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DESCRIPTION

Technical Field

[0001] The present invention belongs to the technical field of organic synthesis and relates to a
method for preparing azoxystrobin.

Background

[0002] Azoxystrobin is a novel, high-efficient, broad-spectrum, systemic fungicide that can be
used for spraying on stems and leaves, and seed processing as well as soil processing.
However, there exist some problems in the synthesis of azoxystrobin including, for example,
the impossibility of catalyst recycling, the high costs, the difficulties in post-processing and the
low yields, which affect the application of azoxystrobin.

[0003] CN101163682 discloses a method for preparing azoxystrobin by reacting 2-
cyanophenol with a compound represented by formula (1) under the catalysis of DABCO. The
amount of DABCO used in this method is 0.1-2% in mole relative to the compound represented

by formula (1) and the compound represented by formula (l) has a structure of
NP

AN

CN w
wherein w is methyl (E)-2-(3-methoxy) acrylate group, i.e. C(CO2CH3)=CHOCHS3, or methyl 2-
(3,3-dimethoxy) propionate group, i.e. C(CO,CH3)CH(OCHa3)5, or a mixture of the two groups.

In this method, the reaction yield can reach 98.7% with the catalyst DABCO in a polar aprotic
solvent DMF having a high boiling point (150 °C). During post-processing, the DMF is firstly
removed by vacuum distillation and then toluene and water are added and stirred until
stratification, to provide a toluene solution containing azoxystrobin. Most of the catalyst comes
into wastewater due to the good water solubility of DABCO and the catalyst DABCO cannot be
recycled due to its high boiling point (174 °C), resulting in increased costs and high total
nitrogen and COD in wastewater, which are difficult to process. During the post-processing of
this method, there is a need for high vacuum distillation (to remove DMF at 100 °C), which
increases the difficulties in workshop operation, as well as a need for subsequent addition of
toluene and water, which causes a cumbersome operation.

[0004] In addition, EP0794177 discloses a method for synthesizing an asymmetric 4,6-
disubstituted pyrimidine by reacting a substituted chloropyrimidine compound with
trimethylamine to form a substituted pyrimidine halogenated quaternary ammonium salt, in
which the amount of trimethylamine is 3 times more than that of the substituted



DK/EP 3476838 T3

chloropyrimidine. The substituted pyrimidine halogenated quaternary ammonium salt is
separated and subjected to a reaction with a phenolic compound in an organic solvent to
prepare an asymmetric, 4,6-disubstituted pyrimidine compound. The amount of trimethylamine
used in this method is large; and the obtained quaternary ammonium salt needs to be
separated, and the separation yield is low, only about 80%; in addition, two steps are needed
to obtain 4,6-disubstituted pyrimidine compound, which causes a cumbersome industrial
operation.

[0005] Related technologies are known from WO 2008/043977A1.

[0006] Therefore, such a method for preparing azoxystrobin is desired in the art that in this
method the catalyst can be recycled, the total nitrogen and COD in wastewater are reduced
and a "one-pot synthesis" can be achieved, and the method is convenient for industrial
operation, has the advantages of environmental protection and high yield.

Summary of the Invention

[0007] In view of the deficiencies of the prior art, the object of the present invention is to
provide a method for preparing azoxystrobin, which overcomes the problems in the prior art
including the impossibility of catalyst recycling, the high cost, the difficulties in recycling, and
the cumbersome industrial process. The catalyst is easily recycled, the product yield is high,
and a "one-pot synthesis" is achieved in the technical scheme of the present invention, and it is
convenient for industrial application.

[0008] The following technical solutions are adopted by the present invention to achieve the
object.

[0009] The present invention provides a method for preparing azoxystrobin, comprising:
reacting 2-cyanophenol or a salt thereof with a compound represented by formula | under the
catalysis of a trimethylamine catalyst to obtain azoxystrobin represented by formula Il:

o) o)
oy o CN oYY o7
N Yy °
Na N NN
Formula | Formula 1.

