkyl groups having 2-10 carbon atoms;
2-chlorocyclohexyl, 3-chlorocyclohexyl and other halogen
substituted cycloalkyl groups having 3-10 carbon atoms;
and phenyl groups which can be substituted with 1-3
substituents. Exemplary substituents of the phenyl group
specifically include a hydrogen atom. methyl, ethyl, propyl,
isopropyl, sec-butyl. tert-butyl and other alkyl groups having
1-4 carbon atoms; vinyl. isopropenyl. 1-methylpropenyl and
other alkenyl groups having 2—4 carbon atoms; ethynyl,
1-propynyl and other alkynyl groups having 2-4 carbon
atoms; cyclopropyl. cyclopentyl. cyclohexyl and other
cycloalkyl groups having 3-6 carbon atoms; methoxy.
ethoxy. butoxy and other alkoxy groups having 1-4 carbon
atorns; trifluoromethoxy, 1.1.2.22-pentafluoroethoxy and
other halogenoalkoxy groups having 1-4 carbon atoms;
methylthio, ethylthio and other alkylthio groups having 1-4
carbon atoms; methylisulfoxy, butylsulfoxy and other alkyl-
sulfoxy groups having 1-4 carbon atoms; methylsulfonyl.
isopropylsulfonyl and other alkylsulfonyl groups having 1-4
carbon atoms; a halogen atom such as fluorine. chlorine,
bromine and iodine, cyano group; acetyl, propionyl and
other acyl groups having 2-4 carbon atoms;
methoxycarbonyl. ethoxycarbonyl and other alkoxycarbony!
groups having 2—4 carbon atoms; an amino group; and
dimethylamino. diethylamino. propylamino and other sub-
stituted amino groups having alkyl groups of 1-3 carbon
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TABLE 4-continued
l-substi derivatives
Q 2)
S
Ym
NH,
Position Position
of of
amino phenyl MP. ‘H-NMR(CDCl;, 5-value,
Ym goup  group  (°C) JHz)
24-Cl, 3- 2- oil 3.60(2H, brs), 6.65(1H, d, J=
5.1),7.22(1H, 4, J=5.1), 7.28
(1H, dd, =8.1, 2.2, 7.40(1H,
d,J=8.1), 7.50(1H, d, J=2.2)
3,4-Cl, 3- 2- oil 3.82(2H, brs), 6.64(1H, d, J=
5.1), 7.15(1H, d, J=5.1), 7.35
(1H, dd, J=8.1, 2.2), 7.45(1H,
d, J=8.1), 7.62(1H. d, J=2.2)
3,5-Cl, 3- 2- oil  3.86(2H, brs), 6.641H, d, J=
59), 7.16(1H, d, I=5.9),7.22
(1H, ¢, J=1.5), 741(2H, d, )=
15
34-F, 3- 2- oil 3.’7%(21{, brsy, 6.64(1H, d, J=
59),7.12(1H, 4, }=5.9), 7.15
-7.24(2H, m), 7.31-7.38(2H, m
3,5-Me, 3- 2- oil )235(6}1, s), 3.79(2H, brs),
6.65(1H, d, J=5.1), 6 S0(1H, s
3, TO9(1H, d, }=5.1), 7.14(
i 2H, 5)
3.F4-Me  3- 2- oil  2.28(3H.d, J=1.4),3.85(2H,
brs), 6.62(1H, d, J=5.8), 7.09
(1K, d, J=5.8), 7.18(1H, d, }=
8.1), 7.18(1H, s), 7.20(1H, 4,
1=8.1)
4-F.3-Me 3- 2. oil 2.31(3H, &), 3.72(ZH, bes),
6.62(1H, d, J=5.4), 7.03(1H,
t, 1=8.8), 7.09(1H, d, J=5.4)
7.25-7.32(ZH, mg«
4-CI-3-CF, 3. 2 oil 3.82(2H, brs), 6.64(1H, 4, =
5.1), 7.16(1H, d, J=5.1), 1.52
(1H, d, J=8.8), 7.6 (1K, dd, J=
8.8,2.2), 7.84(1H, 4, J=2.2
4-Cl-3-F 3. 2 oil 3.83(2H, brs), 6.63(1H, 4, J=
5.1) 7.13(1H, d, J=5.1), 7.23
-7.43(3H, m)
3-Cl4.F 3- 2. oil 3.77(2H, brs), 6.64(1H, d, J=
5.1),7.06-7.21(2H, m), 7.32-
T40(1H, m), 7.56(1H, d,J=17.3)
4-C)-3-Me 3. 2- oil
2-i-Pr 3. 2. oil
3.OCF, 3- 2- oil
2,5Cl, 3. 2 oil
2-Et 3. 2- oil
2-Me 3- 2- oil 2.30(3H, 5), 3.41(2H, brs),
6.66(1H, d, 1=5.1), 7.14(1H,
d, J=5.1), 7.19-7.34(4H, m)
dethynyl  3- 2- oil

*These compounds shown by “** were unstable, so they were used for next
reaction without separation from reaction solution of catalytic reduction.
The agricultural and horticultural fungicide which com-
prises the compound represented by the general formula (1)
of the invention as an active ingredient has an excellent
disease control effect on rice diseases such as Blast
(Pyricularia oryzae). Helminthosporium leaf spot
(Cochliobolus miyabeanus). Sheath blight (Rhizoctonia
solani). “Bakanae” disease (Gibberella fujikuroi), Wheat
Powdery mildew (Erysiphe graminis f.sp.hordei;
f.sp.tritici). Leaf stripe (Pyrenophora graminea), Net blotch
(Pyrenophora teres). Fusarium blight (Gibberel la zeae),
Stripe rust (Puccinia striiformis, Stem rust (P. graminis).
Brown rust (P. recondita). Brown rust (P. hordei), Snow rot
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(Typhula sp.; Micronectriella nivalis), Loose smut (Ustilago
tritici; U. nuda), BEye spot (Pseudocercosporella
herpotrichoides). Rhynchosporium leaf blotch
(Rhynchosporium secalis), Septoria leaf blotch (Septoria
tritici). Glume blotch (Leptosphaeria nodorum), Grape
Powdery mildew (Uncinula necator). Anthracnose (Elsinoe
ampelina), Ripe rot (Glomerella cingulata). Rust
(Phakopsora ampelopsidis). Apple Powdery mildew
(Podosphaera leucotricha). Scab (Venturia inaequalis).
Alternaria leaf spot (Alternaria mali)., Rust
(Gymnosporangium yamadae). Blossom blight (Sclerotinia
mali). Canker (Valsa mali). Pear Black spot (Alternaria
kikuchiana), Scab (Venturia nashicola). Rust
(Gymnosporangium haraeanum), Peach Brown rot
(Sclerotinia cinerea). Scab (Cladosporium carpophilum).
Phomopsis rot (Phomopsis sp.). Persimmon Anthracnose
(Gloeosporium kaki). Angular leaf spot (Cercospora kaki;
Mycosphaerella nawae)., Meclon Powdery mildew
(Sphaerotheca fuliginea). Anthracnose (Colletotri chum
lagenarium). Gummy stem blight (Mycosphaerella
melonis), Tomato Early blight (Alternaria solani). leaf mold
(Cladosporium fuivam), Eggplant Powdery mildew
(Erysiphe cichoracoarum), Alternaria leaf spot (Alternaria
Japonica), White spot (Cerocosporella barassicae), Leak
Rust (Puccinia allii), Beans Purple spec (Cercospora
kikuchii). Sphaceloma scab (Elsinoe glycines). Pod and stem
blight (Diaporthe phaseololum). Beans Anthracnose
(Collesotrichum lindemuthianum), Leaf spot
(Mycosphaerella personatum). Brown leaf spot (Cercospora
arachidicola), Powdery mildew (Erysiphe pisi), Early blight
(Alternaria solani), Net blister blight (Exobasidium
reticulatum), White scab (Elsinoe leucospila). Brown spot
(Alternaria longipes). Beans Powdery mildew (Erysiphe
cichoracearum). Anthracnose (Colletotrichum tabacum).
Cercospora leaf spot (Cercospora beticola). Black spot
(Diplocarpon rosae), Powdery mildew (Sphaerotheca
pannosa), Leaf blotch (Septoria chrysanthemi-indici), Rust
(Puccinia horiana), Powdery mildew (Sphaerotheca
humauli). Gray mold (Botrytis cinerea) and Sclerotinia rot
(Sclerotinia sclerotiorum)

When the compound represented by the general formula
(1) of the invention is used as an agricultural and horticul-
tural fungicide, the technical compound can be applied as
intact to the plant to be treated. However, the technical
compound is generally mixed with an inert liquid carrier or
solid carrier and used in the form of a dust formulation,
wettable powder, flowable formulation, emulsifiable
concentrate, granule and other commonly used formula-
tions. Adjuvant can also be added when necessary in view of
formulation.

The term “carrier” means a synthetic or natural, inorganic
or organic material which is formulated in order to assist
reach of the effective ingredient to the portion to be treated
and also to make starage, transport and handling of the
effective ingredient compound easy. Any solid or liquid
material can be used for the carrier so long as the material
is commonly used for agricultural and horticultural formu-
lations. No particular restriction is imposed on the carrier.

Solid carriers which can be used include, for example,
montmorillonite. kaolinite and other clays; diotomaceous
earth, Chine clay, talc, vermiculite, gypsum. calcium
carbonate, silica gel. ammonium sulfate and other inorganic
materials; soy bean powder, saw dust, wheat powder and
other plant organic materials and urea.

Exemplary liquid carriers include toluene, xylene.
cumene and other aromatic hydrocarbons; kerosine. mineral
oil and other paraffin hydrocarbons; acetonc. methyl ethyl
ketone and other ketones; dioxane, diethylene glycol dim-
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ethyl ether and other ethers; methanol. ethanol. propanol.
ethylene glycol and other alcohols; dimethylformamide.
dimethyl sulfoxide and other aprotic solvents; and water.

In order to further enhance the effect of the compound in
the invention. following adjuvant can also be used singly or
as a mixture depending upon the object in view of the
formulation and application place.

Adjuvant which can be used include surfactants acnd
binders which are commonly used for agricultural and
horticultural formulations, for example. ligninsulfonic acid.
alginic acid, polyvinyl alcohol. gum arabic and sodium
CMC. and stabilizers. for example. phenol compounds.
thiophenol compounds and higher fatty acid ester for oxi-
dation inhibition, phosphoric acid salts for pH regulation
and light stabilizers in some cases. These adjuvant can be
used singly or in combination., when needed. Further, an
industrial fungicide or a bacteria proofing agent can also be
added in a certain case in order to inhibit fungus and
bacteria.

The adjuvants will be illustrated further in detail.

Exemplary adjuvants which can be used for the purpose
of emulsification. dispersion. spreading. wetting. binding
and stabilization include salt of ligninsulfonic acid. salt of
alkylbenzenesulfonic acid. ester salt of alkylsulfate. poly-
oxyalkyleneal kylsulfate. ester salt of polyoxyalkylenealky-
Iphosphate and other anionic surfacc active agents; poly-
oxyalkylenc alkyl cther. polyoxalkylene alkyl aryl ether.
polyoxyalkylene alkylamine. polyoxyalkylene alkylamide.
polyoxyalkylene alkyl thioether, polyoxyalkylene fatty acid
ester. glycerin fatty acid ester, sorbitan fatty acid ester,
polyoxyalkylenesorbitan fatty acid ester, polyoxypropylene-
polyoxyethylene block copolymer and other nonionic sur-
face active agents; calcium stearate. wax and other
lubricants. isopropyl hydrogen phosphate and other stabi-
lizers; and other miscellaneous materials such as
methyloellulose, carboxymethylcellulose. casein and gum
arabic. However. no restriction is imposed upon these adju-
vants.

The content of the compound represented by the general
formula (1) in the agricultural and horticultural fungicide of
the invention differs depending upon formulation and is
usually 0.05-20% by weight in the dust formulation.
0.1-80% by weight in the wettable powder. 0.1-20% by
weight in the granule, 1-50% by weight in the ecmulsifiable
concentrate, 1-50% by weight in the flowable formulation.
and 1-80% by weight in the dry flowable formulation.
Preferred concentration is 0.5-5% by weight in the dust
formulation. 5-80% by weight in the wettable powder.
0.5-8% by weight in the granule, 5-20 by weight in the
emulsifiable concentrate, 5-50 by weight in the flowable
formulation and 5-50% by weight in the dry flowable
formulation.

