
2 2 SEP 2004 Preparation of caprolactam  The present invention relates to a
process for the preparation of  5 caprolactam from a compound of formula
(I): NC - (CH2)4 - CO - R (I) in which R is a carboxamide, carboxylic acid
or carboxylic acid  10 ester group, wherein a) a compound (I) or a mixture
of such compounds, in the 15 presence of ammonia and optionally a liquid
diluent (VI), is  hydrogenated with hydrogen in the presence of a catalyst
(II), wherein a metal selected from the group comprising Fe,  Ni, Co and
Ru, or mixtures thereof, is used as the  catalytically active component of
the catalyst (II), to give  20 a mixture (III), b) the hydrogen and the
catalyst (II) are separated from the  mixture (III) to give a mixture (IV),
and 25 c) the mixture (IV), optionally in the presence of a liquid  diluent
(VII), is converted to caprolactam in the presence of  a catalyst (V).
Processes for the preparation of caprolactam from compounds of  30 formula
(I) are known per se. Thus DP 915568 describes the conversion of
cyanovaleric acid  esters on Raney cobalt at 120C and 200 bar to give
caprolactam  yields of 40-52%. 35 The conversion of cyanovaleric acid
esters on Raney catalysts is  also described in J. Polym. Sci. Part B,
Polymer Lett. 2 (1964)  no. 5, pages 491-3. Caprolactam yields of 31-74%
are obtained. 40 EP-A-23 751 describes the hydrogenation of cyanovaleric
acid  esters on Ru/Fe fixed bed catalysts to give caprolactam yields of
35%. According to JP 305330, cyanovaleric acid esters are first 45
hydrogenated on Raney nickel or Raney cobalt and then thermolyzed  without
a catalyst to give caprolactam yields of 80-90%. 22 SEP 2004 2  The
disadvantage of these processes is that the yields or  space-time yields
are too low to meet industrial demands. It is an object of the present
invention to provide a process 



5 which makes it possible to prepare caprolactam from compounds of  formula
(I) in a technically simple and economic manner, avoiding  said
disadvantages. We have found that this object is achieved by the process
defined  at the outset. 10 According to the invention, the compound (I)
used has the formula NC - (CH2)4 - CO - R (I) 15 in which R is a
carboxamide, carboxylic acid or carboxylic acid  ester group. It is also
possible to use mixtures of such compounds, these also  being referred to
as the compound (I) in terms of the present 20 invention. It is
particularly preferred to use a single compound  as the compound (I).
Suitable carboxamide groups are advantageously those of the  general
formula -CO-NR1R2, in which R1 and R2 independently of one 25 another are
hydrogen or an organic radical, preferably C1-C4  alkyl. The particularly
preferred carboxamide group is the group  -CONH2.  Suitable carboxylic acid
ester groups are advantageously those of  30 the general formula -CO-OR3,
in which R3 is an organic radical, preferably C1-C4 alkyl. The particularly
preferred carboxylic  acid ester group is the group -CO-OCH3.  The
preparation of compounds of formula (I) is generally known,  35 for example
from Reppe, Lieb. Ann. Chem. 596 (1955) 127, BE 850 113, EP-A-576976 or
EP-A-1 107 947. According to the invention, in step a), the compound (I),
in the  presence of ammonia and optionally a liquid diluent (VI), is 40
hydrogenated with hydrogen in the presence of a catalyst (II) to  give a
mixture (III). Advantageously, at least 0.1 kg, preferably 0.1 to 10 kg,
particularly preferably 0.2 to 5 kg and very particularly 45 preferably 0.5
to 5 kg of ammonia should generally be used per kg  of compound (I). 22 SEP
2004 3  Step a) can advantageously be carried out in the presence of a
liquid diluent (VI). Suitable diluents (VI) are preferably water  or
organic diluents, for example C4 to C9 alkanols such as  n-butanol,
i-butanol or n-pentanol, ethers such as methyl 5 tert-butyl ether or
tetrahydrofuran, preferably aliphatic  



