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DESCRIPTION
PROCESS FOR PRODUCING TOLUIDINE COMPOUND

BACKGROUND OF THE INVENTION
TECHNICAL FIELD
The present invention relates to a process for
producing 3-chloro-N- (3-chloro-5-trifluoromethyl-2-
pyridyl) -o,o,a-trifluoro-2,6-dinitro-p-toluidine as an

active ingredient of pesticides (common name: fluazinam) .

BAC KGRCUND ART

USP 4,331,670 (Patent Document 1) discloses a
process for producing 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl)-o, o, a-trifluoro-2,6-dinitro-p-
toluidine which comprises reacting 2-amino-3-chloro-5-
trifluoromethylpyridine and 2,4-dichloro-3,5-
dinitrobenzotrifluoride in the presence of a base and a
solvent and discloses alkali metal hydroxides, carbonates
and hydrides or alkaline earth metal hydroxides and
carbonates as examples of the base and aprotic polar
solvents such as dimethylformamide, dimethyl sulfoxide,
tetrahydrofuran (THF), sulfolaﬁe and dioxane as examples
of the solvent.

WO 2007/060662 (Patent Document 2) discloses the use
of methyl isobutyl ketone (MIBK) as the solvent in the
above-mentioned process disclosed in USP 4,331,670

(Patent Document 1). Patent Document 2 discloses that a
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higher yield is attained when the presence of water,
which is hardly miscible with MIBK, in the reaction is
minimized to decrease the hydrolysis by-product and that
the presence of a high concentratioﬁ of water resulting
from the reacticn or attributed to the reagents increases
the hydrolysis by-product and thereby decreases the
yield. Patent Document 2 also discloses that the ratio
of the solvent to the reactant should be larger than
about 10%w/v and that the golvent is preferably pure MIBK
(for example, with a purity of about 98%) or recycled
MIBK with a water content of less than 2%, and that in
the production of fluazinam as the desired product
described in Example 2, the reaction was carried out by
adding solid KOH (3.5 mol eqg.) to a mixture of 2-amino-3-
chloro-5-trifluoromethylpyridine, 2,4-dichloro-3,5-
dinitrobenzotrifluoride and a MIBK azeotrope containing
1.6% water.

Patent Document 1: USP 4,331,670

Patent Document 2: WO 2007/060662

DISCLOSURE QOF THE INVENTION

Because  fluazinam is excellent as an active
ingredient of pesticides and highly useful, it is desired
to produce fluazinam efficiently in a proper form with
simple operations at low cost in an environmentally
friendly manner. Esgpecially, there is a demand for

processes preferable from the viewpoints of the cost for
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industrial production, simplicity of reaction procedures
and safety.

Through their extensive resgearch on the reaction
conditions and reaction procedures for more efficient and
industrially advantageous production of 3-chloro-N- (3-
chloro-5-trifluoromethyl-2-pyridyl) o, o, a-trifluoro-2,6-
dinitro-p-toluidine, the present inventors found that the
intentional use of a substantial amount of water carries
various advantages and allows a high yield of the desired
product, and that use of a particular solvent or use of a
particular solvent in the presence of a substantial
amount of water leads to an excellent reaction yield and
is favorable for after-treatment operations such as
isolation, purification and recovery of the product and
accomplished the present invention on the basis of these
discoveries.

Namely, the present invention provides the
following.

[1] A process for producing 3-chloro-N- (3-chloro-5-
trifluoromethyl-2-pyridyl) -o,a,a-trifluoro-2, 6-dinitro-p-
toluidine, which comprises (1) a step of reacting 2-
amino-3-chloro-5-trifluoromethylpyridine and 2,4-
dichloro-3,5-dinitrobenzotrifluoride in the presence of
an alkali component selected from the group consisting of
hydroxides and carbonates of alkali metals and hydroxides
and carbonates of alkaline earth metals as a basic

substance, a solvent selected from the group consisting
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of ketones, nitriles, ethers and esters and a sufficient
amount of water to substantially dissolve the alkali
component, (2) a step of neutralizing or acidifying the
reaction mixture with an acid and (3) a step of removing the
solvent from a mixture containing 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o,o,a-trifluoro-2,6-dinitro-p-
toluidine as the reaction product and the reaction solvent
by distillation to precipitate crystals of the product,
wherein in the step (1), water is present in an amount of
20-40% in reaction to the total of water and the solvent.
{2] The process according to [1], wherein the basic
substance is sodium hydroxide or potassium hydroxide, and
the solvent is a ketone, a nitrile, an ether or an ester.
[3] The process according to [1] or [2], wherein the
solvent is dioxane.

(4] The process according to [1] or [2], wherein the
solvent 1is ethyl acetate.

(5] The process according to [1] or [2], wherein the
solvent 1is butyl acetate.

(6] The process according to [1] or [2], wherein the
solvent is methyl isobutyl ketone (MIBK) .

(7] The process according to [1] or [2], wherein the
solvent 1is tetrahydrofuran.

(8] The process according to any one of [1] to [7],
wherein the acid is hydrochloric acid.

[9] The process according to any one of [1] to [7], wherein
the acid is sulfuric acid.

[10] The process according to any one of [1] to [9],
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wherein in the step (1), a 35-50% sodium hydroxide
aqueous solution or a corresponding amount of a mixture
of a sodium hydroxide agueous solution, solid sodium
hydroxide and water is present in an amount of at least
mol, preferably 6 to 10 mol, in relation to 1 mol of 2-
amino-3-chloro-5-trifluoromethylpyridine.

[11] The process according to any one of [1] to ([10],
wherein in the step (1), water is present in an amount of
at least 7%, preferably 14.8 to 79%, particularly
preferably 20 to 40%, in relation to the total of water
and the solvent.

[12] The process according to any one of [1l] to [11],
wherein in the step (1), 2,4-dichloro-3,5-
dinitrobenzotrifluoride is used in an amount of from 0.8
to 1.2 mol, preferably 1 to 1.05 mol,lin relation to 1
mol of 2-amino-3-chloro-5-trifluoromethylpyridine.

[13] The process according to any one of [1] to [12],
wherein the solvent is used in an amount of from 50 to
1000 g, preferably 100 to 700 g, in relation to 100 g of
2-amino-3-chloro-5-trifluoromethylpyridine.

[14] The process according to any one of [1] to [9],
wherein in the step (2), the reaction mixture is
separated, and the organic phase ig neutralized or
acidified with the acid.

[15] The process according to any one of [1] to [9] and
[141, whérein the pH is adjusted to 2 to 7, preferably 5

to 6, with the acid.
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[16] The process according to any one of [1] to [9],
wherein in the step (3), the mixture containing 3-chloro-
N- (3-chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-
2,6-dinitro-p-toluidine as the reaction product and the
reaction solvent is mixed with water and then the solvent
is removed by distillation to precipitate crystals of the
product.

[17] The process according to any one of [1] to [9] and
[16], wherein in the step (3), the crystals are
precipitated in the presence of a-crystals of the
reaction product as a seed.

