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ABSTRACT

Disclosed are a method for preparing 2-aryl malonamide and an application thereof.
This method uses 2-(cyclohexenylidene) malononitrile as a raw material, which undergoes
an aromatization-hydrolyzation reaction in the presence of an oxidant and water to produce
2-aryl malonamide by one step. Compared to the prior art, the method for preparing 2-aryl
malonamide according to the application has the following features and advantages. 1) This
method employs a completely different synthetic strategy. 2) Raw materials used in this
method are easily obtained. 3) This method not only has high yield, but also does not require

expensive metal catalyst. This method is lower-cost, suitable for the industrial production.
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METHOD FOR PREPARING 2-ARYL MALONAMIDE AND APPLICATIONS
THEREOF

TECHNICAL FIELD
This application relates to organic synthesis, and specifically to a method for preparing

2-aryl malonamide and applications thereof.

BACKGROUND

2-aryl malonamide compounds are a class of intermediates in the organic synthesis, for
example, 2-(2,6-diethyl-4-methylphenyl) malonamide is an important intermediate in the
preparation of a highly-effective herbicide Pinoxaden (WO 000/78881, WO 00/78712).

Currently, the 2-aryl malonamide compounds are mainly prepared through the
hydrolyzation of 2-aryl malononitrile compounds (WO 00/78712). However, this method
has the defect of difficulty in preparing the 2-aryl malononitrile compounds, especially the
more sterically-hindered 2-(2,6-disubstituted aryl) malononitrile. The most effective method
of synthesizing 2-(2,6-disubstituted aryl) malononitrile is to use the corresponding aromatic
amine as a raw material, which sequentially undergoes diazotization-halogenation
(Sandmeyer) reaction and metal-catalyzed C-C coupling reaction to form the 2-(2,6-
disubstituted aryl) malononitrile (WO 2004/050607). However, in order to achieve an ideal
yield of the metal-catalyzed coupling reaction, an expensive bromine or iodine compound
is required to be used as a halogenating agent in the diazotization-halogenation reaction.
The diazotization-halogenation reaction will produce large amount of waste pollution, and
also leads to safety and halogen corrosion problems. Moreover, the organometallic catalyst
used in the metal-catalyzed C-C coupling reaction between the sterically-hindered aryl
halide and the malonic acid derivatives is expensive and difficult to be recycled.

The inventors of the present invention, through continuous research and exploration,
have surprisingly developed a method for preparing 2-aryl malonamide compounds directly

from raw materials of 2-(cyclohexenylidene) malononitrile.
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SUMMARY

This application provides a novel method for preparing 2-aryl malonamide compounds.
Specifically, this method comprises: subjecting 2-(cyclohexenylidene) malononitrile 1 to an
aromatization-hydrolyzation reaction in the presence of an oxidant and water to produce 2-

aryl malonamide 2 by one step; as shown in the following reaction scheme:

H,NOC. _CONH,

Oxidant R! R?

Water R4 R
R3
1 2

wherein R!, R%, R?, R* and R® each are independently hydrogen, a C1-C o alkyl group,
a Cs-Cy2aryl group or a heteroaryl group containing one or two atoms selected from nitrogen,
oxygen and sulfur.

The oxidant is a peroxide, oxygen, air or an oxidizing acid, preferably hydrogen
peroxide, potassium persulfate or concentrated sulfuric acid. A molar ratio of the oxidant to
the compound 1 is 0.5-2.0:1, preferably 1.0-1.2:1.

A temperature of the aromatization-hydrolyzation reaction is 0-100°C, preferably 60-
80°C.

The aromatization-hydrolyzation reaction is performed in the presence of an acid.
Preferably, the acid is concentrated sulfuric acid.

Compared to the prior art, the method for preparing 2-aryl malonamide of this
application has the following features and advantages.

(1) This method employs a completely different synthetic strategy.

(2) Raw materials used in this method are easily obtained.

(3) This method not only has high yield, but also does not require expensive metal

catalysts. This method is lower-cost, suitable for the industrial production.
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DETAILED DESCRIPTION OF EMBODIMENTS

Some features of this application will be further illustrated below with reference to the
embodiments, but these embodiments are not intended to limit this application.

