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a phase (VIII) containing a higher proportion of water than
diluent (V),

c) the phase (VII) is separated from the phase (VIII),
25
d) all or part of the ammonia present in the phase (VII) is
separated off by extraction (a) with a water-containing
mixture (IX) to give an aqueous mixture (X) containing the
ammonia which has been separated off, and a mixture (XI)
30 containing less ammonia than the phase (VII), and

e) the diluent (V), any residual ammonia and any by-products
selected from the group consisting of low-boiling components,
high-boiling components and unreacted compounds (III) are

35 separated from the mixture (XI) to give the amide (IV).

Processes for the preparation of amides, such as cyclic lactams,
by reacting omega-aminocarboxylic acid derivatives, for example
the preparation of caprolactam from 6-aminocapronitrile, with

40 water in the presence of a heterogeneous catalyst and an organic
liquid diluent in the liquid phase, are generally known.

Thus WO 95/14665 and WO 95/14664 disclose the reaction of
6-aminocapronitrile in the liquid phase with water, in the

45 presence of heterogeneous catalysts and a solvent, to give
caprolactam and ammonia. The highest caprolactam yields (86 to
94%) are achieved with titanium dioxide as catalyst and ethanol
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We have found that this object is achieved by the process defined

at the outset.

25 According to the invention, the educts (III) are selected from
the group consisting of nitriles (IIIa), amines (IIIb), amino
nitriles (IIIc) and amino amides (IIId).

Suitable nitriles (IIIa) are advantageously organic compounds

30 having one or more, such as two, three or four, preferably two,
nitrile groups, i.e. preferably dinitriles, or mixtures of such
compounds.

In principle, any dinitriles can be used, either individually or

35 in a mixture. Alpha,omega-dinitriles are preferred and, of
these, alpha,omega-alkylene dinitriles having from 3 to 14 C
atoms or, preferably, from 3 to 12 C atoms in the alkylene
radical, or an aromatic Cg-C;; dinitrile such as phthalodinitrile,
isophthalodinitrile or terephthalodinitrile, or a Cs~Cg

40 cycloalkane dinitrile such as cyclohexane dinitrile, are used in
particular.

The alpha,omega-dinitriles used are preferably linear, the
alkylene radical (-CHj;-), containing preferably from 2 to 14 C
45 atoms and particularly preferably from 3 to 12 C atoms, such as
ethane-1,2-dinitrile (succinic acid dinitrile),
propane-1,3-dinitrile (glutaric acid dinitrile),
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In principle, any diamines can be used, either individually or in
a mixture, such as aromatic amines, for example
25 1,4-phenylenediamine or 4,4’-diaminodiphenylpropane, or aliphatic
amines. Alpha,omega-diamines are preferred and, of these,
alpha,omega-alkylenediamines having from 3 to 14 C atoms or,
preferably, from 3 to 10 C atoms in the alkylene radical, or
alkylaryldiamines having from 9 to 14 C atoms in the alkyl
30 radical, are used in particular, preference being given to those
which contain an alkylene group having at least one C atom
between the aromatic unit and the two amino groups, such as
p-xylylenediamine or, preferably, m-xylylenediamine.

35 The alpha,omega-diamines used are preferably linear, the alkylene
radical (-CH,;-), having preferably from 3 to 14 C atoms and
particularly preferably from 3 to 10 C atoms, such as
1,3-diaminopropane, 1,4-diaminobutane, 1,5-diaminopentane,
1,6-diaminohexane (hexamethylenediamine, HMD),

40 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane and
1,10-diaminodecane, particularly preferably hexamethylenediamine.

Hexamethylenediamine can be obtained by the double catalytic
hydrogenation of the nitrile groups of adipodinitrile according
45 to methods known per se.
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25
The omega-aminocarboxylic acid nitriles used are preferably
linear, the alkylene radical (-CH;-), having preferably from 3 to
14 C atoms and particularly preferably from 3 to 9 C atoms, such
as 3-amino-l-nitrilopropane, 4-amino-l-nitrilobutane,

30 5-amino-l-nitrilopentane (6-aminocapronitrile),
6-amino-l-nitrilohexane, 7-amino-l-nitriloheptane,
8-amine-l-nitrilooctane [sic] and 9-amino-l-nitrilononane,
particularly preferably 6-aminocapronitrile.