(18] A method for purifying 3-chloro-N- (3-chloro-5-
trifluoromethy1~2—pyridyl)—a,a,a—trifluoro-z,6—dinitro-p—
toluidine as a product, which comprises washing
precipitated crystals with hydrous isopropanol to obtain
the product in a purer form with less contaminants.

[19] The method according to [18], wherein the
precipitated crystals are washed with water before they
are washed with hydrous isopropanol.

[20] A method for drying a product, which comprises
drying 3—chloro—N—(3—chloro—5—trifluoromethyl—2—pyridy1)-
o,o,0-trifluoro-2, 6-dinitro-p-toluidine as a product
under a reduced pressure.

[21] The method for drying a product according to'[20],
wherein the drying is carried out under a reduced
pressure of at most 300 mmHg.

[22] The method for drying a product according to [20],
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wherein the drying is carried out under a reduced pressure
of at most 200 mmHg.

[23] The method for drying a product according to any one
of [20] to (22), wherein the drying is carried out at a
temperature of 115°C or below.

[24] The method for drying a product according to any one
of [20] to [22], wherein the drying is carried out at a
temperature of 70°C or below.

[25] A process for producing 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine, which comprises reacting 2-amino-3-chloro-5-
trifluoromethylpyridine and 2,4-dichloro-3,5-
dinitrobenzotrifluoride in the presence of an alkali
component selected from the group consisting of sodium
hydroxide and potassium hydroxide, a solvent selected from
the group consisting of ketones, nitriles, ethers and esters
and a sufficient amount of water to substantially dissolve
the alkali component, wherein in the step (1), water is
present in an amount of 20-40% in reaction to the total of
water and the solvent.

According to the present invention, in production of 3-
chloro-N- (3-chloro-5S-trifluoromethyl-2-pyridyl) -o, o, a-
trifluoro-2,6-dinitro-p-toluidine by reacting 2-amino-3-
chloro-5-trifluoromethylpyridine and 2,4-dichloro-3,5-
dinitrobenzotrifluoride, it is possible not only to obtain
the desired product in excellent yields by using
industrially advantageous reaction systems through simple
procedures, but also to isolate and purify the desired

product efficiently and industrially advantageously. The
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process of the present invention gives a high vyield of
the desired product and is therefore advantageous over
conventional processes in industrial applicability.
Further, it is an extremely excellent industrial process
from the viewpoints of cost, operations and safety.
Other objects, features, advantages and aspects of
the present invention would be clear to a person skilled
in the art from the following description. However, it
should be understood that the following description and
specific examples in the present specification illustrate
preferable embodiments of the present invention just for
the sake of explanation. From the teachings of the
following description and the rest of the present
specification, a person skilled in the art would readily
understand various possible changes and/or revisions
(modifications) within the intention in the present
invention and the scope of the present invention
disclosed in the present specification. All the patent
documents and reference documents referred to in the
present specification are referred to for the sake of
explanation, and their contents should be understood to
be incorporated in the present specification as part of

the present specification.

BEST MODE FOR CARRYING OUT THE INVENTION
It ig necessary to carry out the above-mentioned

step (1) at a sufficient alkali concentration, preferably
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at the highest possible alkali concentration or under
high alkali conditions. However, the presence of
crystals of the alkali unfavorably complicates the
procedure because filtration of the reaction mixture or a
large amcunt of water for their dissoclution would be
necessary. As the basic substance, alkali components
such as hydroxides and carbonates of alkali metals,
hydroxides and carbonates of alkaline earth metals may be
mentioned, and specifically, sodium hydroxide, potassium
hydroxide, sodium carbonate, potassium carbonate, sodium
hydrogen carbonate, potassium hydrogen carbonate, calcium
hydroxide, magnesium hydroxide, calcium carbonate and
magnesium carbonate may be mentioned. Sodium hydroxide,
potassium hydroxide, calcium hydroxide and magnesium
hydroxide are preferably mentioned. An alkali selected
from the group consisting of sodium hydroxide and
potassium hydroxide is preferred for industrial use.
Sodium hydroxide is particularly preferred because it is
industrially available at low prices. An alkali is
preferably present in the system in the form of an
aqueous solution. A solid alkali such as sodium
hydroxide may be added to the reaction system fér
adjustment of the alkali concentration. For simplicity,
the present invention will be described in reference to
sodium hydroxide as a typical example of the basic
substance, although other basic substances may be used

instead of sodium hydroxide.
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In the step (1), at least 2 mol, preferably from &
to 10 mol, of an alkali component, for example, at least
2 mol, preferably from 6 to 10 mol, of a 30-50% sodium
hydroxide aqueous solution, or the corresponding amounts
of an alkali such as sodium hydroxide and water, may be
present in the reaction system in relation to 1 mol of 2-
amino-3-chloro-5-trifluoromethylpyridine. The
concentration of the alkali aqueous solution such as the
above-mentioned sodium hydroxide agueous solution in the
reaction solution is preferably from 35 to 50%,
particularly preferably from 37 to 48%. The agqueous
solution or the corresponding amounts of an alkali such
as sodium hydroxide and water may be incorporated into
the reaction system by using an alkali aqueous solution
such as a sodium hydroxide aqueous solution preliminarily
prepared at a predetermined concentration, of course.
When a material containing water such as undried wet 2-
amino-3-chloro-5-trifluoromethylpyridine or a recycled
solvent is used for the reaction, a solid alkali such as
sodium hydroxide and water may be used by allowing for
the water in the material so that the above-mentioned
aqueous solution is obtained in the reactor, and the
present invention covers such a case. For example, the
concentration of an alkali agueous solution such as a
sodium hydroxide agueous solution in the reactiom system
may be raised as long as an alkali such as sodium

hydroxide does not remain in the crystalline or solid
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form in the reaction system at the time of isolation of
the desgired product.

In the step (1), the reaction is carried out in a
reaction system containing a substantial amount of water.
The substantial amount of water contained in the reaction
system means an amount sufficient not to leave the alkali
such as godium hydroxide in the crystalline or solid form
so that the alkali does not have to be separated by
solid-liguid separation such ag filtration or dissolved
by adding water when the desired product is isolated
after the reaction. For example, at least 7%, preferably
from 14.8 to 79%, of water may be present in relation to
the total of water and the solvent, and typically, from
20 to 40%, of water is present.

In the step (1), from 0.8 to 1.2 mol of 2,4-
dichloro-3,5~dinitrobenzotrifluoride may be used in
relation to 1 mol of 2-amino-3-chloro-5-
trifluoromethylpyridine. Preferably, from 1 to 1.05 mol
of 2,4-dichloro-3,5-dinitrobenzotriflucride may be used
in relation to 1 mol of 2-amino-3-chloro-5-
trifluoromethylpyridine. The reaction (1) is a
condensation reaction between 2-amino-3-chloro-5-
trifluoromethylpyridine and 2,4-~dichloxo-3,5-
dinitrobenzotrifluoride, and the two starting materials
are preferably used in a ratio within the above-mentioned
range by allowing for slight loss of the latter, though

they are used in equimolar amounts in theory.
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Nevertheless, their ratio may fall outside the above-
mentioned range.

