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Process for preparing diacid compounds

The present invention relates to a process for preparing diacid compounds.

The invention relates more particularly to a process for preparing diacid
compounds using a hydrolysis reaction.

The invention relates even more particularly to a process for preparing branched
diacid compounds such as 2-methylglutaric acid (also known as MGA) and 2-ethylsuccinic

acid (also known as ESA).

MGA has a promising future in the chemical industries sector. It is a mixture
bearing functionalities that can replace adipic acid, which is used for the preparation of
Nylon. It may be used as a replacement for adipic acid, as a monomer for the preparation
of polyurethanes, plasticizers and detergents, or as a solvent.

It is known practice to prepare diacid compounds by hydrolysis of dinitrile
compounds in the presence of an excess of basic hydroxyl compounds, the carboxylate
salt obtained then being reacted with a mineral acid to recover the diacid compound.

It is also known practice to prepare diacid compounds by hydrolysis of dinitrile
compounds in the presence of an excess of strong mineral acid.

Besides the fact that they use a large amount of reagents, these processes have
the drawback of producing a large amount of hon-upgradeable by-products, which then
need to be processed and destroyed.

The search is ongoing for an improved process for preparing diacid compounds

that does not have the abovementioned drawbacks.

One of the aims of the present invention is to propose a process for preparing
diacid compounds at a degree of conversion and in a yield equivalent, if not superior, to
those of the processes of the prior art, and which is easy to perform and inexpensive on
an industrial scale.

Another aim of the present invention is to propose a process that does not
generate substantial amounts of effluents or by-products that are harmful to the
environment.

Another aim of the invention is to propose a process in which the co-products are
readily recoverable and upgradeable.

Another aim of the present invention is to propose a clean process for upgrading

the co-products of butadiene hydrocyanation.
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To this end, a subject of the invention is a process for preparing at least one diacid

compound, comprising a step of hydrolysis of at least one imide compound.
The present invention relates to a process for preparing at least one diacid
compound, comprising a step of hydrolysis reaction of at least one imide compound,

performed in the absence of catalyst.

In a reaction A > B, the degree of conversion 7(A) of a reagent A at the end of a
reaction is defined by the ratio of the difference between the number of moles of A initially

introduced nO(A) and the number of moles of A remaining n(A) at the end of the

reaction, to the number of moles of A initially introduced nO(A):

_ 1 (A)-n(4)
W=

In a reaction A > B, the yield 77(B) of a product B at the end of a reaction is
defined by the ratio of the number of moles of B formed n(B) at the end of the reaction to

the number of moles of reagent A initially introduced n, (A):

In a reaction A = B, the selectivity S(B) of a product B at the end of a reaction is
defined by the ratio of the number of moles of B formed n(B) at the end of the reaction to

the number of moles of limiting reagent A consumed 1, (A)-n (A):

s(B)=— "B

1, (A)= n(4)

In the context of the present patent application, the term "diacid compound" means
anh organic chemical compound comprising two carboxylic acid functions (-C(O)OH). The
diacid compounds are preferably C4-C,y compounds. Within the same compound, the two
carboxylic acid functions are preferably separated by at least two carbon atoms and
typically two or three carbon atoms. In other words, the two carboxylic acid functions are
not borne by the same carbon atom.

The diacid compound is optionally in the form of ammonium monocarboxylate on
account of the presence of ammonia derived from the hydrolysis reaction in the reaction
medium.

Such compounds are especially useful as monomers for the preparation of

polyurethanes.
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In the context of the present patent application, the term "imide compound" means

a heterocyclic organic chemical compound comprising a cyclic imide function (-C(O)-NH-
C(0O)-), i.e. an imide function which is included in a ring. The imide compounds are
preferably C4-C,y compounds. Preferably, the heterocyclic ring of the imide compounds
consists of carbon atoms, typically from 2 to 12, and of the nitrogen atom of the imide

function.

According to one embodiment, the imide compound is a compound or a mixture of

compounds of general formula (I) below:

o
Nl 0
J H Yo

and the diacid compound is a compound or a mixture of compounds of general
formula (Il) below:

HO OH

T e

O o)

in which the radical -A- represents a linear or branched, saturated or unsaturated

divalent hydrocarbon-based radical comprising from 2 to 12 carbon atoms.

The radical -A- is typically a divalent alkylene group comprising on average at least
2 carbon atoms, preferably from 2 to 6, advantageously from 2 to 4 and preferentially 4
carbon atoms.