The content of adjuvants is 0—80% by weight and the
content of the carrier is quantity obtained by subtracting the
total content of the active ingredient compound and the
adjuvants from 100% by weight.

The methods for applying the composition of the inven-
tion include seed disinfection and foliage application.
However. the composition can exhibit satisfactory activity
by any application method utilized by these who are skilled
in the art.

Application amount and application concentration, are
variant depending upon object crops, object diseases. abun-
dance of discase damage, formulation of compound, appli-
cation method and various environmental conditions. The
amount of active ingredient is usually 50-1000 g/hectare.
preferably 100-500 g/hectare in spraying. When a wettable
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powder. flowable formulation or emulsifiable concentrate is
diluted with water and sprayed, the dilution is usually
200-20.000 times. preferably 1.000-5.000 times.

The agricultural and horticultural fungicide of the inven-
tion can of course be used in combination with other
fungicides. insecticides. herbicides. plant-growth regulators
and other agricultural chemicals: soil conditioners; or mate-
rials having fertilizer effect. A mixed formulation of the
fungicide in the invention can also be prepared by using
these materials.

Exemplary other fungicides include triadimefon.
hexaconazole. prochioraz. triflumizole and other azole fun-
gicides; metalaxyl. oxadixyl and other acyl alanine fungi-
cides; thiophanate-methyl. benomil and other benzimidazole
fungicides; manzeb and other dithiocarbamate fungicides;
and TPN and sulphur.

Insecticides include. for example. fenitrothion, daiazinon.
pyridafenthion, chlorpyrifos. marathon, phenthoate.
dimethoate, methyl thiometon. prothiofos, DDVP, acephate.
salithion, EPN and other organophosphate insecticides;
NAC. MTMC. BPMC, pirimicarb. carbosulfan, methomyl
and other carbamate insecticides; and ethofenprox.
permethrin, fenvalerate and other pyrethroid insecticides.
However. no restriction is imposed upon these materials.

EXAMPLES

The compound of the invention will be further specifically
illustrated by way of examples.

Example 1

Preparation of N-{2-{3-(4-tolyl)}thienyl]-3-
triffiuoromethyl-1-methylpyrozole-4-carboxyamide
(Compound No. 3.9)

1) 2-nitro-3-(4-tolyl)thiophene

A mixture of 0.8 g of 3-bromo-2-nitrothiophene, 0.52 g of
4-tolylboric acid, 5 m! of a 2ZM-aqueous potassium carbon-
ate solution, 2.5 ml of ethanol and 30 ml of toluene was
stirred at room temperaturc for 30 minutes in a nitrogen
atmosphere. Successively 0.15 g of Pd(PPh,), was added
and refluxed by heating for 7 hours. After separating into
two layers, the organic layer was washed with water and
dried over anhydrous sodium sulfate. Solvent was distilled
off under reduced pressure. The residue was purified by
silica gel column chromatography to obtain 0.56 g (70%
yield) of the product as a yellow crystal. ‘H-NMR(CDCl,,
§ value):2.42(3H. s), 7.01(1H. d. J=5.1). 7.25(2H. d. J=8.1).
7.37(2H, d. J=8.1). 7.47(1H, d. J=5.1)
2) 2-amino-3-(4-tolyl)thiophene

After dissolving 0.5 g of 2-nitro-3-(4-tolyl)thiophene in
20 ml of dioxane, 0.25 g of 5% pd/C was added and catalytic
reduction was carried out at room temperature for 5 hours.
The solution obtained was filtered to recover the catalyst and
the filtrate was used as intact for the next reaction.
3) N-[2-{3-(4-tolyl)}thienyl}-3-trifiuoromethyl-1-
methylpyrazole-4-carboxyamide

To the filtrate obtained in the above 2). 0.73 of pyridine
and 045 of 3-trifiuoromethyl-1-methylpyroazolecarbonyl
chloride was added and stirred at room temperature for an
hour. The reaction mixture was extracted with ethyl acctate,
washed with an aqueous saturated sodium carbonate solu-
tion and dried over anhydrous sodium sulfate. Solvent was
distilled off under the reduced pressure and the residuc was
purified by silica gel column chromatography to obtain 0.4
g of the desired product. The yield was 47% based on
2-nitro-3-(4-tolyl) thiophene.

&
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solution and dried over anhydrous magnesium sulfate. The
solvent was distilled off under reduced pressure and the
residue was purified by silica gel column chromatography to
obtain 0.43 g of the product as a crystal.
3) N-{2-(1.3-dimethylbutyl)-3-thienyl}-3-trifilucromethyl-
1-methylpyrazole-4-carboxamide

The same procedures as described in Example 3 were
carried out except that 3-amino-2-(4-chlorophenyl)
thiophene was replaced by 3-amino-2-(1.3-dimethylbutyl)
thiophene. The yicld was 41%.

Example 15

Preparation of N-(2-isopropyl-3-thienyl)-3-
trifluoromethyl- 1 -methylpyrazole-4-carboxamide
(Compound No. 1.1)

1) 3-amino-2-isopropylthiophene (Process C)

I 10 ml of methylene chloride. 0.9 g of 2-(1-hydroxy-
1-methyl) ethyl-3-t-butoxycarbonylaminothiophene (an
intermediate in Example 6) was dissolved. 0.41 g of trieth-
yisilane and 4 g of trifluoroacetic acid were added. and the
mixture was stirred at the room temperature for 20 hours.
Thereafter the reaction mixture was neutralized with a
saturated aqueous sodium hydrogen carbonate solution and
extracted with ethyl acctate. The ethyl acetate layer was
washed with a saturated aqueous sodium chloride solution
and dried over anhydrous magnesium sulfate. The solvent
was distilled off under reduced pressure and the residue was
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purified by silica gel column chromatography to obtain 0.29
g of the product as a crystal. The yield was 62%.
2) N-(2-isopropyl-3-thienyl)-3-trifluoromethyl-1i-
methylpyrazole-4-carboxamide

The same procedures as described in Example 3 were
carried out except that 3-amino-2-(4-chlorophenyl)
thiophene was replaced by 3-amino-2-isopropylthiophene.
The yield was 53%.

Example 16

Preparation of N-(2-isopropyl-3-thienyl)-3-
triffuoromethyl-1-methylpyrazole-4-carboxamide
{Compound No. 1.1, Process D)

In 10 mi of methanol, 1 g of the compound prepared in
Example 6 (Compound No. 1.71) was dissolved, 0.2 g of 5%
Pd/C was added. and catalytic reduction was carried out at
the room temperature for 8 hours under atmospheric pres-
sure. After finishing the reaction. the catalyst was filtered
and washed with methanol. The filtrate was concentrated
under reduced pressurc. The resulting oily material was
sludged with hexane to obtain 0.8 g of the desired product
as a crystal. The yield was 79%.

Other compounds which are represented by the general
formula (1) and were prepared by procedures similar to
these examples are exemplified in Table 5 to Table 8 below.

TABLE 5
NHCOAr

aN

S R

Compound Ar m.p. 'H-NMR (400MHz)

No. R (substituent) °C. (CDCl,, 5-value)

1.1 isopropyl A2(R' =CF,) 109-110  1.31(8H, d, J=7.3, 3.20(1H, sept, J=7.3), 3.99(3H, 5),
7.141H, d, J=5.1), 747(1H, d, J=5.1), 7.56(1H, bs),
8.06(1H, s)

1.2 (1S)-1-methylpropyi A2(R! = CF,) 139-140  0.89(3H, t, }=7.3), 1.30(3H, 4, J=7.3), 1.55-1.66(2H,
m), 2.85-2.93(1H, m), 3.99(3H, s), 7.13(1H, d, J=5.1),

13 . toropy] AL = CF,, R? = Me) 7A6(1H, d, J=5.1), 7.54(1H, bs), 8.05(1K, s)

14 1-methylpropyl A2(R! =CF;) 112-114  0.89(3H, t, }=7.3), 1.30(3H, d, }=7.3), 1.59-1.65(2H,
m), 2.85-2.93(1H, m), 3.99(3H, 8), 7.13(1H, d, J=5.1),
7.46(1H, 4, J=5.1), 7,54(1H, bs), 8.05(1H, s)

1.5 (1S)-1-methylpropyl A6 96-100  0.92(3H,t, ==7.3), 1.33(3H, 1, }=7.3), 1.61-1.73(2H,
m), 330(1H, sext, }=7.3), 7.17(1H, d, }=5.9), T.42(1H,
dd, }=8.1, 5.1), 7.50(1H, d, J=59), 8.14(1H, bs), 8.30(
1H,dd, J=8.1, 1.5), 8.51(1H, dd, J=5.1, 1.5)

1.6 1-ethylpropyl A2(R! = CF,) 126-127 0.85(6H, t, }=7.3), 1.49~1.3(2H, m), 1.71-1.81(2H, m),
2.17-2.67(1H, m), 3.99(3H, 5), 7.16(1H, 4, J=5.9), 7.48

1 J=5.9),7.5
17 1-methylbutyl A1(R! =CF,, R? = M¢) (e, TS5, be), 805K, )
18 1-methylbutyl A2(R? = CF;) 79-80 0.88(3H, t, }=7.3), 1.23-1.8(5H, m), 1.55-1.63(2H, m),
— 298(1H, sext, }=7.3), 3.99(3H, 5), 7,13(1H, d, J=5.9),

745(1H,d, J=5.9), 7. , 8.

Lo . outyd a S(1H, d, J=5.9), 7.55(1H, bs), 8.05(1H, 5)

1.10 1,3-dimethylbutyl Al(R* = CF;, R? = Me) oil 0.88(6H, d, J=6.6), 1.27(3H, d, J=6.6), 1.43-1 58(3H,

. m), 2.77(3H, 5), 3.06(1H, m), 7.15(1H, d, J=5.9), 7.41
. (1H,d, J=5.1), 7.58(LH, brs)
1.11 1,3-dimethylbutyl AIR! =CF,,R?=H)

1.1 1,3-dimethylbuty! Al(R! =R? = Me¢)
1,3-dimethylbuty! A2R! = CR,)

1.14 1,3-dimethylbutyl A2R' = Me)

1.15 1,3-dimethylbutyl A2(R! = CHF,

103-105  0.86(6H, d, J=6.8), 1.25(3H, d, }=6.8), 1.43-1.64(3H,
m), 3.08(1H, sext, }=6.8), 3.99(3H, 5), 7.12(1H, d,
J=5.1), 74%1H, d, J=5.1), 7.53(1H, bs), 8.05(1H, 5)
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TABLE 7

{3-substituted 2-acylaminothiophene derivatives)

R

BN

s NHCOAr
Compeound Ar mp. 'H-NMR (400MHz)
No. R (substituent) °C) (CDCl;, 5-value)
3.1 phenyl A2(R! =CF,) 141-142.5 3.97(3H, s), 6.97(1H, d, J=5.1), 7.00(1H, d, }=5.1),
7.36~7.52(5H, m), 8.03(1H, s), 8.56(1H, brs)
32 4<hiorophenyl  A2(R! = CF;) 166-167  3.98(3H, s), 6.93(1H, 4, }=5.9), 701(1H, 4, }=59),
734(2H, d, J=8.1), 745(2H, d, J=8.1), 8.04(1H, s),
, 8AG((LH, brs)
33 phenyl AlR' =CF,, R? = M) oil 2.74(3H, s5), 6.99(1H, d, }=5.1), 706(1H. d, }=5.1),
7.36-7.41(3H, m), 7.45-7.52(2H, m), 8.64(1H, brs)
34 3<chlorophenyl A3
35 4chlorophenyl  A4(R' = Me, n = 0)
3.6 2<hlorophenyl A5
37 3<hlorophenyt A6
38 4chloropheuyl A7
39 4-tolyl A2(R! = CF,) 153-155  2.41(3H, s}, 3.96(3H, 5), 6.94(1H, d, }=5.9), 6.99(1H,
d, J=5.9), 7.29(4H, s), 8.02(1H, s), 8.67(1H, trs)
3.10 4-methoxyphenyl A2(R' = CF,) 148-151  3.87(3H, 5), 4.02(3H, s), 6.93(1H, d, }=5.1), 6.98-7.04
3H, m), 7.32(2H, d, J=8.1), 8.02(1H, 5), 8.51(1H, brs)
3.11 4-toly! AlR!=CF,,R?=H) ¢ b 73 »8.0% » (
312 4-methoxyphenyl AL(R! = CF,;, R? = Me) 147-148  2.74(3H, ), 3.86(3H, s), 9,65(1H, d, J=5.1), 7.00-7.05
(3H, m), 7.32(2H, d, J=8.1), 8.58(1H, brs)
3.13 phenyl AS 147-151
314 phenyl ASR!=Cl) 95-99
TABLE 8
{2-substituted 3-acylaminothiophene derivatives)
NHCOAr
s R
Commpound Ar mp. ‘H-NMR (400MHz)
No. Q R (subtituent) (°C.) (CDCl;, 5-value)
4.1 S-methyl  phenyl A2(R! = CF,) 151-152
4.2 S-methyl  1,3-dimethylhexyl A6
43 S-methoxy 1,3-dimethylbutyl A2(R! = CFj)
44 S-methyl 3-chlorophenyl  Al(R!=CF,, R?=H)
45 4.chloro  4-tolyl A2R! = CF,)
4.6 S-methyl  d~chlorophenyl  A2(R! = CFy)

Next, formulation examples and test examples will be
illustrated on the agricultural and horticultural fungicide of
the invention.