The raw materials used in the invention can be prepared by Knoevenagel condensation

of cyclohexenone and malononitrile (J. Mol.Cata.A.Chem.2003,195(1-2),263).

Example 1 Preparation of 2-(2,6-diethyl-4-methylphenyl) malonamide

43.0 g of 2-(2,6-diethyl-4-methyl-2-ene-1-cyclohexylidene) malononitrile (0.20 mol),
54.1 g of potassium persulfate (0.2 mol) and 5.4 g of water (0.30 mol) were cooled to 0-5°C.
Concentrated sulfuric acid was dropwise added to the reaction mixture which was then
heated to 70°C for reaction. After the reaction was completed, the reaction mixture was
cooled, poured into ice water and extracted twice with ethyl acetate. The organic phases
were combined, dried and crystallized by concentration to give 40.0 g of 2-(2,6-diethyl-4-
methylphenyl) malonamide, and the yield was 80%.

'H NMR (MeOD, 500MHz): & 6.99 (s,2H), 4.81 (s,1H), 2.60 (q, J=9.0 Hz,4H), 2.32
(s;3H), 1.22 (t, J=9.0 Hz,6H).

3C NMR (CDCls, 125MHz): § 174.7, 145.0, 139.0, 130.2, 128.9, 48.9,27.5,21.2, 15.5.

Example 2 Preparation of 2-(2,6-diethyl-4-methylphenyl) malonamide

21.4 g of 2-(2,6-diethyl-4-methyl-2-ene-1-cyclohexylidene) malononitrile (0.10 mol)
and 13.6 g of 30% hydrogen peroxide (0.12 mol) were cooled to 0-5°C. The reaction mixture
was heated to 60°C for reaction. After the reaction was completed, the reaction mixture was
cooled, poured into ice water and extracted twice with ethyl acetate. The organic phases
were combined, dried and crystallized by concentration to give 10.2 g of 2-(2,6-diethyl-4-

methylphenyl) malonamide.

Example 3 Preparation of 2-(2,6-diethyl-4-methylphenyl) malonamide
32.1 g of 2-(2,6-diethyl-4-methyl-2-ene-1-cyclohexylidene) malononitrile (0.15 mol)
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and 6.7 g of water (0.30 mol) were cooled to 0-5°C. Concentrated sulfuric acid was dropwise
added to the reaction mixture which was then heated to 80°C for reaction. After the reaction
was completed, the reaction mixture was cooled, poured into ice water and extracted twice
with ethyl acetate. The organic phases were combined, dried and crystallized by
concentration to give 32.7 g of 2-(2,6-diethyl-4-methylphenyl) malonamide, and the yield
was 88%.

Example 4 Preparation of 2-(2,6-diethyl-4-methylphenyl) malonamide

214.3 g of 2-(2,6-diethyl-4-methyl-2-ene-1-cyclohexylidene) malononitrile (1.00 mol)
and 27.0 g of water (1.50 mol) were cooled to 0-5°C. The reaction mixture was dropwise
added with concentrated sulfuric acid and simultaneously introduced with oxygen. The
reaction mixture was then heated to 80°C for reaction. After the reaction was completed, the
reaction mixture was cooled, poured into ice water and extracted twice with ethyl acetate.
The organic phases were combined, dried and crystallized by concentration to give 136.6 g

of 2-(2,6-diethyl-4-methylphenyl) malonamide.

Example 5 Preparation of 2-(2,6-diethyl-4-methylphenyl) malonamide

15.0 g of 2-(3-methyl-2-ene-1-cyclohexylidene) malononitrile (0.09 mol), 25.7 g of
potassium persulfate (0.09 mol) and 2.6 g of water (0.14 mol) were cooled to 0-5°C.
Concentrated sulfuric acid was dropwise added to the reaction mixture which was then
heated to 70°C for reaction. After the reaction was completed, the reaction mixture was
cooled, poured into ice water and extracted twice with ethyl acetate. The organic phases
were combined, dried and crystallized by concentration to give 16.2 g of 2-(3-methylphenyl)

malonamide, and the yield was 89%.
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Example 6 Preparation of 2-(2,6-diphenyl-4-methylphenyl) malonamide