[0010] The present invention provides a method for preparing azoxystrobin, which is
performed by using a trimethylamine catalyst for catalyzing, allowing 2-cyanophenol or a salt
thereof to be reacted with a compound represented by formula | to obtain azoxystrobin and
allowing the yield of the product azoxystrobin to reach 98% or more and the post-processing to
be simple. The trimethylamine catalyst can be recycled and reused in synthesizing the target
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product azoxystrobin, which not only reduces the cost but also reduces the total nitrogen and
COD in wastewater. The advantages regarding of cost and environmental protection in the
method according to the present invention are significant and thus the method is suitable for
industrial production.

[0011] Preferably, the trimethylamine catalyst is trimethylamine, a trimethylamine solution, or a
salt of trimethylamine. That is, in the present invention, the trimethylamine can be pure
trimethylamine (i.e. trimethylamine which is in the form of gas at normal temperature and
pressure), and can also be a trimethylamine solution or a salt forming from trimethylamine.

[0012] Preferably, the trimethylamine solution is any one selected from the group consisting of
a trimethylamine solution in water, a trimethylamine solution in methanol, a trimethylamine
solution in ethanol, a trimethylamine solution in toluene and a trimethylamine solution in xylene,
or a combination of at least two selected therefrom.

[0013] In the present invention, the concentration of the trimethylamine solution used is 10-
60%, for example 10%, 12%, 15%, 18%, 20%, 25%, 30%, 35%, 40%, 45% , 50%, 55% or 60%,
preferably 20-33%. The trimethylamine solutions are commercially available products or can
be prepared by processing trimethylamine gas.

[0014] Preferably, the salt of trimethylamine is any one selected from the group consisting of
trimethylamine hydrochloride, trimethylamine sulfate and trimethylamine methanesulfonate, or
a combination of at least two selected therefrom, and may also be a trimethylamine
hydrochloride solution in water. Wherein, the content of trimethylamine hydrochloride is 98%,
which is commercially available industrial product or customized, the concentration of the
trimethylamine hydrochloride solution in water is 15% or more.

[0015] The reaction is performed in a non-polar inert solvent; preferably, the non-polar inert
solvent is toluene, xylene or butyl acetate, preferably toluene.

[0016] The reaction of the present invention is performed under the catalysis of trimethylamine
and in a non-polar inert solvent. When the reaction is completed, water is added directly.
Layers are separated to obtain an organic phase containing azoxystrobin, and the measured
reaction yield can reach 98% or more. An azoxystrobin crude product is obtained by
desolvation, then methanol and water are added to crystallize to provide the final product with
a yield of 95% or more and a product content of 98% or more.

[0017] Surprisingly, the solvent used in the reaction and the solvent used in the post-
processing of the present invention can be selected as the same solvent, which omits a
desolvation process under high vacuum, saves equipments and operating time, is convenient
for production application and improves production efficiency without affecting the yield.

[0018] In the present invention, the salt of 2-cyanophenol is potassium 2-cyanophenoxide, and
both the 2-cyanophenol and the potassium 2-cyanophenoxide may be commercially available
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products.

[0019] In the present invention, the reaction should be performed in the presence of an acid
acceptor, and the suitable acid acceptor is potassium carbonate and/or sodium carbonate. The
acid acceptor is present so that the trimethylamine catalyst does not react with hydrochloric
acid and remains in a free state, maintaining the catalytic activity until the reaction is
completed.

[0020] In the present invention, the reaction has the equation as following:
O

L

o™ 0

OI i rimnea Ilylamlne ' 0
f'ﬁ.}r % @ Cata'yst vj \]%"N ﬂ/ O

NN - “acid acceptor acceplor N N

S

[0021] In the present invention, the chemical name of the compound represented by formula |
may be methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate.

[0022] In the present invention, the amount of the trimethylamine catalyst is 0.5-15 mol%, for
example 0.5 mol%, 0.6 mol%, 0.8 mol%, 1 mol%, 3 mol%, 5 mol%, 7 mol %, 9 mol%, 10 mol%,
12 mol% or 15 mol% of the compound represented by formula I.

[0023] Preferably, the molar ratio of 2-cyanophenol or a salt thereof to the compound
represented by formula | is (1-1.5):1, for example 1:1, 1.1:1, 1.2:1, 1.3:1, 1.4:1 or 1.5:1, etc,,
preferably (1-1.2):1.