Formulation Example 1 (Dust Formuiation)

100 Parts of dust formulation was prepared by uniformly
grinding and mixing 3 parts of the compound having Com-
pound No. 1.2, 20 parts of diatomaceous earth, 77 parts of
clay.

Formulation Example 2 (Wettable Powder)

100 Parts of wettable powder was prepared by uniformly
grinding and mixing 25 parts of the compound having
Compound No. 1.13. 72 parts of diatomaceous earth. 1 part

of sodium ligninsulfonate and 2 parts of sodium alkylben-
zenesulfonate.

Formulation Example 3 (Wettable Powder)

100 Parts of wettable powder was prepared by uniformly
grinding and mixing 50 parts of the compound having
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Compound No. 1.24. 30 parts of clay, 10 parts of white
carbon, 5 parts of sodium laurylphosphate, and 5 parts of
sodium alkylnaphthalenesulfonate.

Formulation Example 4 (Wettable Powder)

100 Parts of wettable powder was prepared by uniformly
grinding and mixing 50 parts of the compound having
Compound No. 1.61, 10 parts of sodium ligninsulfonate, 5
parts of sodium alkylnaphthalenesulfonate, 10 parts of white
carbon and 25 parts of diatomaccous carth.

Formulation Example 5 (Emulsifiable Concentrate)

100 Parts of emulsifiable concentrate was prepared by
uniformly dissolving and mixing 10 parts of the compound
having Compound No. 1.77, 10 parts of cyclohexane. 60
parts of xylenc and 20 parts of SORPOL (surface active
agent manufactured by Toho Chemical Co.).
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Formulation Example 6 (Flowable Formulation)

100 Parts of flowable formulation was prepared by wett-
grinding with a sand grinder 40 parts of the compound
having Compound No. 1.13. 3 parts of
carboxymethylcellulose, 2 parts of sodium ligninsulfonate. 1
part of sodium dioctylsulfosuccinate. and 54 parts of water.

The compounds of the invention will hercinafter be
iltustrated the activity as an agricultural and horticultural
fungicide by way of test exampies.

Test Example 1
Control Test (1) Against Gray Mold of Kidney Beans

In a green house. two seedlings of kidney beans (cultivar:
Top Crop) were grown in each plastic pot having a diameter
of 7.5 cm until development of cotyledon.

A wettable powder which was prepared according to
Formulation Example 3 was diluted. to the prescribed con-
centration (active ingredient concentration of 200 ppm) and
air dried after spraying on the seedlings with 50 ml portions
per four pots.

A conidiospore suspension (1x10° spores/ml) was pre-
pared from gray mold fungus (Botrytis cinerea, MBC
resistant, RS strain) which was cuitured on a PDA medium.
and spray-inoculated on the cotyledon. and allowed to stay
in a greenhouse at 20°-23° C. for 7 days under relative
humidity of 95% or more.

After 7 days from the inoculation, the lesion arca of gray
mold per leaf of kidney beans was examined on the basis of
the following index. Results are illustrated in Table 9. The
numerical value in the Table shows a preventive value. and
“." means untested.

Severity

0: no lesion

1: lesion area is 5% or less

2: lesion area is 5-25%

3: lesion area is 25-50%

4: lesion area is 50% or more
The mean value of each treated area and untreated area is
defined as severity.

Preventive value (%)=({l-severity in the treated area/
severity in the untreated area)x100

Test Example 2
Control Test 2) Against Gray Mold of Kidney Beans

In a green house, two seedlings of kidney beans (cultivar:
Top Crop) were grown in each plastic pot having a diameter
of 7.5 cm until development of cotyledon.

A wettable powder which was prepared according to
Formulation Example 3 was diluted to the prescribed con-
centration (active ingredient concentration of 200 ppm) and
air dried after spraying on the seedlings with 50 mi portions
per four pots.

A conidiospore suspension (1x10% spores/ml) was pre-
pared from gray mold (Botryfis cinerea, MBC resistant,
dicarboximide resistant, RR strain) which was cultured on a
PDA medium. and spray-inoculated on the cotyledon, and
allowed to stay in a greenhouse at 20°-23° C. for 7 days
under relative humidity of 95% or more.

After 7 days from the inoculation. the lesion area of gray
mold per leaf of kidney beans was examined on the basis of
the following index. Results are illustrated in Table 9.

Severity

0: no lesion

1: lesion area is 5% or less

2: lesion area is 5-25%
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3: lesion arca is 25-50%
4: lesion area is 50% or more
The mean value of each treated arca and untreated area is
defined as severity.
Preventive value (%)=(1-severity in the treated areca/
severity in the untreated area)x100

Test Example 3
Control Test Against Cucumber Powdery Mildew

In a green house. two seedlings of cucumber (cultivar:
Sagami Hanjiro) were grown in each plastic pot having a
diameter of 7.5 cm until the 1.5 leaf stage.

A wettable powder which was prepared according to
Formulation Example 3 was diluted to the prescribed con-
centration (active ingredient concentration of 200 ppm) and
air dried after spraying on the seedlings with 50 ml portions
per three pots.

A conidiospore suspension (1x10® spores/ml) was pre-
pared by suspending conidiospore of cucumber powdery
mildew fungus in water which contains a small amount of
spreader. and spray inoculated on the leaf, and allowed to
stay in a greenhouse for 7 days.

After 7 days from the inoculation. the lesion area of
powdery mildew per leaf of cucumber was examined on the
basis of the following index. Results are illustrated in Table
9.

Severity

0: no lesion

1: lesion area is 5% or less

2: lesion area is 5-25%

3: lesion area is 25-50%

4: lesion area is 50% or more

The mean value of each treated area and untreated area is
defined as severity.

Preventive value (%)=(l-severity in the treated area/

severity in the untreated area)x100

Test Example 4
Control Test Against Wheat Powdery Mildew (EBI Resis-

tant Strain)

In a green house, 15-20 seedlings of wheat (cultivar:
Chihoku) were grown in each plastic pot having a diameter
of 6 cm until the 1.5 leaf stage.

A wettable powder which was prepared according to
Formulation Example 3 was diluted to the prescribed con-
centration (active ingredient concentration of 200 ppm) and
air dried after spraying on the seedlings with 50 ml portions
per three pots.

Thus treated seedlings were successively sprayed with
conidiospore of wheat powdery mildew fungus (Erysiphe
graminis f. sp. writici, EBI resistant strain) and allowed to
stand in a room at 18° C.

After 7 days from the inoculation, the lesion area of
powdery mildew on the primary leaf of wheat was examined
on the basis of the following index. Results are illustrated in
Table 9.

Severity

0: no lesion

1: lesion area is 5% or less

2: lesion area is 5-25%

3: lesion area is 25-50%

4: lesion area is 50% or more

The mean value of each treated area and untreated area is
defined as severity.

Preventive value (%)=(1-severity in the treated area/

severity in the untreated area)x100
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Test Example 5
Control Test Against Wheat Brown Rust TABLE 9-continued

In a green house. 15-20 seedlings of wheat (cultivar:
Norin NO. 64) were grown in each plastic pot having a
diameter of 6 cm until the 1.5 leaf stage.

A wettable powder which was prepared according to
Formulation Example 4 was diluted to the prescribed con-
centration (active ingredient concentration of 200 ppm) and
air dried after spraying on the seedlings with 50 ml portions
per three pots.

Thus treated seedlings were successively sprayed with
summer spore of wheat brown rust fungus (Puccinia
recondita), allowed to stand in a moist condition for 2 days
and transfered to a room which was maintained at 18° C.

After 10 days from the inoculation. the lesion area of red
rust on the primary leaf of wheat was examined on the basis
of the following index. Results are illustrated in Table 9.

Severity

0: no lesion

1: lesion area is 5% or less

2: lesion area is 5-25%

3: lesion area is 25-50%

4: lesion area is 50% or more

The mean value of each treated area and untreated area is
defined as severity.

Preventive value (%)=(l-severity in the treated area/
severity in the untreated area)x100

TABLE 9

Exampile 3 Bxample 4
Example 1 Example 2 Powdery Powdery Example 5
Gray moki Gray mold mildew mildew Rust
Compound (RS (RR (EBI (EBI (EBI
No. strain) strain) sensitive) resistant)  sensitive)

L1 100 100 100 100 100
1.2 100 100 100 100 100
14 100 100 100 100 100
1.5 100 100 100 30 50
1.6 100 100 100 100 100
17 100 100 100 100 100
1.8 100 100 100 100 100
1.10 100 100 100 100 100
113 100 100 100 100 100
1.21 80 100 100 100 —_
123 100 100 100 100 100
1.24 100 100 100 100 100
133 50 45 100 100 100
1.36 100 100 100 100 100
141 100 100 100 100 100
1.60 100 100 100 100 83
1.61 100 100 100 100 100
1.62 100 100 100 100 83
1.64 100 100 43 33 45
1.65 100 100 90 83 83
1.67 100 100 100 100 100
1.68 100 100 100 100 47
1.69 100 100 50 90 33
171 100 100 40 33 100
178 100 100 100 100 100
1.76 90 90 100 100 83
1.77 100 100 100 100 100
178 100 100 100 100 90
L79 100 100 100 100 30
1.80 100 100 100 100 100
1.81 100 100 100 100 100
1.82 100 100 100 100 33
1.83 100 100 30 30 90
1.87 90 90 30 30 33
196 80 70 40 40 90
197 100 100 40 40 100
198 100 100 95 90 100
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Exampie 3 Exzmple 4
Example ! Example 2 Powdery Powdery Example §
Gray mold Gray mold  mildew mildew Rust

Compound {RS {RR (EBL (EBI (EBI
No. strain) strain)  sensitive) resistant) sensitive)
1.106 100 100 100 100 100
1.143 100 100 100 100 100
1.118 100 100 100 100 100
1.120 100 100 100 100 100
1.121 100 100 100 100 100
1.125 100 100 100 100 100
1127 100 100 100 100 100
1.128 30 25 100 100 80
1.132 30 30 100 100 90
1.138 25 30 100 100 90
1.142 100 100 90 80 100
1.143 100 100 100 100 100
1.144 100 100 100 100 100
1.145 100 100 100 100 100
1.146 100 100 100 100 100
1.147 100 100 100 100 100
1.148 100 100 100 100 100
1.149 100 100 100 100 100
1.150 100 100 100 100 40
1.151 100 100 90 90 100
1.152 100 100 80 80 30
1.153 30 20 100 100 100
1.156 ®0 70 0 0 0
1.157 70 70 100 100 30
1.158 100 100 100 100 100
1.159 70 60 0 Q (o]
1.160 100 100 100 100 80
1.161 100 100 100 100 100
1.162 80 70 100 100 100
1.163 80 80 100 100 100
1.164 100 100 100 100 100
1.165 100 100 80 85 100
1.166 80 70 100 100 —
1.167 80 75 100 100 —
31 100 100 70 70 30
32 90 90 100 100 90
33 100 100 80 70 30
39 70 60 0 0 0
3.12 30 20 100 100 90
3.13 100 80 0 4] 100
3.14 100 90 0 0 100
4.1 90 80 0 0 (4]
Ref. Comp 100 0 — — —
No. 1

