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Compounds of formula (I) where; W is N or CH; A is a phenyl or a 5 or 6
membered heterocyclyl group, each of which is optionally substituted one or more times
by the same or different group Q!; Z is COOR!, -C(NH2)=NOR?, or an oxadiazolyl or
thiazolyl group, substituted by alkyl, haloalkyl or cycloalkyl; Q and Q!, which may be
the same or different, are Y—(X)n—, optionally substituted amino, halogen, cyano, nitro,
or two adjacent groups together with the carbon atoms to which they are attached can
form an optionally substituted benzo or heterocyclic ring; R! is C—(_s-alkyl; Y and
R2, which may be the same or different, are alkyl, cycloalkyl, cycloalkenyl, alkenyl,
alkynyl, phenyl or heterocyclyl, each of which is optionally substituted, hydrogen or
acyl; X is oxygen or sulfur; n is 0 or 1; and s is O to 2, together with complexes with
metal salts, as well as salts with bases of compounds which are acids and salts with
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acids of compounds which are bases, are useful as fungicides especially phytopathogenic fungicides.
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NOVEL IMIDAZOLE AND PYRROLE DERIVATIVES USEFUL AS FUNGICIDES

This invention relates to new derivatives of imidazole or pyrrole useful as fungicides.

In one aspect the invention provides compounds of formula |
w
A—</ } Q)
N

z

n

where:

W is N or CH;

A is a phenyl or a 5 or 6 membered heterocyclyl group, each of which is optionaily
substituted one or more times by the same or different group Qt;

Z is COOR1, -C(NH2)=NOR2, or an oxadiazolyl or thiazolyl group, substituted by
alkyl, haloalkyl or cycloalkyl, e.g. cyclopropyl;

Q and Q7, which may be the same or different, are Y-(X)n-, optionally substituted

amino, halogen, cyano, nitro, or two adjacent groups together with the carbon
atoms to which they are attached can form an optionally substituted benzo or

heterocyclic ring;
R1is C-q.g-alkyl;

Y and R2, which may be the same or different, are alkyl, cycloalkyl, cycloalkenyl,
alkenyl, alkynyl, phenyl or heterocyclyl, each of which is optionally substituted,
hydrogen or acyl;

X is oxygen or sulfur;

nisOor1;

sisOto 2,

together with complexes with metal salts, as well as salts with bases of compounds

which are acids and salts with acids of compounds which are bases.

'Alkyl groups are preferably of 1 to 20, e.g. 1 to 6, carbon atoms. Alkenyl and alkynyl

groups are generally of 2 to 6 carbon atoms. Cycloalkyl or cycloalkenyl groups are

preferably of 3 to 8 carbon atoms.
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Substituents, when present on any alkyl, cycloalkyl, cycloalkenyl, alkenyl or alkynyl
moiety include halogen, azido, cyano, optionally substituted alkoxy, optionally
substituted alkylthio, hydroxy, nitro, optionally substituted amino, acyl, acyloxy,
optionally substituted phenyl, optionally substituted heterocyclyl, optionally substituted

phenoxy and optionally substituted heterocyclyloxy.
Cycloalkyl or cycloalkenyl groups may also be substituted by alkyl, alkenyl or alkynyl

Substituents when present on any phenyl or heterocyclyl group are usually one or

more of the same groups as defined for Q.

The term heterocyclyl includes both aromatic and non-aromatic heterocyclyl groups.
Heterocyclyl groups are generally 5, 6 or 7-membered rings containing up to 4 hetero
atoms selected from nitrogen, oxygen and sulfur. Examples of heterocyclyl groups are
furyl, thienyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, dioxolanyl, oxazolyl, thiazolyl,
imidazolyl, imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyranyl, pyridyl, piperidinyl, dioxanyl,
morpholino, dithianyl, thiomorpholino, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl,
triazinyl, thiazolinyl, benzimidazolyl, tetrazolyl, benzoxazolyl, imidazopyridinyl,
1,3-benzoxazinyl, 1,3-benzothiazinyl, oxazolopyridinyl, benzofuranyl, quinolinyl,
quinazolinyl, quinoxalinyl, sulfolanyl, dihydroquinazolinyl, benzothiazolyl, phthalimido,

benzofuranyl, azepinyl, oxazepinyl, thiazepinyl, diazepinyl and benzodiazepinyl.