[0024] Preferably, the molar ratio of the acid acceptor to the compound represented by
formula | is (0.6-2):1, for example 0.6:1, 0.7:1, 0.8:1, 0.9:1, 1:1, 1.2:1, 1.4:1, 1.6:1, 1.8:1 or 2:1,
etc., preferably (0.7-1):1.

[0025] Preferably, the reaction is performed at a temperature of 50-120 °C, for example 50 °C,
60 °C, 70 °C, 80 °C, 90 °C, 100 °C, 110 °C or 120 °C, etc.

[0026] Preferably, the reaction is performed for 5-20 h, for example 5 h, 8 h, 10 h, 12 h, 14 h,
16 h, 18 hor 20 h.

[0027] As a preferred technical solution of the present invention, the method for preparing
azoxystrobin specifically comprises the following steps of:

reacting 2-cyanophenol or a salt thereof with a compound represented by formula | in a non-
polar inert solvent at 50-120 °C under the catalysis of a trimethylamine catalyst to obtain the
azoxystrobin represented by formula Il, wherein the molar ratio of 2-cyanophenol or a salt
thereof to the compound represented by formula | is (1-1.5):1, the molar ratio of the acid
acceptor to the compound represented by formula | is (0.6-2):1, and the amount of the
trimethylamine catalyst is 0.5-15 mol% of the compound represented by formula I;
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adding water directly to wash, desolventizing to obtain a crude product and then crystallizing
the solvent to provide an azoxystrobin product during the post-processing.

[0028] In the present invention, the trimethylamine catalyst can be recycled. Most surprisingly,
the trimethylamine catalyst (boiling point being 2.9 °C) can be recycled by multistage
absorption recycling techniques with ammonia or amine-based gas which are well-known to
those skilled in the art. The wastewater which is separated in the synthesis of azoxystrobin is
collected and subjected to vacuum, azeotropic distillation or purged with an inert gas such as
nitrogen to provide a gas mixture. The gas mixture is subjected to a multistage absorption with
water, 15-25% aqueous hydrochloric acid solution, methanol or ethanol to obtain a
trimethylamine solution in water, methanol or ethanol with a concentration up to 10-30%. The
trimethylamine thus can be recycled with a recycling rate of 90% or more, which meets the
synthesis of the azoxystrobin product, greatly reduces the total nitrogen and COD in water, and
reduces the pressure of environmental protection.

[0029] The cost is reduced in the present invention by catalyzing the reaction with the
trimethylamine catalyst. For example, the amount of DABCO catalyst, which is used in the
synthesis of azoxystrobin in the prior art, is 0.1-2%. However, the price of DABCO is high, and
the price of industrial products with a concentration of 100% is up to 60,000-70,000 Yuan/ton
(market price in October 2017), while the price of trimethylamine with a concentration of 100%,
which is a commonly used chemical, is 8,000 to 9,000 Yuan/ton (market price in October
2017). The amount of trimethylamine used in the present invention is within the range of
catalyst (that is, 0.5-15mol% of the raw materials). Although the amount of trimethylamine used
is higher than that of DABCO, the molecular weight of trimethylamine (molecular weight being
59.11) is smaller than that of DABCO (molecular weight being 112.17), resulting that the actual
amount of trimethylamine used is only 3-4 fold of that of DABCO. Therefore, the cost of the
trimethylamine catalyst is less than 50% of DABCO catalyst required in synthesizing one ton of
azoxystrobin product. In addition, the recycling rate of trimethylamine can reach 90% or more
in the present invention. The catalyst cost of the present invention is significantly reduced
compared to the prior art.

[0030] In the present invention, the recycled trimethylamine catalyst can be reused in
synthesizing the target product azoxystrobin, which not only reduces the cost but also reduces
the ammoniacal nitrogen and the COD content in wastewater, and remains a good catalytic
effect, providing an azoxystrobin product with a high yield.