Ref. Comp _ —_ 100 0 87
No. 2

Ref. Comp 10 20 0 0 [
No. 3

Ref. Comp 30 20 0 0 (4]
No. 4

Reference

Compound

No. 1: procymidone; N-(3,5-dichlorophenyl)-1,2-dimethylkyclopropane-1,2-
dicarboxamide
No. 2: triadimefon; 1-(4-chlorophenoxy)-3,3-dimethyl-1-(1,2,4-triazol-1-yl)-
2-butanone
No. 3: N(2-isopropy iphenyl)-S<chioro-1,3-dimethylpyrazole-4-carboxamide
No. 4: N-(2-propylphenyl)-2-methyl-4-trifluoromethylthiazole.S-
carboxamide

What is claimed is:

1. A substituted thiophene compound of the formula (1)

R
W NHCOAr
)

wherein Q is a hydrogen atom, fluorine atom, chlorine atom,
bromine atom, iodine atom, methyl group. triflucromethyl
group, methoxy group. methylthio group. methylsulfonyl
group, methylsulfoxy group, nitro group or amino group; R

)
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1
FUNGICIDAL AROMATIC DIOXIME

This invention relates to derivatives of propenoic
acid useful as fungicides, to processes for preparing
them, to compositions containing them, and to methods
of using them to combat fungi, especially fungal infec-
tions of plants.

According to the present invention there is provided
a compound having the formula (I), and stereoisomers
thereof, wherein Y is hydrogen, halo, hydroxy, Ci.4
alkyl, Cy4 alkoxy, C14 haloalkyl, Cj.4 haloalkoxy, Ci.4
alkylcarbonyl, Ci4 alkoxycarbonyl, phenoxy, nitro or
cyano; R!and R?, which may be the same or different,
are hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted hetero-
cyclylalkyl, optionally substituted cycloalkylalkyl, op-
tionally substituted aralkyl, optionally substituted
heteroarylalkyl, optionally substituted aryloxyalkyl,
optionally substituted heteroaryloxyalkyl, optionally
substituted heteroarylthioalkyl, optionally substituted
arylthioalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted alkoxy, op-
tionally substituted aryl, optionally substituted heteroa-
ryl, optionally substituted aryloxy, optionally substi-
tuted heteroaryloxy, nitro, halo, cyano, —NR3R$%,
—CO;R3, —CONR3R4, —COR3, —8§(0),R3 wherein n
is 0, 1 or 2, (CH2),PO(OR3); whereinmisOor 1, or Rl
and R2 join to form a carbocyclic or heterocyclic ring
system; and R3 and R4, which are the same or different,
are hydrogen, optionally substituted alkyl, optionally
substituted aralkyl, optionally substituted alkenyl, op-
tionally substituted alkynyl, optionally substituted aryl
or optionally substituted heteroaryl, or R3and R4 join to
form an optionally substituted heterocyclic ring.

The compounds of the invention contain at least two
carbon-nitrogen double bonds and are sometimes ob-
tained in the form of mixtures of geometric isomers.
However these mixtures can be separated into individ-
ual isomers and this invention embraces such isomers
and mixtures thereof in all proportions.

- The individual isomers which result from the unsym-
metrically substituted double bond of the oxime ether
groups are identified by the commonly used terms “E”
and “Z"”. These terms are defined according to the
Cahn-Ingold-Prelog system which is fully described in
the literature (see, for example, J March, “Advanced
Organic Chemistry”, 3rd edition, Wiley-Interscience,
page 109 et seq).

For the carbon-nitrogen double bond of the oximino-
acetate group, usually one isomer is more active fungi-
cidally than the other, the more active isomer usually
being the one wherein the groups —CO2CHj3 and
—OCH; are on opposite sides of the carbon-nitrogen
double bond (the (E)-isomer). These (E)-isomers form a
preferred embodiment of this invention.

The use hereinafter of the formula (A) signifies a
separable mixture of both geometric isomers about the
carbon-nitrogen double bond of the oxime ether, i.e. the
isomers containing the groups of formulae (B) and (C).

Geometric pairs of isomers about the carbon-nitrogen
bond of the oximino-acetate group of the compounds
listed later in Table I are identified by the letters A and
B. In many instances, using solvent systems such as
cther or ethyl acetate, or mixtures of one of these with
hexane, the isomers termed A and B of a compound
have significantly different Rf values when analysed by
thin-layer chromatography on silica gel. Of each pair of
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isomers the isomer which is the less polar on silica gel is
termed the Isomer A and the more polar one, Isomer B.

Halo includes fluoro, chloro, bromo and iodo.

Alkyl and the alkyl moieties of alkoxy, aralkyl, ary-
loxyalkyl, heteroarylalkyl, heteroaryloxyalkyl, arylthi-
oalkyl, heteroarylthioalkyl, can be in the form of
straight or branched chains and, unless otherwise
stated, suitably contain from 1 to 6 carbon atoms. Exam-
ples are methyl, ethyl, iso-propyl and tert-butyl. Op-
tional substituents include halo (especially chloro and
fluoro), hydroxy and Cj4 alkoxy. Examples of substi-
tuted alkyl and substituted alkoxy are trifluoromethyl
and trifluoromethoxy.

Cycloalkyl is suitably Ci.g cycloalkyl, for example
cyclopropyl! or cyclohexyl, and cycloalkylalkyl is suit-
ably Ci.¢ cycloalkyl(Cis)alkyl, for example 1- or 2-

" cyclopropylethyl.

Alkenyl and alkynyl suitably contain from 2 to 6
carbon atoms, typically 2 to 4 carbon atoms, in the form
of straight or branched chains. Examples are ethenyl,
allyl and propargyl. Substituted alkenyl and alkynyl
groups include optionally substituted aryl- and
heteroarylalkenyl (especially optionally substituted
aryl- and heteroaryl(Ca4)alkenyl and, particularly, op-
tionally substituted phenylethenyl) and aryl- and
heteroarylalkynyl.

Aryl and the aryl moieties of aralkyl, arylalkenyl,
arylalkynyl, aryloxy and aryloxyalkyl include phenyl
and naphthyl.

The carbocyclic or heterocyclic ring system which
R! and R2 may form together is suitably a Cy.19 (typi-
cally Cs.jo) aliphatic, aromatic or mixed aliphatic-
/aromatic carbocyclic ring system, for example cyclo-
pentyl, cyclohexyl, cyclohexadienonyl and such groups
carrying one or two optionally substituted fused ben-
zene rings and/or substituents such as methyl; or it may
be a 4- to 10-membered heterocyclic ring system, for
example tetrahydropyranyl.

the term heteroaryl is used to described aromatic
heterocyclic groups. Heteroaryl and heterocyclyl and
the heteroaryl and heterocyclyl moieties of other
groups, such as heteroaryloxyalkyl and heterocyclyal-
kyl, are typicaliy 5- or 6-membered rings containing one
or more O, N or § heteroatoms which may be fused to
one or more other aromatic, heteroaromatic or hetero-
cyclic rings such as a benzene ring. Examples are thi-
enyl, furyl, pyrrolyl, isoxazolyl, oxazolyl, pyrazolyl,
imidazolyl, triazolyl, thiazolyl, pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, triazinyl, benzofuryl, benzothie-
nyl, dibenzofuryl, indolyl, quinolinyl and quinoxalinyl
groups and, where appropriate, N-oxides and N-alkyl
salts thereof.

The optionally substituted heterocyclic ring which
R3and R* may join together to form is suitably a 5 to 7
membered hetero ring having 1 to 3 heteroatoms which
are independently selected from O, S or N, and having
1 to 3 substituents which are, for example, halogen,
cyano, nitro, Ci.¢ alkyl, Cy.¢ alkoxy, group, Ci.¢ alkyl-
thio, or a heterocyclic ring such as described in the
previous paragraph. Examples are pyrrolidine, piperi-
dine, morpholine, thiomorpholine, piperazine, hexame-
thyleneimine, tetrahydroguinoline, tetrahydroisoquino-
line and 2,3-dihydro-1,4-benzoxazine.