Amino groups may be substituted for example by one or two optionally substituted
alkyl or acyl, or two substituents can form a ring, preferably a 5 to 7-membered ring,
which may be substituted and may contain other heteroatoms, for example
morpholine, thiomorpholine, or piperidine. This ring can be substituted as for

heterocyclyl.

The term acyl includes the residue of sulfur and phosphorus-containing acids as well
as carboxylic acids. Examples of acyl groups are thus -CORS, -COORS, -CXNR5RS,
-CON(R5)ORS, -COONRSRE, -CON(RONRERY, -COSRS, -CSSRS, -S(0),R5,
-8(0)20R5, -S(0)pNRORS, -P(=X)(OR®)(ORE), -CO-COORS, where where RS, RS

and R7, which may be the same or different, are hydrogen, optionally substituted

alkyl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, optionally
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substituted alkenyl, optionally substituted alkynyl, optionally substituted phenyl or

optionally substituted heterocyclyt, or RS and R8, or R® and R, together with the

atom(s) to which they are attached can form aring, qis 1 or2 and Xis O or S.

Complexes are usually formed from a salt of formula MAny, in which M is a divalent metal

cation, e.g. copper, manganese, cobalt, nickel, iron or zinc and An is one equivalent of an

anion, e.g. chloride, nitrate or sulfate.

W is preferably N.
R1is preferably methyl or ethyl.
R2 s preferably hydrogen or C-q_4-alkanoyl

When Z is a heterocyclic group it is preferably carbon linked to the phenyl. Especially

preferred is 1,2,4-oxadiazol-3-yl, substituted in the 5-position by methy! or ethyl.

A is preferably phenyl, which is generally substituted by one or two Q1 groups. Qlis

preferably chloro or methoxy or two adjacent Q1 groups form a methylenedioxy ring.
When W is N, s is preferably 0.

When W is CH, s is preferably 1, in which case Q is generally in the 2-position and is

preferably alkyl or haloalkyl, especially methyl.

The compounds of the invention have particularly advantageous activity against fungal
pathogens of plants and usually those pathogens of Ascomycete origin, especially against
mildew diseases of plants, particularly cereal powdery mildew (Erysiphe graminis),
cucumber powdery mildew (Erysiphe cichoracearum), vine downy mildew (Uncinula
necator), and apple powdery mildew (Podosphaera leuchotricha). However some
compounds may be active against other pathogens of Deuteromycete, Ascomycete,
Phycomycete and Basidiomycete origin, e.g. rice blast (Pyricularia oryzae), cereal
eyespot (Pseudocercosporella herpotrichoides), rice sheath blight (Pellicularia
sasakii), grey mould (Botrytis cinerea), wheat brown rust (Puccinia recondita), late

tomato or potato blight (Phytophthora infestans), apple scab (Ventuna inaequalis) and
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glume blotch (Leptosphaernia nodorum). Some compounds may be active against only

a few pathogens whereas others may have a broader spectrum of activity.

The compounds of the invention are generally formulated in conventional
compositions used for fungicides. These compositions can contain one or more
additional pesticides, for example compounds known to possess herbicidal, fungicidal,
insecticidal, acaricidal or nematicidal properties. In addition the compounds may be

merely mixed with the additional pesticide.