[0031] Compared with the prior art, the present invention has the following benefits:

The present invention provides a method for preparing azoxystrobin, which is performed by
using a trimethylamine catalyst for catalyzing, allowing 2-cyanophenol or a salt thereof to be
reacted with a compound represented by formula | to obtain azoxystrobin and allowing the
reaction yield of the product azoxystrobin to reach 98% or more and the post-processing to be
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simple. The trimethylamine catalyst can be recycled to reuse for the synthesis of the target
product azoxystrobin, which not only reduces the cost but also reduces the ammoniacal
nitrogen and COD content in wastewater. The advantages regarding of cost and environmental
protection in the method according to the present invention are significant and thus the method
is suitable for industrial production.

Detailed Description

[0032] The technical solutions of the present invention are further described below by using
specific embodiments. It should be understood by those skilled in the art that the examples are
merely to help understand the present invention and should not be construed as specific
limitations to the present invention.

[0033] The contents of the raw materials or products are represented by mass percentages in
the following examples and the abbreviations of the raw materials involved refer to the
following chemical names:

DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene

DMAP: 4-dimethylaminopyridine.

Example 1

[0034] In this example, a trimethylamine solution in water with the amount of 8 mol% of methyl
(E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 3.58 g (0.02 mol, having a concentration of 33%) of
trimethylamine solution in water were added sequentially into a 500 mL reaction flask, stirred,
heated to 80 °C and incubated for 8 h. When the reaction was completed, 100 g of water was
added. Layers were separated to obtain 253.59 g of a toluene solution of azoxystrobin, with a
content of 40.21% (w/w), which is 98.9% of the theoretical value.

[0035] The toluene solution of azoxystrobin described above was distilled under reduced
pressure. Distillation was stopped when the temperature in the reaction flask was 110 °C, and
then the temperature was reduced to 70 °C. 70g of methanol and 5 g of water were added and
stirred. The temperature was held at 70-80 °C for 1 h, and then slowly reduced to 0-5 °C,
holding for 2 h. The mixture was filtered, washed twice with cold methanol (10 g x 2) and dried
to obtain 98.72 g of azoxystrobin as a white solid with a content of 98.21% and a yield of
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96.14%.

[0036] The resulting product was characterized by NMR, the structure was characterized as

follow: "H NMR (400 MHz, CDClI53): d 3.61 (s, 3H, OCHs3), 8 3.77 (s, 3H, OCH3), 5 6.44 (s, 1H,
Py-H), 8 7.24-7.45 (m, 6H, Ar-H), 8 7.51 (s, 1H, C=CH), 6 7.67-7.74 (m, 2H, Ar-H), 8.42 (s, 1H,
Py-H).

Example 2

[0037] In this example, a trimethylamine solution in water with the amount of 15 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 8.96 g (0.0375 mol, having a concentration of 33%) of
trimethylamine solution in water were added sequentially into a 500 mL reaction flask, stirred,
heated to 80 °C and incubated for 4 h. When the reaction was completed, 100 g of water was
added. Layers were separated to obtain 247.34 g of a toluene solution of azoxystrobin, with a
content of 41.21% (w/w), which is 98.94% of the theoretical value.

[0038] The post-processing was performed as Example 1 to provide 98.92g of azoxystrobin
with a content of 98.43% and a yield of 96.55%.

Example 3

[0039] In this example, a trimethylamine solution in water with the amount of 8 mol% of methyl
(E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst and
potassium 2-cyanophenoxide was used as a raw material to synthesize azoxystrobin. The
specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 43.67 g (0.275 mol, 99%) of potassium 2-cyanophenoxide,
8.63 g (0.025 mol, having a concentration of 40%) of potassium carbonate solution in water
and 3.58 g (0.02 mol, having a concentration of 33%) of trimethylamine solution in water were
added sequentially into a 500 mL reaction flask, stirred, heated to 80 °C and incubated for 10
h. When the reaction was completed, 100 g of water was added. Layers were separated to
obtain 247.16 g of a toluene solution of azoxystrobin, with a content of 41.24% (w/w), which is
98.94% of the theoretical value.