In the step (1), from 50 to 1000 g, preferably from
100 to 700 g, of a solvent may be used in relation to 100
g of 2-amino-3-chloro-5-trifluoromethylpyridine. The
solvent used in the process of the present invention in
addition to the substantial amount of water is selected
from the group consisting of ketones, nitriles, ethers
and esters. As the solvent, a ketone such as acetone,
methyl isobutyl ketone (MIBK), methyl ethyl ketone, a
nitrile such as acetonitrile, an ether such as dimethyl
ether, diethyl ether, diisopropyl ether, methyl tert-
butyl ether, 1,2-dimethoxyethane, 1,2-diethoxyethane,
dioxane, cyclopentyl methyl ether, tetrahydropyran or
tetrahydrofuran, an ester such as a methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, tert-butyl ester of
acetic acid or the like may be mentioned. As the
solvent, preferred are methyl isobutyl ketcone (MIBK),
methyl ethyl ketone, acetonitrile, methyl tert-butyl
ether, 1,2-dimethoxyethane (DME), 1,2-diethoxyethane
(DEE) , dibxane, cyclopentyl methyl ether, tetrahydropyran
(THP) , tetrahydrofuran (THF), methyl acetate, ethyl
acetate, n-propyl acetate, isopropyl acetate, n-butyl
acetate, ilsobutyl acetate, tert-butyl acetate and the
like. The use of such a solvent is not only suitable for
attaining a higher yield in the reaction (1) but also

greatly simplifies the operations up to recovery of the
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desired product in the process of the present invention.
Such a solvent is migcible with water or forms a low-
boiling azeotrope with water.

The reaction procedure in the step (1) such as the
order in which the starting materials and the solvent are
fed into the reactor is determined congidering that the
reaction is exothermic and that 2,4-dichloro-3,5-
dinitrobenzotrifluoride is susceptible to hydrolysis.
The best procedure comprises firstly feeding 2-amino-3-
chloro-5-trifluoromethylpyridine and a given amount of a
solvent into the reactor, mixing them, then feeding an
alkali agueous solution such as a sodium hydroxide
aqueous solution and/or an alkali such as solid sodium
hydroxide, if necessary further adding water for
adjustment of the bagicity of the resulting solution,
mixing the resulting solution, cooling the resulting
mixture to 5-30°C for a while and feeding 2,4-dichloro-
3,5-dinitrobenzotrifluoride dissolved in the solvent.
The procedure may be appropriately modified in view of
the prices of the starting reaction materials to be used
and the reaction conditions.

The reaction temperature for the reaction is from 10
to 40°C, preferably from 15 to 35°C. The reaction time is
about from 0.5 to 5 hours, preferably about from 1.0 to
3.5 hours. The reaction may be carried out under an
atmosphere of an inert gas such as nitrogen or argon.

The progress and completion of the reaction can be
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monitored by instrumental analysis such as HPLC. After
completion of the reaction, the reaction mixture is
neutralized or acidified with an acid in order to
inactivate the excess base in the reaction mixture and
liberate the free reaction product from its salt with an
alkali such as sodium.

In the step (2), an acid is used to neutralize or
acidify the reaction mixture obtained after completion of
the reaction (1). The acid is preferably hydrochloric
acid or sulfuric acid in view of their industrial
availability, though any acid at any concentration may be
used as long as it can neutralize or acidify the reaction
mixture after completion of the reaction (1). The acid
is used in such an amount that it can neutralize oxr
acidify the reaction mixture. When the acid is used at a
high conéentration, water may be added to the reactor in
advance. For example, in the step (2), the reaction
mixture obtained after the step (1) may be adjusted to pH
2-7, preferably pH 5-6.

Further, in the step (2), the reaction mixture
obtained after the step (1) may be neutralized or
acidified directly, or the organic phase separated from
the reaction mixture may be neutralized or acidified. 1In
the process of the present invention, because the
reaction product is formed in the form of an alkali salt
such as a sodium salt and migrates into the organic

phase, there is no loss of the product at the time of
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separation of the reaction mixture after the reaction.
Addition of water to the reactor before the separation
removes the excess sodium hydroxide or the salt resulting
from the reaction such as sodium chloride and is
favorably keeps down the volume of the reaction system at
the time of the subsequent neutralization or
acidification of the organic phase.

In the step (3), 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine as the reaction product crystallizes in water
upon removal of the reaction solvent by distillation from
the organic phase neutralized or acidified in the step
(2), i.e., a mixture containing it and the solvent, or
upon addition of water to the mixture (containing 3-
chloro-N- (3-chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-
trifluoro-2,6-dinitro-p-toluidine as the reaction product
and the solvent) followed by removal of the solvent by
distillation..

When water is added in the step (3), the amount of
water does not influence the procedure in the step (3) in
a strict sense. However, use of an excessively small or
large amount of water makes inefficient recovery of the
precipitated crystals by filtration. After addition of a
given amount of water to the organic phase, the product
remains dissolved in the solvent, and as the solvent is
removed by distillation, the prodﬁct crystallizes in

water.
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The solvent in the step (3) ig the same solvent as
used in the step (1). The solvent may be removed by
distillation at a‘temperature of from 10 to 65°C,
optionally under reduced pressure. The removed solvent
is typically recovered as the water azeotrope and may be
recycled in the procéss of the present invention.

Crystals of the desired product obtained in the
present invention such as crystals of 3-chloro-N- (3-
chloro—S—trifluoromethyl-2—pyridy1)—u,a,a—trifluoro—z,G—
dinitro-p-toluidine (common name: fluazinam) are a known
compound disclosed in The Pesticide Manual Thirteenth
Edition and the like and are light yellow crystals having
a melting point of 115-117°C, called a-crystals. A
different form of crystals having a lower melting point
is called B-crystals. Stable production of o-crystals is
demanded from the viewpoint of manufacturing control.

In the step (3), crystallization may be carried out
in the presence of w-crystals of the product as a seed.
When such an operation is carried out, crystals
precipitate in the form of a-crystals. 1In this‘case, the
golvent may be distilled off in two steps by removing
about from 50 to 95% of the solvent, feeding a seed and
then removing the rest of the solvent. This operation
ensures precipitation and recovery of w«-crystals.

The crystals precipitated in water in the step (3)
can be recovered easily by ordinary filtrationm.

The crystals of 3-chloro-N- (3-chloro-5-
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trifluoromethyl-2-pyridyl) ~o, o, a-trifluoro-2, 6-dinitro-p-
toluidine which precipitate in the step (3) may be
purified by washing with hydrous isopropanol. In the
purification method by washing, the starting material may
preliminarily be washed with water before washed with
hydrous isopropanol. The water content of the hydrous
isopropanol used for the washing may be appropriately
selected so as not to substantially dissolve the desired
crystals of 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl)—a,a,a—trifluoro—2,6~dinitro—p—toluidine.
Isopropanol (IPA) with a low water content unfavorably
dissolves the desired crystals of 3-chloro-N-(3-chloro-5-
trifluoromethyl—2—pyridyl)—a,a(a—trifluoro—z,6—dinitro—p—
toluidine. Typically, at most 90% agueous isopropanol,
preferably at most 85% agueous isopropanol, is used. The
hydrous isopropanol is used in an amount of from 50 to
500 g, preferably from 100 to 200 g, in relation to 100 g
of crystals of the desired product as the starting
material.