35 6-Aminocapronitrile can be obtained by the simple catalytic
hydrogenation of one of the nitrile groups of adipodinitrile
according to methods known per se.

Of course, it is also possible to use mixtures of several
40 aminocarboxylic acid nitriles.

If desired, it is also possible to use aminocarboxylic acid
nitriles derived from branched alkylenes, arylenes or
alkylarylenes.

45
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6-amino-l-carboxamidohexane, 7-amino-l-carboxamidoheptane,

25 8-amine-l-carboxamidooctane [sic] and 9-amino-1l-carboxamido-~
nonane, particularly preferably 6-aminohexanamide.

6-Aminohexanamide can be obtained by partial hydrolysis of the
nitrile group of 6-aminocapronitrile according to methods known
30 per se.

Of course, it is also possible to use mixtures of several
aminocarboxamides.

35 If desired, it is also possible to use aminocarboxamides derived
from branched alkylenes, arylenes or alkylarylenes.

It is also possible to use mixtures of compounds (IIIa), (IIIb),
(IIIc) and (IIId).
40
In addition to the compounds (IIIa), (IIIb), (IIIc) and (IIId),
the educt (III) can contain other compounds which have functional
groups capable of forming the amide groups of (IV), such as
carboxylic acid groups, carboxylic acid ester groups or lactams,
45 for example adipic acid or caprolactam.
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as meaning compounds which result from the coupling of a few

molecules, such as two, three, four, five or six molecules,

selected from the group comprising the compounds used as the

25 educt (III), via amide functional groups, such as dimers,

trimers, tetramers, pentamers or hexamers of 6-aminocapronitrile,

6-aminochexanamide or an adipodinitrile/hexamethylenediamine

mixture, or mixtures thereof.

30 In terms of the present invention, polymers (IVc) are understood
as meaning high-molecular compounds which have recurring amide
groups (-CONH-) in the main chain, for example polycaprolactam
(nylon 6) or poly(hexamethyleneammonium adipate) (nylon 6,6).

35 In step a) of the process according to the invention, the
above-described educt (III) is reacted with water in the liquid
phase, preferably in a homogeneous liquid phase, advantageously
in the presence of a heterogeneous catalyst and an organic liquid
diluent (V), to give a mixture (II) containing an amide (IV),

40 said diluent (V) exhibiting a miscibility gap with water under
certain quantity, pressure and temperature conditions.

Suitable heterogeneous catalysts are acidic, basic or amphoteric
oxides of the elements of main group II, III or IV of the

45 periodic table, such as calcium oxide, magnesium oxide, boron
oxide, aluminum oxide, tin oxide or silicon dioxide in the form
of pyrogenic silicon dioxide, silica gel, kieselguhr, quartz or
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25 Preferred catalysts are titanium oxide, aluminum oxide, cerium
oxide and zirconium dioxide, particularly preferred catalysts
being titanium dioxides such as those disclosed e.g. in WO
96/36600. The preparation of such catalysts as pellets is
described for example in WO 99/11613, WO 99/11614 and WO

30 99/11615.

Suitable diluents (V) are C4 to Cy alkanols such as n-butanol,
i-butanol or n-pentanol, preferably aliphatic hydrocarbons such
as n-hexane, cycloaliphatic hydrocarbons such as cyclopentane or

35 cyclohexane, and particularly preferably aromatic hydrocarbons
such as benzene, toluene, o-xylene, m-xylene, p-xylene,
ethylbenzene, i-propylbenzene or di-i-propylbenzene, especially
benzene, toluene, o-xylene, m-xylene, p-xylene or ethylbenzene,
as well as mixtures of such compounds, for example petroleum

40 ethers. The hydrocarbons can carry functional groups such as
halogens, for example chlorine, as in chlorobenzene.

