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BENZAM DE - The present invention is concerned with a novel

benzam de derivative and the 5 pharmaceutically acceptable acid addition
salts thereof, pharmaceutical conpositions conpr iJened8,2800 novel
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and the use thereof as a nedicine, in particular in the treatnent of
conditions involving an inpaired notility of the intestine, especially of
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di hydr & 2H- benzopyr an) car boxani de derivatives are _ di scl osed as
having gas{pOLAL&S itvaRfiod Tidils Y prbbdl i prbdhoRlc R Anifss fréd thonitriles and

aqueous media at elevated temperature and elevated pressure.

This invention further relates to the use of aqueous monomer and oligomer extracts obtained
10 from polyamide production by extraction of the polymer with water.

The polymers formed in polyamide production by polymerization of, for example, €-
caprolactam contain low molecular weight fractions composed of caprolactam and oligomers
thereof. In practice, these low molecular weight fractions are removed by extraction with hot

15 water. The caprolactam can be recovered from these extraction waters (aqueous monomer
and oligomer extracts), purified and, if desired, reintroduced into the polymerization. It is also
possible to add lyzing reagents to convert the oligomers in the extract waters into caprolactam
which may likewise be isolated, purified and reused.

20 DE-A-25 01 348 describes a process for producing polyamides from &-caprolactam including
a step of extracting with a solvent after the polymerization. The extract, containing monomers
and oligomers, is concentrated in the absence of atmospheric oxygen in an apparatus in which
the extract-contacting surfaces are constructed in materials which are inert under the
conditions of the concentrating step. The concentrate obtained is polymerized without further

25 purification or fractionation, alone or together with other polyamide-forming starting

materials.

US 3,459,640 describes a process for recovering purified caprolactam from polycaproamide
extraction solutions. The crude caprolactam is passed through a heat exchanger and then into

30 a separator where purified caprolactam is distilled off under reduced pressure. The
caprolactam can be returned into the reaction.

US 5,077,381 describes a process for producing polyamides from amide monomers wherein
unconverted amide monomers and oligomers are extracted, the relative proportion of

35 oligomers in the extract is reduced by heat treatment at 220 to 290°C, and the extracted
portion of the reaction mixture is returned into the reaction.
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5  All the processes mentioned have the disadvantage that the extract water has to undergo a

workup, in multiple stages in some instances, before the entire extract or constituents thereof,
especially caprolactam, can be used for renewed polymerization. The processes which
envisage removal, workup and recycling of caprolactam have the additional disadvantage that
the oligomers in the extract waters are not worked up, but have to be disposed of.

10  Furthermore, the aforementioned processes for recycling extract water assume the use of a
process step for hydrolytic polymerization of the extract water concentrate or of a mixture of
extract water constituents and caprolactam.

It is an object of the present invention to provide a process for recycling extract water, i.e..

15 aqueous monomer and oligomer extracts obtained from polyamide production by extraction
of the polymer with water, by using the aqueous extract solutions in the polymerization
ideally directly without prior workup, concentrating or removal steps. The process shall
moreover avoid the disadvantages of existing processes.

20 We have found that this object is achieved according to the invention by the use of aqueous
monomer and oligomer extracts obtained from polyamide production by extraction of the
polymer with water for producing polyamides by direct reaction with aminonitriles.

The invention also provides a process for producing polyamides by reacting at least one
25 aminonitrile with aqueous monomer and oligomer extracts obtained from polyamide
production by extraction of the polymer with water.

According to the invention, the aqueous monomer and oligomer extracts are returned into the
polymerization without further workup steps. Accordingly, no concentrating, fractionation or
30 purification is necessary.

The inventive process for recycling the aqueous extracts can be carried out batchwise or
continuously.

35 Preference is given to converting a reaction mixture comprising aqueous monomer and
oligomer extracts, aminonitrile and water into polyamide in a multiphase production process.
The composition of the reaction mixture depends on the extractables contents of the aqueous
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10 (2) further reacting the reaction mixture at a temperature from 150 to 400°C and a
pressure which is lower than the pressure in step 1, the temperature and the pressure
being selected so as to obtain a first gas phase and a first liquid or a first solid phase or
a mixture of first solid and first liquid phase, and separating the first gas phase from
the first liquid or the first solid phase or from the mixture of first liquid and first solid
15 phase, and

(3)  admixing the first liquid or the first solid phase or the mixture of first liquid and first
solid phase with a gaseous or liquid phase comprising an aqueous medium at a
temperature from 90 to 370°C and a pressure from 0.1 to 30 x 10° Pa to obtain a
20 product mixture, the aqueous medium used in step 1 and/or 3 being aqueous
monomer and oligomer extracts obtained from polyamide production by extraction of
the polymer with water, and otherwise water.

The process may comprise, additionally or instead of step 3, the following étep:

25
(4)  postcondensing the product mixture at a temperature from 200 to 350°C and a
pressure which is lower than the pressure of step 3, the temperature and pressure
. being selected so as to obtain a second, water- and ammonia-comprising gas phase
and a second liquid or second solid phase or a mixture of second liquid and second
30 solid phase, which each comprise the polyamide.

Thus, the aqueous monomer and oligomer extracts can be returned into step 1, step 3 or into
both steps of the process. If the aqueous extract is not used, water can be used instead.

35 The aminonitrile in the mixture can be in principle any aminonitrile, i.e., any compound
having both at least one amino group and at least one nitrile group. w-Aminonitriles are
preferred, especially w-aminoalkyl nitriles having from 4 to 12 carbon atoms, more preferably
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10 hexane, 8-amino-l-cyanoheptane, 9-amino-1-cyanooctane, 10-amino-1-cyanononane,
particularly preferably 6-aminocapronitrile.