The results of washing of the crystals of 3-chloro-
N- (3-chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-
2,6-dinitro-p-toluidine which precipitate in the step (3)
with hydrous isopropanol are described below. When the
starting crystals (PhOH derivative, 0.25; impurity 1,
0.63; impurity 2, 0.80; other impurities, 2.27; the
desired product, 96.05) were washed with 85% aqueous

isopropanol, crystals (PhOH derivative, 0; impurity 1, 0;
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impurity 2, 0; other impurities, 0.74; the desired
product, 99.26) were obtained after the washing. The
PhOH derivative means a decomposition product of 2,4-
dichloro-3,5-dinitrobenzotrifluoride (DCDNBTF), impurity
1 means 2-amino-3-chloro-5-triflucromethylpyridine
(ACTF), impurity 2 means DCDNBTF, and the desired product
means 3-chloro-N-(3-chloro-5-trifluoromethyl-2-pyridyl) -
o, 0, 0-trifluoro-2, 6-dinitro-p-toluidine.

The product, 3-chloro-N- (3-chloro-5-trifluoromethyl-
2-pyridyl) -o,a,a-trifluoro-2,6-dinitro-p-toluidine,
obtained is suitably dried under a reduced pressure to
give a highly pure dry product. In the method for drying
a product, optimum conditions can be selected
appropriately from conditions which do not cause
decomposition of the desired product, and for example,
the drying may be carried out under a reduced pressure of
at most 300 mmHg, or a reduced pressure of at most 200
mmHg. In the drying method, the product may be dried,
for example, at a temperature of 115°C or below, or at a
temperature of 70°C or below. The drying method can

efficiently provide a stable preparation of the pesticide
active ingredient with a good purity.

The crystals thus obtained are formulated with
various adjuvants into products in the forms of powders,
wettable powders, suspensions.

Now, the present invention will be described in

detail with reference to Examples. However, these
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Examples are mere concrete embodiments for the sake of
explanation and by no means limit or restrict the scope
of the present invention. It should be understood that
the present invention can be carried out in various modes
on the basis of the concept in the present specification.

All the Examples were carried out or can be carried
out by standard techniques common and conventiocnal to a
person skilled in the art.
EXAMPLE 1

33.7 g of 2-amino-3-chloro-5-trifluoromethylpyridine
(ACTF) (purity 99%, 0.170 mol), 130.3 g of MIBK and 14.5
g of water were fed into a four-necked flask equipped
with a stirrer, a thermometer and a dropping funnel and
then mixed with 109.61 g of a 48% NaOH aqueous solution
and 3.59 g of NaOH flakes (purity 99%) with stirring.
The resulting mixture was cooled to about 15°C, and 97.10
g (0.175 mol) of a 55% 2,4-dichloro-3,5-
dinitrobenzotrifluoride (DCDNBTF)/MIBK solution was added
dropwise while the temperature was kept at 30°C or below.
Then, the reaction was carried out at 20 to 30°C for

about 1 hour.

33.4 g of water was added to the reaction mixture,
and the aqueous phase which separated out as the lower
layer was removed. 73.5 g of water was added to the MIBK
layer, and then 70% sulfuric acid was added dropwise for
neutralization until the pH reached 5-6. The aqueous

layer as the lower layer was removed to obtain a MIBK
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solution of 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl) -a,a,a-trifluoro-2,6-dinitro-p-toluidine as the
reaction product. After addition of 68.2 g of water to
the MIBK solution, MIBK was removed by distillation under
a reduced pressure (150 mmHg) until the internal
temperature reached 57°C. Then, 0.07 g of o-crystals as
a seed and 111 g of water were added, and MIBK was
removed by distillation under a reduced pressure (140
mmHg) until the internal temperature reached 59°C.

The resulting slurry was filtered under a reduced
pressure, and the resulting cake was washed with 138 g of
water and 90.5 g of 85% isopropanol ag. The resulting
vellow crystals were dried at 60°C to give 69.0 g of 3-
chloro-N- (3-chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-

trifluoro-2,6-dinitro-p-toluidine.

EXAMPLE 2

24.8 g of ACTF (purity 99%, 0.125 mol) and 96 g of
ethyl acetate were fed into a four-necked flask equipped
with a stirref, a thermometer and a dropping funnel and
then mixed with 93.9 g of a 44% NaOH aqueous solution.
The resulting mixture was cooled to about 10°C, and 40.48
g of DCDNBTF powder (purity 98.3%, 0.131 mol) was added
while the temperature was kept at 30°C or below. Then,
the reaction was carried out at room temperature for
about 3 hours.

After addition of 64 g of water, the reaction

mixture was neutralized with 63.4 g of 70% sulfuric acid
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until the pH reached 5-6. The aqueous phase which
separated out as the lower layer was removed to obtain an
ethyl acetate solution of 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -a, o, a-trifluoro-2,6-dinitro-p-
toluidine as the reaction product.

50 g of water was added to the ethyl acetate
solution, and the ethyl acetate was removed by
distillation under a reduced pressure (250 mmHg). The
residue was slowly cooled to an internal temperature of
about 20°C, and the resulting slurry was filtered at a
reduced pressure. The resulting cake was washed with 100
g of water and 80 g of 85% IPA ag. The resulting yellow
crystals were dried at 60°C to give 47.0 g of 3-chloro-N-
(3—chloro—S—trifluoromethyl—2-pyridyl)—a,a,q—trifluoro—
2,6-dinitro-p-toluidine.

EXAMPLE 3

49.6 g of ACTF (purity 99%, 0.25 mol) and 192 g of
butyl acetate were fed into a four-necked flask:equipped
with a stirrer, a thermometer and a dropping funnel and
then mixed with 187.8 g of a 44% NaOH agueous solution
with stirring.

The resulting mixture was cooled to about 10°C, and
80.96 g of DCDNBTF powder (purity 98.3%, 0.262 mol) was
added while the temperature was kept at 30°C or below.
Then, the reaction was carried out at room temperature
for about 1.5 hours.

After addition of 128 g of water, the reaction
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mixture was neutralized with 126.8 g of 70% sulfuric acid
until the pH reached 5-6. The aqueous phase which
separated out as the lower layer was removed to obtain a
butyl acetate solution of 3-chloro-N- (3-chloro-5-
trifluoromethyl-2-pyridyl) -o,a,a-trifluocro-2, 6-dinitro-p-
toluidine ag the reaction product.

