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process for 5 preparing caprclactamby reacting 6-am nocapronitrile with
wat-er in the presence of catalysts. On heaing or storage at room

t enperature, 6-aminocapronitrile forms a brown tetrahydroazepi ne derivative
- (THA derivative |I) of 10 the formula [err] THA derivative | shall also

enconpass | bgepardOiBH b% &g%faigétbﬁrr] 25 30 35 EP-A 502, 439 solves the
probl em of renmoving TEA in the presence .

The present invention relates to an improved process for
5 preparing caprolactam by reacting 6é—aminocapronitrile with water
in the presence of catalysts. :

On heating or storage at room temperature, 6-aminocapronitrile
forms a brown tetrahydroazepine derivative (THA derivative I) of
10 the formula

I
O\
15 N N(H)-(CHy)sCN

THA derivative I shall also encompass its tautomeric form

: ol
X

EP-A—497,333 describes the direct polymerization of

25 polycaprolactam starting from 6~aminocapronitrile. The problem to
be solved in the process mentioned was the removal of
tetrahydroazepine ("THA”) before the polymerization step, since
tetrahydroazepine leads to discoloration of the polymer obtained
on polymerizing caprolactam in the presence of tetrahydroazepine.

30 EP-A—-497,333 proposes solving the problem by means of a treatment
with a basic compound such as an alkali metal hydroxide or an
alkali metal alkoxide. Following the treatment,
6—aminocapronitrile can be conveniently separated from the
reaction mixture by distillation, which is not possible without

35 such a treatment.

N-(CH3)sCN

o=

EP-A 502,439 solves the problem of removing THA in the presence
of 6—aminocapronitrile by treatment with sodium borohydride. Here
too 6-aminocapronitrile can be readily separated from the

40 reaction mixture by distillation after the treatment.

DE-B—25 42 396 and DE-B-—25 42 397 describe the conversion of
gamma—aminocbutyronitrile into a mixture comprising
2-(N-gamma—cyanopropyl)amino—-deltal-pyrroline (”CAP”) and

45 2-amino-deltal-pyrroline (”aAP”), and also the further hydrolysis
of the isolated CAP to 2-pyrrolidone in the absence of catalysts.
Neither reference indicates whether the corresponding THA
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6-am-nocapronitrile can be readily separated fromthe 40 reaction m xture
by distillation after the treatment. DE-B-25 42 396 and DE-B-25 42 397
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presence o heret %ngﬁnﬁypected that the use of mixtures comprising THA

derivative I would promote the formation of undesirable
by-products. It is also known that five-membered rings are easier
to form than seven—membered rings (see ROmpp Chemie Lexikon, 9th
edition, editors Falbe and Regitz, Georg Thieme Verlag, New

10 York). Altogether and on the basis of experience with THA it
might therefore be expected that THA derivative I would lead to
discolored caprolactam in the cyclization of 6—aminocapronitrile
and to discolored polycaprolactam in the direct conversion of
6—aminocapronitrile into polycaprolactam, unless separated off

15 before the cyclization and before the polymerization step.

It might further be expected that THA derivative I would reduce
the lifetime of the catalyst used in the polymerization, since it
was known from US 5,162,567 that heating THA produces high

20 boilers, ie. compounds or mixtures with a higher boiling point
than 6—-aminocapronitrile (accordingly making it easy to remove
the 6—aminocapronitrile). High boilers, however, tend to form
polymeric or oligomeric decomposition products which can form
deposits on catalyst surfaces and so reduce not only the lifetime

25 but also the activity of the catalysts.

It is an object of the present invention to provide a process for
cyclizing 6—aminocapronitrile to caprolactam wherein THA
derivative I reduces neither the lifetime nor the activity of the

30 cyclization catalyst, nor leads to a caprolactam-containing
reaction mixture whose UV number is equal to or higher than that
prior to the cyclization step. Preferably the post-cyclization UV
number should be smaller than pre-cyclization as a function of
the pre-cyclization THA derivative I content. Furthermore, any

35 THA derivative I present in the reaction mixture for the direct
polymerization of 6—aminocapronitrile shall be easy to remove or
it shall be possible to conduct the reaction in such a way that
THA derivative I is eliminated.

40 We have found that this object is achieved by a process for
preparing caprolactam by reacting 6-aminocapronitrile with water
in the presence of catalysts, which comprises using a starting
mixture of 6-aminocapronitrile and the tetrahydroazepine
derivative of the formula

45
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as a-pure substance before it is hydrolysed. It mght 5 therefore be
expected that the use of m xtures conprisingo THA derivative = would
promote the formation of undesirable by-products. It is also known that

- five-nmenbered rings are easier to formthan seven-nenbered rings (see Ronpp

Chem e Lexi kon, 9th edition,—edjtors Fal be and Regitz, Georg Thiene Verl ag,
New 10 York). Altogether anhe basi s of experienceIwith THA it night

t herefore be expected that graer | 2/% vg} = wuld lead to discol ored
caprolactamin the cyclization of B (G 8&?) nitrile, 15 20 25 It is an
obj ect of % he present invention to provide a process for cyclizing

6- ani nocapr @mdt eph@uatingaphe| xeachionhén el iguiidaphase in the presence of a
heterogeneous catalyst.

The present invention also provides tetrahydroazepine derivative
10 I, a process for its preparation, and the use of THA derivative I
for preparing caprolactam.

The reaction of the present invention is carried out in liquid
phase in the presence of heterogeneous catalysts at temperatures

15 from generally 140 to 320°C, preferably from 160 to 280°C; the
pressure is generally within the range from 1 to 250 bar,
preferably from 5 to 150 bar, care having to be taken to ensure
that, under the conditions employed, the reaction mixture is
predominantly (ie. without the catalyst, which is present in

20 solid phase) liguid. The residence times are generally within the
range from 1 to 120, preferably from 1 to 90, in particular from
1 to 60, min. In some cases residence times from 1 to 10 min will
prove completely adequate.

25 The amount of water used is generally at least 0.01 mol,
preferably from 0.1 to 20 mol, in particular from 1 to 5 mol, per
mole of THA derivative I.