6-Aminocapronitrile is customarily obtained by hydrogenation of adiponitrile according to

known methods, described for example in DE-A 836,938, DE-A 848,654 or US-A 5,151,543.
15 |

Of course, it is also possible to use mixtures of a plurality of aminonitriles or mixtures of an

aminonitrile with further comonomers, such as caprolactam or the below-defined mixture.

In a particular embodiment, espeeiélly if copolyamides or branched or chain-lengthened
20 polyamides are to be prepared, the following mixture is used instead of pure 6-

aminocapronitrile:

from 50 to 99.9, preferably from 80 to 90, % by weight of 6-aminocapronitrile,
from 0.01 to 50, preferably from 1 to 30, % by weight of at least one dicarboxvlic acid
25  selected from the group consisting of aliphatic C4-Co-0-0-dicarboxylic acids, aromatic C,-
Ci2-dicarboxylic acids and Cs-Cs-cycloalkanedicarboxylic acids,
from 0 to 50, preferably from 0.1 to 30, % by weight of an a,w-diamine having from 4 to 10
carbon atoms, _
from 0 to 50, preferably from 0 to 30, % by weight of an ,0-C,-C,-dinitrile, and
30 from 0 to 50, preferably from 0 to 30, % by weight of an &,0-C;-C)z-amino acid or of the
corresponding lactam,
from 0 to 10% by weight of at least one inorganic acid or salt thereof,
the individual weight percentages adding up to 100%.

35  Suitable dicarboxylic acids include aliphatic C4-Cio-0.®@-dicarboxylic acids such as succinic
acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
preferably adipic acid and sebacic acid, particularly preferably adipic acid, and aromatic Cs-
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Ir:gfl_ /e o gifoﬂ%n{%metﬂy?el%ﬁ{aﬁﬁﬂé 0 hexamethylenediamine, heptamethylenediamine, 3. octa-
methylenediamine, nonamethylenediamine and decamethylenediamine, preferably

hexamethylenediamine.

It is further also possible to use salts of the aforementioned dicarboxylic acids and diamines,
10  especially the salt of adipic acid and hexamethylenediamine, which is known as 66 salt.

The 0,0-C,-Ci-dinitrile used is preferably an aliphatic dinitrile such as 1,4-dicyanobutane

(adiponitrile),  1,5-dicyanopentane,  1,6-dicyanohexane,  1,7-dicyanoheptane, 18-

dicyanooctane, 1,9-dicyanononane, 1,10-dicyanodecane, particularly preferably adiponitrile.
15

If desired. it is also possible to use diamines, dinitriles and aminonitriles derived from

branched alkyls or aryls or alkylaryls.

The ,0-C5-Cj2-amino acid used can be S-aminopentanoic acid, 6-aminohexanoic acid, 7-
20  aminoheptanoic acid, 8-aminooctanoic acid, 9-aminononanoic acid, 10-aminodecanoic acid,
11-aminoundecanoic acid or 12-aminododecanoic acid, preferably 6-aminohexanoic acid.

The reaction in the first step can be carried out without a catalyst or in the presence of a metal
oxide catalyst. In what follows, the reaction conditions are described without catalyst and
25  with catalyst (in brackets).

According to the invention, the first step (step 1) involves heating an aminonitrile with water
at a temperature from about 100(90) to about 400(400)°C, preferably about 200(180) to about
350(310)°C, especially about 240(220) to about 290(270)°C, to which a pressure from about
30 0.1 to about 35(15) x 10° Pa, preferably about 1(1) to about 15(10) x 10° Pa, especially about
4(4) to about 11(9) x 10° Pa, is set. In this step, the pressure and the temperature can be
adjusted relative to each other in such a way as to obtain a liquid or a solid phase and a
mixture of liquid or solid phase and a gaseous phase. Preferably, the reaction mixture should
be present as a single liquid phase.
35
According to the invention, water or extract is used in a molar ratio of aminoalkyl nitrile to
water within the range from 1:1 to 1:30(1:10), particularly preferably within the range from
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In this embodiment, the liquid or solid phase or the mixture of liquid and solid phase
5 corresponds to the reaction mixture, whereas the gaseous phase is separated off. As part of
this step, the gaseous phase can be separated from the liquid or solid phase or from the
mixture of solid or liquid phase at once, or the synthesis mixture forming within this step can
be present in two-phase form: liquid/gaseous, solid/gaseous or liquid-solid/gaseous. Of
course, the pressure and temperature can also be adjusted relative to each other in such a way
10  that the synthesis mixture is present as a single solid or liquid phase.

The removal of the gas phase can be effected by the use of stirred or unstirred separating
vessels or vessel batteries and by the use of evaporator apparatus, for example by means of
circulatory evaporators or thin-film evaporators, as by film extruders, or by means of annular

15  disk reactors, which ensure an enlarged phase interface. In certain cases, recirculation of the
synthesis mixture or the use of a loop reactor may be necessary to increase the phase
interface. Furthermore, the removal of the gas phase can be furthered by the addition of water
vapor or inert gas into the liquid phase.

20  Preferably, the pressure is adjusted at a preselected temperature so that the pressure is smaller
than the equilibrium vapor pressure of ammonia, but greater than the equilibrium vapor
pressure of the other components in the synthesis mixture at the given temperature. This way,
it is possible to favor especially the removal of ammonia and thus speed up the hydrolysis of
the acid amide groups.