[0040] The post-processing was performed as Example 1 to provide 98.68g of azoxystrobin
with a content of 98.23% and a yield of 96.12%.
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Example 4

[0041] In this example, a trimethylamine solution in methanol with the amount of 8 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 3.58 g (0.02 mol, having a concentration of 33%) of
trimethylamine solution in methanol were added sequentially into a 500 mL reaction flask,
stirred, heated to 80 °C and incubated for 8 h. When the reaction was completed, 100 g of
water was added. Layers were separated to obtain 249.90 g of a toluene solution of
azoxystrobin, with a content of 40.97% (w/w), which is 98.5% of the theoretical value.

[0042] The post-processing was performed as Example 1 to provide 98.49g of azoxystrobin
with a content of 98.16% and a yield of 95.87%.

Example §

[0043] In this example, a trimethylamine hydrochloride with the amount of 8 mol% of methyl
(E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 1.95 g (0.02 mol, having a content of 98%) of
trimethylamine hydrochloride were added sequentially into a 500 mL reaction flask, stirred,
heated to 80 °C and incubated for 8 h. When the reaction was completed, 100 g of water was
added. Layers were separated to obtain 250.61 g of a toluene solution of azoxystrobin, with a
content of 41.02% (w/w), which is 98.10% of the theoretical value.

[0044] The post-processing was performed as Example 1 to provide 97.90g of azoxystrobin
with a content of 98.25% and a yield of 95.38%.

Example 6

[0045] In this example, a trimethylamine solution in water with the amount of 0.5 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 0.22 g (0.00125 mol, having a concentration of 33%) of
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trimethylamine solution in water were added sequentially into a 500 mL reaction flask, stirred,
heated to 80 °C and incubated for 18 h. When the reaction was completed, 100 g of water was
added. Layers were separated to obtain 252.74 g of a toluene solution of azoxystrobin, with a
content of 41.87% (w/w), which is 95.30% of the theoretical value.

[0046] The post-processing was performed as Example 1 to provide 95.13g of azoxystrobin
with a content of 98.11% and a yield of 92.55%.

Example 7

[0047] In this example, a trimethylamine solution in water with the amount of 0.5 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy] phenyl]-3-methoxyacrylate was used as a catalyst
to synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 45.12g (0.375 mol, 99%) of 2-cyanophenol, 20.91 g (0.15
mol, 99%) of potassium carbonate and 0.22 g (0.00125 mol, having a concentration of 33%) of
trimethylamine solution in water were added sequentially into a 500 mL reaction flask, stirred,
heated to 50 °C and incubated for 20 h. When the reaction was completed, 100 g of water was
added. Layers were separated to obtain 261.07 g of a toluene solution of azoxystrobin, with a
content of 40.1% (w/w), 96.33% of the theoretical value.

[0048] The post-processing was performed as Example 1 to provide 97.2g of azoxystrobin with
a content of 98.1 % and a yield of 94.55%.

Example 8

[0049] In this example, a trimethylamine solution in methanol with the amount of 8 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy] phenyl]-3-methoxyacrylate was used as a catalyst
to synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 30.08 g (0.25 mol, 99%) of 2-cyanophenol, 34.85 g (0.25
mol, 99%) of potassium carbonate and 3.58 g (0.02 mol, having a concentration of 33%) of
trimethylamine solution in methanol were added sequentially into a 500 mL reaction flask,
stirred, heated to 120 °C and incubated for 5 h. When the reaction was completed, 100 g of
water was added. Layers were separated to obtain 252.29 g of a toluene solution of
azoxystrobin, with a content of 40.83% (w/w), which is 97.9% of the theoretical value.

[0050] The post-processing was performed as Example 1 to provide 97.45g of azoxystrobin
with a content of 98.2% and a yield of 94.89%.

Example 9
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[0051] In this example, a trimethylamine solution in methanol with the amount of 8 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate was used as a catalyst to
synthesize azoxystrobin. The specific preparation method was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 39.11 g (0.325 mol, 99%) of 2-cyanophenol, 69.7 g (0.5 mol,
99%) of potassium carbonate and 3.58 g (0.02 mol, having a concentration of 33%) of
trimethylamine solution in methanol were added sequentially into a 500 mL reaction flask,
stirred, heated to 100 °C and incubated for 12 h. When the reaction was completed, 100 g of
water was added. Layers were separated to obtain 244.19 g of a toluene solution of
azoxystrobin, with a content of 41.8% (w/w), which is 98.8% of the theoretical value.