hydrocarbons such as n--hexane, cycloaliphatic hydrocarbons such  as
cyclopentane or cyclohexane, and especially aromatic  hydrocarbons such as
benzene, toluene, o-xylene, m-xylene,  p-xylene, ethylbenzene,
i-propylbenzene or di-i-propylbenzene, as 10 well as mixtures of such
compounds, for example petroleum ethers.  The hydrocarbons can carry
functional groups such as halogens,  for example chlorine, as in
chlorobenzene. A suitable catalyst (II) is advantageously a heterogeneous
15 catalyst, said catalyst (II) preferably being used as a fixed bed
catalyst. A metal selected from the group consisting of Fe, Ni,  Co and Ru,
or mixtures thereof, is useful as the catalytically  active component of
the catalyst (II). 20 Such components can be used as an unsupported
catalyst, for  example as Raney nickel, Raney cobalt or iron obtained by
reduction from synthetic or natural materials containing iron  oxide, for
example magnetite. 25 Such components can be used as a supported catalyst.
Suitable  supported catalysts can advantageously be obtained by
impregnating or spraying a support with a solution containing  compounds of
such metals or mixtures thereof, or by spray drying  a suspension
containing a support and compounds of such metals or 30 mixtures thereof.
Such supported catalysts can contain supports  known per se, preferably
aluminum oxide, silicon oxide,  aluminosilicates, lanthanum oxide, titanium
dioxide, zirconium  dioxide, magnesium oxide, zinc oxide, zeolites or
activated  carbon, or mixtures thereof. 35 40 In step a), the proportion of
compound (I), based on the sum of  the starting components, namely compound
(I), ammonia and diluent  (VI), is advantageously 0.1 to 50% by weight,
preferably 1 to 30%  by weight and particularly preferably 2 to 20% by
weight. The reaction can advantageously be carried out in the liquid
phase. 45 2 2 SEP 2004 4  The reaction can advantageously be carried out at
temperatures  generally of 40 to 250C, preferably of 50 to 100C and
particularly preferably of 60 to 120C. The pressure should  generally range
from 1 to 350 bar, preferably from 25 to 250 bar. 



5 The reaction of step a) yields a mixture (III). In step b), the hydrogen
and the catalyst (II) are separated from  the mixture (III) to give a
mixture (IV). 10 The catalyst (II) can be separated off in a manner known
per se. In the case of a suspension procedure, the catalyst (II) can
advantageously be separated off by filtration, especially through  15 a
membrane of appropriate pore size. In the case of a fixed bed  procedure,
the reaction mixture can advantageously be withdrawn  from the reactor to
leave the catalyst (Ii) in the reactor. The hydrogen can be separated off
in a manner known per se,  20 preferably in a high pressure separator. The
high pressure separator can advantageously be followed by [text missing]
for  separating off any remaining hydrogen. All or part of the ammonia can
advantageously be separated off in  25 step b). The separation can
advantageously be carried out by distillation,  especially at bottom
temperatures of 60 to 220C and pressures of  1 to 30 bar. 30 A mixture (IV)
is obtained after step b). According to the invention, in step c), a
mixture (IV),  optionally in the presence of a liquid diluent (VII), is 35
converted to caprolactam in the presence of a catalyst (V). Step c) can
advantageously be carried out in the presence of a  liquid diluent (VII).
Suitable diluents (VII) are preferably  water or organic diluents, for
example C1 to C9 alkanols such as 40 methanol, ethanol, n-propanol,
isopropanol, n-butanol, i-butanol  or n-pentanol, preferably aliphatic
hydrocarbons such as  n-hexane, cycloaliphatic hydrocarbons such as
cyclopentane or  cyclohexane, and especially aromatic hydrocarbons such as
benzene, toluene, o-xylene, m-xylene, p-xylene, ethylbenzene, 45
i-propylbenzene or di-i-propylbenzene, as well as mixtures of  such
compounds, for example petroleum ethers. The hydrocarbons 22 SEP 2004 5 can
carry functional groups such as halogens, for example  chlorine, as in
chlorobenzene. 5 Advantageously, the diluents (VI) and the diluents (VII)
can be  identical. 