Substitutents which may be present in optionally
substituted aryl and heteroaryl moieties include one or
more of the following: halo, hydroxy, mercapto, Ci4
alkyl (especially methyl and ethyl), Cy4 alkenyl (espe-
cially allyl), Cz2.4 alkynyl (especially propargyl), Ci4
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TABLE I-continued TABLE I-continued
COM.- COM-
POUND POUND
NO. R! R2 Y NO. R! R? Y
$2 cyano cyano H 5 129 2-cyano-CgHy CH; H
53 [} ¢ H 130 3-cyano-C¢Hy CHj H
54 [ ¢ H 131 4-cyano-CeHy CH; H
55 [] ¢ H 132 3,4,5(CH30)3—CgH3 CH3 H
36 tert-C4Hyg H H 133 3,5-di-F-pyrid-2-yl CH; H
57 CsHsCH; H H 0 134 3,4,5,6-F¢-pyrid-3-yl CH;3 H
88 2,4-di-Cil—Cg¢H3 H H 1 135 2,6-di-Cl-pyrid-3-yl CH;3; H
59 2,4-di-F—Cg¢H3 H H 136 pyridazin-3-y] CH3 H
60 3,5-4i-CH3—CgH3 H H 137 pyridazin-4-yl CH; H
61 3,5-di-CH30—CgH3 H H 138 6-CHj-pyridazin-3-yl CH3; H
62A" pyrazin-2-yl CH3 H 139 4-cyano-quinolin-2-yl CH3 H
62B* pyrazin-2-yl CH; 'H 140 quinoxalin-2-yl CH3 H
63 6-CH3-pyrid-3-y! CH; H 1514 CgHs CH; 6
64 pyrid-2-yl CaHs RH F
65 pyrid-3-yl CH; H 142 C¢Hs CH3 6
66 pyrimidin-5-yl is0-C3H7 H Cl
67 is0-C3H» pyrimidin-5-yl H 143 6-CH3-pyrimidin-4-y] CH; H
68 pyrid-4-y} CH3 H 144 4-CHj-pyrimidin-S-yl CH3 H
69 6-Cl-pyrid-2-y! CH3; H 20 145 4-CH:-pyrimidin-2.y! CH; H
70 5.Cl-pyrid-2-y! CHj H 146 4,6-di-CH3-pyrimidin-2-yl CH; H
k! 4-Cl-pyrid-2-y! CH3 H 147 2,6-di-CH3-pyrimidin-4-y! CH3 H
72 3-Cl-pyrid-2-yl CH; H 148 2,4-di-CH3-pyrimidin-$-yl CH; H
73 6-cyano-pyrid-2-yl CH; H 149 6-Cl-pyrimidin-4-yl CH; H
74 5-cyano-pyrid-2-yl CHj3 H 150 6-CH30-pyrimidin-4-yl CH3 H
75 4-cyano-pyrid-2-yl CH3 H 35 151 4,6-di-CH30-pyrimidin-2-yl CH;3 H
76 3-cyano-pyrid-2-yl CH;3 H 152 [ ] H
77 6-Br-pyrid-2-yl CH; H 153 ] ] H
78 5-Br-pyrid-2-yl CH; H 154 pyrid-2-yl, N-oxide CH;3 H
K 4-Br-pyrid-2-yl CH3 H 155 5-CaHs-pyrid-2-yi CH; H
80 3-Br-pyrid-2-yl CH3 H 156 CH;CO CH; H
81 6-CH3-pyrid-2-yl CH3; H 30 157 CeHsCO CH3; H
82 5-CH3-pyrid-2-yl CH3; H 158 N-CHj-pyrrol-2-y! CHj3; H
83 4-CHj3-pyrid-2-yl CH; H 159 4-Cl-quinolin-2-yl CHj; H
84 3-CHj-pyrid-2.yl CH3 H 160 2,4-di-Cl—CgH3 1,2,4-tri- H
85 6-F-pyrid-2-yl CH; H _ azol-1-yl-CH;
86 5-F-pyrid-2-yl CHj; H 161 2,4-di-Cl—CgH3 pyrid-3- H
87 4-F-pyrid-2-yl CH3 H yl-CH;
88 3-F-pyrid-2+yl CH; H 356 2,4-di-CHa-thiazol-5-y] CH3 H
89 3-CHj-pyrazin-2-y! CH; H 163 furan-2-yl CH3 H
90 3-CyHs-pyrazin-2-y! CH; H 164 2,4-di-CH3s-furan.3-yl CH3 H
91 3-Ci-pyrazin-2-yt CH; H 165 pyrid-2-yl pyrid-2-yl H
92 3-CH30-pyrazin-2-yl CH3 H 166 6-CeHs-pyrimidin-4-yl CH3 H
93 5-COCH3-pyrazin-2-yl CHj H 167 4-cyano-pyrid-3-yl CH;j H
94 5-CO2CoHs-pyrazin-2-yl CH;3; H 40 168 1,2,4-triazin-5.y! CHj H
95 3.cyano-pyrazin-2-yl CH; H 169 3-CH3-1,2,4-triazin-5-yl CH3 H
96 pyrimidin-4-yl CHj3 H 170 3-CgHs-1,2,4-triazin-5-yl CH3 H
97 2-Cl-pyrimidin-4-y} CH; H 171 3.SCH3-1,2,4-triazin-5-yl CH; H
98 2-CH30-pyrimidin-4-y! CH3; H 172 3-CH30-1,2 4-triazin-5-yl CH3 H
99 2.CHj-pyrimidin-4.y} CH3 H 173 5-CONH;-pyrazin-2-yl CHj3 H
100 2-cyano-pyrimidin-4-y! CH3 H 45 174 S-cyano-pyrazin-2-yl CH3 H
101 thiazol-2-yl CH; H 175 §,6-di-CH3-pyrazin-2-yl CH; H
102 thien-3-yl CH; H 176 3,5-di-CH3-pyrazin-2-yl CH3 H
103 5-Cl-thien-2-y1 CH3 H 177 3,6-di-CH3-pyrazin-2.y! CH; H
104 5-CHgs-thien-2-yl CH; H 178 5-CH;-pyrazin-2-yl CHj; H
105 S-Br-thien-2-yl CH;3 H 179 6-CHj-pyrazin-2-yl CH3 H
106 S-cyano-thien-2.yl CHj3 H 50 180 5-Cl-pyrazin-2-y] CH;3; H
107 3-CHj-thien-2-y! CHj3 H 181 6-Cl-pyrazin-2-yl CH3 H
108 2-CH30—CgHy CH; H 182 5,6-dicyano-pyrazin-2-y) CH;3 H
109 3-CH30—CgHy CHj3 H 183 4-SO,CH;3--CgHy CH; H
110 4-CH3;0—CgHy4 CHj H 184 4-NH2—C¢Hq CH; H
111 2-CH3—CgHy CH3 H 185 2,4-di-Cl—CgH3 CH;3; H
112 3.CH3—C¢H4 CH; H 186 2,4-di-CH1~CgH3 CH; H
113 4-CH3—CeH, CH; H 35 187 4NHCONH;—CgHy CH; H
114 2-F—CgHy CH3 H 188 CgHs cyclopropyl H
115 3-F—CgHy CH; - H 189 CeHs Cl H
116 " 4F—CgHy4 CH;3 H 190 4-CHsO—CgHy CF; H
17 2-Cl—CgHs4 CHj3 H 191 CgHs SCH; H
118 3-Cl—CgHy CHj3 H 192 CgHs F H
119 4-Cl—CgHy CH;3 H 60 193 CgHs OC;H; H
120 2-Br—CgHa CH; H 194 C(CHa)3 CH3 H
121 3-Br—CgHa CH; H 19§ cyclohexyl-CH; CH;3 H
122 4-Br—CgHs CH3 H 196 CeHs—CH; CH; H
123 2:NO;—CgHy CHj H 197 pyrazin-2-yl-CH3 CH3 H
124 3-NO,—C¢H,4 CH; H 198 (E)}C¢Hs—CH=CH CH; H
125 4-NO;—~CgHy CH; H g5 199 CgHs—OCH; CH3 H
126 2-CF3—CgHs CH; H 200 5 CH;ClI H
127A% 3-CF3—CgHy CH3 H 201 benzthiazol-2-yl CH3 H
127B* . 3-CF3—CgHy CH3 H 202 benzoxazol-2-yl CH3 H
128 4-CF3—CgHy CHj H 203 pyrazin-2-yl CaHs H
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TABLE I-continued TABLE I-continued
COM- COM-
POUND POUND
NO. R! R? Y NO. R} ' R? Y
204 5-CH30-pyrazin-2-y] CH3 H 5 282 3.CF3—~CgHy CF; H
205 6-CH30-pyrazin-2-yl CHj H 283 3-CF3—CeHy CyHs H
206 6-cyano-pyrazin-2-yl CH; H 284 3.CF3--CgHa NH H
207 S-cyano-pyrid-3-yl CH3 H 285 3-CF3—CgHys Imidazolyl H
208 6-cyano-pyrid-4-yl CH; H 286 3-CF1—CgHy N(CH3) H
209 3-cyano-pyrid-4-yl CH;3 H 10 287 3-CF3~—CgHy NHCH;3 H
210 2-cyano-pyrid-4-yl CH; H 288 PO(OC3Hs)2 CH3 H
21 pyrimidin-$-yl CH; H 289 PO(OC2Hs)2 CeHs H
212 2-CH3-pyrimidin-3-yl CHy H 290 4-CH30-6<{CO2CH3)-pyrimidin-2-y] CHj H
213 3.CH310-isoxazol-5-yl CH; H 291 pyrrol-2-yl CH3 H
214 3.Br-isoxazol-5-yl CH3 H 292 CH; pyrrotl-2-yl H
215 5.NOj-thiazol-2-yl CH; H 293 5-CF3-pyrid-3-yl CH; H
216 iggs-t:iuoi-g-yi ggs g 15 394 3{pyrimidinyloxy}-CeHa CH; H
217 3-thiazol-5-y 3 295 3-propargyloxy-CeHas CH H
218 2.Cl,4-CH3-thiazol-5+yl CH3 H 296 Cll?ls pergyiony H } H
219 3,5-di-CH30-1,2,4-triazin-6-yl CH3 H 297 5-(2,4-difluorophenyl)-furan-2-y} CH; H
220 3,6-di-CH3-pyridazin-4-yl CH3; H 298 CH;3 5-(2,4- H
221 2{(CgHs0)—CgH4 CH;3 H difluoro-
222 34(CeH3s0)—CgHy CH3 H 20 phenyl)-
223 4{CgHsO)—CeHy CH; H furan-2-yl
224 1,2,4-triazol-1-y{-CH; CH;3 H 299 C;Hs0 CH3 H
225 CeHs OCH; H 300 4-tert-butyl-CeHy CH; H
226 OCH; CeHs H 301 4-propargyloxy-pyrimidin-2-y! CH; H
27 CeHs CHsS(O)  H 302 2-CzHs0—CeHy CH3 H
228 Ce¢Hs CH38(0); H 25 .
303 4CoHs—CgHy CH;3 H
29 CeHs NCHz ),  H 304 3-CoHsO—CeHy CH H
230 CeHsO CH3 H 305 CHys cH, H
3 3

23! Cells Br H 306 CH:SO CH H
232 CeHs 1 H 307 P 2 ¢ 3 H
- Cels (CHy,CHS — H 308 4-0-C3H70-pyrimidin-2-y] CH; H

pyrimidin-2-yl CH30 H 30 -
235 pyrazin-2-yl cl H 309 3-p-hexyloxy-CeHy CH3 H
236 3.0C-Hs- in-2-y1 CH H 310 4-n-butyloxy-pyrimidin-2-yl CH; H

2H5-pyrazin-2-y 3 .

239 pyrid-2-yl SCH; H in benzothiophen-3-yl CH3 H
238 pyrid-2-yl SO,CH; H 312 3-{(CH3);C=CHCH;0]—C¢H4 CH; H
239 Pyrid-Z-'y] SOCH; H 313 2,4-di-CH30-pyrimidin-6-yl CH;3 H
240 3,5-di-CH3-o0xaz-0}-4-y] CH; H 314 3-CF3—CeHy 12,4 H
241 pyrid-2-yl OCH; H 33 ) triazol-1-y!
242 pyrid-2-yl SC3Hs H 315 3.CHj3S-pyrazin-2-yl CH3 H
243 pyrid-2-yl OC¢Hs H 316 3-N(CH3);—C¢Hq CH; H
244 pyrid-2-yl OCH;~C¢Hs H 317 3-CF3—CgHy c H
245 6-OCyHs-pyrimid-in-4-y CH3 H 318 [ ¢ H
246 pyrid-2-yl ' NH; H 319 benzofuran-2-yl CH3 H
247 SCH; pyrid-2-yl H 40 320 2-CH;38(O)-pyrimidin-4-y! CH3 H
248 2,4-di-F—CgH3 CH; H 321 3-NH;C(5)—CeHs CH; H
249 2,4-di-OCH3~CgH3 CHj3 H 322 4.NH;C(S)-pyrid.2.yl CH; H
250 5-CH3-pyrimidin-2-y! CH; H 323 3-(CH30CH;CH30CH30)—C¢Hy CHz3 H
251 SO.CH; pyrid-2-yl H 324 3-(cyanomethoxy)-CeHy CHj H
252 pyrid-3-yl SCH; H 325 [ ¢ H
253 pyrid-3-yl OCH; H 45 326 3(FHC—~0—)—CgHy CH; H
254 6-CF 3-pyrid-2-yl CHj H 37 6-CyHsO-pyrazin-2-yl CH3 H
255 3-CF34-F—CgH; CH;3; H Key
22,6,, gf_;{;’f‘&ﬁ?“"yl ggi g *Compounds 624, 62B, 127A and 127B are the fsomers idemtified in Table 1 below.
758 2-CH;3S-pyrimidin-4-y! CH; H # Groups R’ and R join to form a ring as shown under “Chemical Formulas™ later.
259 2-CF3-pyrimidin-4-yl CH3 H 50
260 4-CF3-pyrid-2-yl CH; H
261 2-phenyl-thiazol4-yl CH3 H TABLEII
262 3-NHC(0)—CgHy CH;3 H MELTING POINTS AND OXIMINO-ACETATE ISOMER
263 4-CF3-pyrimidin-2-yl CH;3; H Table II shows melting points for certain compounds described in
264 3,5-di-CF3-CgH3 CH;3 H Table I and whether the oximino-acetate group has the (E)- or
265 2-(2-CN—~CgHy—0—)-pyrimidin- CH3 H {Z)-configuration

4yl 55 Compound Isomer Melting
266 3-n-C3H70—CgHa CH3 H No (B)or (2) Point E.
267 2.CH(CH3);—0-pyrimidin-4-y! CH;3 H = =
268 * 6-CF3-pyrazin-2-y! CH3 H 62A Z Ol
269 4C3HsO-pyrimidin-2-yl CH; H 62B E 117-120
270 6-C3F s-pyrimidin-4-y} CH; H : 127A Z Oil
271 3.CF30--CgHy CH; H 6 127B E 0il
272 4-CH30-pyrid-2-yl CH; H 130 E 97
273 2-propargyloxy-pyrimidin-4-y! CH3 H 260 E 94.4-96.6
274 2-CaHs0-pyrimidin-4-y} CHj H 269 E 105
275 2-allyloxy-pyrimidin-4-yl CH;3 H 321 E 126-8
276 3-CH;30-pyridazin-6-yl CH3 H
277 3-C3Hs0-pyridazin-6-yl CH3 H g5
278 3-allyloxy-CgHg CH3 H
279 4-CH3S-pyrimidin-2-y! CH3; H
280 4-CH30-pyrimidin-2-yl CH; H
281 3-CF3—CgHy SCH3 H
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1
FUNGICIDAL AROMATIC DIOXIME

This invention relates to derivatives of propenoic
acid useful as fungicides, to processes for preparing
them, to compositions containing them, and to methods
of using them to combat fungi, especially fungal infec-
tions of plants,

According to the present invention there is provided
a compound having the formula (I), and stereoisomers
thereof, wherein Y is hydrogen, halo, hydroxy, Ci.4
alkyl, Ci.4 alkoxy, Ci4 haloalkyl, C;.4 haloalkoxy, Ci4
alkylcarbonyl, C;.4 alkoxycarbonyl, phenoxy, nitro or
cyano; R1and R2, which may be the same or different,
are hydrogen, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted hetero-
cyclylalkyl, optionally substituted cycloalkylalkyl, op-
tionally substituted aralkyl, optionally substituted
heteroarylalkyl, optionally substituted aryloxyalkyl,
optionally substituted heterocaryloxyalkyl, optionally
substituted heteroarylthioalkyl, optionally substituted
arylthioalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted alkoxy, op-
tionally substituted aryl, optionally substituted heteroa-
ryl, optionally substituted aryloxy, optionally substi-
tuted heteroaryloxy, nitro, halo, cyano, —NR3R¢,
—CO;R3, —CONR3R4, —COR3, —S(0),R3 wherein n
is 0, 1 or 2, (CH2)mPO(OR3); whereinmisOor 1, or R!
and R? join to form a carbocyclic or heterocyclic ring
systemn; and R3 and R4, which are the same or different,
are hydrogen, optionally substituted alkyl, optionally
substituted aralkyl, optionally substituted alkenyl, op-
tionally substituted alkynyl, optionally substituted aryl
or optionally substituted heteroaryl, or R3and R4 join to
form an optionally substituted heterocyclic ring.