[0052] The post-processing was performed as Example 1 to provide 98.31g of azoxystrobin
with a content of 98.23% and a yield of 95.76%.

Comparative Example 1

[0053] Azoxystrobin was synthesized in the absence of any catalyst in this example. The
specific preparation method was as following:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol and 27.88 g (0.2
mol, 99%) of potassium carbonate were added sequentially into a 500 mL reaction flask,
stirred, heated to 80 °C and incubated for 8 h. The reaction was monitored and detected,
showing that the conversion rate of the raw material (methyl (E)-2-[2[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate) was only about 10%. 100 g of water was added. Layers were
separated to obtain 245.38 g of a toluene solution of azoxystrobin. The content was measured
to be 3.32% (w/w), which is 8.08% of the theoretical value. No further crystallization process
was performed due to the low content.

[0054] It can be seen from Examples 1 to 9 that good yields can be achieved by using a
trimethylamine solution in water and in methanol and a trimethylamine hydrochloride.

[0055] The yield of the toluene solution obtained by the reaction can reach about 95%, even if
the amount of catalyst was reduced to 0.5 mol%. The catalytic effect of trimethylamine was
significant. A little of product was generated with a yield lower than 10% of the theoretical value
in Comparative Example 1, which has the same reaction conditions as Example 5 except that
the Comparative Example 1 was performed in the absence of trimethylamine catalyst.

Examples 1. 4 and 5 and Comparative Examples 2 to 7

[0056] The catalysts used, the molar ratio of the catalyst to the reactant (E)-2-[2-[6-
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chloropyrimidin-4-yloxy]phenyl]-3-methoxypropenoate and the temperature of the reactions in
Examples 1, 4 and 5 and Comparative Examples 2 to 7 were shown in the following Table 1.
Other conditions during the preparation process were the same as Example 1. The yields of
the toluene solution of azoxystrobin obtained were shown in the following Table 1.

Table 1

The The The yields of the
The names of the amount of { temperature § toluene solution
catalyst the catalyst of the of azoxystrobin
(mol %) ireaction (°C) (%)
Comparative N,N,N,N-
tetramethylethylene 8 80 7.5
Example 2 diami
iamine
Comparative : . .
Example 3 N,N-dimethylpiperazine 8 80 18.6
Comparative DMAP 8 80 20
Example 4
Comparative N,N-
Example 5 jdimethylisopropylamine 8 80 8.8
Comparative
Example 6 DBU 8 80 8.2
Comparative triethylamine 8 80 53
Example 7
Example 1 trlmethy_lamlne solution 8 80 98.9
in water
Example 4 trlmet_hylamlne solution 8 80 985
in methanol
trimethylamine
Example 5 hydrochloride 8 80 98.1

[0057] It can be seen from Table 1 that the yield of the product azoxystrobin was extremely
decreased when replacing the trimethylamine catalyst with a similar basic substance such as
triethylamine, DBU, N,N-dimethylisopropylamine, DMAP, N,N-dimethylpiperazine and N,N,N,N-
tetramethylethylenediamine under the same conditions. Therefore, the trimethylamine catalyst
was specific for the reaction of the present invention and cannot be replaced by other similar
basic substances.

Example 10

[0058] The trimethylamine catalyst was recycled in this example with the method as following:

(A) Trimethylamine Absorption Test with Water
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[0059] Approximate 5 kg of water phase, which was obtained according to Example 1, was
collected. The water phase was combined and heated to 50 °C with stirring, and then purged
with nitrogen to obtain a gas mixture. The gas mixture was subjected to a three-stage
absorption with 200 g of water to obtain 239.55 g of a trimethylamine solution in water with a
content of 16.13% and a recycling rate of 95.22%.

(B)Trimethylamine Absorption Test with Methanol

[0060] Approximate 5 kg of water phase, which was obtained according to Example 1, was
collected. The water phase was combined and heated to 50 °C with stirring, and then purged
with nitrogen to obtain a gas mixture. The gas mixture was subjected to a three-stage
absorption with 200 g of methanol to obtain 238.54 g of a trimethylamine solution in water with
a content of 15.84% and a recycling rate of 93.11%.