The imide compound is, for example, a mixture of different compounds of formula
(), in which the various radicals -A- are preferably isomeric radicals comprising an
identical number of carbon atoms.

The use of mixtures of compounds of formula (I) may prove to be advantageous in
the context of certain uses of the process.

Thus, the process of the invention may be performed using a single imide
compound or a mixture of imide compounds, which may or may not be isomers.

Preferably, the radical -A- is branched. Preferably, the radical -A- is saturated.

According to another embodiment, the radical -A- is linear.

According to another embodiment, the radical -A- is unsaturated.

Preferably, the radical -A- is an unsubstituted hydrocarbon-based radical, i.e. a

radical consisting solely of carbon and hydrogen atoms.
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According to one embodiment, the radical -A- is a linear alkyl chain substituted

with side groups comprising heteroatoms, such as nitrogen, oxygen or sulfur atoms. The
radical -A- may be substituted with one or more side groups chosen from the group

formed by -CN, -OH, -O(C;-Cg¢)alkyl, phenyl and -Ophenyl groups and halogens.

According to one embodiment, the radical -A- represents a saturated divalent
hydrocarbon-based radical comprising from 2 to 6 carbon atoms, especially a C,-Cs
alkylene radical, preferably of general formula -C4Hg-, which is preferably branched.

According to this embodiment, the radical -A- is preferably chosen from the group
consisting of -CH,-CH,-CH(CHj3)- and -CH,-CH(CH,CH3)- radicals.

According to one embodiment, the process of the invention may be performed
using 2-methylglutarimide, 2-ethylsuccinimide and mixtures thereof.
According to this embodiment, 2-methylglutaric acid, 2-ethylsuccinic acid and

mixtures thereof, respectively, are obtained.

It is especially possible to use a material composition comprising branched imide
compounds, more particularly:

- from 70 mol% to 95 mol% and preferably from 75 mol% to 90 mol% of 2-

methylglutarimide,

- from 5 mol% to 30 mol% and preferably from 5 mol% to 20 mol% of 2-

ethylsuccinimide.

According to one embodiment, the starting imide of formula (I) is 2-
methylglutarimide (MGI) obtained from methylglutaronitrile (MGN) or from a mixture of
dinitriles derived from the process for manufacturing adiponitrile via double
hydrocyanation of butadiene. This mixture preferably corresponds to the distillation
fraction for separating branched dinitriles (2-methylglutaronitrile and 2-ethylsuccinonitrile)
from adiponitrile.

This mixture of dinitriles generally has the following composition by weight:

- 2-methylglutaronitrile: between 70% and 95% and preferably from 80% to 85%;

- 2-ethylsuccinonitrile: between 5% and 30% and preferably from 8% to 12%; and

- adiponitrile: between 0% and 10% and preferably from 1% to 5%,

the remainder to 100% corresponding to various impurities.

The starting imide compound of formula (l), especially when it is 2-
methylglutarimide (MGI), may be obtained from 2-methylglutaronitrile (MGN) or from a

mixture of dinitriles as described above, for example via a process of reaction of MGN or
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of the mixture of dinitriles with an acid. It may also be obtained via a process of hydrolysis

of MGN or of the mixture of dinitriles, in the presence of water and of a catalyst, for

example of titanium oxide type.

According to one embodiment, typically starting with said material composition, the
process of the invention makes it possible to obtain 2-methylglutaric acid, 2-ethylsuccinic
acid, and also mixtures thereof.

According to one embodiment, the radical -A- represents an unsaturated divalent
hydrocarbon-based radical comprising from 2 to 6 carbon atoms, preferably chosen from
the group consisting of an ethylenyl radical and an o-phenylene radical.

The term "ethylenyl radical" means a radical of formula:

The term "o-phenylene radical" means a radical of formula:

According to one embodiment, the process of the invention is performed using
maleimide or phthalimide.
According to this embodiment, the process of the invention makes it possible to

obtain, respectively, maleic acid and phthalic acid.

The invention also relates to the products, including the material compositions,
which may be obtained, or obtained directly, via this process. The invention also relates to
the use of these products or material compositions, especially as solvents, cosolvents,

monomers and synthetic intermediates.

According to the invention, the imide compounds are hydrolyzed to diacid
compounds by reaction with water molecules. The diacid compounds are said to be the
products of hydrolysis of the imide compounds.

More specifically, the starting imide compounds are hydrolyzed to diacid
compounds by hydrolysis of the imide functions of the imide compounds. Hydrolysis of the
imide function brings about opening of the heterocyclic ring of the imide compounds.