The diluent or carrier in the composition of the invention can be a solid or a liquid
optionally in association with a surface-active agent, for example a dispersing agent,
emulsifying agent or wetting agent. Suitable surface-active agents include anionic
compounds such as a carboxylate, for example a metal carboxylate of a long chain
fatty acid; an N-acylsarcosinate; mono- or di-esters of phosphoric acid with fatty
alcohol ethoxylates or salts of such esters; fatty alcohol sulfates such as sodium
dodecyl sulfate, sodium octadecyl sulfate or sodium cetyl sulfate; ethoxylated fatty
alcohol sulfates; ethoxylated alkylphenol sulfates; lignin sulfonates; petroleum
sulfonates; alkyl-aryl sulfonates such as alkyl-benzene sulfonates or lower
alkylnaphthalene sulfonates, e.g. butyl-naphthalene sulfonate; salts of sulfonated
naphthalene-formaldehyde condensates; salts of sulfonated phenol-formaldehyde
condensates; or more complex sulfonates such as the amide sulfonates, e.g. the
sulfonated condensation product of oleic acid and N-methyl taurine or the dialkyl
sulfosuccinates, e.g. the sodium sulfonate of dioctyl succinate. Nonionic agents
include condensation products of fatty acid esters, fatty alcohols, fatty acid amideé or
fatty-alkyl- or alkenyl-substituted phenols with ethylene oxide, fatty esters of
polyhydric alcohol ethers, e.g. sorbitan fatty acid esters, condensation products of
such esters with ethylene oxide, e.g. polyoxyethylene sorbitan fatty acid esters, block
copolymers of ethylene oxide and propylene oxide, acetylenic glycols such as

2,4,7 9-tetramethyl-5-decyne-4,7-diol, or ethoxylated acetylenic glycols. Examples of
a cationic surface-active agent include, for instance, an aliphatic mono-, di-, or
polyamine as an acetate, naphthenate or oleate; an oxygen-containing amine such as
an amine oxide or polyoxyethylene alkylamine; an amide-linked amine prepared by
the condensation of a carboxylic acid with a di- or polyamine; or a quaternary

ammonium salit.
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The compositions of the invention can take any form known in the art for the
formulation of agrochemicals, for example, a solution, a dispersion, an aqueous
emulsion, a dusting powder, a seed dressing, a fumigant, a smoke, a dispersible
powder, an emulsifiable concentrate or granules. Moreover it can be in a suitable
form for direct application or as a concentrate or primary composition which requires

dilution with a suitable quantity of water or other diluent before application.

As a dispersion, the composition comprises a compound of the invention dispersed in
a liquid medium, preferably water. It is often convenient to supply the consumer with
a primary composition which can be diluted with water to form a dispersion having the
desired concentration. The primary composition can be provided in any one of the
following forms. It can be a dispersible solution which comprises a compound of the
invention dissolved in a water-miscible solvent with the addition of a dispersing agent.
A further alternative comprises a compound of the invention in the form of a finely
ground powder in association with a dispersing agent and intimately mixed with water
to give a paste or cream which can if desired be added to an emulsion of oil in water

to give a dispersion of active ingredient in an aqueous oil emulsion.

An emulsifiable concentrate comprises a compound of the invention dissolved in a
water-immiscible solvent together with an emulsifying agent and which is formed into

an emulsion on mixing with water.

A dusting powder comprises a compound of the invention intimately mixed with a solid

pulverulent diluent, for example, kaolin.

A granular solid comprises a compound of the invention associated with similar
diluents to those which may be employed in dusting powders, but the mixture is
granulated by known methods. Alternatively it comprises the active ingredient
adsorbed or absorbed on a pre-granular diluent, for example, Fuller's earth,

attapulgite or limestone grit.

A wettable powder usually comprises the active ingredient in admixture with a suitable

surfactant and an inert powder diluent such as china clay.
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Another suitable concentrate, particularly when the product is a solid, is a flowable
suspension concentrate which is formed by grinding the compound with water, a

wetting agent and a suspending agent.

The concentration of the active ingredient in the composition of the present invention
is preferably within the range of 1 to 30 per cent by weight, especially 5 to 30 per cent
by weight. In a primary composition the amount of active ingredient can vary widely
and can be, for example, from 5 to 95 per cent by weight of the composition.