100 g of water was added to the butyl acetate
solution, and butyl acetate was removed by distillatiom
under a reduced pressure (130 mmHg) until the internal
temperature reached 50°C. After the solution returned to
ordinary temperature, 0.1 g of a-crystals of 3-chloro-N-
{(3-chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-
2,6-dinitro-p-toluidine were added as a seed, and
further, 163 g of water was added. Butyl acetate was
removed by distillation under a reduced pressure (120
mmHg) to an internal temperature of 45°C. The residue
was slowly cooled to an internal temperature of about
20°C, and the resulting slurry was filtered under a
reduced pressure. The resulting cake was washed with 200
g of water and 160 g of 85% IPA ag. The resulting yellow
crystals were dried at 60°C to give 100.44 g of 3-chloro-
N- (3-chloro-5-trifluoromethyl-2-pyridyl) -a, o, a-trifluoro-
2,6-dinitro-p-toluidine (mp. 117-119.5°C).

EXAMPLE 4

33.7 g of ACTF (purity 99%, 0.170 mol) and 144.8 g

of dioxane containing 10% water were fed into a four-

necked flask equipped with a stirrer, a thermometer and a
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dropping funnel and then mixed with 109.61 g of a 48%
NaOH aqueous solution and 3.59 g of NaOH flakes (purity
99%) with stirring. The resulting mixture was cooled to
about 15°C, and 97.10 g (0.175 mol) of a 55%
DCDNBTF/dioxane solution was added dropwise while the
temperature was kept at 30°C or below. Then, the
reaction was carried out at 20-30°C for about 2 hours.

33.4 g of water was added to the reaction mixture,
and the agueous layer which separated out as the lower
layer was removed. After addition of 73.5 g of water,
the dioxane layer was neutralized to pH 5-6 by adding 70%
sulfuric acid dropwise. The aqueous layer which
separated out as the lower layer was removed to obtain a
dioxane solution of 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o,a,a-trifluoro-2, 6-dinitro-p-
toluidine as the reaction product. 68.2 g of water was
added to the dioxane solution, and dioxane was removed by
distillation under a reduced pressure (250 mmHg) until
the internal temperature reached 56°C. After addition of
0.07 g of a-crystals as a seed, 111l g of water was added
dropwise to precipitate crystals. Further, dioxane was
removed by distillation under a reduced pressure (150
mmHg) until the internal temperature reached 60°C.

The resulting slurry was filtered under a reduced
pressure, and the resulting cake was washed with 138 g of
water and 90.5 g of 85% IPA ag. The resulting yvellow

crystals were dried at 60°C to give 74.0 g of 3-chloro-N-
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(3-chloro-5-trifluoromethyl-2-~pyridyl) -a, o, a-trifluoro-
2,6-dinitro-p-toluidine.

EXAMPLE 5

20.34 g of ACTF (purity 96.6%, 0.1 mol) and 76.4 g
of acetonitrile were fed into a four-necked flask
equipped with a stirrer, a thermometer and a dropping
funnel and then mixed with 70.3 g of a 44% NaOH aqueous
solution with stirring. The resulting mixture was cooled
to about 15°C, and 58.2 g of a 55% DCDNBTF/acetonitrile
solution (purity 97.6%) was added dropwise while the
temperature was kept at 30°C or below. Then, the
reaction was carried out at 20-25°C for about 3 hours.

19.7 g of water was added, and the aqueous layer
which separated out as the lower layer was removed.
After addition of 43.2 g of water, the acetonitrile layer
was neutralized to pH 5-6 by adding 70% sulfuric acid
dropwise. The aqueous layer which separated out as the
lower layer was removed to obtain an acetonitrile
solution of 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl) -o, o,0-trifluoro-2, 6-dinitro-p-toluidine as the
reaction procduct. 40.1 g of water was added to the
acetonitrile solution, and about 90 g of acetonitrile was
removed under a reduced pressure (150 mmHg). After
addition of a-crystals as a seed, 65.2 g of water was
added dropwise to precipitate crystals. Further,
acetonitrile was removed by distillation under a reduced

pressure (150 mmHg) until the internal temperature
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reached 60°C.

The resulting slurry was filtered under a reduced
pressure, and the cake was washed with 81.4 g of water
and 62.3 g of 85% IPA ag. The resulting yellow crystals
were dried at 50°C to give 40.1 g of 3-chloro-N- (3-
chloro-5-trifluoromethyl-2-pyridyl) -o, o, a-trifluorc-2, 6-
dinitro-p-toluidine.

EXAMPLE 6

20.34 g of ACTF (purity 96.6%, 0.1 mol) and 76.4 g
of DME were fed into a four-necked flask equipped with a
stirrer, a thermometer and a dropping funnel and then
mixed with 70.3 g of a 44% NaOH agueous solution with
stirring. 58.2 g of a 55% DCDNBTF/DME solution (purity
97.6%) was added while the temperature was kept at 30°C

or below. Then, the reaction was carried out at 25-30°C

for about 1 hour.

19.7 g of water was added to the reaction mixture,
and the aqueous layer which separated out as the lower
layer was removed. After addition of 43.2 g of water,
the DME layer was neutralized to pH 5-6 by adding 70%
sulfuric acid dropwise. The aqueous layer which
separated out as the upper layer was removed to obtain a
DME solution of 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl) -o,a,a-trifluoro-2,6-dinitro~-p-toluidine as the
reaction product.

40.1 g of water was added to the DME solution, and

DME was removed by distillation under a reduced pressure
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(250 mmHg) until the internal temperature reached to
55°C. After addition of o-crystals as a seed, 65.2 g of
water was added dropwise to precipitate crystals. DME
was further removed by distillation under a reduced
pressure (150 mmHg) until the internal temperature
reached 56°C.

The resulting slurry was filtered under a reduced
pressure, and the cake was washed with 81.4 g of water
and 62.3 g of 85% IPA ag. The resulting yellow crystals
were dried at 50°C to give 43.5 g of 3-chloro-N- (3-
chloro-5-trifluoromethyl-2-pyridyl) -, o, a-trifluoro-2, 6~
dinitro-p-toluidine.

EXAMPLE 7

20.34 g of ACTF (purity 96.6%, 0.1 mol) and 76.4 g
of DEE were fed into a four-necked flask equipped with a
stirrer, a thermometer and a dropping funnel and then
mixed with 70.3 g of a 44% NaOH aqueous solution with
stirring. 58.2 g of a 55% DCDNBTF/DEE solution (purity
97.6%) was added while the temperature was kept at 30°C
or below. Then, the reaction was carried out at 25-30°C
for about 5 hours.

19.7 g of water was added to the reaction mixture,
and the aqueous layer which separated out as the lower
layer was removed. After addition of 43.2 g of water,
the DEE layer was neutralized to pH 5-6 by adding 70%
sulfuric acid dropwise. The aqueous layer which

separated out as the lower layer was removed to obtain a
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DEE solution of 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-toluidine as the
reaction product.

40.1 g of water was added to the DEE solution, and
DEE was removed by distillation under a réduced pressure
(250 mmHg) until the internal temperature reached to
58°C. After addition of 60 g of water, DEE was removed
by distillation under a reduced pressure (80 mmHg) until
the internal temperature reached to 50°C. After addition
of oa-crystals as a seed, 60 g of water was added dropwise
to precipitate crystals. DEE was further removed by
distillation under a reduced pressure (80 mmHg) until the
internal temperature reached 45°C.

