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(57) ABSTRACT

Method of preparation of maleimides by thermal cyclization
of'maleamic acids in the presence of a catalyst consists in that
reaction of a substituted maleic anhydride with a primary
amine is performed in an organic solvent in the presence of
betaine at a temperature of 100 to 180° C., at a ratio of the
primary amine to the substituted maleic anhydride 0 0.6:1.6.
Maleimides, obtained in this way, are further purified by
extraction, and finally, they are crystallized. As a catalyst,
there may be also used betaine in a mixture with inorganic and
organic acids, or betaine may be deposited on a solid carrier,
or possibly, betaine may be deposited on a carrier in combi-
nation with inorganic acids.

16 Claims, No Drawings
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METHOD OF PREPARATION OF
MALEIMIDES BY THERMAL CYCLIZATION
OF MALEAMIC ACIDS IN THE PRESENCE
OF A CATALYST

TECHNICAL FIELD

Present invention concerns a method of preparation of
maleimides by thermal cyclization of maleamic acids in the
presence of a catalyst.

BACKGROUND ART

Compounds of maleimide type are commonly prepared in
two steps. The first step includes preparation of N-substituted
maleamic acid by the reaction of a primary amine with maleic
anhydride. The second step is cyclodehydration of the corre-
sponding maleamic acid to maleimide derivative.

Preparation of maleamic acid derivatives is very simple
and the yields are usually nearly quantitative. It is recom-
mended to add the corresponding primary amine gradually
into the solution of maleic anhydride, which is present in the
solution in equimolar ratio or in excess with respect to amine.
In this way possible addition of amine on a double bond of the
corresponding maleamic acid is prevented.

Cyclodehydration of maleamic acid derivatives can be per-
formed in several ways, for example by using chemical dehy-
dration agents like acetic acid anhydride in the presence of
sodium acetate. This method is preferred in preparation of
numerous aromatic maleimides at laboratory conditions
(U.S. Pat. No. 2,444,536). A disadvantage of this method is
the fact that industrial application is economically disadvan-
tageous because of a great amount of acid waste waters.
Moreover, there are high demands on production facilities
considering the corrosive effects of acetic acid.

Direct thermal cyclodehydration of maleamic acid deriva-
tives can be performed at a temperature of near to 200° C. This
method is impractical because of polymerization of the
resulting maleimide derivative at extreme conditions. Ther-
mal cyclodehydration may be performed at lower tempera-
tures under the conditions of azeotropic distillation in the
presence of acid catalysts. The use of an azeotropic solvent
facilitates effective reaction water removing from the reaction
system, thus moving the reaction equilibrium in favour of the
required maleimide.

Suitable azeotropic solvents are cyclohexane, benzene,
ethylbenzene, xylene isomers, cumene, chlorobenzene, buth-
ylbenzene, diethylbenzene, mesitylene and the like.

Also boiling temperature of azeotropic solvents affects the
reaction rate. The use of solvents with boiling point higher
than that of toluene results in reducing the reaction time, but
increasing the boiling point by solvent selection may result in
an increase of the amount of by-products. Whereas the use of
toluene as an azeotropic dehydrating agent results in low
yield and long reaction time because of low solubility of
maleamic acid in the reaction medium. These disadvantages
are eliminated by adding polar aprotic solvents to the reaction
mixture. In the patent literature, there are claimed many polar
aprotic solvents, including dimethylformamide, dimethylac-
etamide, acetonitrile, N-methylpyrrolidone, dimethylsulfox-
ide and sulfolane (U.S. Pat. No. 5,484,948, U.S. Pat. No.
5,371,236). Dimethylformamide is the most often used aux-
iliary solvent. A disadvantage of DMF is its unlimited misci-
bility with azeotropic solvent, and as a consequence, its pres-
ence in the reaction mixture complicates processing the
product. Polar aprotic solvent can be removed by washing it
with water, but then waste waters containing DMF arise. A
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further disadvantage of using DMF and dimethylacetamide is
the fact, that at the reaction conditions they hydrolyze and
partially decompose.

The disadvantages of polar aprotic solvents are eliminated
by quaternary ammonium salts (U.S. Pat. No. 4,225,498 U.S.
Pat. No. 5,973,166 JP-54-30155), which are stable and, at
suitably selected temperatures, they are immiscible with
azeotropic solvents and, therefore, they can be easily
removed from the reaction medium. In this method, the ratio
quaternary ammonium salt/acid must be kept at a certain
catalytic activity. The recycled catalyst must be additionally
purified and adjusted to the required ratio, thus requiring
increased financial demands on the process.

DISCLOSURE OF INVENTION

The above disadvantages are eliminated by a method of
maleimide preparation by thermal cyclization of maleamic
acids in the presence of a catalyst according to the present
invention, the subject matter of which consists in that the
reaction of a substituted maleic anhydride and primary amine
is performed in an organic solvent in the presence of betaine
at a temperature of 100 to 180° C., whereby the ratio of the
primary amine to the substituted maleic anhydride is 0.6-1.6,
and it is preferred, if the molar ratio of betaine to the primary
amine is 0.01-1.2. Maleimides, obtained in this way, are fur-
ther purified by extraction, and finally they are crystallized.

It has been found, that it is preferred to use, as the substi-
tuted maleic anhydride, maleic anhydride, 3-methylmaleic
anhydride and 3,4-dimethylmaleic anhydride and products,
prepared by the Diels-Alder reaction of these compounds.

It has been further found that suitable primary amine is that
which is linear, branched, cyclic or aromatic, wherein the
number of —NH, groups on one molecule is 1 to 6.

It is preferred to use, as the organic solvent, toluene, eth-
ylbenzene, xylene, chlorobenzene, decalin and mesitylene or
mixtures thereof.

It is preferred to use, as the catalyst, betaine of the general
formula

R1

0
Rz\\N+ /YO or Rz\\N+ /H”\\\T 0
] |

R3 O

where R1, R2, R3 are the same or different alkyl groups with
one to twenty four carbon atoms, or cycloalkyl groups with
five to eight carbon atoms, or substituted phenyl groups
bound to nitrogen through an aromatic nucleus, or substituted
phenyl groups bound to nitrogen through a methyl-, ethyl-,
propylradical, or a combination of the above groups.

As acatalyst, there may be further used betaine in a mixture
with inorganic and organic acids, or betaine may be deposited
ona solid carrier, or possibly, betaine is deposited on a carrier
combined with inorganic acids, whereby the molar ratio of
betaine to inorganic acid is 0-100.

It has been found that good results were achieved, when the
inorganic acid was phosphoric acid or sulfuric acid, and the
organic acid was methanesulfonic acid or p-toluenesulfonic
acid or 4-ethylphenylsulfonic acid or benzenesulfonic acid or
acetic acid or their halogen derivatives.

It is further preferred to use, as a carrier of betaine or
betaine in combination with inorganic acids, silica gel, acti-
vated clay, diatomaceous earth, silicon dioxide, synthetic or
natural aluminosilicates.