The compounds of the invention contain at least two
carbon-nitrogen double bonds and are sometimes ob-
tained in the form of mixtures of geometric isomers.
However these mixtures can be separated into individ-
ual isomers and this invention embraces such isomers
and mixtures thereof in all proportions.

- The individual isomers which result from the unsym-
metrically substituted double bond of the oxime ether
groups are identified by the commonly used terms “E”
and “Z”. These terms are defined according to the
Cahn-Ingold-Prelog system which is fully described in
the literature (see, for example, J March, “Advanced
Organic Chemistry”, 3rd edition, Wiley-Interscience,
page 109 et seq).

For the carbon-nitrogen double bond of the oximino-
acetate group, usually one isomer is more active fungi-
cidally than the other, the more active isomer usually
being the one wherein the groups —CO:CHj3 and
—OCHj are on opposite sides of the carbon-nitrogen
double bond (the (E)-isomer). These (E)-isomers form a
preferred embodiment of this invention.
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The use hereinafter of the formula (A) signifies a -

separable mixture of both geometric isomers about the
carbon-nitrogen double bond of the oxime ether, i.e. the
isomers containing the groups of formulae (B) and (C).

Geometric pairs of isomers about the carbon-nitrogen
bond of the oximino-acetate group of the compounds
listed later in Table I are identified by the letters A and
B. In many instances, using solvent systems such as
ether or ethyl acetate, or mixtures of one of these with
hexane, the isomers termed A and B of a compound
have significantly different Rf values when analysed by
thin-layer chromatography on silica gel. Of each pair of

2

isomers the isomer which is the less polar on silica ge! is
termed the Isomer A and the more polar one, Isomer B.

Halo includes fluoro, chloro, bromo and iodo.

Alkyl and the alkyl moieties of alkoxy, aralkyl, ary-
loxyalkyl, heteroarylalkyl, heteroaryloxyalkyl, arylthi-
oalkyl, hetercarylthioalkyl, can be in the form of
straight or branched chains and, unless otherwise
stated, suitably contain from 1 to 6 carbon atoms. Exam-
ples are methyl, ethyl, iso-propyl and tert-butyl. Op-
tional substituents include halo (especially chloro and
fluorc), hydroxy and Ci.4 alkoxy. Examples of substi-
tuted alkyl and substituted alkoxy are trifluoromethyl
and trifluoromethoxy.

Cycloalkyl is suitably Ci.s cycloalkyl, for example
cyclopropy! or cyclohexyl, and cycloalkylalkyl is suit-
ably C;.¢ cycloalkyl(Ci4)alkyl, for example 1- or 2-
cyclopropylethyl.

Alkenyl and alkynyl suitably contain from 2 to 6
carbon atoms, typically 2 to 4 carbon atoms, in the form
of straight or branched chains. Examples are ethenyl,
allyl and propargyl. Substituted alkenyl and alkynyl
groups include optionally substituted aryl- and
heteroarylalkenyl (especially optionally substituted
aryl- and heteroaryl(Cz.4)alkenyl and, particularly, op-
tionally substituted phenylethenyl) and aryl- and
heteroarylalkynyl.

Aryl and the aryl moieties of aralkyl, arylalkenyl,
arylalkynyl, aryloxy and aryloxyalkyl include phenyl
and naphthyl.

The carbocyclic or heterocyclic ring system which
R! and R2 may form together is suitably a Cy.1p (typi-
cally Cs.jo) aliphatic, aromatic or mixed aliphatic-
/aromatic carbocyclic ring system, for example cyclo-
pentyl, cyclohexyl, cyclohexadienonyl and such groups
carrying one or two optionally substituted fused ben-
zene rings and/or substituents such as methyl; or it may
be a 4- to 10-membered heterocyclic ring system, for
example tetrahydropyranyl.

the term heteroaryl is used to described aromatic
heterocyclic groups. Heteroaryl and heterocyclyl and
the heteroaryl and heterocyclyl moieties of other
groups, such as heteroaryloxyalkyl and heterocyclyal-
kyl, are typically 5- or 6-membered rings containing one
or more O, N or S heteroatoms which may be fused to
one or more other aromatic, heteroaromatic or hetero-
cyclic rings such as a benzene ring. Examples are thi-
enyl, furyl, pyrrolyl, isoxazolyl, oxazolyl, pyrazolyl,
imidazolyl, triazolyl, thiazolyl, pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, triazinyl, benzofuryl, benzothie-
nyl, dibenzofuryl, indolyl, quinolinyl and quinoxalinyl
groups and, where appropriate, N-oxides and N-alkyl
salts thereof.

The optionally substituted heterocyclic ring which
R3and R*may join together to form is suitably a 5 to 7
membered hetero ring having 1 to 3 heteroatoms which
are independently selected from O, S or N, and having
1 to 3 substituents which are, for example, halogen,
cyano, nitro, Cy.¢ alkyl, Cy.¢ alkoxy, group, Ci.¢ alkyl-
thio, or a heterocyclic ring such as described in the
previous paragraph. Examples are pyrrolidine, piperi-
dine, morpholine, thiomorpholine, piperazine, hexame-
thyleneimine, tetrahydroquinoline, tetrahydroisoquino-
line and 2,3-dihydro-1,4-benzoxazine.

Substitutents which may be present in optionally
substituted aryl and heteroaryl moieties include one or
more of the following: halo, hydroxy, mercapto, Ci4
alkyl (especially methyl and ethyl), C,4 alkenyl (espe-
cially allyl), Co4 alkynyl (especially propargyl), Ci4
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TABLE IlI

SELECTED PROTON NMR DATA
Table III shows selected proton NMR data for certain com-
pounds described in Table I, Chemical shifts are measured in
ppm from tetramethylsitane, and deuterochloroform was used as
salvent throughout. The operating frequency of the NMR spectro-
meter was 270 MHz unless otherwise specified. The following
abbreviations are used:

br = broad t = triplet
s = singlet q = quartet
d = doublet m_= muitiplet
Compound
No NMR Data
62A 2.39(3H, s), 3.91(3H, s), 4.06(3H, s), 5.56(2H, s}
1.3-1.6(4H, m), 8.51(2H, m), 9.15(1H, m) ppm.
62B 2.28(3H, s5), 3.86(3H, s), 4.05(3H, s), 5.19(2H, s),
7.1-7.6(4H, m), 8.50(2H, m), 9.10(1H, m) ppm.
127A 2.33(3H, s), 3.88(3H, s), 4.02(3H, s), 5.50(2H, s),
7.3-7.9(8H, m) ppm.
127B 2.21(3H, s), 3.82(3H, s), 4.03(3H, 5), 5. 15(2H )

7.1-7.9(8H, m) ppm.

The compounds of the invention having the formula
(I) can be prepared by the routes shown in Scheme 1.
Throughout Scheme I the terms Y, R! and R? are as
defined above, L is a leaving group such as halogen
{(chlorine, bromine or iodine), and Q is a halogen (chlo—
rine, bromine or iodine). Each reaction is performed in
a suitable solvent or without a solvent and at a suitable
temperature.

Thus compounds of the invention havmg the formula
(I) can be prepared by treating ketoesters of formula (II)
with methoxylamine (or a salt of methoxylamine).

Alternatively, compounds of the invention having
the formula (I) can be prepared by methylation of ox-
imes of formula (VII) using a methylating agent such as
a methyl halide (methyl iodide, methyl bromide or
methyl chloride) or dimethylsulphate, usually in the
presence of a base such as sodium methoxide or potas-
sium carbonate (see, for example, H. S. Anker and H. T.
Clarke, Organic Synthesis, Collective Vol. 3, 172). Di-
azomethane may also be used for this O-methylation.

Alternatively, compounds of the invention of formula
(I) may be prepared by reaction between oximes of
formula (XIII) and oxime ethers of formula (VIII),
generally in the presence of a base. One way of per-
forming this reaction is to treat the oxime (XIII) with
the base (such as sodium hydride or sodium methoxide)
in a solvent (such as N,N-dimethylformamide or tetra-
hydrofuran} and then to add the oxime ether (VIII) to
the resulting oxime anion.

Ketoesters of the formula (II) may be prepared by
treating methyl 3-methoxypropenoates of the formula
(III) with an oxidising agent such as potassium perman-
ganate or ozone. Methyl 3-methoxypropenoates of the
formula (III) can be prepared using the methods de-
scribed in EP-A-0370629. Alternatively ketoesters of
the formula (II) may be prepared by treating a ketoester
of formula (IV) with an oxime of formula (XIII) and a
suitable base such as silver carbonate in a suitable sol-
vent such as hexane or toluene.

Other methods for the preparation of the ketoester of
formula (II) include the oxidation of phenylacetates of
formula (V) with a suitable oxidising agent such as
selenjium dioxide; and treatment of a phenyl halide of
formula (VI) with a metalating species (for example
butyl-lithium or magnesium) and reacting the product
with an oxalate species of formula GCOCO,CHj,
wherein G is a methoxy group, a chlorine atom or an
imidazole ring (see, for example, J. S. Nimitz and H. S.
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10
Mosher, Journal of Organic Chemistry 1981,
211-213).

Ketoesters of formula (IV) are described in EP-A-
0363818 and can be prepared by the halogenation (espe-
cially chlorination or bromination) of ketoesters of for-
mula (X).

Oximes of formula (VII) can be prepared by nitrosa-
tion of phenylacetates of formula (V) using either ni-
trous acid or an ester of nitrous acid in the presence of
a base such as sodium methoxide (see, for example, O.
Touster, Organic Reactions, 1953, 7, 327, particularly
page 342 and S. Kukolja, S. E. Draheim, B. J. Graves,
D. C. Hunden, J. L. Pfeil, R. D. G. Cooper, J. L. Ott,
and F. T. Counter, J. Med. Chem., 1985, 28, 1896). Al-
ternatively, oximes of formula (VII) can be prepared by
treating ketoesters of formula (II) with hydroxylamine
(or salt of hydroxylamine).

Other methods for the preparation of oximes (VII)
have been reported in the chemical literature (see, for
example, T Shimizu, Y Hayashi and K Teramura, Bull.
Chem. Soc. Jpn., 1985, 58, 2519; G W Shaffer, Can. J.
Chem., 1970, 48, 1958).

Phenylacetates of formula (V), oxime ethers of for-
mula (VI) and oximes of formula (XIII) can be prepared
by standard procedures described in the chemical litera-
ture.