Thus, the carbon atoms of the two carboxylic acid functions of each diacid
compound correspond to the carbon atoms of the imide function of the corresponding

imide compound.
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During the hydrolysis reaction of the imide compound and the opening of the

heterocyclic ring, an ammonia molecule is formed.
Schematically, the hydrolysis reaction of an imide compound to a diacid compound

in the process of the invention may be represented in the following manner:
A
2H0  Ho _A.__OH
L ———"y ™
g Y 0O O
In the reaction medium, the diacid compound obtained is optionally in the form of

ammonium monocarboxylate:

The hydrolysis reaction step of the process of the invention is essentially
performed in the presence of water, preferably solely in the presence of water.

The hydrolysis reaction step of the process of the invention is performed in the
absence of catalyst.

According to the invention, the imide compounds are hydrolyzed to diacid
compounds without said imide compounds being in the presence of any catalyst, of
whatever amount. Thus, ho homogeneous catalyst or heterogeneous catalyst, supported
on a particulate material or on a fixed bed, is used.

In the context of the present patent application, the term "catalyst" means a
compound which accelerates a chemical reaction, for instance a hydrolysis reaction.

For the purposes of the present patent application, a catalyst is used in
substoichiometric amount relative to the reagents (typically less than 5 mol%).

It may be an acidic or basic catalyst.

The term "acidic catalyst" means an acidic catalyst within the Lewis acid meaning,
as defined in the literature, especially by Jerry March, Advanced Organic Chemistry, 3rd
edition, John Wiley & Sons, 1985, pp. 227 et seq.

The term "basic catalyst" means a basic catalyst within the Lewis base meaning,
as defined in the literature, especially by Jerry March, Advanced Organic Chemistry, 3rd
edition, John Wiley & Sons, 1985, pp. 227 et seq.

The term "catalyst" especially means a heterogeneous catalyst based on alkali
metal, alkaline-earth metal and/or lanthanide hydroxides and/or oxides. It may especially
be alumina, titanium oxide, magnesia (MgO), Mg(OH),, CaO, Ca(OH),, BaO, Ba(OH),,
heteropolyacids, zeolites of pentasil and faujasite type, clays, metal phosphates,

silica/alumina mixtures and the like. It may in particular be a catalyst chosen from alkaline-
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earth metal and/or rare-earth metal oxides, hydroxides and basic salts not having a

valency state IV, and from minerals containing same.

The term "acidic catalyst" also means an aqueous solution of a strong acid, such
as an aqueous solution of hydrochloric acid, sulfuric acid or nitric acid.

The term "basic catalyst" also means an aqueous solution of a strong base, such

as a sodium hydroxide or potassium hydroxide solution.

The inventors have discovered, surprisingly, that a hydrolysis reaction of an imide
compound to a diacid compound does not require the presence of a catalyst. The
inventors have discovered, even more surprisingly, a process not using a catalyst, which
makes it possible to obtain a degree of conversion, a yield and a reaction time equivalent

to those of a process using a catalyst.

According to one embodiment, another advantage of the process according to the
invention is that it does not generate any salts, which usually need to be separated out,
processed and destroyed.

Specifically, according to this embodiment, the ammonia formed by the hydrolysis
of the imide compound may be removed in gaseous form gradually as it is formed and/or
at the end of the reaction, by distillation. This particular aspect of the process will be

detailed later.

According to one embodiment, the process according to the invention comprises,
before the hydrolysis reaction step, a step of placing at least one imide compound in
contact with water to obtain a mixture of the imide compound and water.

The starting reagents for the hydrolysis reaction are thus placed in contact.
Preferably, the only reagents placed in contact are the imide compound (or a mixture of
imide compounds) and water.

The step of placing in contact may consist in preparing a mixture comprising water
and the imide compound.

The water acts both as solvent and as reagent.

The hydrolysis reaction of the process according to the invention is typically
performed in a reactor, which is prefilled with at least one imide compound and water,
which constitute the reaction medium of the hydrolysis reaction of the process of the
invention.

This mixture may be prepared in the reactor, or alternatively outside the reactor

and then introduced into the reactor.
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The placing in contact of the imide compound and water is generally performed at

the start of the process.

Alternatively, according to one embodiment, the placing in contact of the imide
compound and water may be continued during the hydrolysis reaction, especially in the
case of the process in a continuous regime. In this case, the imide compound and/or the

water are introduced continuously into the reactor.