The resulting slurry was filtered under a reduced
pregsure, and the cake was washed with 81.4 g of water
and 62.3 g of 85% IPA ag. The resulting vellow crystals
were dried at 50°C to give 44.7 g of 3-chloro-N-(3-
chloro-5-trifluoromethyl-2-pyridyl) -o,o,a-trifluoro-2,6-
dinitro-p-toluidine.

EXAMPLE 8

20.34 g of ACTF (purity 96.6%, 0.1 mol) and 76.4 g
of THP were fed into a four-necked flask equipped with a
stirrer, a thermometer and a dropping funnel and then
mixed with 70.3 g of a 44% NaOH agueous solution with
stirring. The resulting mixture was cooled to about
15°C, and 58.0 g of a 55% DCDNBTF/THP solution (purity

97.2%) was added dropwise while the temperature was kept
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at 30°C or below. Then, the reaction was carried out at
20-25°C for about 6 hours.

15.7 g of water was added to the reaction mixture,
and the aqueous layer which separated out as the lower
layer was removed. After addition of 43.2 g of water,
the THP layer was neut?alized to pH 5-6 by adding 70%
sulfuric acid dropwise. The agueous layer which
separated out as the lower layer was removed to obtain a
THP solution of 3-chloro-N- (3-chloro-5-trifluoromethyl-2-
pyridyl) -o,o,a-trifluoro-2, 6-dinitro-p-toluidine as the
reaction product.

40.1 g of water was added to the THP solution, and
about 70 g of THP was removed by distillation under a
reduced pressure (150 mmHg). After addition of o-
crystals as a seed, 65.2 g of water was added dropwise to
precipitate crystals. Further, THP was removed by
distillation under a reduced pressure (150 mmHg) until
the internal temperature reached 60°C.

The resulting slurry was filtered under a reduced
pressure, and the cake was washed with 81.4 g of water
and 62.3 g of 85% IPA aqg. The resulting yvellow crystals
were dried at 50°C to give 42.7 g of 3-chloro-N-(3-
chloro-5-trifluoromethyl-2-pyridyl)-o, o, a-trifluoro-2,6-
dinitro-p-toluidine.

EXAMPLE 9
24.8 g of 2-amino-3-chloro-5-trifluoromethylpyridine

(ACTF) (purity 99%, 0.125 mol) and 95.8 g of THF were fed
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into a four-necked flask equipped with a stirrer, a
thermometer and a dropping funnel and then mixed with
93.9 g of 44% NaOH aqueous solution with stirring. The
resulting mixture was cooled to about 15°C, and 71.7 g
(0.129 mol) of a 55% 2,4-dichloro-3,5-
dinitrobenzotrifluoride (DCDNBTF) /THF solution was added
dropwise while the temperature was kept at 30°C or below.
Then, the reaction was carried out at 20-30°C for about 3
hours.

After addition of 126.6 g of water, the reaction
mixture was neutralized with 70% sulfuric acid to pH 5-6.
The agueous layer which separated out as the lower layer
was removed to obtain a THF solution of 3-chloro-N- (3-
chloro—S—trifluoromethyl—2—pyridyl)—a,a,a—trifluoro—Z,G—
dinitro-p-toluidine as the reaction product. 50 g of
water was added to the THF solution, and THF was removed
by distillation under a reduced pressure (250 mmHg) until
the internal temperature reached 57°C. The residue was
cooled slowly to an internal temperature of about 55°C,
and 91.2 g of water was added to precipitate crystals.
Further, THF was removed by distillation under a reduced
pressure (150 mmHg) until the internal temperature
reached 63°C.

The resulting slurry was filtered, and the cake was
washed with 136 g of water and 78.9 g of 85% agueous
isopropanol (IPA aqg.). The resulting yellow crystals

were dried at 60°C to give 55.2 g of 3-chloro-N- (3-
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chloro—S—trifluoromethyl-z—pyridyl)—a,a,a—trifluoro—z,G—
dinitro-p-toluidine.

EXAMPLE 10

33.7 g of ACTF (purity 99%, 0.170 mol) and 144.8 g
of THF containing 10% water were fed into a four-necked
flask equipped with a stirrer, a thermometer and a
dropping funnel and then mixed with 109.61 g of 48% NaOH
aqueous solution and 3.59 g of NaOH flakes (purity 99%)
with stirring. The resulting mixture was cooled to about
15°C, and 97.10 g (0.175 mol) of a 55% DCDNBTF/THF
solution was added dropwise while the temperature was
kept at 30°C or below. Then, the reaction was carried
out at 20-30°C for about 2 hours. 33.4 g of water was
added to the reaction mixture, and the aqueous layer
which separated out as the lower layer was removed.
After addition of 73.5 g of water, the THF layer was
neutralized to pH 5-6 by adding 70% sulfuric acid
dropwise. The aqueous layer which separated out as the
lower layer was removed to obtain a THF solution of 3-
chloro—N—(3—chloro—5—trif1uoromethy1—2—pyridyl)—a,a,a—
trifluoro-2,6-dinitro-p-toluidine as the reaction
product. 68.2 g of water was added to the THF solution,
and THF was removed by distillation under a reduced
pressure (250 mmHg) until the internal temperature
reached 56°C. After addition of 0.07 g of a-crystals as
a seed, 111 g of water was added dropwise to precipitate

crystals. Further, THF was removed by distillation under
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a reduced pressure (150 mmHg) until the internal
temperature reached 60°C.

The resulting slurry was filtered under a reduced
pressure, and the cake was washed with 138 g of water and
90.5 g of B5% IPA ag. The resulting vellow crystals were
dried at 60°C to give 74.7 g of 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine (mp. 117.5-120°C).

EXAMPLE 11

54.5 g of KOH (purity 85%) and 50.8 g of water were
fed into a four-necked flask equipped with a stirrer, a
thermometer and a dropping funnel, then cooled to 20-30°C
with stirring and mixed with 19.8 g of 2-amino-3-chloro-
5-trifluoromethylpyridine (ACTF) (purity 99%, 0.100 mol)
and 76.6 g of THF.

The resulting mixture was cooled to about 20°C, and
57.5 g (0.103 mol) of a 55% 2,4-dichloro-3,5-
dinitrobenzotrifluoride (DCDNBTF)/THF solution was added
dropwise while the temperature was kept at 30°C or below.
Then, the reaction was carried out at 20-30°C for 2
hours.

19.9 g of water was added to the reaction mixture,
and the aqueous layer was removed. After addition of
39,3 g of water, the organic layer was adjusted to pH 5-6
with 35% concentrated hydrochloric acid. The aqueous
layer was removed again to obtain a THF solution of 3-

chloro-N- (3-chloro-5-triflucromethyl-2-pyridyl) -o, o, o~
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trifluoro-2,6~dinitro-p-toluidine as the reaction
product.