(C) Trimethylamine Absorption Test with 15% of Dilute Hydrochloric Acid

[0061] Trimethylamine was absorbed by using 200 g of hydrochloric acid solution having a
concentration of 15% through a three-stage absorption apparatus according to the procedure
of Example 8 to obtain 238.87 g of a trimethylamine solution in dilute hydrochloric acid, with a
content of 26.51% and a recycling rate of 96.53%.

Example 11

[0062] In this example, a recycled trimethylamine solution in water (having a content of
16.13%) was used as a catalyst to synthesize azoxystrobin, the amount of which is 8 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate. The specific method
was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 7.33 g (0.02 mol, having a concentration of 16.13%) of
the recycled trimethylamine solution in water were added sequentially into a 500 mL reaction
flask, stirred, heated to 80 °C and incubated for 8 h. WWhen the reaction was completed, 100 g
of water was added. Layers were separated to obtain 253.02g of a toluene solution of
azoxystrobin, with a content of 40.58% (w/w), which is 98.22% of the theoretical value.

[0063] The post-processing was performed as Example 1 to provide 97.94 g of azoxystrobin
with a content of 98.18% and a yield of 95.35%.
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Example 12

[0064] In this example, a recycled trimethylamine solution in methanol (having a content of
15.84%) was used as a catalyst to synthesize azoxystrobin, the amount of which is 8 mol% of
methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate. The specific method
was:

150 g of toluene, 80.99 g (0.25 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 7.46 g (0.02 mol, having a concentration of 15.84%) of
the recycled trimethylamine solution in methanol were added sequentially into a 500 mL
reaction flask, stirred, heated to 80 °C and incubated for 8 h. When the reaction was
completed, 100 g of water was added. Layers were separated to obtain 248.38g of a toluene
solution of azoxystrobin, with a content of 41.34% (w/w), which is 98.15% of the theoretical
value.

[0065] The post-processing was performed as Example 1 to provide 98.34 g of azoxystrobin
with a content of 98.31 % and a yield of 95.87%.

Example 13

[0066] In this example, a recycled trimethylamine hydrochloride solution in water (having a
content of 26.51%) was used as a catalyst to synthesize azoxystrobin, the amount of which is 8
mol% of methyl (E)-2-[2-[6-chloropyrimidin-4-yloxy]phenyl]-3-methoxyacrylate. The specific
method was:

150 g of toluene, 80.99 g (0.02 mol, 99%) of methyl (E)-2-[2-[6-chloropyrimidin-4-
yloxy]phenyl]-3-methoxyacrylate, 33.09 g (0.275 mol, 99%) of 2-cyanophenol, 27.88 g (0.2
mol, 99%) of potassium carbonate and 7.21 g (0.02 mol, having a concentration of 26.51%) of
the recycled trimethylamine hydrochloride solution in water were added sequentially into a 500
mL reaction flask, stirred, heated to 80 °C and incubated for 8 h. When the reaction was
completed, 100 g of water was added. Layers were separated to obtain 246.64 g of a toluene
solution of azoxystrobin, with a content of 41.66% (w/w), which is 98.15% of the theoretical
value.

[0067] The post-processing was performed as Example 1 to provide 98.14 g of azoxystrobin
with a content of 98.28% and a yield of 95.64%.

[0068] It can be seen from Examples 11 to 13 that the trimethylamine was recyclable, and the
recycled trimethylamine can also be normally used for the synthesis of azoxystrobin, which

also has good catalytic efficiency and leading to a good product yield.