A suitable catalyst (V) is advantageously a heterogeneous  catalyst. The
catalyst (V) can preferably be used as a fixed bed  10 catalyst. Suitable
catalysts (V) are acidic, basic or amphoteric oxides of  the elements of
main group II, III or IV of the periodic table,  such as calcium oxide,
magnesium oxide, boron oxide, aluminum 15 oxide, tin oxide or silicon
dioxide in the form of pyrogenic  silicon dioxide, silica gel, kieselguhr,
quartz or mixtures  thereof, and also oxides of metals of subgroups II to
VI of the  periodic table, such as amorphous titanium dioxide in the form
of  anatase or rutile, zirconium dioxide, manganese oxide or mixtures 20
thereof. It is also possible to use lanthanide and actinide  oxides such as
cerium oxide, thorium oxide, praseodymium oxide,  samarium oxide, a rare
earth mixed oxide or mixtures thereof with  the abovementioned oxides.
Examples of other possible catalysts  are: 25 vanadium oxide, barium oxide,
zinc oxide, niobium oxide, iron  oxide, chromium oxide, molybdenum oxide,
tungsten oxide or  mixtures thereof. Mixtures of said oxides with one
another are  also possible. Some sulfides, selenides and tellurides, such
as 30 zinc telluride, tin selenide, molybdenum sulfide, tungsten  sulfide
and the sulfides of nickel, zinc and chromium, can also  be used. The
abovementioned compounds can be doped with, or contain,  35 compounds of
main groups I and VII of the periodic table. Other suitable catalysts which
may be mentioned are zeolites,  phosphates and heteropolyacids, as well as
acidic and alkaline  ion exchangers like Nafion.  40 Preferred catalysts
are titanium oxide, aluminum oxide, cerium  oxide and zirconium dioxide,
particularly preferred catalysts  being activated aluminum oxides such as
those disclosed e.g. by  WO 95/14664. 45 22 SEP 2004 6  In the reaction of
step c), ammonia can also be present, but is  preferably absent. In step
c), the proportion of the compound formed from the 5 compound (I) in step
a) (compound (VIII)), based on the sum of  



this compound (VIII) and the diluent (VII), is advantageously 0.1  to 50%
by weight, preferably I to 30% by weight and particularly  preferably 2 to
20% by weight. 10 The reaction can advantageously be carried out in the
liquid  phase at temperatures generally of 140 to 320C, preferably of 180
to 300C and particularly preferably of 200 to 280C. The  pressure should
generally range from 1 to 250 bar, preferably  from 5 to 150 bar. 15 The
preferred pressure and temperature conditions here are those  under which
the reaction mixture is in the form of a single  homogeneous liquid phase.
20 The catalyst loadings generally range from 0.05 to 5, preferably  from
0.1 to 2 and particularly preferably from 0.2 to 1 kg of  compound (VIII)
per 1 catalyst volume per hour. The reaction of step c) yields a mixture
containing caprolactam.  25 In addition to caprolactam, this mixture
generally contains low-boiling components, high-boiling components,
compound (VIII),  optionally ammonia and diluent (VII). In terms of the
present invention, low-boiling components are  30 understood as meaning
compounds boiling below caprolactam and high-boiling components are
understood as meaning compounds  boiling above caprolactam. Caprolactam can
be obtained from this mixture by methods known  35 per se, such as
extraction or distillation. In the case of distillation, the work-up can
advantageously be  effected by fractional distillation in one or more, such
as 2 or  3, distillation apparatuses. 40 Suitable apparatuses are those
conventionally used for  distillation, for example those described in:
Kirk-Othmer,   Encyclopedia of Chemical Technology, 3rd ed., vol. 7, John
Wiley  & Sons, New York, 1979, pages 870-881, such as sieve-plate  columns,
bubble-cap columns or packed columns. 45 2 2 S E P 2004 7  Preferably, any
ammonia and diluent (VII) still present are  appropriately separated from
the mixture first. The high-boiling  components, the low-boiling components
and any unreacted compound  (VIII) can then be separated from the remaining
mixture, 5 individually or together, to give caprolactam. 