Advantageously THA derivative I is used in the form of a from 1

30 to 50% strength by weight, in particular from 5 to 50% strength
by weight, particularly preferably from 5 to 30% strength by
weight, solution in water (in which case the solvent is then also
the reactant) or in water-solvent mixtures. Examples of suitable
solvents are alkanols such as methanol, ethanol, n— and

35 i-propanol, n—, i— and t-butanol and polyols such as diethylene
glycol and tetraethylene glycol, hydrocarbons such as petroleum
ether, benzene, toluene, xylene, lactams such as pyrrolidone or
caprolactam or alkyl-substituted lactams such as"
N-methylpyrrolidone, N-methylcaprolactam or N-ethylcaprolactam

40 and also carboxylic esters, preferably of carboxylic acids having
from 1 to 8 carbon atoms. Ammonia too can be present in the
reaction. It is of course also possible to use mixtures of
organic solvents. Mixtures of water and alkanols in a
water:alkanol weight ratio of 1-75:25-99, preferably 1-50:50-99,

45 have been determined to be particularly advantageous in some

cases.
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cyclization catal yst, nor leads to a caprol actam containing reaction
m xture whose WV nunber is equal to or higher than that prior to the
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The starting mixture customarily has, depending on the level of
THA derivative I, a UV number (sum of all absorbances of a 10% by
weight solution in ethanol at wavelengths from 280 to 400 nm,
based on a pathlength of 5 cm) within the range from 5 to 40,000.

10
The starting mixture is obtainable by heating 6-aminocapronitrile
with or without solvent. From experience to date, the temperature
can be within the range from 20 to 280°C, in particular within the
range from 50 to 250°C, particularly preferably within the range

15 from 100 to 230°C. The reaction times are customarily within the
range from 10 minutes to 20 hours. As expected, shorter reaction
times are possible at higher temperatures. The reaction can be
carried out at pressures within the range from 100 kPa to 25 MPa,
preferably from 500 kPa to 20 MPa. It can further be advantageous

20 to carry out the reaction in the presence of acidic homogeneous
or heterogeneous catalysts such as mineral acid, carboxylic
acids, sulfonic acids, titanium dioxide, aluminum oxide, acid ion
exchangers or Lewis acids.

25 If desired, pure THA derivative I can be obtained for example by
distillation of unconverted 6—aminocapronitrile, solvents and any
by-products.

Examples of suitable heterogeneous catalysts include: acidic,

30 basic or amphoteric oxides of the elements of the second, third
or fourth main group of the periodic table, such as calcium
oxXide, magnesium oxide, boron oxide, aluminum oxide, tin oxide or
silicon dioxide as pyrogenic silica, as silica gel, diatomaceous
earth, quartz or mixtures thereof, also oxides of metals of

35 secondary groups two to six of the periodic table, such as
titanium oxide, amorphous, as anatase and/or rutile, zirconium
oxide, zinc oxide, manganese oxide or mixtures thereof. It is
also possible to use oxides of the lanthanides and actinides,
such as cerium oxide, thorium oxide, praseodymium oxide, samarium

40 oxide, rare earth mixed oxide, or mixtures thereof with the
aforementioned oxides. Further catalysts can be, for example:

vanadium oxide, niobium oxide, iron oxide, chromium oxide,

molybdenum oxide, tungsten oxide or mixtures thereof. Mixtures
45 between the oxides mentioned are also possible. It is also.
p0551b1e to use sulfides, selenides and tellurides such as =zinc
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i s of maln groups 1 and 7 of the perlodlc table.

Also suitable are zeolites, phosphates and heteropolyacids and
also acidic and alkali iron exchangers such as, for example,
Naphion®.

10
If desired, these catalysts may contain up to 50% by weight each
of copper, tin, zinc, manganese, iron, cobalt, nickel, ruthenium,

palladium, platinum, silver or rhodium.

15 The catalysts can be used as solid catalyst or supported
catalyst, depending on the composition of the catalyst. For
instance, titanium dioxide can be used in the form of a titanium
dioxide extrudate or in the form of a thin layer applied to a
carrier. Any method described in the literature is suitable for

20 applying TiO; to a carrier such as silicon dioxide, aluminum oxide
or zirconium dioxide. For instance, a thin layer of TiO, can be
applied by hydrolysis of organotitaniums such as titanium
isopropoxide or titanium butoxide, or by hydrolysis of TiCly or
other inorganic Ti-—containing compounds. Sols which contain

25 titanium dioxide are also suitable. '

Particular preference is given to catalysts which contain no
constituents that are soluble under the conditions of the
reaction.
30
In a further preferred embodiment, the reaction is carried out in
a fixed bed reactor. A fixed bed process is customarily carried
out with tablets or extrudates having diameters within the range
from 1 to 10 mm. In principle, however, the reaction can also be
35 carried out in suspension.

In a further preferred embodiment, the reaction is carried out in
particular in the presence of a heterogeneous catalyst based on
titanium dioxide, zirconium dioxide, cerium oxide or aluminum

40 oxide.

Aluminum oxide is generally suitable in all modifications
obtained by heating the precursor compounds aluminum hydroxide
(gibbsite, boehmite, pseudoboehmite, bayerite and diaspore) at

45 different temperatures. These include in particular gamma- and
alpha-alumina and mixtures thereof.
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di et hyl ene the pure oxides can be prepared by precipitation from aqueous
solutions, for example titanium dioxide by the sulfate process or
10 by other processes such as the pyrogenic production of fine
alumina, titania or zirconia powders which are commercially
available.

Mixtures of various oxides can be prepared in various ways. The

15 oxides or their precursor compounds, which are convertible into
the oxides by calcination, can be prepared for example by
coprecipitation from solution. This generally brings. about very
good dispersion of the two oxides used. The oxide or precursor
mixtures can also be precipitated by precipitating one oxide or

20 precursor in the presence of a fine suspension of the second
oxide or precursor. A further method consists in mechanically
mixing the oxide or precursor powders, this mixture can be used
as a starting material for producing extrudates or tablets.

25 Supported catalysts can be prepared by customary methods. For
instance, the oxides can be applied to the support by simply
impregnating the support with their sols. The sol volatiles are
customarily removed from the catalyst by drying and calcining.
Sols of this type are commercially available for titania, alumina

30 and zirconia.

A further way of applying layers of the active oxides is the
hydrolysis or pyrolysis of organic or inorganic compounds. For
instance, a ceramic support can be coated with a thin layer of

35 titanium dioxide by hydrolysis of titanium isopropoxide or other
titanium alkoxides. Other suitable compounds include TiCl,,
zirconyl chloride, aluminum nitrate and cerium nitrate. Suitable
supports are powders, extrudates or tablets of the aforementioned
oxides themselves or of other stable oxides such as silica. The

40 supports used can be macroporous to improve the mass transport.