According to one embodiment, after the step of placing in contact, the mole ratio
between the water and the imide compound is from 10 to 100, preferably from 15 to 30,
and preferably equal to about 20.

Said mole ratio corresponds to the ratio of the amount of water (in moles) to the
amount of imide compound (in moles) introduced into the reactor.

The above mole ratio ranges make it possible to obtain degrees of conversion of
the imide compounds into diacid compounds, which are similar to those of the prior-art
processes with a catalyst.

The optimum degree of conversion is obtained when the mole ratio is more

particularly from 15 to 30 and preferably equal to about 20.

According to one embodiment, the hydrolysis reaction step of the process of the
invention is performed at a temperature of from 160°C to 220°C.

According to one embodiment, the reaction medium in which the hydrolysis
reaction of the imide compound to the diacid compound takes place is raised to a
temperature of from 160°C to 220°C. This heating of the reaction medium may be
performed by any means known in the field, such as electrical heating or heating with a
heat-exchange fluid.

Heating of the reaction medium makes it possible to accelerate the hydrolysis

reaction and to reduce the time required to obtain the diacid compound.

According to one embodiment, the temperature is preferably from 170°C to 200°C
and preferably equal to about 180°C.

The above temperature ranges make it possible to obtain degrees of conversion of
the imide compounds into diacid compounds, which are similar to those of the prior-art
processes with a catalyst.

The optimum degree of conversion is obtained when the temperature is more

particularly from 170°C to 200°C and preferably equal to about 180°C.
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The embodiments of the process according to the invention described above make

it possible to obtain a high degree of conversion and/or high selectivity, and/or to limit the
formation of unwanted byproducts.

The hydrolysis reaction step is typically performed in the liquid phase.

This means that the reaction medium remains liquid during this step.

When the hydrolysis reaction is performed by heating, a pressure is generated
especially by evaporation of the water.

Preferably, the hydrolysis reaction is performed at a pressure of from 1 to 50 bar
and preferably at the autogenous pressure, i.e. the pressure in the reactor is generated
solely by the heating of the reaction medium.

According to one embodiment, the reactor is equipped with a means for monitoring
and regulating the pressure, such as a valve via which steam and other compounds in
gaseous form escape, especially such as the ammonia formed.

The process of the invention may be performed in a closed system, i.e. without
exchange of matter between the interior and the exterior of the reactor during the reaction.

The process of the invention may be performed in an open system, i.e. an
exchange of matter between the interior and the exterior of the reactor is allowed during
the reaction, typically via a pressure regulation means or by occasional opening of the
reactor.

According to the process of the invention, the duration of the hydrolysis reaction
step is generally from 30 minutes to 6 hours and preferably from 2 hours to 4 hours.

The process of the invention makes it possible to obtain a satisfactory degree of
conversion with a reaction time equivalent to that of the prior-art processes using a

catalyst.

During the hydrolysis reaction of the imide compound, ammonia is formed.

The process of the invention is preferably performed in an open system, enabling
removal of the ammonia.

Specifically, in a closed system, the ammonia does not get removed from the
reaction medium and the diacid compound formed is predominantly found in the form of

ammonium monocarboxylate dissolved in the water:

HOTATO_*'NH“
0O O
According to an advantageous embodiment of the invention, the proportion of

ammonium monocarboxylate obtained after the process is reduced.
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As will be seen hereinbelow, according to an advantageous embodiment, it is

possible to convert the ammonium monocarboxylate into the diacid form by subsequent

distillation of the ammonia.

According to one embodiment of the process of the invention, the ammonia
produced by the hydrolysis reaction is removed from the reaction medium, continuously or
occasionally and optionally repeatedly.

The advantage of this embodiment is that it reduces the ammonia concentration in
the medium and promotes the hydrolysis reaction by shifting the equilibrium.

Furthermore, this reduces the proportion of diacid compound in ammonium

monocarboxylate form and increases the proportion of diacid compound in acid form.

According to one variant of the invention, the ammonia is removed by entrainment
with water vapor.

According to this variant, the ammonia is withdrawn from the reactor in gaseous
form by entrainment with water vapor. This variant makes it possible to remove the
ammonia continuously.

The ammonia may especially be withdrawn using a suitable device that enables
the pressure to be kept constant, leaving the gas to escape when the pressure exceeds a
certain value, and enabling, where appropriate, liquefaction after the escape. This device
may be separated from the reactor by a pipe.