Oxime ethers of the formula (VIII) are described in
EP-A-0254426. They are prepared by halogenation
(especially chlorination or bromination) of oxime ethers
of formula (IX). Oxime ethers of formula (IX) can be
prepared from ketoesters of formula (X) by treatment
with methoxylamine (or a salt of methoxylamine).
Oxime ethers of formula (IX) can be prepared by meth-
ylation of oximes of formula (XI) using methods de-
scribed previously. Oximes of formula (XI) may be
prepared either by treatment ketoesters of formula (X)
with hydroxylamine (or a salt of hydroxylamine) or by
nitrosation of a phenylacetate of formula (XII) using
methods described for the preparation of oximes of
formula (VII) from phenylacetates of formula (V).

The compounds are active fungicides and may be
used to control one or more of the following pathogens:
Pyricularia oryzae on ricé; Puccinia recondite, Puccinia
striiformis and other on wheat, Puccinia hordei, Puccinia
striiformis and other rusts on barley, and rusts on other
hosts e.g. coffee, pears, apples, peanuts, vegetables and
ornamental plants; Erysiphe graminis (powdery mildew)
on barley and cheat and other powdery mildews on
various hosts such as Sphaerotheca macularis on hops,
Spharotheca fulginea on cucurbits (e.g. cucumber),
Podosphaera leucotricha on apple and Unicinula necator
on vines; Helminthosporium spp., Rhynchosporium spp.,
Septoria spp.,Pynrenophora spp., Pseudocercosporella her-
potrichoides and Gaeumannomyces graminis on cereals;
Cercospora arachidicola and Cercosporidium personata on
penauts and other Cercospora species on other hosts, for
example, sugar beet, bananas, soya beans and rice; Bo-
trytis cinerea (grey mould) on tomatoes, strawberries,
vegetables, vines and other hosts; Alternaria spp. on
vegetables (e.g. cucumber), oil-seed rape, apples, toma-
toes and other "hosts; Venturia inaequalis (scab) on ap-
ples; Plasmopara viticola on vines; other downy mildews
such as Bremia lactucae on lettlce, Pernospora spp. on
soybeans, tobacco, onions and other hosts, Pseudopero-
nospora humuli on hops and Pseudoperonospora cubensis
on cucurbits; Phytophthora infestans on potatoes and
tomatoes and other Phytophthora spp. on vegetables,
strawberries, avocado, pepper, ormamentals, tobacco,

46,
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cocoa and other hosts; Thanatephorus cucumeris on rice
and other Rhizoctonia species on various hosts such as
wheat and barley, vegetables, cotton and turf,

Some of the compounds show a broad range of activi-
ties against fungi in vitro. They may also have activity
against various post-harvest diseases of fruit (e.g. Peni-
cillium digitatum and italicum and Trichoderma viride on
oranges, Gloeosporium musarum on bananas and Botrytis
cinerea on grapes).

Further, some of the compounds may be active as
seed dressings against pathogens including Fusarium
spp., Septoria spp., Tilletia spp., (bunt, a seed-borne
disease of wheat), Ustilago spp. and Helminthosporinm
spp. on cereals, Rhizoctonia solani on cotton and Pyricu-
laria oryzae on rice.

The compounds may move acropetally/locally in
plant tissue. Moreover, the compounds may be volatile
enough to be active in the vapour phase against fungi on
the plant. ‘

The invention therefore provides a method of com-
bating fungi which comprises applying to a plant, to a
seed of a plant or to the locus of the plant or seed a
fungicidally effective amount of a compound as herein-
before defined, or a composition containing the same.

The compounds may be used directly for agricultural
purposes but are more conveniently formulated into
compositions using a carrier or diluent. The invention
thus provides fungicidal compositions comprising a
compound as hereinbefore defined and an acceptable
carrier or diluent therefor.

The compounds can be applied in a number of ways.
For example, they can be applied, formulated or unfor-
mulated, directly to the foliage of a plant, to seeds or to
other medium in which plants are growing or are to be
planted, or they can be sprayed on, dusted on or applied
as a cream or paste formulation, or they can be applied
as a vapour or as slow release granules.

Application can be to any part of the plant including
the foliage, stems, branches or roots, or to soil surround-
ing the roots, or to the seed before it is planted, or to the
soil generally, to paddy water or to hydroponic culture
systems. The invention compounds may also be injected
into plants or sprayed onto vegetation using electrody-
namic spraying techniques or other low volume meth-
ods.

The term “plant” as used herein includes seedlings,
bushes and trees. Furthermore, the fungicidal method
of the invention includes preventative, protectant, pro-
phylactic and eradicant treatments.

The compounds are preferably used for agricultural
and horticultural purposes in the form of a composition.
The type of composition used in any instance will de-
pend upon the particular purpose envisaged.

The compositions may be in the form of dustable
powders or granules comprising the active ingredient
(invention compound) and a solid diluent or carrier, for
example, fillers such as kaolin, bentonite, kieselguhr,
dolomite, calcium carbonate, talic, powdered magnesia,
fuller’s earth, gypsum, diatomaceous earth and china
clay. Such granules can be preformed granules suitable
for application to the soil without further treatment.
These granules can be made either by impregnating
pellets of filler with the active ingredient or by pelleting
a mixture of the active ingredient and powdered filler.
Compositions for dressing seed may include an agent
(for example, a mineral oil) for assisting the adhesion of
the composition to the seed; alternatively the active
ingredient can be formulated for seed dressing purposes
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using an organic solvent (for example, N-methylpyrroli-
done, propylene glycol or N,N-dimethylformamide).
The compositions may also be in the form of wettable
powders or water dispersible granules comprising wet-
ting or dispersing agents to facilitate the dispersion in
liquids. The powders and granules may also contain
fillers and suspending agents.

Emulsifiable concentrates or emulsions may be pre-
pared by dissolving the active ingredient in an organic
solvent optionally containing a wetting or emulsifying
agent and then adding the mixture to water which may
also contain a wetting or emulsifying agent. Suitable
organic solvents are aromatic solvents such as alkylben-
zenes and alkylnaphthalenes, ketones such as cyclohex-
anone and methylcyclohexanone, chlorinated hydro-
carbons such as chlorobenzene and trichlorethane, and
alcohols such as benzyl alcohol, furfuryl alcohol, buta-
nol and glycol ethers.

Suspension concentrates of largely insoluble solids
may be prepared by ball or bead milling with a dispers-
ing agent with a suspending agent included to stop the
solid settling.

Compositions to be used as sprays may be in the form
of aerosols wherein the formulation is held in a con-
tainer under pressure of a propellant, e.g. fluorotri-
chloromethane or dichlorodifluoromethane.

The invention compounds can be mixed in the dry
state with a pyrotechnic mixture to form a composition
suitable for generating in enclosed spaces a smoke con-
taining the compounds.

Alternatively, the compounds may be used in micro-
encapsulated form. They may also be formulated in
biodegradable polymeric formulations to obtain a slow,
controlled release of the active substance.

By including suitable additives, for example additives
for improving the distribution, adhesive power and
resistance to rain on treated surfaces, the different com-
positions can be better adapted for various utilities.

The invention compounds can be used as mixtures
with fertilisers (e.g. nitrogen-, potassium- or phos-
phorus-containing fertilisers). Compositions comprising
only granules of fertiliser incorporating, for example
coated with, the compound are preferred. Such gran-
ules suitably contain up to 25% by weight of the com-
pound. The invention therefore also provides a fertiliser
composition comprising a fertiliser and the compound
of general formula (I) or a salt or metal complex
thereof.

Wettable powders, emulsifiable concentrates and
suspension concentrates will normally contain surfac-
tants, e.g. a wetting agent, dispersing agent, emulsifying
agent or suspending agent. These agents can be cati-
onic, anionic or non-ionic agents.

Suitable cationic agents are quaternary ammonium
compounds, for example, cetyltrimethylammonium
bromide. Suitable anionic agents are soaps, salts of ali-
phatic monoesters of sulphuric acid (for example, so-
dium lauryl sulphate), and salts of sulphonated aromatic
compounds (for example, sodium dodecylbenzenesul-
phonate, sodium, calcium or ammonium lignosulphon-
ate, butylnaphthalene sulphonate, and a mixture of so-
dium diisopropyl- and triisopropylnaphthalene sulpho-
nates).