In a further particularly preferred embodiment, the catalyst used
is titanium dioxide with an anatase content within the range from
100 to 5, preferably from 99 to 10, % by weight and a rutile
45 content within the range from 0 to 95, preferably from 1 to 90, $%
by welght, based on the total amount of titanium dioxide.
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ithin the range from 500 to 2000, kPa in the presence of the
abovementioned heterogeneous catalysts, preferably
titania—-containing, similarly to the abovementioned starting
mixture, using a molar ratio of tetrahydroazepine derivative I to
water within the range from 0.01:1 to 20:1, preferably from 0.5:1
10 to 20:1.

The abovementioned starting mixture as aqueous solution and THA
derivative I alone can be directly converted into polycaprolactam
by heating by known methods, for example described in

15 EP-A-150,295.

The advantage of the process of the present invention is that it
provides a convenient way of processing
THA-derivative-I-containing reaction mixtures with

20 6-aminocapronitrile into caprolactam and, if desired, into
polycaprolactam. The products and product mixtures thus obtained
are free of troublesome THA derivative I. Thus there is no need
for further process steps in the use of additional agents,
compared with the removal of THA from corresponding reaction

25 mixtures.

In certain circumstances it can even be advantageous to convert
6—aminocapronitrile in whole or in part into THA derivative I by
preheating to temperatures from 20 to 280°C and to use the

30 resulting mixture of THA derivative I and 6-aminocapronitrile for
the cyclization over oxidic catalysts.

Examples

35 Example 1:

400 g of 6-aminocapronitrile (ACN) were heated to 200°C for 8 h.
Distillation yielded as second fraction at 0.1 mbar and 140°C 40 g
of THA derivative I (yield 10%) as a pure compound. The

40 characterization was carried out by means of NMR spectroscopy:

lH-NMR (250 MHz, DMSO-dg, TMS, ppm):
4.2 (s, broad, 1 H), 3.2 (m, 2 H), 2.9 (t, 2H), 2.45 (t, 2H),
2.25 (m, 2H), 1.7 - 1.1 (m, 12 H).

45
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m xture can be within the range from0.01 to 95% by weight, in particular
from0.1 to 50% by wei ght, particul arlg preferably from0.5 to 20% by
wei ght. The starting m xture customari?y has, depending on the |evel of THA
~derivative JPC~-EMRM GRuPOYHZ ( SRMSDdsal TMSbgEmances of a 10% by wei ght

sol ution i ntedteasol 120.6vaeldengtbs 4r.eme28821d 40Bone) tphased on a

pat hl ength $4 -6 +crbgWi thi petBec] ages fer,08ndgto, 4@,.009, 10 The starting
mxture i s obtainable by heati ng 6-am nocapronitrile with or wthout

sol vent. From experience to date, the tenperature can be within the range
from20 t %"c‘%‘[ rF& in particular within the range from50 to 250[err]C,
particularly preferably within the range 15 from 100 to 230[err] C. The
reaction tixe%by wesglurathapohid¢ lsoluthenr afigeHX demi @t ive(k @est puRfed
hours. As exqppaihet wsbRrd @lolr 68CHa€8Y (corresponding to 3.2% by weight of
the total solution) through a titania—-packed tubular reactor
10 (diameter 6 mm; length 800 ml [sic]) at 70 ml/h. The reactor
temperature was 230°C, the pressure was 80 bar. The hourly output
was a 9.7% ethanolic caprolactam solution. The solution further
obtained [sic] 0.8% by weight of recyclable ethyl 6—aminocaproate
and also 0.2% by weight of recyclable 6—aminocapronitrile. The
15 caprolactam yield was 80%, the selectivity including the
recyclable compounds was 95%.

Example 3:

20 A 10% by weight ethanolic solution consisting of 95% by weight of
ACN and 5% by weight of THA derivative I was pumped together with
2 mol of water (corresponding to 3.2% by weight of the total
solution) through a titania-packed tubular reactor (diameter
6 mm; length 800 ml [sic]) at 70 ml/h. The reactor temperature

25 was 230°C, the pressure was 80 bar. The hourly output was a 9.1%
ethanolic caprolactam solution. The solution further contained
0.4% by weight of recyclable ethyl 6é—aminocaproate and also 0.1%
by weight of recyclable 6—aminocapronitrile. The caprolactam
yield was 91%, the selectivity including the recyclable compounds

30 was 95%. '

Example 4:

A 10% by weight ethanolic solution consisting of 99% by weight of
35 ACN and 1% by weight of THA derivative I was pumped together with
2 mol of water (corresponding to 3.2% by weight of the total
solution) through a titania-packed tubular reactor (diameter
6 mm; length 800 ml [sic]) at 70 ml/h. The reactor temperature
was 230°C, the pressure was 80 bar. The hourly output was a 9.0%
40 ethanolic caprolactam solution. The solution further contained
0.4% by weight of recYclable ethyl 6—aminocaproate and also 0.1%
by weight of recyclable 6—aminocapronitrile. The caprolactam

yield was 90%, the selectivity including the recyclable compounds
was 95%.
45
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at pressures within the range from 100 kPa to 25 MPa, preferably from 500
kPa to 20 MPa. It can further be advantageous 20 to carry out the reaction
in the presence of acidic honbgeneous or heterogeneous catal ysts such as
“mneral acid, carboxylic acids, sulfonic acids, titanium dioxide, alum num
oxi de, aci dweor1lgxghangers or Lewis acids. 25 If desired, pure THA
derivative | can be obtained for exanple by distillation of unconverted
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tin oxide or silé-amindcapaahd tadleydmi) eihec tetraltydroazepihe cdemjelative of

di at omaceous the formula

10
LA :
7
N N(H)-(CH;)sCN
15 and conducting the reaction in liquid phase in the presence

of a heterogeneous catalyst.

2. A process as claimed in claim 1, wherein the hetereogeneous
catalyst contains no constituents that are soluble under the
20 conditions of the reaction.

3. A process as claimed in claim 1 or 2, wherein the reaction is
carried out in a fixed bed reactor.

25 4. A process as claimed in any of claims 1 to 3, wherein the
reaction is carried out in the presence of a heterogeneous
catalyst based on titanium dioxide, zirconium dioxide, cerium
oxide or aluminum oxide.