The removal of the ammonia may be accompanied by a simultaneous removal of
water also in gaseous form. It is preferably sought to limit the simultaneous removal of
water. To this end, it is possible, for example, to cool the gases along a pipe separating
the device reactor, so as at least partially to liquefy the water and to feed it back into the
reactor. The gas(es) removed may be recovered and reused, where appropriate after
separating out the ammonia and the water. After separation, the water may be reused for
performing the hydrolysis step. Water may also be reinjected continuously into the reactor

to renew the water which evaporates off and entrains the ammonia.

According to another variant, the ammonia is removed by stripping with nitrogen.

"Stripping with nitrogen" means flushing with nitrogen, i.e. a step during which a
stream of nitrogen under pressure is passed through the reactor in which the hydrolysis
reaction takes place, in order to entrain the ammonia in gaseous form. The term "through
the reactor" means in the reactor headspace and/or in the reaction medium. This is in a

way a gas/liquid extraction.
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This step of stripping with nitrogen may be performed one or more times during the

process, and preferably at least twice.

Alternatively, typically in the context of performing the process in an open system,
the stripping with nitrogen may be performed continuously during the hydrolysis reaction
by regulating the flow of nitrogen injected into the reaction medium.

The ammonia thus removed in gaseous form is advantageously recovered by
condensation, and may thus be upgraded.

The ammonia removed may typically be recovered by passing the gases
containing the ammonia through a refrigerated pipe.

The recovered ammonia is directly upgraded or may be purified, for example by
distillation, to separate out the residual water and to obtain upgradeable ammonia, for
example in the processes for preparing nitric acid or hydrogen cyanide.

Once the hydrolysis reaction is complete, the products of hydrolysis of the imide
compound are recovered during a step of recovery of the diacid compound formed.

Generally, the reaction mixture comprising the water, the diacid compound(s),
optionally partially in ammonium monocarboxylate form, optionally ammonia, and

optionally the unreacted imide compound(s) is recovered.

The diacid compounds obtained may be purified via common techniques, for
instance treatment on an ion-exchange resin, treatment with active charcoal, distillation,
crystallization or liquid/liquid extraction.

The diacid compounds generally have a relatively high boiling point, greater than
300°C. The boiling point of MGA at 1 atmosphere is especially 320°C.

The diacid compounds obtained are preferably purified during a distillation step.

This step of purification of the diacid compounds obtained by distillation makes it
possible to remove in gaseous form all or part of the compounds that are not diacid
compounds, such as the water, the unreacted reagents, and also byproducts of the
hydrolysis reaction, especially such as the ammonia formed.

This step also makes it possible, by removing the ammonia, to convert the
compounds in ammonium monocarboxylate form into compounds in acid form.

The advantage of this step is that it reduces the proportion of compound in

ammonium monocarboxylate form and increases the proportion of compound in acid form.

According to one embodiment, the mixture obtained by hydrolysis of the MGI is
placed in a boiler equipped with a plate-distillation or packing-distillation column or any

other suitable equipment. The system is subjected to a reduced pressure of from 0.1 to 70
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mbar, typically 0.7 mbar. The mixture in the boiler is heated to a column head temperature

typically of from 140°C to 200°C and preferably from 145°C to 180°C.
The process of the invention may be performed batchwise, in a discontinuous

regime or in a continuous regime.

EXAMPLES

The process of the invention will be described in the following examples, which
illustrate the invention in a nonlimiting manner.

The analyses were performed by HPLC for the assay of the diacid compounds and
of the organic impurities, and by potentiometry and by NMR for the assay of the

monocarboxylate and diacid compounds and of the ammonia.

Example 1: preparation of an MGI/ESI| mixture from an MGN/ESN mixture

The mixture of imide compounds used in the examples was obtained according to
the method described below, starting with a mixture of dinitrile compounds having the
following weight composition: 87% of 2-methylglutaronitrile (MGN), 11% of 2-
ethylsuccinonitrile (ESN) and 0.5% of adiponitrile (ADN).

1 ml/hour of said mixture of dinitriles and 1 ml/hour of water are coinjected using
two syringe pumps onto a catalytic bed composed of 4 ml of titanium oxide (anatase)
placed between two layers of 5 ml of glass powder heated to 275°C and flushed with a
stream of 3 I’hour of nitrogen. After reaction for 6 hours, a conversion of the dinitriles of
97% and a yield of imide mixture of 94% are obtained, the mixture having the following
weight composition: 85.5% by mass of 2-methylglutarimide (MGI), 10.8% by mass of 2-

ethylsuccinimide (ESI), the remainder being organic impurities.