In the reaction of step a), at least 1 mol, preferably 2 to 100
mol and particularly preferably 2 to 10 mol of water should
45 generally be used per mol of compound (III).
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hi gh-boi ling conponents and unreacted conpound (III) 25 In terns of the
pr esent 20nThat¥eactiopwobostemag)cympbiert Mixtare ufider spobaimngreanamide
conpounds oV} j nourealiaw( I hearfiriope i6ha)lnng-pboghctoiselsgtednpaneths (VI 1)
are under spggh afor¥BaRENY SONMRRUBES1ikPIddmpenakoye Hilkg-oitend | V). 30
Accor di ng Eamls vV e Qfreddedt BBmbdund Nermy xture (1) is

25 In terms of the present invention, low-boiling components are
understood as meaning compounds boiling below the amide (IV) and
high-boiling components (VII) are understood as meaning compounds
boiling above the amide (IV).

30 According to the invention, in step b), the mixture (II) is
converted under quantity, pressure and temperature conditions
such that the diluent (V) and the water are in liquid form and
exhibit a miscibility gap, to give a two-phase system comprising
a phase (VII) in which the proportion of diluent (V) is greater

35 than that of water, and a phase (VIII) in which the proportion of
water is greater than that of diluent (V).

Preferred quantity, pressure and temperature conditions are those
under which the constituents of the mixture (II) are in

40 completely liquid form in the phases (VII) and (VIII), i.e. under
which no solids precipitate out.

If step a) has been carried out in a homogeneous liquid phase, it
is generally possible to separate the mixture (II) into the two
45 phases (VII) and (VIII) by choosing a suitable temperature. A
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25 partially a mixture (XIII) defined below, wholly or partially a
mixture (XIV) defined below whose water content is greater than
that of the mixture (XIII), or mixtures thereof.

The extraction (a) can be effected in a manner known per se in

30 apparatuses described for such purposes, such as those known e.g.
from: Ullmann’s Encyclopedia of Industrial Chemistry, vol. B3,
5th ed., VCH Verlagsgesellschaft, Weinheim, 1988, pages 6-14 to
6-22, like sieve- [lacuna] or packed columns, pulsating or
non-pulsating, or mixer-settlers.

35
The optimum apparatuses and process conditions for the extraction
(a) can easily be determined by a few simple preliminary
experiments.

40 According to the invention, in step e), the diluent (V), any
residual ammonia and any by-products selected from the group
consisting of low-boiling components, high-boiling components and
unreacted compound (III) are separated from the mixture (XI) to
give the amide (IV).

45
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mlxture (XII) contalnlng the bulk of the ammonia, and a
20 mixture (XIII) in which the ammonia content is less than that of
the phase (VIII).

A suitable procedure is preferably a distillative separation (bl)
or (b2) of the ammonia at a pressure of less than 8 bar absolute,
25 the ammonia being withdrawn especially in the vapor state.

This work-up can advantageously be effected by fractional
distillation in one or more, such as 2 or 3, distillation
apparatuses.

30
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

35 columns, bubble-cap columns or packed columns, especially a
column with a side discharge.

In the case of a column with a side discharge, a mixture (XIV)
can be obtained at a side discharge of the device used in the
40 distillation (bl) or the rectification (b2).

The ammonia withdrawn in the vapor state can advantageously be
subjected to a treatment (c) with an alkali (XV) to give a
purified ammonia (XVI). Suitable alkalis (XV) are compounds

45 which give a basic reaction, preferably oxides and hydroxides and
particularly preferably those of main groups I and II, such as
sodium hydroxide.
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pressure of more than 8 bar absolute to give a mixture (XIX)

containing less water and less diluent (V) than the mixture

(XVIII), and a mixture (XX) containing less ammonia than the

25 mixture (XVIII).

All or part of the mixture (XX) can advantageously be used in the
absorption (d).

30 The diluent (V) can advantageously be separated from the mixture
(XX) and recycled into step a) of the process according to the
invention.