25
Step | can be carried out using stirred vessels, flow pipes or vessel batteries. A two-phase
procedure is preferably carried out using vessels or a reaction column, whereas a procedure
involving a single liquid phase is preferably carried out using a packed flow pipe. The use of
a tube bundle reactor, facultatively packed, in the first process step is likewise possible and

30  advantageous for a two-phase procedure especially, to improve the heat transfer and to further
reduce the axial back-mixing of the reactants.

Usable packing elements include, for example, Raschig rings or Sulzer mixing elements in
order that a narrow residence time distribution may be ensured and in order that back-mixing
35 may be limited.

In a further embodiment, the reactor of the first step is subjected to a downward flow regime,
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Although there are no restrictions whatsoever concerning the degree of conversion of nitrile

groups in step 1 either, economic reasons especially dictate that the conversion of nitrile

groups in step 1 be generally not less than about 70 mol%, preferably at least about 95 mol%,

and especially within the range from about 97 to about 99 mol%, based in each case on the
15 moles of aminonitrile used.

The nitrile group conversion is customarily determined by means of IR spectroscopy (CN

stretching vibration at 2247 wavenumbers) NMR or HPLC, preferably by IR spectroscopy.

In a further preferred embodiment, the aminonitrile/water mixture is continuously heated with
20 the aid of a heat exchanger and the mixture thus heated is introduced into a reaction vessel

heated to the same temperature, preferably into a tube which, if desired, may include internals

such as Sulzer mixing elements to avoid back-mixing. Of course, the aminonitrile and the

water can also be heated up separately.

25 Nor does the invention rule out conducting the reaction in step 1 in the presence of oxygen-
containing phosphorus compounds, especially phosphoric acid, phosphorous acid and
hypophosphorous acid and their alkali metal and alkaline earth metal salts and ammonium
salts such as Naz3PO4, NaH;POq, NazHPO4; NaH2P03, Na;HPO3, NaH>PO2, K3POs, KHoPOs,
K2HPO4, KH,POs, K;HPO;, KH,PO,, in which case the molar ratio of w-aminonitrile to

30 phosphorus compounds is selected within the range from 0.01:1 to 1:1, preferably within the
range from 0.01:1 to 0.1:1.

It is further advantageous to use known metal oxides, such as titanium dioxides, zirconium
oxide, aluminum oxide, lanthanum oxide, magnesium oxide, etc., preferably a Bronsted acid
35 catalyst selected from a beta zeolite catalyst, sheet-silicate catalyst or a titanium dioxide
catalyst, for heterogeneous catalysis in the individual process steps in order that the
conversion, especially of the nitrile groups, may be boosted. Preference is given to titanium
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such as st XftHcthe rzg;gg;ﬁogl 030 0Q6 unydf hxghlyﬂgscous products are used the average pore
diameter should be large. The cutting hardness is preferably greater than 20 N, particularly
10  preferably > 25 N. The BET surface area is preferably more than 40 m2/g, particularly pre-
ferably more than 100 mZ/g. If the BET surface area is smaller, the bed volume should be
appropriately higher to ensure adequate catalyst activity. Particularly preferred catalysts have
the following properties: 100% of anatase; 0.3 ml/g pore volume; 0.02 um average pore
diameter; 32 N cutting hardness; 116 m2/g BET surface area or 84% by weight of anatase;
15  16% by weight of rutile; 0.3 ml/g pore volume; 0.03 pm average pore diameter; 26 N cutting
hardness; 46 m2/g BET surface area. The catalysts may be prepared from commercial
powders as available for example from Degussa, Finti or Kemira. When tungsten oxide is
used, up to 40% by weight, preferably up to 30% by weight, particularly preferably from 15
to 25% by weight of the titanium dioxide is replaced by tungsten oxide. The catalysts can be
20  prepared as described in Ertl, Knézinger, Weitkamp: "Handbook of heterogeneous catalysis".
VCH Weinheim, 1997, pages 98ff. The metal oxides can be used in any desired suitable
form. They are preferably used in the form of pellets, extrudates or shaped articles. Particular
preference is given to pellets from 1 to 10 mm in diameter and from 1 to 50 mm in length.
The pellets can be used alone or combined with metallic packings such as Raschig rings. The
25 pellets and metallic shapes may be present as a mixture or as a sequence of layers of metal

ons
lers

oxide and metallic shapes.

The abovementioned metal oxides are not used in step 4, but they can be used in steps 1 to 3,
preferably 1 and 3, in which case the use in step 1 is particularly preferred.
30
According to the invention, the reaction mixture obtained in the first step is further reacted in
step 2 at a temperature from about 150(200) to about 400(350)°C, preferably at a temperature
within the range from about 200(210) to about 330(300)°C, especially within the range from
about 230(230) to about 290(270)°C, and a pressure which is lower than the pressure in step
35 1. The pressure in the second step is preferably at least about 0.5 x 10° Pa lower than the
pressure in step 1, and generally the pressure will be within the range from about 0.1 to about
45 x 10°Pa, preferably within the range from about 0.5 to about 15 x 10° Pa, especially
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preferably within the range fr out 30 minutes to about 3 hours.

The product line between the first and second steps optionally contains packing elements, for
example Raschig rings or Sulzer mixing elements, whlch fac1htate a controlled expansion of
the reaction mixture into the gas phase.

20
In step 3, the first liquid or the first solid phase or the mixture of first liquid and first solid
phase is admixed with a gaseous or liquid phase comprising an aqueous medium, preferably
with water or water vapor or extract. This is preferably done continuously. The amount of
water or extract added (as liquid) is preferably within the range from about 50 to about

25 1500 ml, more preferably within the range from about 100 to about 500 ml, based on 1 kg of
the first liquid or first solid phase or of the mixture of first liquid and first solid phase. This
addition of water or extract primarily compensates the water losses incurred in step 2 and
furthers the hydrolysis of acid amide groups in the synthesis mixture. This results in a further
advantage of this invention, that the mixture of the starting materials as used in step 1 can be

30  used with a small excess of water only.