30 5. A process as claimed in any of claims 1 to 4, wherein the
catalyst used comprises titanium dioxide having an anatase
content within the range from 5 to 100% by weight and a
rutile content within the range from 0 to 95% by weight,
based on the total amount of titanium dioxide.

35

6. A process as claimed in any of claims 1 to 5, wherein the
starting mixture has a UV number (sum of all absorbances of a
10% by weight solution in ethanol at wavelengths from 280 to
400 nm, based on a pathlength of 5 cm) within the range from
40 5 to 40,000.

7. The tetrahydroazepine derivative of the formula

N N N
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groups two to six of the periodic table, such as titanium oxi de, anorphous,

as -anat ase and/or rutile, zirconium oxide, zinc oxide, nanganese oxide or

m xtures thereof. It is also possible o use oxides of the |anthani des and

~actinides, such.as cerium oxide, thorium oxide, praseodym um oxide,
samarium 40 oxide, rare ear i xed oxide, or mxtures thereof with the

af orenenti oned oxi des. Furqhericatalysts can be, for ex&nple: vanadi um

oxi de, ni obi um oxide, iron chrom um oxi de, nol ybdenum oxi de,

tungsten oxide or mixtures t her eof N (B {FH2)8EN45 bet ween t he oxi des

menti oned3are al so possible. It is also possible to use sulfides, selenides

and telluri 8es Buptrceesszifar preparing the tetrahydroazepine derivative I of

claim 7, which comprises heating 6-—-aminocapronitrile at from
100 to 300°C.

10 9. The use of tetrahydroazepine derivative I for preparing
caprolactam and polycaprolactam.

10. A process for preparing caprolactam, which comprises reacting
tetrahydroazepine derivative I with water at a temperature
15 within the range from 140 to 320°C and a pressure within the
range from 100 to 2500 kPa in a molar ratio of
tetrahydroazepine derivative I to water within the range from
0.01:1 to 20:1.

20 11. A process for preparing polycaprolactam by heating an aqueous
solution of 6-aminocapronitrile, which comprises including
THA derivative I

25
~,
N N(H)-(CHz)5CN
in the agueous solution.
30
35
N O A L
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of nickel, of zinc and of chrom um The aforenentioned conpounds may be
doped, ie. conta' n, conpounds 5 of main groups 1 and 7 of the periodic
table. Also suitable are zeolites, phosphates and heteropol yaci ds and
alerr] so acidic and al kali iron exchangers such as, for exanple, Naphion

[err]. 10 |pfreg§§a£ﬂ§h dfheggrgpa@aﬁsts may contain up to 50% by wei ght each
of copper, tin, zinc, manganese, iron, cobalt, nickel, ruthenium

pal | adi um tlnun1 silver or rhodium 15 The catalysts can be used as
sol i d cata@%?? 8ftsupported catal yst, depending on the conposition of the
catal yst.% For instance, titaniumdioxide can be used in the formof a
titanium A process for preparing caprolactam by reacting

6—aminocapronitrile with water in the presence of catalysts
comprises using a starting mixture of 6—aminocapronitrile and the
tetrahydroazepine derivative of the formula

10

7,
N N(H)~-(CHp)sCN
15
and conducting the reaction in liquid phase in the presence of a
heterogeneous catalyst. Also describes a process for preparing
said tetrahydroazepine derivative I and its use for preparlng
caprolactam and polycaprolactam.
20
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di'oxi de extP8g8t& or in the formof a thin layer applied to a carrier. Any
met hod descoi®edo0osoyass88aterature is suitable for 20 applyi ng2TiQ2.1892
carrier such as silicon dioxide, alum num oxide or zirconium dioxide. For

i nstance, a thin layer of TiO2 can be applied by hydrolysis of
organotitani uns such as titaniumisopropoxide or titani um butoxide, or by
hydrol ysis @f chiaGly4 or other inorganic Ti-containing conpounds. Sols which
contain 25 titaniumdi oxide are also suitable. Particular preference is
given to catalysts which_contain no constituents that are sol uble under the
condi tions bf thPTOSEEE; EF PHEPRR189CARTNIACHARIRY REFEABSdi nent, the
reacti on Ps carfiaminegaprenitrileewibe Wat@scir the Bregeacedt Rar@dystes
custonarily carwhisth cotpridds tuslingt 8 stambingudasesrehafi ng di aneters within
the range 6-aminocapronitrile and the tetrahydroazepine derivative of

the formula

10
@\
N

15 = and conducting the reaction in liquid phase in the presence
of a heterogeneous catalyst.

N(H)-(CH3)s5CN

2. A process as claimed in claim 1, wherein the hetereogeneous
catalyst contains no constituents that are soluble under the
20 conditions of the reaction.

3. A process as claimed in claim 1 or 2, wherein the reaction is
carried out in a fixed bed reactor.

25 4. A process as claimed in any of claims 1 to 3, wherein the
reaction is carried out in the presence of a heterogeneous
catalyst based on titanium dioxide, zirconium dioxide, cerium
oxide or aluminum oxide.

30 5. A process as claimed in any of claims 1 to 4, wherein the
catalyst used comprises titanium dioxide having an anatase
content within the range from 5 to 100% by weight and a
rutile content within the range from 0 to 95% by weight,
based on the total amount of titanium dioxide.

35
6. A process as claimed in any of claims 1 to 5, wherein the
starting mixture has a UV number (sum of all absorbances of a
10% by weight solution in ethanol at wavelengths from 280 to
400 nm, based on a pathlength of 5 cm) within the range from
40 5 to 40,000.
7. The use of tetrahydroazepine derivative (I) for preparing
caprolactam and polycaprolactam.
LU
UL RN |
) i Replaced THIS SEET HAS BEEN
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“from1 to BP%M®1n principle, however, the reaction can also be 35 carried
out in suspReki 0995¢E4%8$%1rt her preferred embodi ment, the react} efdi1997
-carried out in particular in the presence of a heterogeneous catal yst based
on titani um di oxi de, zirconium di oxide, cerium oxide or alum num 40 oxide.
Al um num ox8 de A pryeass afdry pxrephabhe polyahpbraobaitianc dlyi bestioid anneduégus
heating the preiut9bnCONBUAM HodhpFronitPiINE]r GKidle cogbbbséd eindieahnit e,
pseudoboehnlteqmgpﬁggiggigwp(q&aspore) at 45 different tenperatures. These

i nclude in particular gamm- d al pha-al um na and m xtures thereof. 6
5
L
N ™ w(m)-(cHz)sCN
10 in the agqueous solution.
15
20
25
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The oxi des can be used in pure form (purity of the respect ve oxide > 30%
by weight), as a mxture of the abovenenti oned oxi des,

sum of the abovenenti oned oxi des shoul d be > 80% by meig ﬁgHHaEQ@%@?&%$§$éi
catalyst, in which case the 5 abovenenti oned oxi des can be plied to a
mechancal y and ahenically stable carriler usually with a 1|qh'bﬁrﬁﬁ%égﬂﬁe