Advantageously, all or part of the diluent (VII) obtained in this  work-up
can be recycled into step a) or step c). 10 Advantageously, all or part of
any high-boiling and/or  low-boiling components obtained in this work-up
can be recycled  into step c). Advantageously, all or part of any unreacted
compound (VIII)  15 obtained in this work-up can be recycled into step c).
The caprolactam obtained in the process according to the  invention can be
used in a manner known per se for the  preparation of industrially
important polymers such as  20 polyamides. Examples a) Batch hydrogenation
of methyl cyanovalerate 25 Methyl cyanovalerate, solvent and ammonia as the
liquid phase  were placed, as shown in table 1, in a 0.27 liter autoclave
fitted with a wire basket insert containing 80 g of catalyst  pellets, and
with a gas injection stirrer, and were reacted under 30 the conditions
given in said table. The appropriate reaction  pressure was kept constant
by the continuous metering of  hydrogen. The results are shown in table 1.
35 40 45 CatalystEducts [g]Reaction Product yield in conditions[%] MCVSOLV
NH3 T p t MAHAH CL (79 g)[C](bar][min]
Magnetite8.8MTBE8.11102503092.43.03.6
Magnetite17toluene8.11102503596.71.81.6 Raney Ni17--695010022091.05.90.3
Cobalt17--69902503093.83.70.9 Cobalt17--69501007098.20.80.3
Cobalt8.8toluene695010016593.9--1.1 Cobalt8.8toluene8.15010016094.00.61.2 



Raney Co17--69501004591.71.11.1 22 SEP 2004 8 5 10 Table 1 MCV: methyl
6-cyanovalerate  MAH: methyl 6-aminohexanoate  15 AH: 6-aminohexanamide CL:
caprolactam 20 MTBE: methyl t-butyl ether b) Batch cyclization of methyl
6-aminohexanoate to caprolactam  2 ml (1.6 g) of a 10% by weight solution
of methyl 25 6-aminohexanoate in toluene were converted, as shown in table
2,  in a 5 ml autoclave at 150C, with or without 1 g of powdered  catalyst.
The conversions of methyl 6-aminohexanoate to caprolactam in [%]  30 are
shown in table 2. 35 CatalystEducts [g]Reaction Product yield in
conditions[%] MCVSOLV NH3 T p it MAH AH CL (79 g)[C](bar)[min] Raney
Co8.8toluene--501006593.6--0.3 Hydro- 8.8toluene8.1501002290.53.93.4
talcite  Raney Co8.8toluene8.8601009098.11.00.6 Raney
Co8.8toluene19.6601009098.80.80.3 Catalyst t [min]noneSi02 prec. Ti02 Zr02
MgOCaO A1203 154.446.970.353.143.78.14.7 305.269.789.173.663.111.65.8
455.980.092.481.271.514.56.2 



607.083.194.284.576.717.77.7 12011.698.799.098.098.028.613.0 40 Table 2 c)
Continuous hydrogenation of methyl cyanovalerate 1. On a cobalt catalyst 45
In a 100 ml tubular reactor with a separate feed for educt  solution,
ammonia and hydrogen, 100 ml of cobalt catalyst were  activated at 280C and
the loading (in g MCV/ml catalyst/hour) and 2 2 SEP 2004 9 temperature were
varied as shown in table 3 at a pressure of  200 bar and an ammonia/MCV
ratio of 1:1. 5 The results are shown in table 3. 10 LoadingT [C]MCV
conversion MAH selectivity 1%)[%] 0.38094.6094.46 0.158098.6498.63
0.28095.3195.31 0.29098.4698.08 0.210099.3699.04 0.212099.9299.32 15 Table
3 MCV: methyl 6-cyanovalerate MAE: methyl 6-aminohexanoate  20 2. on a
Raney cobalt doped with Cr In a 100 ml tubular reactor with a separate feed
for educt  solution, ammonia and hydrogen, and containing 100 ml of
Cr-doped 25 Raney Co, the loading (in g MCV/ml catalyst/hour) was varied as
shown in table 4 at a pressure of 80 bar, a temperature of 80C  and an
ammonia/MCV ratio of 2:1. The results are shown in table 4. 30 35
LoadingMCV conversion [%]MAH selectivity [$] 0.564.8064.77 0.480.3080.30
0.389.5089.50 