In another embodiment of the invention, step 3 can be carried out using aqueous extracts
having a higher extractables content of up to 85%. In this case, it is advantageous to adjust
the pressure and temperature parameters of step 3 in such a way that the synthesis mixture is
35 present as a single liquid phase to avoid the formation of organic and inorganic deposits or
fouling on reactor walls and packing elements. If desired, the highly concentrated aqueous
extract may have caprolactam added to it prior to introduction into step 3 to improve the
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be fitted with mixing elements which further the mixing of the components.

Step 3 can be operated at a temperature from 150 to 370°C and a pressure from 0.1 to 30 x
10 10°Pa.Ifa catalyst bed is present, the conditions applying to step 1 may be employed.

The pressure and temperature can be adjusted to each other in such a way that the synthesis
mixture is present as a single liquid or solid phase. In another embodiment, the pressure and
temperature are selected so that a liquid or a solid phase or a mixture of solid and liquid phase
15 and also a gaseous phase are obtained. In this embodiment, the liquid or solid phase or the
mixture of liquid and solid phase corresponds to the product mixture, whereas the gaseous
phase is separated off. As part of this step, the gaseous phase can be separated from the liquid
or solid phase or from the mixture of solid or liquid phase at once, or the synthesis mixture
forming within this steﬁ can be present in two-phase form: liquidfgaseous, solid/gaseous or
20  liquid-solid/gaseous.

The pressure can be adjusted at a preselected temperature so that the pressure is smaller than
the equilibrium vapor pressure of ammonia, but greater than the equilibrium vapor pressure
of the other components in the synthesis mixture at the given temperature. This way, it is

25 possible to favor especially the removal of ammonia and thus speed up the hydrolysis of the
acid amide groups.

The apparatus/reactors usable in this step can be identical with those of step 1, discussed
above.
30
In a preferred embodiment, the two-phase procedure is carried out by subjecting the reactor of
the first step to downward flow, in which case this reactor is preferably again equipped with
catalyst and/or packing elements which limit any axial back-mixing of the reactants. As a
result, the ammonia gas liberated in the reactor, predominantly directly after entry into the
35  reactor, reaches the gas phase at the top of the reactor by the most direct route. Interference
caused to the flow profile in the further course of the reactor by ascending gas bubbles or
convection is therefore minimal. '
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the context of this step, the temperature and pressure are selected so as to obtain a second gas
phase and a second liquid or solid phase or a mixture of second liquid and second solid phase

15  which each comprise the polyamide.

The postcondensation of step 4 is preferably carried out in such a way that the relative

viscosity (measured at a temperature of 25°C and a concentration of 1 g of polymer per 100

ml in 96% strength by weight of sulfuric acid) of the polya:nicfe assumes a value within the
20 range from about 1.6 to about 3.5.

In a preferred embodiment, any water present in the liquid phase can be expelled by means of
an inert gas such as nitrogen. '

25  The residence time of the reaction mixture in step 4 depends especially on the desired relative
viscosity, the temperature, the pressure and the amount of water added in step 3.

If step 3 is operated as a single-phase regime, the product line between step 3 and step 4 may
optionally contain packing elements, for example Raschig rings or Sulzer mixing elements,
30  which allow a controlled expansion of the synthesis mixture in the gas phase.

In a further embodiment of the invention, step 3 may be dispensed with and the polyamide
prepared by carrying out steps (1), (2) and (4).

35  This variant - without catalyst - is preferably carried out as follows:

In step 1, at least one aminoalkyl nitrile is heated with an excess of water and/or extract water
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about 300°C and a pressure within the range from about 1 to about 7 x 10° Pa, the pressure in
the second step being at least 0.5 x 10° Pa lower than in step 1. At the same time, the

10  resulting first gas phase is separated from the first liquid phase.

The first liquid phase obtained in step 2 is treated in step 3 at a temperature within the range
from about 220 to 300°C and a pressure within the range from about 10 to about 300 x 10°
Pa, the resulting second, water- and ammonia-comprising gas phase being separated from the

15 second liquid phase. Within this step, the relative viscosity (measured as defined above) of
the resulting polyamide is adjusted to a desired value within the range from about 1.6 to about
3.5 through choice of temperature and residence time.

The resulting second liquid phase is then conventionall}; discharged and, if ciesired, worked
20 up.

If metal oxide catalysts are employed, the above-described low temperatures and pressures

can be used.

25  The above-described processes, i.e., the sequence according to the invention of steps (1) to
(3) or (1), (2) and (4) or (1) to (4), can be carried out batchwise, i.e., in succession in a single
reactor, or continuously, i.e., simultaneously in successive reactors. It is also possible, of
course, to carry out some of these steps, for example steps (1) and (2), continuously and the
remaining step(s) batchwise.

30
In a further preferred embodiment of the present invention, at least one of the gas phases
obtained in the respective steps can be recycled into at least one of the preceding steps.