The pure oxides can be prepared by precipitation from aqguequs_sol utions,

for exanplg%éqgfgeig SH Qxide1 v dnhie sul fate process or 19 by ot her
processes such as the pyr ogeni ¢ production or fine al umipa..tifania Qr
zirconia pomders whi ch are conner0|allx aval | abl e, m xtures of various
oxi des cante BFRERAF etF IS HaFi By S® Fh §h RS O R JREPT St h8Fr precur sor
conpound§, prgtartingr e2eXhAStErbPe 1efcs inaes T3ROS BT RISt bh, WA&T be

prepared fofi eheappeseiye cdprecapydtat. on from solution. This generally
bri ngs about very

13

On heating Or storage at room temperaturs, 6-aminocapronitrile
fcrms a brown tetrahydroazepine derivative (THA derivative I) of
10 the formula

4 h!

E ; 1

-

15 ¥ N(H)~-(CHa)sCN

THA derivative I shall also encompass its tautomeric form

20 [:;:l§§

Tt

EP-A 502,439 solves the problem of removing THA in the presence
of 6-aminocapronitrile by treatment with sodium borohydride. Here
too 6-aminocapronitrile can be readily separated from the

40 reaction mixture by distillation after the treatment.

DE-B—25 42 396 and DE-B-25 42 397 describe the conversion of
gamma-aminobutyronitrile into a mixture comprising
2-(N-gamma-cyanopropyl)amino~deltal-pyrroline (”CAP”) and

45 2-amino-deltal-pyrroline (”AP”), and also the further hydrolysis
of the isolated CAP to 2-pyrrolidone in the absence of catalysts.
Neither reference indicates whether the corresponding THA



.good di spersion of the two oxides used. The oxide ?§ gge
al so be precipitated by precipitating one oxide or E-AF
presence of a fine suspension of the second oxide or prefu
met hod consists in mechanically mxing the oxide or precr:
m xture can be used as a starting nagerlal for produci ng}extrudates or

tablets. g3 §gep9xte%a%agg' Yaled 38 D8PSR %%g%tq

i nstance, the oxid he “su

sl apl y_ 1 hpregnati ng
t he suppdV?“ﬁTth thé??“%@ﬁgseTﬁb‘§@I°Go?%&?? ““'Y Ugg

Fily renoved from
t he cat al @By EEr yT'HG WFRCER cihithg. cSoed BF 1ﬁ#ﬁ§°€9§ﬁ39%9e ~gohmescial |y

avai | abl exfagrateit asi &, cwleusuhac3canadtace coni s Mekakthed. wayanofnmappl yi ng
layers of:-idieagki y& dddred shihefaydiel ¥8iH: .00 -RYr ebysd s:0k efgani ¢ or
i nor gani cdggmouod& FQl1d BSLABES o GRLANLE,SURPQLLCaDE Coated with a

thin Iayer of e v ; . :

Dy-groducts. It is also known that five—memperad rings are easier
to form than seven-membered rings (see REmpe Chemie Zexikon, 9th
edition, editors Falbe and Regitz, Georg Thieme YVerlag, New

10 York). Altogether and on the basis of experience with THA it
might therefore be expected that THA derivative I wculd lead to

discolored caprolactam in the cyclization of S—aminocapronitrile,

15

20

25

It is an object of the present invention to provide a process for
cyclizing 6é-aminocapronitrile to caprolactam wherein THA
derivative I reduces neither the lifetime nor the activity of the
cyclization catalyst, nor leads to a caprolactam-containing
reaction mixture whose UV number is equal to or higher than that
prior to the cyclization step. Preferably the post-cyclization UV
number should be smaller than pre-cyclization as a function of

the pre-cyclization THA derivative I content.
35

30

40 We have found that this object is achieved by a process for

preparing caprolactam by reacting 6-aminocapronitrile with water
in the presence of catalysts, which comprises using a starting

mixture of 6é~aminocapronitrile and the tetrahydroazepine
derivative of the formula
45



 REPLACEMENT SHEET

35 tifaniun1dioxide by hydrolysis of titaniumisop AreSy

titanium al koxi des. Ot her suitabl e conmpounds incluga? i
- chloride, alumnumnitrate and ceriumnitrate. Suitable
powders, extrudates or tablets of the aforenentioned oxi
of other stable oxides such as siliga. The 40 supports u
macroporous to inprove the mass transport. In a further ! parttettarty
preferred enbodi nent, the catal yst used is titanium dioxide with an anatase
content within the range’from 100 to 5, preferably frrom99 to 10, % by

wei ght and a rutile 45 cbgt%hlemdthin the range from0 to 95, preferably
from1l to 90, % by wei ght, Ybas

d(on-tdmwytetal anount of titani um di oxide.
7 5

ed can b

and conducting the rsactlion in liguid phase 13 the presenc

a
heterogeneous catalyst.

th

2 Q

The present inventicn also provides tetrahydroazepine derivative
10 I, a process for its preparation, and the use of THA derivative I

for preparing caprclactam.

The reaction of the present invention is carried out in liqui
phase in the presence of heterogeneous catalysts at tempera:ures
from generally 140 to 320°C, preferably from 160 to 280°C; the
pressure is generally within the range from 1 to 250 bar,
preferably from 5 to 150 bar, care having to be taken to ensure
that, under the conditions employed, the reaction mixture is
predominantly (ie. without the catalyst, which is present in
solid phase) liquid. The residence times are generally within the
range from 1 to 120, preferably from 1 to 90, in particular from

1 to 60, min. In some cases residence times from 1 to 10 min will
prove completely adequate.