In another advantageous embodiment, all or part of the mixture
35 (XIII) can be recycled into step a) of the process according to
the invention.

The amides (IV) obtainable by the process according to the
invention are valuable intermediates in the preparation of

40 industrially important polymers, especially polyamides. Such
polyamides, as well as the polymer (IVc), can be used for the
production of fibers, sheets and moldings in a manner known per
se.

45
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water are in liquid form and exhibit a miscibility gap, to

give a two-phase system consisting of a phase (VII)

containing a higher proportion of diluent (V) than water, and

a phase (VIII) containing a higher proportion of water than

25 diluent (V),

c) the phase (VII) is separated from the phase (VIII),

d) all or part of the ammonia present in the phase (VII) is
30 separated off by extraction (a) with a water-containing
mixture (IX) to give an aqueous mixture (X) containing the
ammonia which has been separated off, and a mixture (XI)
containing less ammonia than the phase (VII), and

35 e) the diluent (V), any residual ammonia and any by-products
selected from the group consisting of low-boiling components,
high-boiling components and unreacted compounds (III) are
separated from the mixture (XI) to give the amide (IV).

40 2. A process as claimed in claim 1 wherein all or part of the
ammonia is separated from the phase (VIII) by distillation
(bl) or rectification (b2) to give a mixture (XII) containing
essentially ammonia, and a mixture (XIII) in which the
ammonia content is less than that of the phase (VIII).
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ammoni a and any by-products selected fromthe group consisting of

| ow- boi | i ng conponents, high-boiling,gonponents and unreacted conpounds

“(I'l1l) are separated fromthe mxture UXl).to gzirve the amde (1V). 40 2.
process as ¢l afmPAFRST|4 MIERALrE FLET Orohar tIGFeLRet P ARgAra(YEET)

separ at ed fromaPHetPRasE R (X) 3relivorkpragl orPosthey &® %hectificati on (b2)

to give a m xtyistiXiayiagonbadinengtheegseehnt f addticamibRi) agndirdthea aminoam ik €

(XI11) in whichst BepapaBmicEscontent is | ess than that of the phase (MVIII).

45 0050/ 51571 13 3. A process as clained in claim1l or 2 wherein the phase

VI d,h i ked t.h in_t distillati bl
O the roctr: Cabtphese e SIRTRIRI AL LAPok ORI 1 Boch Spetels gl fen (o)
as clained in Y0Pt cf ME*Eure XiiHdr dfnustd asr thpapaueRus HAXKP3R ur e

(XI11) is used(@%¥)the agqueous mixture (IX). 10 5. A process as clained in
any of clainms 1 to 4 wherein a mxture (XIV) in which the water content is

greater fdan tRapro6ésd N RLXLHER {nXlahl) of Sc LG aStbhe AHIRIHSaM Xt ure
(1. 6. A Progaseads Gldhmed Liidl Ul falle il f gldle- (K i 15
obt ai ned at a %lfdg di S{:xr@}t_‘rr%e(%ﬁ)h%sd%vgge urs?_&? |anut e distillation ) or
the rectificaticdn PBA > PreaBibchss §5°d 3 2HUSRYS S RHEP e 1o 6
wherein all or part of the mxture (XIl1l) is recycled into the reactor for
20 synt hesifzi nd Precess ¢ CLw¥jmeq o cheimdbcotheriein) thg mikturec STV asis

cl ai med I: any obtathed e 2 sddd dimharget b ti sevitatuseri saparati on (bi)

or (b2) of thegagepnigcion (685rdéedHUtedtifidd@sauiB2pf | ess than 8 bar
absol ute and the 25 anmmonia is withdrawn in the vapor state. 9. A process

as claimed 7i n %I a;__cr)neBSS\/\here' n'thfﬁ anmoni a vvilthdra\f/n i’in éphe vapo¥ state is
subj ected t'¢ a't P&l rrentasgn(g;aw(f Hhany) R51513505) 1t 5O of vdexephr 2t &F
ammoni a ( XV ). P38t 19 theymdebute JXIdTyj pRrsqydersi Ao vither épAack@Ofars used
as the % kali syXthesizing the amide (IV) from the educt (III).