It is further preferable to select the temperature and the pressure in step 1 or in step 3 or in
35 bothstep 1 and step 3 so as to obtain a liquid or a solid phase or a mixture of liquid and solid
phase and a gaseous phase and to separate off the gaseous phase.
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dried, filtered and the sol vent was evapdBated. The residue was stirred-in
2- propanol (100 mM). This mixture was acidified with HCl/2-propanol
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and converted into
10 The at least tnﬁ.lnctxonal amines have at least three amino groups which are capable of

reaction with carboxylic acid groups. They preferably do not have any carboxylic acid groups.
The at least trifunctional carboxylic acids have at least three carboxylic acid groups which are
capable of reaction with amines and which can also be present, for example, in the form of
their derivatives, such as esters. The carboxylic acids preferably do not contain any amino

15  groups capable of reaction with carboxylic acid groups. Examples of suitable carboxylic acids
are trimesic acid, trimerized fatty acids, prepared for example from oleic acid and having
from 50 to 60 carbon atoms, naphthalenepolycarboxylic acids, such as naphthalene-
1,3,5 7-tetracarboxyhc acid. The carboxylic acids are preferably defined orgamc compounds
and not polymerlc compounds.

20
Examples of amines having at least 3 amino groups are nitrilotrialkylamine, especially
nitrilotriethaneamine, dialkylenetriamines, especially diethylenetriamine,
trialkylenetetramines and tetraalkylenepentamines, the alkylene moieties preferably being
ethylene moieties. Furthermore, dendrimers can be used as amines. Dendrimers preferabl\

25  have the general formula I

(RaN-(CH2)n)2N-(CH2)x-N((CH2)n-NR2)2 @

where
30 RisHor -(CHz)n-NRlz, where
R'isHor -(CHz)n-NRzz, where
R?is H or -(CH;)a-NR>,, where
R’ is H or -(CHz)n-NH;,
n is an integer from 2 to 6, and
35 X is an integer from 2 to 14.

Preferably, n is 3 or 4, especially 3, and x is an integer from 2 to 6, preferably from 2 to 4,
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15 compounds are used, imide formation is preferably prevented through the choice of suitable
reaction temperatures.

These substances are at least trifunctional, preferably at least tetrafunctional. The number of
functional groups can be from 3 to 16, preferably from 4 to 10, particularly preferably from 4

20 to 8. The processes of the invention are carried out using either at least trifunctional amines or
at least trifunctional carboxylic acids, but not mixtures of such amines or carboxylic acids.
However, small amounts of at least trifunctional amines may be present in the trifunctional
carboxylic acids, and vice versa.

25  The substances are present in an amount from 1 to 50 pmol/g of polyamide, preferably from 1
to 35, particularly preferably 1 to 20, hmol/g of polyamide. The substances are preferably
present in an amount from 3 to 150, particularly preferably from 5 to 100, especially from 10
to 70, umol of equivalents/g of polyamide. The equivalents are based on the number of
functional amino groups or carboxylic acid groups.

30
Difunctional carboxylic acids or difunctional amines are used as chain lengtheners. These
have 2 carboxylic acid groups which can be reacted with amino groups, or 2 amino groups
which can be reacted with carboxylic acids. The difunctional carboxylic acids or amines, as
well as the carboxylic acid groups or amino groups, do not contain any further functional

35  groups capable of reaction with amino groups or carboxylic acid groups. Preferably, they do
not contain any further functional groups. Examples of suitable difunctional amines are those
which form salts with difunctional carboxylic acids. They can be linear aliphatic, such as Ci.
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Difunctional carboxylic acids are for example those which form salts with difunctional
diamines. They can be linear aliphatic dicarboxylic acids, which are preferably

10  Casao-dicarboxylic acids. Examples are adipic acid, azelaic acid, sebacic acid, suberic acid.
They can also be aromatic. Examples are isophthalic acid, terephthalic acid,
naphthalenedicarboxylic acid, as well as dimerized fatty acids.

The difunctional basic building blocks (c) are preferably used in amounts from 1 to 55,
15 particularly preferably from 1 to 30, especially from 1 to 15, um/g of polyamide.

According to the invention, the product mixture obtained in step 3, or the second liquid or
second solid phase or the mixture of second liquid and second solid phase (from step 4)
which each comprise the polyamide, preferably a polymer melt, is discharged from' the

20 reaction vessel in a conventional manner, for example by means of a pump. Subsequently, the
polyamide obtained can be worked up according to conventional methods, as described for
example in DE-A 43 21 683 (page 3 line 54 to page 4 line 3) at length.

In a preferred embodiment, the level of cyclic dimer in the nylon-6 obtained according to the
25 invention can be further reduced by extracting the polyamide first with an aqueous solution of
caprolactam and then with water and/or subjecting it to a gas phase extraction (described in
EP-A-0 284 968, for example). The low molecular weight constituents obtained in this
aftertreatment, such as caprolactam, linear caprolactam oligomer and cyclic caprolactam
oligomer, can be recycled into the first and/or second and/or third step.
30
The starting mixture and the synthesis mixture can be admixed in all steps with chain
regulators such as aliphatic and aromatic carboxylic and dicarboxylic acids and catalysts such
as oxygen-containing phosphorus compounds in amounts within the range from 0.01 to 5%
by weight, preferably within the range from 0.2 to 3% by weight, based on the amount of
35 polyamide-forming monomers and aminonitriles used. Suitable chain regulators include for
example propionic acid, acetic acid, benzoic acid, terephthalic acid and triacetonediamine.
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di ssol ved iprefetabhyrieds thab-30+Q, anddhesrcopfiirbatiiéast oviesfunctional group which is capable of
interaction with the polyamide. Suitable functional groups include for example carboxylic
15 acid, carboxylic anhydride, carboxylic ester, carboxylic amide, carboxylic imide, amino,
hydroxyl, epoxide, urethane and oxazoline groups.

Examples of rubbers which enhance the toughness of the blends include for example:

20 EP and EPDM rubbers grafted with the above functional groups. Suitable grafting reagents
include for example maleic anhydride, itaconic acid, acrylic acid, glycidyl acrylate and
glycidyl methacrylate.