15

20

25 The amount of water used is generally at least 0.01 mol,

preferably from 0.1 to 20 mol, in particular from 1 to 5 mol, per
mole of THA derivative I.

Advantageously THA derivative I is used in the form of a from 1
to 50% strength by weight, in particular from 5 to 50% strength
by weight, particularly preferably from 5 to 30% strength by
weight, solution in water (in which case the solvent is then also
the reactant) or in water-solvent mixtures. Examples of suitable
solvents are alkanols such as methanol, ethanol, n— and
i—-propanol, n—, i- and t-butancl and polyols such as diethylene
glycol and tetraethylene glycol, hydrocarbons such as petroleum
ether, benzene, toluene, xylene, lactams such as pyrrolidone or
caprolactam or alkyl-substituted lactams such as
N-methylpyrrolidone, N-methylcaprolactam or N—ethylcaprolactam
and also carboxylic esters, preferably of carboxylic acids having
from 1 to 8 carbon atoms. Ammonia too can be present in the
reaction. It is of course also possible to use mixtures of
organic solvents. Mixtures of water and alkanols in a
water:alkanol weight ratio of 1-75:25-99, preferably 1-50:50-99,

have been determined to be particularly advantageous in some
cases.

30

35

40

45



THA der| vative | is preferably used for preparing R@QMWE&H
wth water/solvent at a.tenperature within the range fromijl
- preferably within the range from 160 to 280[err]C, and a ¢

" €5 SYIEe NGVt 1498
the range from 100 to 2500, in particular 5 within the rarg

from 500 to
2000, kPa in the presence of the abayenentioned heterogendous cararysts

pref er ablygl iny@Nh &z CANLANE NGy SiY | quyet@ heanaysrentijangd siarting
m xture, Using.a nolLa of 1

rati o,

d ar A t et.rahydr oazepine derLyallge T.10 Warer
within tHeFangd Fromts 6871t 0" YoMt © bl

BF et 27 %bI Vo 3m' 0. 5° °10°F0 20: 1. The
advant age*o3 he -pr BRESE ATt REOPridenp P?ﬁ/e?ﬁtl'{:?rrcl‘s At BRASSL PR o¥i des a

conveni ergraj@yragh7pfoee dsiSngoTHM der iweathve- | - cont ai ni ng reacti on m xtures

wi th 20s6-am nocapronitrile into caprolactam The products and product
m xtures fiwsg.opt-ahged: ceure customazily has, cepend

THA derivative I, a UV number (sum of all absorbances of a 10% by
weight solution in ethanol at wavelengths Irom 280

to 100 om,
based on a pathlength of 5 cm) within the range from 5 to 40,000:

.'...‘lC cn the level of

- e

10

The starting mixture is obtainable by heating g—aminocapronitrile

e boube ot
with or without solvent. From experience to date, the temperaturse

can be within the range from 20 to 280°C, in particular within the
range from 50 to 250°C, particularly preferably within the range
15 from 100 to 230°C. The reaction times are customarily within the
range from 10 minutes to 20 hours. As expected, shorter reaction
times are possible at higher temperatures. The reaction can be
carried out at pressures within the range from 100 kPa to 25 MPa,
preferably from 500 kPa to 20 MPa. It can further be advantageous
to carry out the reaction in the presence of acidic homogeneous
or heterogeneocus catalysts such as mineral acid, carboxylic
acids, sulfonic acids, titanium dioxide, aluminum oxide, acid ion
exchangers or Lewis acids.

20

25 If desired, pure THA derivative I can be obtained for example by

distillation of unconverted 6-aminocapronitrile, solvents and any
by-products.

Examples of suitable heterogeneous catalysts include: acidic,
basic or amphoteric oxides of the elements of the second, third
or fourth main group of the periodic table, such as calcium
oxide, magnesium oxide, boron oxide, aluminum oxide, tin oxide or
silicon dioxide as pyrogenic silica, as silica gel, diatomaceous
earth, quartz or mixtures thereof, also oxides of metals of
secondary groups two to six of the periodic table, such as
titanium oxide, amorphous, as anatase and/or rutile, zirconium
oxide, zinc oxide, manganese oxide or mixtures thereof. It is
also possible to use oxides of the lanthanides and actinides,
such as cerium oxide, thorium oxide, praseodymium oxide, samarium
oxide, rare earth mixed oxide, or mixtures thereof with the
aforemgntioned oxides. Further catalysts can be, for example:

30

35

40

vanadium oxide, niocbium oxide, iron oxide, chromium oxide,

molybdenum oxide, tungsten oxide or mixtures thereof. Mixtures
between the oxides mentioned are also possible. It is alsao
possible to use sulfides, selenides and tellurides such as

45

zinc
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:are free of troubl esone THA defivative | . Thus ther

process steps in the use of additional agents, codﬁEﬂgh‘ |
THA from correspondi ng reaction 25 m xtures. In certain

\ par t
into THA derivative | by preheatinggto tenperatures fromj20
and to use. the 30 LeSU|ti%§§dniXtuL§}Of TEA derjvative | and . _.
6- ami noc&Pronf 19911 e*for® Ey PP 2RASGH o TR~ 8 di"¢ PE AT 3P YIS ~Exanpl es 35
Exanpl e BY 3682y Gf "6ShPt nREaFiafi 279 1 CACRPWRre heated to 200C for 8 h.
Distillation yielded as second fraction at 0.1 nbar and 140C 40 g of THA

derivati veel afyiahehtlO@d asombouee sOFTIRGcedhe 40 Inaraal esdmtiuned Was
carrieds 4 Ry NEANHOL MR SRECLLASCOPYc:c

“able.
. Alsc suitable are zeolites, gphosphates and heteropolvacids and

also acidic and alkali iron exchangers such as, for example,
Naphicna. '
10

I desired, these catalysts may contain up %o 50% by weight each

of copper, tin, 2zinc, manganese, iron, cobalt, nickel, ruthenium,

palladium, platinum, silver or rhodium.

15 The catalysts can be used as solid catalyst or supported

catalyst, depending on the composition of the catalyst. For
instance, titanium dioxide can be used in the form of a titanium
dioxide extrudate or in the form of a thin layer applied to a
carrier. Any method described in the literature is suitable for
applying TiO; to a carrier such as silicon dioxide, aluminum oxide
or zirconium dioxide. For instance, a thin layer of TiO; can be
applied by hydrolysis of organotitaniums such as titanium
isopropoxide or titanium butoxide, or by hydrolysis of TiCl, or

other inorganic Ti—containing compounds. Sols which contain
25 titanium dioxide are also suitable.