Comparative example: influence of the catalyst on the hydrolysis reaction

The mixture of imides of Example 1 (1.0 g) and a large excess of water (50
equivalents of water per 1 equivalent of imides) are successively introduced into a reactor.

A test is performed without catalyst: Example A.

The other tests are performed with a catalyst: Example B with 0.1 g of zeolite 13X
catalyst (Zeolyst HB) and Example C with 0.1 g of MgO catalyst (Aldrich).

After closing the reactor, it is heated to 200°C without stirring by shaking.

The headspace is purged while hot (above the boiling point of water) after 1 hour
of heating to remove the ammonia formed. The reactor is then heated for a further 2 hours

and purged again while hot before cooling fully.
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The reaction medium is then filtered, where appropriate, to remove the catalyst

and diluted for analysis by HPLC.

The following results are obtained:

T 1 (diacid + monocarboxylate)
Example A (without catalyst) 20 78
Example B (zeolite 13X) 55 35
Example C (MgO) 92 81

With a catalyst of zeolite type, the degree of conversion is poor. When the reaction
is performed without catalyst or in the presence of a basic oxide such as MgO, the degree
of conversion is greater than 90%.

The test without catalyst gives the same performance as the test with the MgO

catalyst.

Example 2: hydrolysis of MGI to MGA in a closed system (without stripping or
steam entrainment)

Example 2A

The mixture of imide compounds of Example 1 (10.54 g; 80.1 mmol) in water (72.2
ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 4 hours at 180°C at an autogenous pressure of 8 bar.

The reaction mixture is collected at room temperature. The liquid obtained weighs
90.7 g. The water is evaporated off under reduced pressure at 60°C. 17.48 g of a viscous
brown mixture are recovered.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
97% and the vyield of diacidtmonocarboxylate is 80% (5% diacid and 75%
monocarboxylate).

In a closed system, i.e. without any means for removing the ammonia, MGA in

carboxylate form is very predominantly obtained.

Example 2B
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The mixture of imide compounds of Example 1 (10.55 g; 80.1 mmol) in water (72.1

ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 6 hours at 180°C at an autogenous pressure of 8 bar.

The reaction mixture is collected at room temperature. The liquid obtained weighs
80.04 g. The water is evaporated off under reduced pressure at 60°C. 21.3 g of a viscous
brown mixture are recovered.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
96% and the vyield of diacidtmonocarboxylate is 84% (7% diacid and 77%
monocarboxylate).

In a closed system, i.e. without any means for removing the ammonia, MGA in

carboxylate form is very predominantly obtained.

Example 3: hydrolysis of MGI to MGA with stripping of the ammonia with nitrogen

Example 3A

The mixture of imide compounds of Example 1 (10.55 g; 80.1 mmol) in water (72
ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 2 hours at 180°C at an autogenous pressure of 8 bar. The
temperature of the reactor is reduced to 70°C and nitrogen is circulated in its headspace
for 30 minutes to strip out the ammonia.

The heating is resumed for 2 hours, still at 180°C and at 8 bar. The system is
cooled and the ammonia is then stripped out again by circulating nitrogen through for 30
minutes.

The reaction mixture is collected at room temperature. The liquid obtained weighs
77.8 g. The water is evaporated off under reduced pressure at 60°C. 13.5 g of a viscous
brown mixture are recovered.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
93% and the yield of diacid+monocarboxylate is 82.1% (10.6% diacid and 71.5%

monocarboxylate).

Example 3B
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The mixture of imide compounds of Example 1 (10.4 g; 79.1 mmol) in water (72.5

ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 2 hours 30 minutes at 200°C at an autogenous pressure of 14 bar.
The temperature of the reactor is reduced to 70°C and nitrogen is circulated in its
headspace for 30 minutes to strip out the ammonia.

The heating is resumed for 2 hours 30 minutes, still at 200°C and at 14 bar. The
system is cooled and the ammonia is then stripped out again by circulating nitrogen
through for 30 minutes.

The reaction mixture is collected at room temperature. The liquid obtained weighs
75.7 g. The water is evaporated off under reduced pressure at 60°C. 12.7 g of a viscous
brown mixture are recovered.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
87% and the yield of diacid+tmonocarboxylate is 85% (25% diacid and 60%

monocarboxylate).

Example 3C
The mixture of imide compounds of Example 1 (10.7 g; 81.4 mmol) in water (71.9

ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 3 hours at 180°C at an autogenous pressure of 8 bar. The
temperature of the reactor is reduced to 70°C and nitrogen is circulated in its headspace
for 30 minutes to strip out the ammonia.