These monomers can be grafted onto the polymer in the melt or in solution, in the presence or
25  absence of a free-radical initiator such as cumene hydroperoxide. '

The copolymers of a-olefins described under the polymers A, including especially the
ethylene copolymers, may also be used as rubbers instead of polymers A and be mixed as
such into the compositions of the invention.
30
A further group of suitable elastomers are core-shell graft rubbers. These are graft rubbers
which are produced in emulsion and which have at least one hard and one soft component. A
hard component is customarily a polymer having a glass transition temperature of at least
25°C, while a soft component is a polymer having a glass transition temperature of not more
35 than 0°C. These products have a structure made up of a core and at least one shell, the
structure being the result of the order in which the monomers are added. The soft components
are generally derived from butadiene, isoprene, alkyl acrylates, alkyl methacrylates or
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phenyltrimethoxysilane. Suitable comonomers here include for example styrene, acrylonitrile
and crosslinking or grafting monomers having more than one polymerizable double bond
10  such as diallyl phthalate, divinylbenzene, butanediol diacrylate or triallyl (iso)cyanurate. The
hard constituents are generally derived from styrene, o-methylstyrene and copolymers
thereof, preferred comonomers being acrylonitrile, methacrylonitrile and methyl

methacrylate.

15  Preferred core-shell graft rubbers have a soft core and a hard shell or a hard core, a first soft
shell and at least one further hard shell. The incorporation of functional groups such as
carbonyl, carboxylic acid, acid anhydride, acid amide, acid imide, carboxylic esters, amino,
hydroxyl, epoxy, oxazoline, urethane, urea, lactam or halobenzyl groups is here preferably
effected by the addition of suitably functionalized monomers during the polymerization of the”

20  last shell. Suitable functionalized monomers include for example maleic acid, maleic
anhydride, mono- or diesters of maleic acid, tert-butyl (meth)acrylate, acrylic acid, glycidyl
(meth)acrylate and vinyloxazoline. The proportion of monomers having functional groups is
generally within the range from 0.1 to 25% by weight, preferably within the range from 0.25
to 15% by weight, based on the total weight of the core-shell graft rubber. The weight ratio of

25  soft to hard constituents is generally within the range from 1:9 to 9:1, preferably within the
range from 3:7 to 8:2.

Such rubbers, which enhance the toughness of polyamides, are known per se and described in
EP-A-0 208 187 for example.
30
A further group of suitable impact modifiers are thermoplastic polyester elastomers. Polyester
clastomers are segmented copolyetheresters containing long-chain segments, generally
derived from poly(alkylene) ether glycols, and short-chain segments, derived from low
molecular weight diols and dicarboxylic acids. Such products are known per se and are
35  described in the literature, for example in US 3,651,014, Corresponding products are also
commercially available under the names of Hytrel® (Du Pont), Amitel® (Akzo) and
Pelprene® (Toyobo Co. Ltd.).
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oxygen and %
The pigments for coloring thermoplastics are commonly known, see for example R. Géchter
and H. Miiller, Taschenbuch der Kunststoffadditive, Carl Hanser Verlag, 1983, pages 494 to
15  510. The first preferred group of pigments to be mentioned are white pigments such as zinc
oxide, zinc sulfide, lead white (2 PbCO3, Pb(OH)z), lithopone, antimony white and titanium
dioxide. Of the two most common crystal polymorphs (rutile and anatase) of titanium
dioxide, the rutile form is preferred for use as white pigment for the molding compositions of
the invention, '
20
Black pigments which can be used according to the invention are iron oxide black (Fe3Oa).
spinel black (Cu(Cr,Fe)204), manganese black (mixture of manganese dioxide, silicon
dioxide and iron oxide), cobalt black and antimony black and also, particularly preferably,
carbon black, which is usually used in the form of furnace or gas black (see G. Benzing.
25  Pigmente fiir Anstrichmittel, Expert-Verlag (1988), p. 78f%).

It will be appreciated that inorganic color pigments such as chromium oxide green or organic
color pigments such as azo pigments and phthalocyanines can be used according to the
invention to obtain certain hues. Such pigments are generally commercially available.

30
It can further be of advantage to use the abovementioned pigments or dyes in a mixture, for
example carbon black with copper phthalocyanines, since this generally facilitates the
dispersion of color in the thermoplastic.

35 Oxidation retardants and thermal stabilizers which can be added to the thermoplastic
compositions of the invention include for example halides of metals of group I of the periodic
table, e.g., sodium halides, potassium halides, lithium halides, optionally in conjunction with
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10 Examplesof UV stabilizers are various substituted resorcinols, salicylates, benzotriazoles and

benzophenones, which are generally used in amounts of up to 2% by weight.

Lubricating and demolding agents, which are generally included in the thermoplastic material
in amounts of up to 1% by weight, are stearic acid, stearyl alcohol, alkyl stearates and N-

15  alkylstearamides and also esters of pentaerythritol with long-chain fatty acids. It is also
‘possible to use salts of calcium, of zinc or of aluminum of stearic acid and also dialkyl
ketones, for example distearyl ketone.

The éxamples which follow illustrate the invention.
20

Examples

Catalyst preparation

25  Catalyst 1 Beta zeolite powder

The catalyst used was a beta zeolite from Uetikon (Zeokat-Beta) having the following
composition: SiOz2=91%, ALO3 = 7.8%, Na;O = 0.5%, K20 = 0.7%, BET surface area =
700 m%/g, pore size in A = 7.6 x 6.7; 5.5 x 5.5, particle size 0.2-0.5 pm.

30
Catalyst 2 Beta zeolite extrudates

220 g of B-zeolite from Example 1 were kneaded with 5% of Walocel® and 230 g of water

for 45 minutes. The material was then molded under a pressure of 70 bar into 2 mm
35 extrudates. These were dried at 110°C and calcined at 500°C for 16 h.