20

Particular preference is given to catalysts which contain no

constituents that are soluble under the conditions of the
reaction.

30

In a further preferred embodiment, the reaction is carried out in
a fixed bed reactor. A fixed bed process is customarily carried
out with tablets or extrudates having diameters within the range

from 1 to 10 mm. In principle, however, the reaction can also be
35 carried out in suspension.

In a further preferred embodiment, the reaction is carried out in
particular in the presence of a heterogeneous catalyst based on

titanium dioxide, zirconium dioxide, cerium oxide or aluminum
40 oxide.

3
Aluminum oxide is generally suitable in all modifications
obtained by heating the precursor compounds aluminum hydroxide
(gibbsite, boehmite, pseudoboehmite, bayerite and diaspore) at

different temperatures. These include in particular gamma- and
alpha-alumina and mixtures thereof.

45



e r]H-NIVR(250 MHz, DMBO-d6, TMS, ppm:

r , , . 4.2 (s, tﬁ{EﬁgLﬁks
9 (t, 2H), 2.45 (t, 2H), 2.25 (m 2H), 1.7 - 1. 21k
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2: A 10%)by meight et hanolic soluti@n of TH derivative |
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t oget her ., Za 0L Of orre ppndl Lo.3-4%.by ve .:0f the total
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oxides, in which case the
be > 30% by weight, or as
S atbcvementicned oxides can
chemicaily stable carxriaer

98 Hiafa

sum of the apovementicned oxides should

usua;_y wiszh a aigh surface ar=a.
The pure oxides can be prepared by prescipitation Irom agueous
solutions, for example titanium dioxide by the sulfate
by other processes such as the pyrogenic production of Iine

alumina, titania or zirconia powders which are commerclL ially
available.

process or
10

Mixtures of various oxides can be prepared in various ways. The
oxides or their precursor compounds, which are convertible into
the oxides by calcination, can be prepared for example by
coprecipitation from solution. This generally brings about very
good dispersion of the two oxides used. The oxide or precursor
mixtures can also be precipitated by precipitating one oxide or
precursor in the presence of a £fine suspension of the second
oxide or precursor. A further method consists in mechanically
mixing the oxide or precursor powders, this mixture can be used
as a starting material for producing extrudates or tablets.

15

20

25 supported catalysts can be prepared by customary methods. For

instance, the oxides can be applied to the support by simply
impregnating the support with their sols. The sol volatiles are
customarily removed from the catalyst by drying and calcining.

Sols of this type are commercially available for titania, alumina
30 and zirconia.

A further way of applying layers of the active oxides is the
hydrolysis or pyrolysis of organic or inorganic compounds. For
instance, a ceramic support can be coated with a thin layer of
titanium dioxide by hydrolysis of titanium isopropoxide or other
titanium alkoxides. Other suitable compounds include TiClg,
zirconyl chloride, aluminum nitrate and cerium nitrate. Suitable
supports are powders, extrudates or tablets of the aforementioned
oxides themselves or of other stable oxides such as silica. The
supports used can be macroporous to improwve the mass transport.

35

40

In a further particularly preferred embodiment, the catalyst used
is titanium dioxide with an anatase content within the range from
100 to 5, preferably from 99 to 10, % by weight and a rutile
content within the range from 0 to 95, preferably from 1 to 90, %
by weight, based on the total amount of titanium diocxide.

45
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temperature was 230[ef~r-] C, the pressure was 80 bar. The ho

9. 7% et hanol i ¢ caprol actam sol ution. The sol ution fuu%?gj
0.8% by wei ght of recycl able ethyl 6-am nocaproate a L

of recycl able 6-am nocapronitrile. The 15 caprol actam yi el ¢
selectivity including the recycl abl e7conpounds was 95% Ex
by wei ght T#4 herdlvheieol Utisonresasisty ngeaf = 8§9éﬁabdmihgh&a

wei ght of nd&iA ﬁer*Vﬁit‘Yedéte‘Q@%o@W(i"t QU€eL é*ﬂ.\tﬁ 21091 Al W%taﬁ&lje
(correspondip 3- 2% 4y \g? twbg tot o utlon ﬁr g <
titani a- packe d‘4t ubuI ar reactor g S ar Tﬁ'% 0 st ?) fat 70
n / h. Theana%threstsﬁﬁBefat‘Hrne 35 fRRID 5P ¢P Oﬂreséu?%- W&$18D bar.

The hour y-siépirhenasnge 910w StRanel 3 capPel az;ta'm gulesenon. ofThd@esol ution
further cebbaemedtidnéth bycawiqeneoqs cenyclsabl ecedmtafiyam nocaproate and
al so 0. 1%:itania-containing, similarly to the abovementioned starting
mixture, using a molar ratio of tetrahvdroazepine derivative I to
water within the range from 0.01:

to 20:1, preferably from 0.5:1
10 to 20:1.

15

The advantage of the process of the present invention is that it
provides a convenient way of processing
THA-derivative~I-containing reaction mixtures with

20 6-aminocapronitrile into caprolactam..

The products and product mixtures thus obtained
are free of troublesome THA derivative I. Thus there is no need
for further process steps in the use of additional agents,

compared with the removal of THA from corresponding reaction
25 mixtures.

In certain circumstances it can even be advantageous to convert
6-aminocapronitrile in whole or in part into THA derivative I by
preheating to temperatures from 20 to 280°C and to use the

resulting mixture of THA derivative I and 6-aminocapronitrile for
the cyclization over oxidic catalysts.