0.2598.5098.61 0.299.6099.56 Table 4 MCV: methyl 6-cyanovalerate 40 MAH:
methyl 6-aminohexanoate  d) Continuous cyclization of methyl
6-aminohexanoate to  caprolactam  45 1. On a TiO2 catalyst 2 2 SEP 2004 10
A 10% by weight solution of methyl 6-aminohexanoate in toluene,  possibly
containing water as shown in table 5, was converted on a  Ti02 catalyst
(1.5 mm pellets) in a 20 ml tubular reactor (length  90 cm, diameter 6 mm)
at the reaction temperature and loading (in  5 kg/l/h) shown in table 5.
The results are shown in table 5. 10 15 20 LoadingT Water [% by MAH
conversion CL selectivity [C]weight][%][%] 0.5200095.4494.54
0.4200097.7395.24 0.5220098.3096.85 0.5220098.6496.23 0.5220598.9396.44
0.5250097.5694.95 0.5240096.8795.85 0.5230097.4297.31 0.5220097.9296.58
Table 5  MAH:  CL: methyl 6-aminohexanoate  caprolactam  25 2. On a
gamma-aluminum oxide catalyst A 10% by weight solution of methyl
6-aminohexanoate in toluene,  



possibly containing water as shown in table 5, was converted on a 30
gamma-aluminum oxide catalyst (1-3 mm chips) in a 20 ml tubular  reactor
(length 90 cm, diameter 6 mm) at the reaction temperature  and loading (-in
kg/l/h) shown in table 6. The results are shown in table 6. 35 40 45
LoadingT Water [% by MAH conversion CL selectivity [C]weight][%][%]
0.5220097.8696.36 0.55220097.8795.84 0.6220098.0496.49 Table 6 MAH: methyl
6-aminohexanoate  CL: caprolactam. 2 2 SEP 2004 11 We claim: 1. A process
for the preparation of caprolactam from a compound  5 of formula (I): NC -
(CH2) 4 - CO - R (I) in which R is a carboxamide, carboxylic acid or
carboxylic acid  10 ester group, wherein a) a compound (I) or a mixture of
such compounds, in the 15 presence of ammonia and optionally a liquid
diluent (VI),  is hydrogenated with hydrogen in the presence of a  catalyst
(II), wherein a metal selected from the group  comprising re, Ni, Co and
Ru, or mixtures thereof, is  used as the catalytically active component of
the 20 catalyst (II), to give a mixture (III), 25 b)the hydrogen and the
catalyst (II) are separated from the mixture (III) to give a mixture (IV),
and the mixture (IV), optionally in the presence of a 



C)diluent (VII), is converted to caprolactam in the liquid presence of a
catalyst (V). 2. A process as claimed in claim I wherein the catalyst (II)
is  30 a heterogeneous catalyst. 3. A process as claimed in claim 1 or 2
wherein the catalyst  (II) is a fixed bed catalyst. 35 4. A process as
claimed in any of claims I to 3 wherein the  reaction mixture used in step
a) is in liquid form during the  hydrogenation. 5. A process as claimed in
any of claims 1 to 4 wherein all or  40 part of the ammonia is additionally
separated off in step b). 45 2 2 SEP 2004 12  6. A process as claimed in
any of claims 1 to 5 wherein the catalyst (V) contains a metal oxide as the
catalytically  active component. 5 7. A process as claimed in any of claims
1 to 6 wherein the  catalyst (V) is a fixed bed catalyst. 8. A process as
claimed in any of claims 1 to 7 wherein a metal  oxide selected from the
group comprising titanium dioxide, 10 aluminum oxide, cerium oxide and
zirconium oxide, or mixtures  thereof, is used as the catalytically active
component of the  catalyst (V). 15 20 25 30 35 40 45 