The heating is resumed for 3 hours, still at 180°C and at 8 bar. The system is
cooled and the ammonia is then stripped out again by circulating nitrogen through for 30
minutes.

The reaction mixture is collected at room temperature. The green-colored liquid
obtained weighs 79.7 g.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
93% and the vyield of diacidtmonocarboxylate is 83% (8% diacid and 75%

monocarboxylate).
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The liquid obtained and recovered is then placed in a boiler equipped with a

condenser and a trap, and then distilled at a boiler temperature of 165°C, under a reduced
vacuum of 2 mbar.
The contents of the boiler (diacid) and the contents of the trap (ammonium salt)

are assayed by potentiometry.

Fraction boiler | trap | starting liquid
mass% of diacids 825 - 1.2
mass% of carboxylates - 0.44 13.1

The distillation of a reaction mixture containing water, MGI, MGA and MGA
ammonium monocarboxylate makes it possible to convert the MGA ammonium salt into

MGA and to remove the ammonia, and also to increase the yield of MGA in diacid form.

Example 4: hydrolysis of MGI to MGA with continuous entrainment of the ammonia
with water vapor

The mixture of imide compounds of Example 1 (10.6 g; 80.7 mmol) in water (72.6
ml) is placed in a closed 300 ml autoclave at room temperature. The system is purged 3
times with nitrogen with mechanical stirring.

It is heated for 5 hours at 200°C at an autogenous pressure of 16 bar. Water is
added continuously (about 0.5-1 ml/minute) using an HPLC pump.

The ammonia formed is entrained with the water vapor. The water outlet rate is
adjusted manually via a micrometric valve. The pressure decreases gently in the course of
the test. The ammonia is trapped in a flask containing acidified water and a spatula-tip of
phenolphthalein to visualize the passage of the acidic medium to basic.

The reaction mixture is collected at room temperature.

The liquid obtained weighs 124.9 g.

This mixture comprises MGA and ESA, in acid form (diacid) and in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
96% and the yield of diacid+tmonocarboxylate is 78% (42% diacid and 36%
monocarboxylate).

With continuous entrainment with water vapor, the MGA is obtained in acid form as
a mixture with MGA monocarboxylate in equivalent amount.

The amount of ammonia in the reaction mixture and in the trap is also assayed,

relative to the amount of starting MGl
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% NH; relative to the MGl introduced

in the reaction mixture 38.8%
in the trap 55.1%
total 93.9%

Continuous entrainment with water vapor makes it possible to remove a large

amount of ammonia from the reaction medium.

5 Example 5: influence of the stripping with nitrogen and of the continuous
entrainment with water vapor

The results of Examples 2A, 2B, 3A, 3B, 3C and 4 clearly show the influence of the

stripping with nitrogen and of the continuous entrainment with water vapor on the yield of

diacid compounds:

Closed Stripping with water
system hitrogen continuously
Example 2A | 2B | 3A | 3B 3C 4
7 97 96 93 | 87 93 96
n(diacid ) 5 | 7 (106 25 | 8 42
ﬂ(monocarbo;g/]ate) 75 77 | 715 | 60 75 36
S (diacid + monocarboxylate) | 82.2 | 87.2 | 88.3 | 88.7 | 89.3 87.0
Temperature (°C) 180 | 180 | 180 | 200 | 180 200
Time (hours) 4 6 4 5 6 5

10 The high selectivity S (diacid+ monocarboxylate)

reaction of the imide compound essentially gives the diacid compound (in diacid form or in

shows that the hydrolysis

monocarboxylate form).
Example 6: influence of the H,O/imides mole ratio

Tests were performed, in a closed system, by varying the ratio of the number of

15 moles of water to the number of moles of imide introduced.
Example 6A | 6B | 6C | 6D
Time (hours) 4 4 6 4
Temperature (°C) 200 | 200 | 200 | 200
Pressure (bar) 14 14 14 14
n(H20)/n(imides) 50 | 21 22 9
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ﬂ(djacjd+monocarboxy]ate) 81.8(82.7]184.9 643

The optimum yield is found for a mole ratio equal to about 20.

Example 7: hydrolysis of MGI to MGA in a continuous system

An aqueous solution of the mixture of imide compounds of Example 1 at 16% by
mass is continuously introduced, at a flow rate of 0.36 ml/min, into a 20 ml tubular reactor
equipped with a heating system via a heat-exchange fluid. The reaction temperature is
210°C and the reactor outlet pressure is adjusted to 20 bar. The residence time at this
temperature is about 1 hour.