The concentration of the active ingredient in the composition of the present invention,
as applied to plants is preferably within the range of 0.0001 to 1.0 per cent by weight,
especially 0.0001 to 0.01 per cent by weight. In a primary composition, the amount of
active ingredient can vary widely and can be, for example, from 5 to 95 per cent by

weight of the composition.

In the method of the invention the compound is generally applied to seeds, plants or
their habitat. Thus, the compound can be applied directly to the soil before, at or
after drilling so that the presence of active compound in the soil can control the growth
of fungi which may attack seeds. When the soil is treated directly the active
compound can be applied in any manner which allows it to be intimately mixed with
the soil such as by spraying, by broadcasting a solid form of granules, or by applying
the active ingredient at the same time as drilling by inserting it in the same drill as the
seeds. A suitable application rate is within the range of from 5 to 1000 g per hectare,
more preferably from 10 to 500 g per hectare.

Alternatively the active compound can be applied directly to the plant by, for example,
spraying or dusting either at the time when the fungus has begun to appear on the
plant or before the appearance of fungus as a protective measure. In both such
cases the preferred mode of application is by foliar spraying. Itis generally important
to obtain good control of fungi in the early stages of plant growth as this is the time
when the plant can be most severely damaged. The spray or dust can conveniently
contain a pre- or post-emergence herbicide if this is thought necessary. Sometimes, it
is practicable to treat the roots of a plant before or during planting, for example, by
dipping the roots in a suitable liquid or solid composition. When the active compound
is applied directly to the plant a suitable rate of application is from 0.025 to & kg per

hectare, preferably from 0.05 to 1 kg per hectare.
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in addition, the compounds of the invention can be applied to plants, or parts thereof,

which have been genetically modified to exhibit a trait such as fungal and/or herbicidal
resistance.

Typical methods of preparing compounds of the invention are shown in the following
reaction schemes.
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b) W = CH

ACO(CH»),C0Q  + — A N OC

The starting compounds are either known or can be prepared in known manner.

The invention is illustrated in the following Examples. Structures of isolated novel

compounds were confirmed by nmr and/or other appropriate analyses.

Example 1
4-Methoxybenzonitrile (20 g) was dissolved in dry methanol and cooled in an ice bath.

Hydrogen chioride gas was bubbled through the solution for 2 hour. The resulting
solution was allowed to stand in a refrigerator overnight. The deposited solid was
collected by filtration and washed several times with diethyl ether to give methyl

4-methoxybenzimidate hydrochioride.

This compound (28.97 g) and 2,2-dimethoxyethylamine (16.6 ml) were stirred together
in dry tetrahydrofuran at room temperature for 2 hour. The reaction mixture was then
heated under reflux for 2 hours, treated with 2M hydrochloric acid (87 ml) and then
heated under reflux overnight. The mixture was cooled, the solvent removed under
reduced pressure and the residue treated with aqueous sodium hydrogen carbonate.
The solid was collected by filtration, washed several times with water and air dried to

give 2-(4-methoxyphenyl)imidazole, m.p. 169-177°C

This compound (7 g), 2-fluorobenzonitrile (4.5 ml) and potassium carbonate (14.4 g)
were stirred together in dimethyl sulfoxide (130 ml). The reaction mixture was heated
to 100°C and stirred at this temperature overnight. The mixture was cooled, poured
into ice and water and the solid collected by filtration. The solid was washed several
times with water and light petroleum (b.p. 40-80 °C). The solid was dissolved in
dichloromethane, washed with water, dried and evaporated to give

2-[2-(4-methoxyphenyl)imidazol-1-yllbenzonitrile, m.p. 165-157°C.