40.1 g of water was added to the THF solution, and
THF was removed by distillation under a reduced pressure
(250 mmHg) until the internal temperature reached 52°C.
0.04 g of a-crystals were added as a seed at the same
internal temperature, and 65.3 g of water was added
dropwise to precipitate crystals. THF was further
removed by distillation under a reduced pressure (150
mmHg) until the internal temperature reached 62°C. After
completion of the removal of THF, 37.4 g of water was
added to improve dispersibility, and the slurry was
cooled to 25°C or below.

The slurry was filtered under a reduced pressure,
and the cake was washed with 81.4 g of water and 53.25 g
of 85% aqueous isopropanol (IPA aq). The resulting
yellow crystals were dried at 60°C to give 43.2 g 3-
chloro—N—(3—chloro—5—trifluoromethyl—2—pyridy1)—a,a,a—
trifluoro-2,6-dinitro-p-toluidine.
EXAMPLE 12

16.5 g of KOH (purity 85%) and 9.00 g of water were
fed into a four-necked flask equipped with a stirrer, a
thermometer and a dropping funnel, then cooled to 20-30°C
with stirring and mixed with 19.8 g of ACTF (purity 99%,
0.100 mol) and 76.6 g of THF.

The resulting mixture was cooled to about 20°C, and

57.5 g (0.103 mol) of a 55% DCDNBTF/THF solution was
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added dropwise while the temperature was kept at 30°C or
below. Then, the reaction was carried out at 20-30°C fof
about 22 hours.

49.9 g of water was added to the reaction mixture,
and the agqueous layer was removed. After addition of
39.3 g of water, the organic layer was adjusted to pH 5-6
with 35% concentrated hydrochloric acid. The agueous
layer was removed again to obtain a THF solution of 3-
chloro-N—(3-chloro—S—trifluoromethyl—2—pyridyl)—a,a,a~
trifluor0<2,6—dinitro—p—toluidine as the reaction
product.

40.1 g of water was added to the THF solution, and
THF was removed by distillation under a reduced pressure
(250 mmHg) until the internal temperature reached 60°C.
0.04 g of c-crystals were added as a seed at the same
internal temperature, and 65.3 g of water was added
dropwise to precipitate crystals. THF was further
removed by distillation under a reduced pressure (150
mmHg) until the internal temperature reached 60-62°C.
After completion of the removal of THF, 37.4 g of water
was added to improve dispersibility, and the slurry was
cooled to 25°C or below.

The slurry was filtered under a reduced pressure,
and the cake was washed with 81.4 g of water and 53.25 g
of 85% aqueous isopropanol (IPA aqg). The resulting
vellow crystals were dried at 60°C to give 40.2 g of 23-

chloro—N—(3—chloro—5—trifluoromethy1—2—pyridyl)—a,a,a—
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trifluoro-2,6-dinitro-p-toluidine.
EXAMPLE 13

59.4 g of KOH (purity 85%) and 84.9 g of water were
fed into a four-necked flask equipped with a stirrer, a
thermometer and a dropping funnel, then cooled to 20-30°C
with stirring and mixed with 19.8 g of ACTF (purity 99%,
0.100 mol) and 76.6 g THF.

The resulting mixture was cooled to about 20°c, and
57.5 g (0.103 mol) of a 55% DCDNBRTF/THF solution was
added dropwise while the temperature was kept at 30°C or

below. Then, the reaction was carried out at 20-30°C for

about 6 hours.

19.6 g of water was added to the reaction mixture,
and the aqueous layer was removed. After addition of
39.3 g of water, the organic layer was adjusted to pH 5-6
with 35% concentrated hydrochloric acid. The agueous
layer was removed again to obtain a THF solution of 3-
chloro—N—(3—chloro—S—trifluoromethy1—2—pyridyl)—a,a,a—
trifluoro-2,6-dinitro-p-toluidine as the reaction
product.

40.1 g of water was added to the THF solution, and
THF was removed by distillation under a reduced pressure
(250 mmHg) until the internal temperature reached 56°C.
0.04 g of o-crystals were added as a seed at the same
internal temperature, and 65.3 g of water was added
dropwise to precipitate crystals. THF was further

removed by distillation under a reduced pressure (150
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mmHg) until the internal temperature reached 60°C. After
completion of the removal of THF, 37.4 g of water was added
to improve dispersibility, and the slurry was cooled to 25°C
or below.

The slurry was filtered under a reduced pressure, and
the cake was washed with 81.4 g of water and 53.25 g of 85%
aqueous isopropanol (IPA ag). The resulting yellow crystals
were dried at 60°C to give 41.9 g of 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl)-o, o, a-trifluoro-2,6-dinitro-p-

toluidine.

EXAMPLE 14

24.81 g of 2-amino-3-chloro-5-trifluoromethylpyridine
(ACTF) (0.125 mol, purity 99%, water content 0.03 %) and
95.8 g of THF were fed into a four-necked flask equipped
with a stirrer, a thermometer and a dropping funnel and then
mixed with 93.9 g of 44% NaOH aqueous solution with
stirring. The resulting mixture was cooled to about 15°C,
and 71.7 g (0.129 mol) of a 55% 2,4-dichloro-3,5-
dinitrobenzotrifluoride (DCDNBTF)/THF solution was added:
dropwise while the temperature was kept at 30°C or below.
Then, the reaction was carried out at 20-30°C for about 2
hours.

After addition of 126.6 g of water, the reaction
mixture was neutralized with 70% sulphuric acid to pH 5-6.
The aqueous layer which separated out as the lower layer was
removed to obtain a THF solution of 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine as the reaction product. 91.2 g of water was added
to the THF solution, and THF was removed by distillation

under a reduced pressure (250 mmHg) until the internal

R
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temperature reached 57°C. The residue was cooled slowly to
an internal temperature of about 55°C, and 91.2 g of water
was added to precipitate crystals. Further, THF was removed
by distillation under a reduced pressure (150 mmHg) until
the internal temperature reached 63°C.

The resulting slurry was filtered, and the cake was
washed with 136.7 g of water and 78.3Ag of 85% agueous
isopropanol (IPA aqg). The resulting yellow crystals were
dried at 60°C to give 54.4 g o £ 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o,o,a-trifluoro-2,6-dinitro-p-
toluidine (purity 97.2%, yield 91.0%).

COMPARATIVE EXAMPLE 1

To a four-necked flask equipped with a stirrer, a
thermometer and a dropping funnel, the following reagents
were added sequentially: 24.8 g of ACTF (0.125 mol, purity
99.0%, water content 0.03 %), 39.6 g of DCDNBTF powder
(purity 99.1%, 1.03 eq/ACTF), 141.6 g of MIBK (X 1133 g/ACTF
mol) and 2.3 g of water (corresponding to 1.6 w/w% in
relation to the total of water and MIBK).

The resulting mixture was cooled to about 15°C, and
28.88 g of KOH(s) (purity 85%, containing 15% of water of
crystallization, X3.5 eq/ACTF) was added in several portions
while the temperature was kept at 15-30°C. After the
addition of KOH, the mixture was stirred further at a
temperature of 25-30°C for 2.0 hours until there was no
further consumption of reagents (as determined by HPLC) .