8. A process as claimed in any of claims 2 to 7 wherein the
distillative separation (bl) or (b2) of the ammonia is
carried out at a pressure of less than 8 bar absolute and the

25 ammonia is withdrawn in the vapor state.

9. A process as claimed in claim 8 wherein the ammonia withdrawn
in the vapor state is subjected to a treatment (c) with an
alkali (XV) to give a purified ammonia (XVI).
30
10. A process as claimed in claim 9 wherein NaOH is used as the
alkali (XV).

11. A process as claimed in any of claims 1 to 10 wherein the
35 mixture (XII) or the ammonia (XVI) is absorbed in water, (d),
to give an aqueous mixture (XVII) containing ammonia.

12. A process as claimed in any of claims 1 to 10 wherein the
mixture (XII) or the ammonia (XVI) is compressed to a higher
40 pressure to give a mixture (XVIII).

13. A process as claimed in claim 11 or 12 wherein the mixture
(XVII) or the mixture (XVIII) is distilled at a pressure of
more than 8 bar absolute to give a mixture (XIX) containing

45 less water and less diluent (V) than the mixture (XVIII), and



11. A procaasoaslsbgi med in any of clains 1 to 10 wherein the 35 m xture
. (XI1) or the ammonia (XVlI) is absorbed in water, (d), to give an aqueous
mi xture (XVI1) containing anmonia. 12. A process as clained in any of
clainms 1 to 10 whereln the mxture (¥ 1) or the amonia (XVI) is

" conpressed to a her 40 pressure.to give a mxture (XVII1) 13.

A
process as cl aF‘n‘B 19T Sc1( &% P 9Ant5En$D9 %ﬁ%laﬁ“’“f’ﬁéan?%’hrté‘e {“X’ﬂ"‘?’ﬁe or the
m xture (XVI11YXYELMiodt thpeBisturg f¥83ELre of nore than 8 bar absolute to
give a mxture (XIX) containing 45 |l ess water and | ess diluent (V) than the
mxture (XVallj, paebs2036/ bldifdedl4n al8iktil er( XX) witstiiali Bl NGJod G taBEONI @

than thegnm xt Ugge Rk ?kxf hgs MsthUES (PR labkorpéior (R)QCESS as cl ai med
inclaiml1l or 13 vvherelna or part of 5 the m xture 8 is used for

the absorption (d rocess .as ¢claimed in_claim13 or 14 wherein the

diluent (Vp-id %’Ze?%ﬁsa“t &f E}%’rﬁ‘etdnénnf P 4 R%) 14ndhersdyckig Fhtuenthe
synthesis of tHhe) ak deparyyed rigiam ﬁéee‘ﬂmuqel I(K¥) aml recyaled oress the
clainmed in anysphtidsdismeflthe dfideh¢le) nfrdin ahenedaqt qIIITnil e is used as
the aming nitrile (Il1lc). 17. A process as clainmed in any of clains 1 to

;g ‘21"3{ ﬁ; glisﬁSAn &%dgsnh%reime% tigegnpsoé %qagh)g(;%&h(ls' L,f%rel 8e A Process
as the am ne (F %('BJ) Occaf Ergt N rl(%c‘el\é\ggas C a'F arﬂlf Sf{%qns 1to 18

wherein a diluent (V) select ed from the gr oup consi sting of ethyl benzene,
benzene, t&FuehePresesysl éﬁelemm&ﬂ éneamnPf slryment o Lgswhered 30 35 40 45 -
15 adipodinitrile is used as the nitrile (IIIa).

18. A process as claimed in any of claims 1 to 17 wherein
hexamethylenediamine is used as the amine (IIIb).

20 19. A process as claimed in any of claims 1 to 18 wherein a
diluent (V) selected from the group consisting of
ethylbenzene, benzene, toluene, o-xylene, m-xylene and
p-Xylene is used.
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