195 g of these extrudates were exchanged with 3 liters of 20% strength NH4Cl solution at
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were repeated three tines. At a2@0ncentrat|on of 3 x 10[err] Mthe
test conpound induced an increase of the OFF response of 100% of

initial value. 5 Exanple 7 Dunkin-Hartl e | nea pi sof
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reed of dteppite fidBwat rfighed i dfakioafs %Shﬁ“l?tegs?f 10 pel 1 6t in the

colon, the tissue was transferred to a gl ass beaker contai ning 200
m of Kre n tion ssed with a mxture of 95 %
oxygenganaégwsl€§$§%%3ﬁﬁﬁfd¥ %ﬁﬁ intained at 37 [err]C The sol ution
cont ai ned either pure solvent or the test conpound. The expelled

pel ets weg g %%tagﬁjl @%gedrrﬁé%}ﬁ%ﬂll&?&rﬁom Siig- Cheﬁjﬁbelt%% ypmu?%ﬁéu ; of'f @Ut es

during a naxinum cunul-ative

pel | ets exai&m&ian@mnmech@ugmumaleet/@ﬁ@ Homed/14@& expr essed as the
percentage of the tot aI nunber of pel I ets present in the entire colon at
the start experi nment onse curves were nade by

pl ot t AAg tqa%ta[ygm and @El%\@@}ﬁaggjé)f 100% 'and 84% anatase, respectively

Preparation is in line with the description in Ertl, Knozinger, Weitkamp: "Handbook of

heterogeneous catalysis", VCH Weinheim, 1997; page 98ff. The TiO: polymorphs described

as particularly preferred in the preceding description were mixed with water, silica sol and
15 glycerol, extruded and calcined at 550°C. |

Catalyst 6 Titanium dioxide/tungsten oxide catalyst

The c'atalyst used was obtained by intimately mixing the commercially available titanium
20 dioxide VKR 611 (from Sachtleben) with tungsten oxide and subsequent extrusion as per
Example 2 or 4.

It has the following specification: 20% by weight of WO3, 80% by weight of TiOz; BET
surface area = 73 mzlg, total acidity (pKa = 6.8) = 0.56 mmol/g; total acidity (pKa=-3) =
25 0.035 mmol/g.

The so-called relative viscosity (RV), a measure of the molecular weight build-up and the
degree of polymerization, is measured in 1% strength by weight solution in the case of
extracted material and in 1.1% strength by weight solution in the case of unextracted

30 polymer, in 96% strength sulfuric acid, at 25°C using an Ubbelohde viscometer. Unextracted
polymers are dried under reduced pressure for 20 hours pribr to analysis.

The amino and carboxyl end group contents (AEG and CEG, respectively) are determined on
extracted polycaprolactam by an acidimetric titration. The amino groups are titrated with
35 perchloric acid in 70:30 (parts by weight) phenol/methanol as solvent.

For extraction, 100 parts by weight of polycaprolactam are stirred with 400 parts by weight of
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(37.5[err]C), gassed with a mxture of 95% Jerr] and 5% CJerr].
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il eum segrmnqﬂ%'y—rrearr?‘—gi two 30 pl ati num el ectrodes, the anode
t hreaded through the lunmen of the ileum the cathode in t he bat hi ng
sol ution. ; ad | ; ' | | : 0 T N I
mec; | TRERERARG Boding b i iie irole 16, 9596] ARG oripi et
maxi mal r epdhsayqlarmigingratio (based onJz(y inraxiBetavaten) ofl:Gtivpumpssthraughiaduhularer e
measured | £Q0B# 10002 it ledidth 'ahd 36 Bfin in internal BAREkY ArEOSHtRAAIRE bl i n,
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The reaction mixture is then decompressed in a separating vessel (capacity 2 1) to a pressure
within the range from 30 to 60 bar. A gear pump transfers the reaction mixture from the
15 second process step into a further tubular reactor (length 1000 m; internal diameter 36 mm)
of the third process step, which contains Raschig rings (6 mm in length and 6 mm in
diameter) as packing. The reaction mixture has water or extract water added to it continu-
ously at the entry to step 3 at a flow rate of 0, 50 or 100 ml/h. The reaction mixture from the
third step is then transferred into a fourth step for postcondensation.
20
The process parameters corresponding to the illustrative tests are listed in Table 1. The tabled
examples show that the use of extract water in the starting mixture and in the third step does
not affect the viscosity of the polycaprolactam, represented in Table 2, and does not impair
product properties.
25
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2. A conpound as claimed in claim1 wherein the conpound is
4- am no- 5-chl or o- 2, 3-

di hydro-N-[ 1- ( 3- et hoxypropyl) benzof ur ancar bfxrd8¢2000 10
nonohydr oc BASFi Al@iengesellschaft 3 W "# "; | ai TEdNAE 199 F)GTBEC WS Au"

t he conpound is 4-am no-5-chl or

di hydro- N-[ 1- ( 3- net hoxypr opyl ) - 4- pi per| d| nyI ] 7- benzof ur ancar boxam de

but anedi oa (1:1). 15 4. A pharmaceutical conposition conprising
a phar macedt§ ¢4y acceptable carrier and a therapeutically

ef fectize amount of a conmpound as cl ai rred in any of clainms 1 to 3.