30

Examples

35 Example 1l:

400 g of 6~aminocapronitrile (ACN) were heated to 200°C for 8 h.
Distillation yielded as second fraction at 0.1 mbar and 140°C 40 g
of THA derivative I (yield 10%) as a pure compound. The

40 characterization was carried out by means of NMR spectroscopy:

lH-NMR (250 MHz, DMSO-dg, TMS, ppm):

4.2 (s, broad, 1 H), 3.2 (m, 2 H), 2.9 (t, 2H), 2.45 (t, 2H),
2.25 (m, 2H), 1.7 - 1.1 (m, 12 H).
45



by wei ght of recycl abl e 6-ami nocapronitrile. The caprol acg
the selectivity including the recyclable conpounds 30 was} 9%
10% by wei ght et hanolic-solution consisting of 9996&9E§%Lfv -y
1% by wei ght of TEA'derivative | was punped together withi?2 nﬂls(ﬁﬂ\ﬁv&%&&
(corresponding to 3.2% by wei ght of 8t he total solution) threugh a ,
titani a- packes (9bud awad eantorad diraget ggmpP: MM | ength 800f{nt—TSic]) at. 70
m /h. Thegkeacy or12toe|gp§ra17,|rde.vva§ 280 er3r2] G «t hgo pg essur vvas 80 bar. The
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further cont airh % Dy Wel ‘gt "8f "t eTyC avl 6°et hyl 6-ami nocaproate and

al so 0. 1% by wei ght of

recycl abl e 6-am nocapronitrile. The caprol actam
yield vasa0%.2t he selectivity including the recycl abl e conpounds was 95%

A 10% by weight ethanolic soiution of THA derivative I was pumped
together with 2 mol of water (corresponding to 3.2% by weight of
the total solution) through a titania-packed tubular reactor
(diameter 6 mm; lanqth 800 ml [sic]) at 70 ml/h. The reactor

temperature was 230°C, the pressure was 80 bar. The hourly output

was a 9.7% ethanolic caprolactam solution. The 'solution further
obtained (sic] 0.8% by weight of recyclable ethyl 6-—aminocaproate
and also 0.2% by weight of recyclable 6-—aminocapronitrile. The
caprolactam yield was 80%, the selectivity including the
recyclable compounds was 95%.

10

15

Example 3:

20 A 10% by weight ethanclic solution consisting of 95% by weight of

ACN and 5% by weight of THA derivative I was pumped together with
2 mol of water (corresponding to 3.2% by weight of the total
solution) through a titania-packed tubular reactor (diameter

6 mm; length 800 ml ([sic]) at 70 ml/h. The reactor temperature
was 230°C, the pressure was 80 bar. The hourly ocutput was a 9.1%
ethanolic caprolactam solution. The solution further contained
0.4% by weight of recyclable ethyl é—aminocaproate and also 0.1%
by weight of recyclable 6—aminocapronitrile. The caprolactam

yield was 91%, the selectivity including the recyclable compounds
30 was 95%.

25

Example 4:

A 10% by weight ethanolic solution consisting of 99% by weight of
ACN and 1% by weight of THA derivative I was pumped together with
2 mol of water (corresponding to 3.2% by weight of the total
solution) through a titania-packed tubular reactor (diameter

6 mm; length 800 ml (sic]) at 70 ml/h. The reactor.temperature
was 230°C, the pressure was 80 bar. The hourly output was a 9.0%
ethanolic caprolactam solution. The solution further contained
0.4% by weight of recyclable ethyl 6—aminocaproate and also 0.1%
by weight of recyclable 6—aminocapronitrile. The caprolactam

yield was 90%, the selectivity including the recyclable compounds
was 95%.

45
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45 1. A process for preparing caprolactam by reatting 5

6-ani nocapronitrile with water in the presence of ca¢§t¥§£,
conprises using a starting m xture of 6-am nocapronitrH

t et rahydr oazepi ne derivative of the%ornmula 10 [err] 15
the reaction in liquid phase in the presence of a heterogen

2. A progess, as claimed in claim1, wherein the hetereogen
contai ns NG Cofistituents that are sol ubl e under the

e

(0] v

1. A process for preparing caprolactam by reacting
6-aminocapronitrile with water in the presence of catalysts,
which comprises using a starting mixture of

f—aminocapronitrile and the tetrahydroazepine derivative of
the formula

10

-,

N N(H)-(CHz)sCN

15 and conducting the reaction in liquid phase in the presence

of a heterogeneous catalyst.

A process as claimed in claim 1, wherein the hetereogeneous

catalyst contains no constituents that are soluble under the
20 conditions of the reaction.

A process as claimed in claim 1 or 2, wherein the reaction is
carried out in a fixed bed reactor.

25 4. A process as claimed in any of claims 1 to 3, wherein the
reaction is carried out in the presence of a heterogeneous

catalyst based on titanium dioxide, zirconium dioxide, cerium
oxide or aluminum oxide.

30 5. A process as claimed in any of claims 1 to 4, wherein the

catalyst used comprises titanium dioxide having an anatase
content within the range from 5 to 100% by weight and a
rutile content within the range from 0 to 95% by weight,
based on the total amount of titanium dioxide.
35
A process as claimed in any of claims 1 to 5, wherein the
starting mixture has a UV number (sum of all absorbances of a
10% by weight solution in ethanol at wavelengths from 280 to

400 nm, based on a pathlength of 5 cm) within the range from
40 5 to 40,000.

The use of tetrahydroazepine derivative (I) for preparing
caprolactam,
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A process for preparing caprolactam by reacting

6~aminocapronitrile with water in the presence of catalysts

comprises using a starting mixture of 6~aminocaprenitrile and the

tetrahydroazepine derivative of the formula
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15
and conducting the reaction in liquid phase in the presence of a
heterogeneous catalyst. Also describes a process for preparing
said tetrahydroazepine derivative I and its use for preparing
caprolactam and polycaprolactam.
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10% by wei ght solution in ethanol at wavel engths from 280 to 400 nm based

on a pathlength of 5 cnm) within the range from 40 Ttoa Twe
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Preparation of cagrolactam

The present invention relates to an improved prsocess for

(V]

preparing cagrclactam by reacting é-aminocapreonitrile with water
in the presence cf catalysts.

On heating cr storage at room temperatura, S-aminocapronitrile
forms a brown tetrahvdroazepine derivative (THA cderivative I of
10 the formula
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THA derivative I shall also encompass its tautomeric form
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EP-A 502,439 solves the problem of removing THA in the presence
of 6é-aminocapronitrile by treatment with sodium borohydride. Here
too 6-aminocapronitrile can be readily separated from the

40 reaction mixture by distillation after the treatment.

DE-B—25 42 396 and DE-B—25 42 397 describe the conversion of
gamma—-aminobutyronitrile into a mixture comprising

2- (N-gamma-cyanopropyl)amino-deltal-pyrroline (”CAP”) and
2-amino~deltal-pyrroline (”AP”), and also the further hydrolysis
of the isolated CAP to 2-pyrrolidone in the absence of catalysts.
Neither reference indicates whether the corresponding THA
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