31.0 g of 2-(2,6-diphenyl-4-methyl-2-ene-1-cyclohexylidene) malononitrile (0.10 mol),
27.0 g of potassium persulfate (0.10 mol) and 2.7 g of water (0.15 mol) were cooled to 0-
5°C. Concentrated sulfuric acid was dropwise added to the reaction mixture which was then
heated to 70°C for reaction. After the reaction was completed, the reaction mixture was
cooled, poured into ice water and extracted twice with ethyl acetate. The organic phases
were combined, dried and crystallized by concentration to give 19.6 g of 2-(2,6-diphenyl-4-
methylphenyl) malonamide.

'H NMR (MeOD, 500 MHz): § 7.50-7.40 (m, 10H), 7.20 (s, 2H), 5.11 (s, 1H), 2.44 (s,
3H).

Example 7 Preparation of Pinoxaden

12.4 g of 2-(2,6-diethyl-4-methylphenyl) malonamide (0.05 mol), 10.5 g of hexahydro-
1,4,5-oxadiazepine dihydrochloride (0.06 mol) and 20.2 g of triethylamine (0.20 mol) were
stirred and refluxed in xylene for reaction. After the reaction was completed, the reaction
mixture was cooled, added with 10.8 g of pivaloyl chloride (0.09 mol) and reacted at room
temperature. After the reaction was completed, the reaction mixture was adjusted with dilute
hydrochloric acid until pH was acidic and extracted with ethyl acetate. The organic phases
were dried and crystallized by concentration to give 14.4 g of Pinoxaden, and the yield was
72%.

'H NMR (CDCls, 500 MHz, TMS): & 8.88 (s, 2H), 4.28-4.26 (m, 2H), 3.94-3.93 (m,
2H), 3.89-3.83 (m, 4H), 2.56-2.47 (m, 2H), 2.45-2.40 (m, 2H), 2.39 (s, 3H), 1.12 (t, }=9.0
Hz, 3H), 1.23 (s,9H).
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CLAIMS

What is claimed is:

1. A method for preparing 2-aryl malonamide, comprising:
subjecting compound 1 to an aromatization-hydrolyzation reaction in the presence of
an oxidant and water to produce 2-aryl malonamide 2 by one step, as shown in the following

reaction scheme:

NC. _CN H,NOC_ _CONH,
l
'51 R? Oxidant R! R?
4 5 7, . ] 4 5
R H H R Watei R R
R R3
1 2

wherein R!, R%, R3, R* and R® each are independently hydrogen, a Ci-C o alkyl group,
a Cs-Ci2aryl group or a heteroaryl group containing one or two atoms selected from nitrogen,

oxygen and sulfur.

2. The method according to claim 1, characterized in that R' and R? each are
independently a C;-C; alkyl group or a Cs-C 2 aryl group; R? is a Ci-Cs alkyl group; and R*

and R’ each are hydrogen.

3. The method according to claim 2, characterized in that R! and R? each are ethyl, and

R? is methyl.

4. The method according to claim 1, characterized in that the oxidant is peroxide,
oxygen, air or an oxidizing acid; and a molar ratio of the oxidant to the compound 1 is 0.5-

2.0:1.
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5. The method according to claim 4, characterized in that the oxidant is potassium
persulfate or concentrated sulfuric acid; and the molar ratio of the oxidant to compound 1 is

1.0-1.2:1.

6. The method according to claim 1, characterized in that a temperature of the

aromatization-hydrolyzation reaction is 0-100°C.

7. The method according to claim 6, characterized in that the temperature of the

aromatization-hydrolyzation reaction is 60-80°C.

8. The method according to any one of claims 1-6, characterized in that the

aromatization-hydrolyzation reaction is carried out in the presence of an acid.

9. The method according to claim 8, characterized in that the acid is concentrated

sulfuric acid.

10. An application of the method according to any one of claims 1-9 in the synthesis

of Pinoxaden.
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