From the analyses by HPLC and by potentiometry, the degree of conversion is
90% and the yield of diacid+tmonocarboxylate is 83% (17% diacid and 66%

monocarboxylate).

Example 8: hydrolysis of succinimide to succinic acid in a closed system

0.71 g of succinimide (Aldrich) and 6.0 g of water are placed in a 10 ml closed
autoclave at room temperature. It is heated for 4 hours at 200°C at the autogenous
pressure.

The reaction mixture is collected at room temperature. The brown liquid obtained
weighs 6.21 g. The water is evaporated off under reduced pressure at 60°C.

This mixture essentially comprises succinic acid in  ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is

91% and the selectivity toward monocarboxylate is 96%.

Example 9: hydrolysis of phthalimide to phthalic acid in a closed system

1.01 g of phthalimide (Aldrich) and 6.05 g of water are placed in a 10 ml closed
autoclave at room temperature. It is heated for 4 hours at 200°C at the autogenous
pressure.

The reaction mixture is collected at room temperature. The mixture obtained
weighs 7.06 g. The water is evaporated off under reduced pressure at 60°C.

This mixture essentially comprises phthalic acid in ammonium salt
(monocarboxylate) form.

From the analyses by HPLC and by potentiometry, the degree of conversion is
90% and the selectivity toward diacid+monocarboxylate is 92% (2% diacid and 90%

monocarboxylate).
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CLAIMS

1. A process for preparing at least one diacid compound, comprising a step of

hydrolysis reaction of at least one imide compound, performed in the absence of catalyst.

2. The process as claimed in claim 1, in which the imide compound is a

compound or a mixture of compounds of general formula (l) below:

f
Nl ()
O/ H \O

and the diacid compound is a compound or a mixture of compounds of general
formula (Il) below:

HO OH

YA\H/ (n

O o)

in which the radical -A- represents a linear or branched, saturated or unsaturated

divalent hydrocarbon-based radical comprising from 2 to 12 carbon atoms.

3. The process as claimed in claim 2, in which the radical -A- represents a
saturated divalent hydrocarbon-based radical comprising from 2 to 6 carbon atoms,
especially a C,-Cg alkylene radical, preferably of general formula -C,Hs-, which is

preferably branched.

4. The process as claimed in either one of claims 2 and 3, in which the radical
-A- is chosen from the group consisting of -CH,-CH,-CH(CH3)- and -CH,-CH(CH.CH3)-

radicals.

5. The process as claimed in any one of claims 2 to 4, in which the imide
compound of formula (I) is chosen from the group consisting of 2-methylglutarimide, 2-

ethylsuccinimide and mixtures thereof.

6. The process as claimed in any one of claims 2 to 5, in which the diacid
compound of formula (ll) is chosen from the group consisting of 2-methylglutaric acid, 2-

ethylsuccinic acid and mixtures thereof.
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7. The process as claimed in claim 2, in which the group -A- represents an

unsaturated divalent hydrocarbon-based radical comprising from 2 to 6 carbon atoms,
preferably chosen from the group consisting of an ethylenyl radical and an o-phenylene

radical.

8. The process as claimed in any one of claims 1 to 7, comprising, before the
hydrolysis reaction step, a step of placing at least one imide compound in contact with

water to obtain a mixture of the imide compound and water.

9. The process as claimed in claim 8, in which, after the step of placing in
contact, the mole ratio between the water and the imide compound is from 10 to 100,

preferably from 15 to 30, and typically equal to about 20.

10. The process as claimed in any one of claims 1 to 9, in which the hydrolysis

reaction step is performed at a temperature of from 160°C to 220°C.

11. The process as claimed in claim 10, in which the temperature is preferably
from 170°C to 200°C and preferably equal to about 180°C.

12. The process as claimed in any one of claims 1 to 11, in which the duration

of the hydrolysis reaction step is from 30 minutes to 6 hours.

13. The process as claimed in any one of claims 1 to 12, in which the
hydrolysis reaction step produces ammonia, said ammonia being removed, preferably by
stripping with nitrogen or by entrainment with water vapor, and then optionally recovered

by condensation.

14. The process as claimed in any one of claims 1 to 13, comprising a step of

recovery of the diacid compound formed.

15. The process as claimed in any one of claims 1 to 14, comprising a step of

purification of the diacid compound obtained by distillation.