This compound (7.4 g) and potassium hydroxide (4.53 g) were heated under reflux in

water until all the solid had dissolved. The mixture was filtered hot and the filtrate



10

15

20

25

30

35

WO 98/51673 PCT/GB98/01208

10

acidified with acetic acid. The aqueous solution was evaporated and the residue
treated with methanol. The methanol solution was evaporated to give

2-[2-(4-methoxyphenyl)imidazol-1-yllbenzamide, m.p. 197-199°C

This compound (1 g) was dissolved in dry methanol and heated to reflux. Hydrogen
chloride gas was bubbled through the reaction mixture for 3 hours, whilst maintaining
the reflux. Gas addition was stopped and the reaction was heated under reflux for a
further 24 hours. The mixture was cooled, evaporated and the residue partitioned
between dichloromethane and aqueous sodium hydrogen carbonate. The organic
layer was dried and evaporated under reduced pressure. The product was purified by
silica gel column chromatography to give methyl 2-[2-(4-methoxyphenyl)imidazol-
1-yllbenzoate, m.p. 109-111°C. (Compound 1)

Example 2

2-[2-(4-Methoxyphenyl)imidazol-1-yljbenzonitrile, from Example 1 (4.6 g),
hydroxylamine hydrochloride (2.3 g) and potassium carbonate (2.3 g) were heated
under reflux in aqueous ethanol overnight. The mixture was cooled and the solvent
removed under reduced pressure. The residue was washed with water and the solid
coliected by filtration. The solid was washed with dichloromethane to give 2-[2-(4-
methoxyphenyl)imidazol-1-yllbenzamide oxime, m.p. 187-190°C.

(Compound 2)

Example 3
The product of Example 2 (1.2 g) and acetic anhydride (0.8 ml) were heated under

reflux for 2 hours in acetic acid (50 ml). The mixture was cooled and the solvent
removed under reduced pressure. The residue was treated with water and extracted
with dichloromethane. The organic layer was dried and evaporated. The residue was
purified by silica gel column chromatography to give 5-{2-[2-(4-methoxyphenyl)-
imidazol-1-ylJphenyl}-3-methyl-1,2,4-oxadiazole, as an orange semi-solid.
(Compound 3)

Example 4
2-[2-(4-methoxyphenyllimidazol-1-yllbenzamide (3.47 g), from Example 1, and

N,N-dimethy!-1,1-dimethoxyethylamine (5.7 g) was heated under reflux for 1'% hours.

The mixture was evaporated to dryness to give crude N1-[1-(dimethylamino)-

ethylidene]-2-[2-(4-methoxyphenyl)1H-1-imidazolyl]benzamide.
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A solution of this compound (2.14 g) in acetic acid (10 ml) was treated with
hydroxylamine hydrochloride (0.6 g), dioxane (10 ml) and aqueous sodium hydroxide
(4.4.m! of 2M) and the mixture heated at 90°C for 2 hours. The mixture was cooled,
poured into water and extracted with ethyl acetate. The organic layer was dried and
evaporated. The residue was purified by silica gel column chromatography to give
5-{2-[2-(4-methoxyphenyl)-1H-1-imidazolyllpheny!}-3-methyl-1,2,4-oxadiazole,
m.p. 151-3 °C (Compound 4)

Example 5
p-Toluenesulfonic acid (0.2 g) and a solution of methyl anthranilate (6 g) and

1-phenyl-1,4-pentanedione (7.04 g) in toluene (25 ml) was heated under reflux under
Dean and Stark conditions for 1%z hours. The mixture was allowed to cool and solvent
removed under reduced pressure. The residue was dissolved in ether, washed with
water and then hydrochloric acid and again water and dried. The solvent was
removed under reduced pressure and the residue purified by silica column
chromatography to give methyl 2-(2-methyl-5-phenyl-1H-1-pyrrolyl)benzoate, as a

dark orange oil. (Compound 5)

Example 6

Compound 9 (see in table) (0.86 g) was dissolved in dry tetrahydrofuran (20 ml) and
acetyl chloride (0.19 ml) was added. The mixture was heated for 10 minutes, cooled
and the solvent evaporated under reduced pressure. The residue was dissolved in
water and added to saturated aqueous sodium hydrogen carbonate and extracted
with dichloromethane. The extract was dried and evaporated under reduced pressure
to give 2-[2-(1,3-benzodioxol-5-yl)-1H-1-imidazolyl]-1-benzamide O-acetyloxime, as an

orange gum. (Compound 6)