The mixture was acidified to pH 5-6 by the addition of 223.0
g of HC1l-5% at 30°C or below. After washing, the agueous
layer which separated out as the lower layer was removed.
The organic layer was washed with 166.6 g of NaCl-5% agqueous

solution, and the aqueous layer as the lower layer was
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removed. Water was added to the organic layer, and MIBK was
removed by distillation under a reduced pressure until the
internal temperature reached 60°C, 85 g of water was added
further, and MIKB was removed by azeotropic distillation to
obtain 56.9 g of crude 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine. The crude product was dissolved in 284.8 g (5
times as much as the crude product) of ethanol at 45-50°C
and cooled to room temperature overnight, and the
precipitated crystals were collected by filtration, dried at
60°C to obtain 26.7 g of the product (purity 97.6%, yield

44.8%) as a yellow powder.

INDUSTRIAL APPLICABILITY

The present invention makes it possible to efficiently
obtain a highly pure preparation of a pesticide activé
ingredient, fluazinam, in good yields and in an industrially
advantageous manner and makes it possible to isolate and
purify the desired product from the reaction system for its
synthesis and obtain a dry preparation of the desired
product efficiently at low cost with simple operations.

Therefore, the process of the present invention is an

industrially excellent process.
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It is clear that the present invention can be practiced
in other modes than those described herein or in the
Examples. In view of the teachings herein, many revisions
and/or variations on the present invention are possible and
fall within the scope of the claims attached hereto.

The entire disclosures of Japanese Patent Application
No. 2007-202210 filed on August 2, 2007, Japanese Patent
Application No. 2007-202220 filed on August 2, 2007,
Japanese Patent Application No. 2007-266000 filed on October
12, 2007 and Japanese Patent Application No. 2008-037841
filed on February 19, 2008 including specifications, claims
and summaries are incorporated herein by reference in their
entireties.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.

The reference in this specification to any prior
publication (or information derived from it), or to any
matter which 1s known, 1s not, and should not be taken as an
acknowledgment or admission or any form of suggestion that
that prior publication (or information derived from it) or
known matter forms part of the common generél knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for producing 3-chloro-N-{3-chloro-5-
trifluoromethyl-2-pyridyl) -a, «,a-trifluoro-2,6-dinitro-p-
toluidine, which comprises (1) a step of reacting 2-amino-3-
chloro-5-trifluoromethylpyridine and 2,4-dichloro-3,5-
dinitrobenzotrifluoride in the presence of an alkali
component selected from the group consisting of hydroxides
and carbonates of alkali metals and hydroxides and
carbonates of alkaliline earth metals as a basic substance, a
solvent selected from the group consisting of ketones,
nitriles, ethers and esters and a sufficient amount of water
to substantially dissolve the alkali component, (2) a step
of neutralizing or acidifying the reaction mixture with an
acid and (3) a step of removing the solvent from a mixture
containing 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl)-o, o, a-trifluoro-2,6-dinitro-p-toluidine as the
reaction product and the reaction solvent by distillation to
precipitate crystals of the product, wherein in step (1},
water is present in an amount of 20-40% in reaction to the

total of water and the solvent.

2. The process according to Claim 1, wherein the basic
substance is sodium hydroxide or potassium hydroxide, and

the solvent is a ketone, a nitrile, an ether or an ester.

3. The process according to Claim 1 or Claim 2, wherein

the solvent 1s dioxane.
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4. The process according to Claim 1 or Claim 2, wherein
the solvent is ethyl acetate.
5. The process according to Claim 1 or Claim 2, wherein
the solvent 1s butyl acetate.
6. The process according to Claim 1 or Claim 2, wherein

the solvent is methyl isobutyl ketone.

7. The process according to Claim 1 or Claim 2, wherein

the solvent is tetrahydrofuran.

8. The process according to any one of Claims 1 to 7,

wherein the acid is hydrochloric acid.

9. The process according to any one of Claims 1 to 7,

wherein the acid is sulfuric acid.

10. The process according to any one of Claims 1 to 9,
wherein in the step (1), a 35-50% sodium hydroxide aqueous
solution or a corresponding amount of a mixture of a sodium
hydroxide aqueous solution, solid sodium hydroxide and water
is present in an amount of at least 2 mol in relation to

1 mol of 2-amino-3-chloro-5-trifluoromethylpyridine.

11. The process according to any one of Claims 1 to 10,
wherein in the step (1), 2,4-dichloro-3,5-
dinitrobenzotrifluoride is used in an amount of from 0.8 to
1.2 mel in relation to 1 mol of 2-amino-3-chloro-5-

trifluoromethylpyridine.
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12. The process according to any one of Claims 1 to 11,
wherein the solvent is used in an amount of from 50 to
1000 g in relation to 100 g of 2-amino-3-chloro-5-

trifluoromethylpyridine.

13. The process according to any one of Claims 1 to 12,
wherein in the step (2), the reaction mixture is separated,
and the organic phase is neutralized or acidified with the

acid.

14. The process according to any one of Claims 1 to 13,

wherein the pH is adjusted to 2 to 7 with the acid.

15. The process according to any one of Claims 1 to 14,

wherein in the step (3), the mixture containing 3-chloro-N-
(3-chloro-5-trifluoromethyl-2-pyridyl) -o,a,a-trifluoro-2,6-
dinitro-p-toluidine as the reaction product and the reaction
solvent is mixed with water and then the solvent is removed

by distillation to precipitate crystals of the product.

16. The process according to any one of Claims 1 to 15,
wherein in the step (3), the crystals are precipitated in
the presence of oa-crystals of the reaction product as a

seed.

17. A process for producing 3-chloro-N-(3-chloro-5-
trifluoromethyl-2-pyridyl) -o, o, a-trifluoro-2,6-dinitro-p-
toluidine, which comprises reacting 2-aminc-3-chloro-5-
trifluoromethylpyridine and 2,4-dichloro-3,5-
dinitrobenzotrifluoride in the presence of an alkali
component selected from the group consisting of sodium

hydroxide and potassium hydroxide, a solvent selected from
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the group consisting of ketones, nitriles, ethers and esters

and a sufficient amount of water to substantially dissolve
the alkali component, wherein in the step (1), water 1is
present in an amount of 20-40% in reaction to the total of

water and the solvent.

18. Process according to Claim 1 or Claim 17, substantially

as hereinbefore described with reference to any one of the

examples.

19. 3-chloro-N-(3-chloro-5-trifluoromethyl-2-pyridyl) -
o,o,0-trifluoro-2,6-dinitro-p-toluidine prepared by the

process according to any one of Claims 1 to 18.

20. 3-chloro-N-(3-chloro-5-trifluoromethyl-2-pyridyl) -
o,0,-trifluoro-2,6-dinitro-p-toluidine prepared according
to Claim 19 substantially as hereinbefore described with

reference to any one of the examples.
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