[0069] The present invention provides a process for preparing azoxystrobin, which is
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performed by using 0.5 to 15 mol% of trimethylamine catalyst for catalyzing, allowing 2-
cyanophenol or a salt thereof to be reacted with a compound represented by formula | in a
non-polar inert solvent to obtain azoxystrobin and allowing the yield of the product azoxystrobin
to reach 98% or more, the yield of separated product to reach 95% or more and the post-
processing to be simple. The trimethylamine catalyst can be recycled and reused in
synthesizing the target product azoxystrobin, which not only reduces the cost but also reduces
the total nitrogen and COD in wastewater. The advantages regarding of cost and
environmental protection in the method according to the present invention are significant and
thus the method is suitable for industrial production.
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FREMGANGSMADE TIL FREMSTILLING AF AZOXYSTROBIN

Patentkrav

1. Fremgangsmade til fremstilling af azoxystrobin, hvor fremgangsmaden til fremstilling
omfatter at bringe 2-cyanophenol eller et salt deraf til at reagere med en forbindelse, der
er repraesenteret af formlen |, under katalyse med en trimethylaminkatalysator for at opna

azoxystrobin, der er repraesenteret af formlen Il
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2. Fremgangsmade til fremstilling ifelge krav 1, hvor trimethylaminkatalysatoren er
trimethylamin, en trimethylaminoplasning eller et trimethylaminsailt;

idet trimethylaminoplgsningen fortrinsvis er en hvilken som helst oplasning valgt fra
gruppen bestaende af en trimethylaminoplesning i vand, en trimethylaminopl@sning i
methanol, en trimethylaminopl@sning i ethanol, en trimethylaminopl@sning i toluen og en

trimethylaminhydrochloridopl@sning eller en kombination af mindst to valgt derfra;

idet trimethylaminsaltet fortrinsvis er et hvilket som helst salt valgt fra gruppen bestaende
af trimethylaminhydrochlorid, trimethylaminsulfat og trimethylaminmethansulfonat eller
en kombination af mindst to valgt derfra.

3. Fremgangsmade til fremstilling ifelge krav 1 eller 2, hvor reaktionen udfgres i et ikke-
poleert, inert opl@sningsmiddel;

idet det ikke-poleere, inerte oplasningsmiddel fortrinsvis er toluen, xylen eller butylacetat,

fortrinsvis toluen.

4. Fremgangsmade til fremstilling ifalge et hvilket som helst af kravene 1 til 3, hvor 2-

cyanophenolsaltet er kalium-2-cyanophenoxid.

5. Fremgangsmade til fremstilling ifelge et hvilket som helst af kravene 1 til 4, hvor
reaktionen udfgres i naerveer af en syreacceptor;



DK/EP 3476838 T3
2

idet syreacceptoren fortrinsvis er kaliumcarbonat og/eller natriumcarbonat.

6. Fremgangsmade til fremstilling ifelge et hvilket som helst af kravene 1 til 5, hvor
meengden af trimethylaminkatalysatoren er 0,5-15 mol-% af forbindelsen, der er

repraesenteret af formlen |.

7. Fremgangsmaéde til fremstilling ifalge et hvilket som helst af kravene 1 til 6, hvor
molforholdet mellem 2-cyanophenol eller et salt deraf og forbindelsen, der er

repreesenteret af formlen |, er (1-1,5):1, fortrinsvis (1-1,2):1;

idet molforholdet mellem syreacceptoren og forbindelsen, der er repraesenteret af

formlen |, fortrinsvis er (0,6-2):1, fortrinsvis (0,7-1):1.

8. Fremgangsmade til fremstilling ifelge et hvilket som helst af kravene 1 til 7, hvor

reaktionen udfgres ved en temperatur pa 50-120 °C;
idet reaktionen fortrinsvis udfares i 5-20 timer.

9. Fremgangsmade til fremstilling ifelge et hvilket som helst af kravene 1 til 8, hvor
fremgangsmaden til fremstilling omfatter: at bringe 2-cyanophenol eller et salt deraf til at
reagere med en forbindelse, der er repraesenteret af formlen |, i et ikke-poleert, inert
oplasningsmiddel ved 50-120 °C under katalyse med en trimethylaminkatalysator for at
opna den azoxystrobin, der er repraesenteret af formlen I, hvor maengden af
trimethylaminkatalysatoren er 0,5-15 mol-% af forbindelsen, der er repreesenteret af
formlen |, og molforholdet mellem 2-cyanophenol eller et salt deraf og forbindelsen, der

er repreesenteret af formlen |, er (1-1,5).1.

10. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 9, hvor
trimethylaminkatalysatoren recirkuleres.
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