Example 7
A solution of the product of Example 6 (0.71 g) in dioxane (25 mi) was heated under

reflux for 3 days. The solvent was evaporated under reduced pressure and the
residue purified by silica gel column chromatography to give 3-{2-[2-(1,3-benzodioxol-
5-yl)-1H-1-imidazolyllphenyl}-5-methyl-1,2 4-oxadiazole, as a yellow gum.
(Compound 7)
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The following compounds of the invention were prepared in an analogous manner to

one of the previous examples

@b, W
O~<3a
N

Z
Cpd |W (Q1)m Qs |2 m.p. (°C)
8 N |3-Br-4-MeO - |C(NH2)=NOH 192-3
9 3,4-OCH»0- - |C(NH2)=NOH 195-7
10 |CH |3,4-OCH20O- |2-Me |COOMe 143-5
11 CH - 2-Me ?J—O 83-5
/Q /)\
N Me
12 CH [3,4-OCH0O- |2-Me |>I—O 140-1
AN
N Me
13 |CH [4-MeO 2-Me |>I—O 140-1
Py /)\
N Me
14 N |{3-Br-4-MeO - |C(NH2)=NO-CO- 124-6
cyclopropyl
15 3-Br-4-MeO - |C(NH2)=NOCOMe 167-8
16 3,4-OCH20- - I>J—O 138-40
/4 Z
N
17 [N |3-Br-4-MeO - |>J—0 Yellow
N Me
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Test Example
Compounds are assessed for activity against one or more of the following:

Erysiphe graminis f. sp. hordei. barley powdery mildew

Erysiphe graminis f. sp. tntici: wheat powdery mildew

Pyricularia oryzae: rice blast

Leptosphaeria nodorum: glume blotch

Plasmopara viticola: downy mildew of vines
Aqueous solutions or dispersions of the compounds at the desired concentration,
including a wetting agent, were applied by spray or by drenching the stem base of
the test plants, as appropriate. After a given time, plants or plant parts were
inoculated with appropriate test pathogens and kept under controlled
environmental conditions suitable for maintaining plant growth and development of
the disease. After an appropriate time, the degree of infection of the affected part
of the plant was visually estimated. Compounds are assessed on a score of 1 to 3
where 1 is little or no control, 2 is moderate control and 3 is good to total control.
At a concentration of 500 ppm (w/v) or less, the following compounds scored 2 or

more against the fungi specified.

Erysiphe graminis f sp. tritici
2-4, 6-15, 17

Erysiphe graminis f sp. hordeii
1

Pyricularia oryzae

14

Leptosphaeria nodorum

9,14
Plasmopara viticola
5
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CLAIMS
1. Compounds of formula |
W
a— } (@
N
{1
z
where:
Wis N or CH;

A is a phenyl or a 5 or 6 membered heterocyclyl group, each of which is optionally
substituted one or more times by the same or different group Q1;

Zis COOR1, -C(NH2)=NOR2, or an oxadiazolyl or thiazolyl group, substituted by
alkyl, haloalkyl or cycloalkyl;

Q and Q1, which may be the same or different, are Y-(X)n-, optionally substituted

amino, halogen, cyano, nitro, or two adjacent groups together with the carbon
atoms to which they are attached can form an optionally substituted benzo or

heterocyclic ring;
R1is C-1.g-alkyl;

Y and R2, which may be the same or different, are alkyl, cycloalkyl, cycloalkenyl,
alkenyl, alkynyl, phenyl or heterocyclyl, each of which is optionally substituted,
hydrogen or acyl,

X is oxygen or sulfur;

nisOor1,

sis0to 2,

together with complexes with metal salts, as well as salts with bases of compounds

which are acids and salts with acids of compounds which are bases.

2. Fungicidal compositions which comprise a compound as defined in ciaim 1 in

admixture with an agriculturally acceptable diluent or carrier.

3. A method of combating phytopathogenic fungi at a locus infested or liable to
be infested therewith, which comprises applying to the locus a compound as defined

in claim 1.
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