Suitable non-ionic agents are the condensation prod-
ucts of ethylene oxide with fatty alcohols such as oleyl
or cetyl alcohol, or with alkyl phenols such as octyl- or
nonylpheno! and octylcresol. Other non-ionic agents
are the partial esters derived from long chain fatty acids
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TABLE I-continued TABLE I-continued
COM.- COM-
POUND POUND
NO. R! R2 Y NO. Rl R? Y
52 cyano cyano H 3 129 2-cyano-C¢Hy CH3; H
53 () [} H 130 3-cyano-CgHy CH; H
54 [/ [ H 131 4-cyano-CeHy CH; H
55 () ¢ H 132 3,4,5(CH30)3—CgH, CH; H
56 tert-C4Hg H H 133 3,5-di-F-pyrid-2-yl CHj H
§7 CeHsCH; H H 10 134 3,4,5,6-F4-pyrid-3-yl CH3 H
58 2,4-di-Ci—CgH3 H H 135 2,6-di-Cl-pyrid-3-yl CH; H
59 2,4di-F—CgH3 H H 136 pyridazin-3-y} CH; H
60 3,5-di-CH3~CgH3 H H 137 pyridazin-4-yl CH; H
61 3,5-di-CH30—C¢H3 H H 138 6-CHj-pyridazin-3-yl CH; H
62A* pyrazin-2-yl CH; H 139 4-cyano-quinolin-2-yl CH; H
62B* pyrazin-2-yl CHj3 H 140 quinoxalin-2-yl CH3 H
63 6-CHj-pyrid-3-yl CH; H 14 CeHs CH; 6
64 pyrid-2.yl CaBj H F
65 pyrid-3-y! CH; H 142 CeHs CH; 6
66 pyrimidin-5-yl iso-C3Hq H cl
67 iso-C3Hy pyrimidin-5-yl H 143 6-CH3-pyrimidin-4-yl CH; H
68 pyrid-4-y! CH; H 144 4-CH3-pyrimidin-S-yl CH3 H
69 6-Cl-pyrid-2.y] CH3 H 20 145 4-CH;3-pyrimidin-2-yl CH; H
70 5-Cl-pyrid-2-y! CH3z H 146 4,6-di-CH3-pyrimidin-2-yl CH3; H
n 4-Cl-pyrid-2-y! CH; H 147 2,6-di-CH3-pyrimidin-4-y! CH3 H
72 3-Cl-pyrid-2-y] CHj H 148 2,4-di-CH3-pyrimidin-5-y! CH3 H
73 6-cyano-pyrid-2-yl CH3 H 149 6-Cl-pyrimidin-4-yl CH; H
74 S-cyano-pyrid-2-yl CHj3 H 150 6-CH30-pyrimidin-4-yl CHj H
75 4-cyano-pyrid-2.yl CH;3; H 25 151 4,6-di-CH3;0-pyrimidin-2-yl CHj3 H
76 3-cyano-pyrid-2-yl CH; H 152 [*] ) H
77 6-Br-pyrid-2-yl CHj H 153 [} [ H
78 S-Br-pyrid-2-yl CH;3 H 154 pyrid-2-yl, N-oxide CHj H
79 4-Br-pyrid-2-yl CH3 H 155 5-CaHs-pyrid-2-yl CH; H
80 3-Br-pyrid-2-y! CH3 H 156 CH;CO CH; H
8] 6-CHj-pyrid-2-yl CH3 H 30 157 CeHsCO CH; H
82 5-CHj-pyrid-2-yl CH3 H 158 N-CHj-pyrrol-2-yl CHj; H
83 4-CH3-pyrid-2-yl CHj; H 159 4-Cl-quinolin-2-yl CHj; H
84 3-CHj-pyrid-2-yl CH; H 160 2,4-di-Cl—CgH3 1,2,4-tri- H
85 6-F-pyrid-2-yl CH3; H ) azol-1-yl-CHy
86 5-F-pyrid-2-yl CHj3; H 161 2,4di-C1—C¢H; pynrid-3- H
87 4-F-pyrid-2-yl CHj3 H yl-CH;
88 3-F-pyrid-2.yl CH; H 3 2,4-di-CHj3-thiazol-5-yl CH;3 H
89 3-CHj-pyrazin-2-y! CH3 H 163 furan-2-y] CH; H
90 3.CyHs-pyrazin-2.y) CH3 H 164 2,4-di-CH3-furan-3.yl CH3 H
91 3-Cl-pyrazin-2-yl CH; H 165 pyrid-2-yl pyrid-2-y} H
92 3-CH;30-pyrazin-2-yl CH3 H 166 6-CgHs-pyrimidin4-y] CH3 H
93 5-CO2CH3-pyrazin-2-yl CH;3; H 167 4-cyano-pyrid-3-yl CH;3 H
94 5-CO2CaHs-pyrazin-2.yl CH3 H 40 168 1,2,4-triazin-5-yl CH3 H
95 3-cyano-pyrazin-2-yl CH; H 169 3-CHj3-1,2,4-triazin.S-yl CHj; H
96 pyrimidin-4-yl CHj3 H 170 3-CgHs-1,2,4-triazin-5-y! CH3 H
97 2-Cl-pyrimidin-4-yl CH; H 171 3-SCH;3-1,2,4-triazin-5-y! CH; H
98 2-CH3O-pyrimidin-4-yl CH3 H 172 3-CH30-1,2,4-triazin-S-yl CH; H
99 2.CHj3-pyrimidin-4-y} CH; H 173 5-CONH;-pyrazin-2-yl CH; H
100 2-cyano-pyrimidin-4-y} CH; H 45 174 S-<cyano-pyrazin-2-yl CH;j H
101 thiazol-2-yl CH; H 175 5,6-di-CH3-pyrazin-2-yl CH; H
102 thien-3-yl CH3 H 176 3,5-di-CH3-pyrazin-2-yl CH; H
103 5-Cl-thien-2-y} CH; H 177 3,6-di-CHj-pyrazin-2-yl CH; H
104 5-CH3-thien-2-y] CH; H 178 5-CHj3-pyrazin-2-yl CH; H
105 5-Br-thien-2-yl CHj; H 179 6-CHj3-pyrazin-2-yl CHa H
106 S-cyano-thien-2-y} CHj3 H 50 180 5-Cl-pyrazin-2-y} CHj H
107 3.CHj-thien-2-y! CH; H 181 6-Cl-pyrazin-2-yl CH3 H
108 2-CH30—CgHy4 CH; H 182 §,6-dicyano-pyrazin-2-yl CH; H
109 3-CH30—CgHy CH; H 183 4-SO;CH3—CsHy CH3 H
110 4.CH30—C¢Hy CH; H 184 4-NH—C¢Hy4 CH; H
111 2-CH3—CgHy CH; H 185 2,4-di-Cl—CgHj CH; H
112 3-CH3—C¢Hq CHj3 H 186 2,4-di-CH3—CgH3 CHj H
113 4CH3—CgH, CH; H 55 37 4NHCONH,—CgH,4 CH; H
114 2-F—CgH4 CH3 H 188 CgHs cyclopropyl H
115 3-F—CgHg CH; H 189 CeHs ct H
116 © 4&F—CgH,4 CH; H 190 4-CoHsO—CgHy CF3 H
117 2.Cl—CgHy CH; H 191 CgHs SCH; H
118 3-Cl—CsH; CH; H 192 CeHs F H
119 4Cl—CgHy CHj H 60 193 CeHs OC;Hs H
120 2-Br—CgHs CH; H 194 C(CH3)3 CHj H
121 3.Br—CgHy CH; H 195 cyclohexyl-CH, CH; H
122 4Br—CgHy CH; H 196 CgHs—CH; CH; H
123 2:NO»—C¢Hy CHj H 197 pyrazin-2-yl-CHj CHj3 H
124 3.NO,—CgH, CH; H 198 (E)-C¢Hs—CH=CH CH; H
125 4-NO;—~CeHy CH; H g5 199 C¢Hs—OCH,; CH; H
126 2-CF3—CgHy CH; H 200 CgHs CHCl1 H
127A* 3-CF3—CgHy CH; H 201 benzthiazol-2-y) CH; H
127B* . 3.CF3—CgHy CH3 H 202 benzoxazol-2-y} CH3; H
128 4-CF3—Cg¢Hg4 CH3 H 203 pyrazin-2-yl CyHs H
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and hexitol anhydrides, the condensation products of
the said partial esters with ethylene oxide, and the leci-
thins. Suitable suspending agents are hydrophilic col-
loids (for example, polyvinylpyrrolidone and sodium
carboxymethyicellulose), and swelling clays such as
bentonite or attapulgite.

Compositions for use as aqueous dispersions or emul-
sions are generally supplied in the form of a concentrate
containing a high proportion of the active ingredient,
the concentrate being diluted with water before use.
These concentrates should preferably be able to with-
stand storage for prolonged periods and after such stor-
age be capable of dilution with water in order to form
aqueous preparations which remain homogeneous for a
sufficient time to enable them to be applied by conven-
tional spray equipment. The concentrates may conve-
niently contain up to 95%, suitably 10-85%, for exam-
ple 25-60%, by weight of the active ingredient. After
dilution to form aqueous preparations, such prepara-
tions may contain varying amounts of the active ingre-
dient depending upon the intended purpose, but an
aqueous preparation containing 0.0005% or 0.01% to
10% by weight of active ingredient may be used.

The compositions of this invention may contain other
compounds having biological activity, e.g. compounds
having similar or complementary fungicidal activity or
which possess plant growth regulating, herbicidal or
insecticidal activity.

A fungicidal compound which may be present in the
composition of the invention may be one which is capa-
ble of combating ear diseases of cereals (e.g. wheat)
such as Septoria, Gibberella and Helminthosporium
spp., seed and soil-borne diseases and downy and pow-
dery mildews on grapes and powdery mildew and scab
on apple, etc. By including another fungicide, the com-
position can have a broader spectrum of activity than
the compound of general formula (I) alone. Further the
other fungicide can have a synergistic effect on the
fungicidal activity of the compound of general formula
(I). Examples of fungicidal compounds which may be
included in the composition of the invention are (RS)-1-
aminopropylphosphonic acid, (RS)-4-(4-chlorophenyl)-
2-phenyl-2-(1H-1,2,4-triazol-1-ylmethyl)butyronitrile,
(Z)-N-but-2-enyloxymethyl-2-chloro-2’,6'-die-
thylacetanilide, 1-(2-cyano-2-methoxyiminoacetyl)-3-
ethyl urea, 3-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-
yhquinazolin-4(3H)-one, 4-bromo-2-cyano-N,N.
dimethyl-6-trifluoromethylbenzimidazole- 1-sulphona-
mide, 5-ethyl-5,8-dihydro-8-oxo(1,3)-dioxol(4,5-
glquinoline-7-carboxylic  acid  a-[N-(3-chloro-2,6-
xylyl)-2-methoxyacetamido]-y-butyrolactone, al-
dimorph, anilazine, benalaxyl, benomyl, biloxazol, bina-
pacryl, bitertanol, blasticidin S, bromuconazole, bupiri-
mate, buthiobate, captafol, captan, carbendazim, car-
boxin, chlorbenzthiazone, chloroneb, chlorothalonil,
chlorozolinate, copper containing compounds such as
copper oxychloride, copper sulphate and Bordeaux
mixture, cycloheximide, cymoxanil, cyproconazole,
cyprofuram, di-2-pyridyl disulphide 1,1'-dioxide, di-
chlofluanid, dichlone, diclobutrazol, diclomezine, di-
cloran, difenoconazole, dimethamorph, dimethirimol,
diniconazole, dinocap, ditalimfos, dithianon, dode-
morph, dodine, edifenphos, etaconazole, ethirimol,
ethyl (Z)-N-benzyl-N-([methyl(methylthioe-
thylideneamino-oxycarbonyl)amino]thio)-3-alaninate,
etridiazole, fenapanil, fenarimol, fenfuram, fenpiclonil,
fenpropidin, fenpropimorph, fentin acetate, fentin hy-
droxide, flutolanil, flutriafol, flusilazole, folpet, fosetyl-
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aluminium, fuberidazole, furalaxyl, furconazole-cis,
guazatine, hexaconazole, hydroxyisoxazole, imazalil,
imibenconazole, iprobenfos, iprodione, isoprothiolane,
kasugamycin, mancozeb, maneb, mepanipyrim, me-
pronil, metalaxyl, methfuroxam, metsulfovax, my-
clobutanil, neoasozin, nickel dimethyldithiocarbamate,
nitrothal-isopropyl, nuarimol, ofurace, organomercury
compounds, oxadixyl, oxycarboxin, pefurazoate, pen-
conazole, pencycuron, phenazin oxide, phthalide, po-
lyoxin D, polyram, probenazole, prochloraz, procymi-
done, propamocarb, propiconazole, propineb, prothi-
ocarb, pyrazophos, pyrifenox, pyroquilon, pyroxyfur,
pyrrolnitrin, quinomethionate, quintozene, SSF-109,
streptomycin, sulphur, tebuconazole, techlofthalam,
tecnazene, tetraconazole, thiabendazole, thicyofen, thi-
ophanate-methyl, thiram, tolclofos-methyl, triacetate
salt of 1,l'-iminodi(octamethylene)diguanidine, tria-
dimefon, triadimenol, triazbutyl, tricyclazole, tride-
morph, triforine, validamycin A, vinclozolin, zarilamid
and zineb. The compounds of general formula (T) can be
mixed with soil, peat or other rooting media for the
protection of plants against seed-borne, soil-borne or
foliar fungal diseases.

Suitable insecticides which may be incorporated in
the composition of the invention include buprofezin,
carbaryl, carbofuran, carbosulfan, chlorpyrifos, cyclo-
prothrin, demeton-s-methyl, diazinon, dimethoate,
ethofenprox, fenitrothion, fenobucarb, fenthion, for-
mothion, isoprocarb, isoxathion, monocrotophos, phen-
thoate, pirimicarb, propaphos and XMC.

Plant growth regulating compounds are compounds
which control weeds or seedhead, formation, or selec-
tively control the growth of less desirable plants (e.g.
grasses). '

Examples of suitable plant growth regulating com-
pounds for use with the invention compounds are 3,6-
dichloropicolinic acid, 1-(4-chlorophenyl)-4,6-dimeth-
yl-2-oxo0-1,2-dihydropyridine-3-carboxylic acid, meth-
yl-3,6-dichloroanisate, abscisic acid, asulam, benzoyl-
prop-ethyl, carbetamide, daminozide, difenzoquat,
dikegulac, ethephon, fenpentezol, fluoridamid, glypho-
sate, glyphosine, hydroxybenzonitriles (e.g. bromox-
ynil), inabenfide, isopyrimol, long chain fatty alcohols
and acids, maleic hydrazide, mefluidide, morphactins
(e.g. chlorfluoroecol), paclobutrazol, phenoxyacetic
acids (e.g. 2,4-D or MCPA), substituted benzoic acid
(e.g. trilodobenzoic acid), substituted quaternary ammo-
nium and phosphonium compounds (e.g. chloromequat,
chlorphonium or mepiquatchloride), tecnazene, the
auxins (e.g. indoleacetic acid, indolebutyric acid, naph-
thylacetic acid or naphthoxyacetic acid), the cytokinins
(e.g. benzimidazole, benzyladenine, benzylaminopurine,
diphenylurea or kinetin), the gibberellins (e.g. GAj3,
GA4 or GA9) and triapenthenol.

The following Examples illustrate the invention.
Throughout the Examples, the term ‘ether’ refers to
diethyl ether, magnesium sulphate was used to dry solu-
tions, and solutions were concentrated under reduced
pressure. Reactions involving air- or water-sensitive
intermediates were performed under an atmosphere of
nitrogen and solvents were dried before use, where
appropriate. Unless otherwise stated, chromatography
was performed on a column of silica gel as the station-
ary phase. Where shown, infrared and NMR data are
selective; no attempt is made to list every absorption in
all cases. 'H NMR spectra were recorded using CDCl3-
solutions unless otherwise stated. The following abbre-
viations are used throughout:
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