5. A process of ar in harmaceutl . COQ ti,on I med claim
2 wherein T 20 ThE SBE'"SyRoRy BRBRRY | SiebRRF SRS difing Bofb rplymifens
clained in any pfodudtionntey éxtrastiBn of the polymer with water fiert priogucihg @dl}‘amidES by
phar maceuti cal | X¥&?§eﬁpﬁ§%%8&{&oh&ﬁtes 6. A conpound as clainmed in

any of clains | use as nedi ci ne.
i0 2 A process for producing polyamides by reacting at least one aminonitrile with
aqueous monomer and oligomer extracts obtained from polyamide production by
extraction of the polymer with water.

3. A process for producing a polyamide by reaction of at least one aminonitrile with
15 water, which comprises: '

(1) reacting at least one aminonitrile with an aqueous medium at a temperature from
90 to 400°C and a pressure from 0.1 to 35 x 10° Pa to obtain a reaction mixture,

20 (2) further reacting the reaction mixture at a temperature from 150 to 400°C and a
pressure which is lower than the pressure in step 1, the temperature and the
pressure being selected so as to obtain a first gas phase and a first liquid or a first
solid phase or a mixture of first solid and first liquid phase, and separating the
first gas phase from the first liquid or the first solid phase or from the mixture of

25 first liquid and first solid phase, and

(3) admixing the first liquid or the first solid phase or the mixture of first liquid and
first solid phase with a gaseous or liquid phase comprising an aqueous medium at
a temperature from 90 to 370°C and a pressure from 0.1 to 30 x 10° Pa to obtain
30 ’ a product mixture, the aqueous medium used in step 1 and/or 3 being aqueous
monomer and oligomer extracts obtained from polyamide production by
extraction of the polymer with water, and otherwise water.

4. A process as claimed in claim 3, comprising, additionally or instead of step 3, the
35 following step:

(4) postcondensing the product mixture at a temperature from 200 to 350°C and a
pressure which is lower than the pressure of step 3, the temperature and pressure
being selected so as to obtain a second, water- and ammonia-comprising gas



25 7. The use of a conpound as clainmed in any of clains 1 to 3 for.the
manuf acture of a medi canent for treating gastro: nt esti nal f
notility disorders. - f c ound.as_clained.jn any o
cl ai ms >1/ to 3 for thgssand l?fsaeg?ngirléql;gkfor;’sggon% softd Bhask 0%8%1’35%?@#1%"?089 ligpid-and
consti pati on. 30 second solid phast}nehigh eachicomprisnthe polgtarailec| ai med in any of
clainms 1 to 3 for the manufacture of a medi canent for treating
irritable bowel disease. . . .10. The use of a conpound as clained in
any of claitrs 1 Adreresoss ¢laimeddn either ofredaims 3zand 4, wherain gwtal @&l catalysts are

PCT/ EP9%®/ 04519  used in the form of a fixed bed in step 1 or in step 3 or in both step 1 and step 3.

6. A process as claimed in claim 4, wherein titanium dioxide is used as catalyst.
7. A process as claimed in any of claims 3 to 6, wherein, in step 3, the gaseous or liquid
10 phase comprising the aqueous medium is added in an amount from 50 to 1500 ml of
water per 1 kg of first liquid or first solid phase or mixture of first liquid and first
solid phase.
8. A process as claimed in any of claims 3 to 7, wherein steps 1t0 3, 1, 2 and 4 or 1 to 4
15 are carried out continuously.
9. A process as claimed in any of claims 3 to 8, wherein at least one of the gas phases

obtained in the respective stages is recycled into at least one of the preceding steps.
» 20 10. A process as claimed in any of claims 3 to 9, wherein the aminonitrile used is an ©-
aminoalkyl nitrile having an alkylene moiety (-CHz-) of from 4 to 12 carbon atoms or

an aminoalkylaryl nitrile having 8 to 13 carbon atoms.

11. A process as claimed in any of claims 3 to 10, wherein the following mixture is used:

25
from 50 to
99.99% by weight of 6-aminocapronitrile,
from 0.01 to
50% by weightof at least one dicarboxylic acid selected from the group consisting of
30 ’ ' aliphatic C4-C)o-0,00-dicarboxylic acids, aromatic
Cs-Ciz-dicarboxylic acids and Cs-Cs-cycloalkane-
dicarboxylic acids,
from 0 to 50%
by weight of an 0,0-diamine having 4-10 carbon atoms,
35 from 0 to 50%
by weight of an @,0-C,-Cy-dinitrile, and
from 0 to 50%
by weight of an @0-C5Cp-amino acid or of the

R nm
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-12- ‘medi cament for treati ng intestinal atony. — -11. The

use of d conpound as clainedin any of clains 1 to 3 for t ' of
a medi canment for accel eratigoqz(sl al‘}rﬁig}e;) bowel tm"mm[yimmz” ,!
12. A process of preparing a conpound a% CrES lagtargy ai s 1 or

a) an internediate of fornmula (1) is Nalkylated with an alylating reagent
of f e 0ta 1044 | ), wherein Wis an appropriate |eaving group
such as a hal o, be‘g chloro, or a sul fonyloxy |eaving group in
a reaction inert™s8P8¥nt in the presencefasleast ongfnorganic acidsorisahhegediase;
[err] 5 b) an am ne of formula (V) is Nacylated wth a

carboxylic acid gl nfd%&ﬁjah \Zaivefglhyﬁercentages adding up to 100%.



[err] 15 (1V)
and, if. desired, converting a conpound of fornmula (1) into a -
t herapeutically active non-toxi c acid addition sal tynedss, 200

conver sel yBa¢ w&{ehg%}eus%ﬂaﬁc' d addition salt into a NAE19970618PETER
formw th al kal

Abstract of the disclosure

Aqueous monomer and oligomer extracts obtained from polyamide production by extraction
of the polymer with water are used for producing polyamides by direct reaction with

aminonitriles.

10



