2 9 OCT 2004 Preparation of cyclic |lactans The present invention relates to
a process for the preparation of cyclic lactams of formula (11): 523 Q&HO004
2)M N H in which n and mcan each have the values 0, 1, 2, 3, 4, 5, 6, 7,
8 and 9 and the sumof n + mis at least 3, 10 preferably at |east 4, and
Rl and R2 are Cl-C6-al kyl, C5-C7-cycloal kyl or C6-Cl2-aryl groups, by
reacting a conpound (1) of the formula 15 n -R m (1) in which R, R2, mand
n are as defined above and R are [sic] nitrile, carboxam de and

car boxyl i c Brepagaoips, o20cwlbhestieapumg t he gas phase, wherein a) the
conpound (I) is reacted wwth steamin the gas phase with the addition,
before or after the reaction, of an organic diluent (I111) which 25

exhi bits a Thecipgresdnt gamwantii omat eelardey 209 § Grbckdd 2ogpeghdic

quantity, Héféﬁ&égtfgg 3§ngyc Egrfacgggglgko Srmula {(II):
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in which n and m can each have the values 0, 1, 2, 3,
4, 5, 6, 7, 8 and 9 and the sum of n + m is at least 3,

10 preferably at least 4, and R! and R? are C;-Ce-alkyl,
Cs-Cy-cycloalkyl or Ceg-Ciz~aryl groups,

by reacting a compound (I) of the formula

in which R}, R}, m and n are as defined above and R are
[sic] nitrile, carboxamide and carboxylic acid groups,

20 with steam in the gas phase, wherein

a) the compound (I) is reacted with steam in the gas
phase with the addition, before or after the
reaction, of an organic diluent (III}) which

25 exhibits a miscibility gap with water under



to give a mxture (I1V) containing a lactam(Il), 5 b) the mxture 'zﬁﬂﬂriuﬁa
converted, before or after the separation of ammoni a, under quanti t&~
pressure and tenperature conditions such that the diluent (I11) and water
are liquid and exhibit a mscibility gap, to give a two-phase system

consi sting of a phase 10 (V) containi gg a higher proportion of diluent
“(I'l'l) than water, and a phase (VI) c6ntaining a higher proportion of

water than diluent (I11); c¢) the phase (V) is separated fromthe phase
(VI), and 15 dpethdidi | uepiarfdidy, andpepkiaral | Y a9 pr adiidesrasgtect ed from
t he group consi st i.ng of lowboiling conponent [sic], high-boiling

conponent (Si Ef’ngﬂi& Ci¥react ed conpound (1) are separated fromthe phase

20 (V) to giveocagikveceamifdthire RMmuessssdiatidden prapadmt {pn) of cyclic

| actanms by reacting onega-am nocarboxylic acid derivatives with steamin
the gas phase in the presence of heterogeneous 25 catal ysts, for exanple

t he prepakbati btheomixtaprel &Tvami sf raamveredocbeboxyl be Jfiey] @A d

nitrile, are %ﬁgg_r%l.lo% l% wn. Thus V\036l22974, EP- A- 659741, WD 99/ 47500
and 30 WO 99778296 di%sc| s T T RactPER* o8 o SEFTHES i3 wi th
steamin the yesppiraserien ¢cdredipiesencachl tieiter epenedluesat alysts to give

bor ng. ar um nubhe MY B BB S eRn NS S T T R e v
96/ 22974 poi nt9® w@Avehat twoiphase system consisting of a phase
10 (V} containing a higher proportion of diluent (III)
than water, and a phase (VI) containing a higher
proportion of water than diluent (III);

¢) the phése (V) is separated from the phase (VI)}, and

15
d) the diluent (ITI) and optionally by-products
selected from the group consisting of low-boiling
component [sic], high-boiling component ({sic] and
unreacted compound (I) are separated from the phase
20 (V) to give a lactam {II).

Processes for the preparation of cyclic lactams by
reacting omega-aminocarboxylic acid derivatives with
steam in the gas phase in the presence of heterogeneous

25 catalysts, for example the preparation of caprolact-;am
from 6-aminocarboxylic [sic] acid  nitrile, are
generally kn::own.

Thus WO 96/22974, EP-A-6559741, WO 99/47500 and
30 WO 99/28296 disclose the reaction of 6~-amino-
capronitrile with steam in the gas phase in the
presence of heterogeneous catalysts to give caprolactam
and ammonia, examples of the heterogeneous catalysts
used being aluminum oxide, lanthanum phosphates and
35 zirconium dioxide. WO 96/22974 points out that it is



29 OCT 2004 3 not excluded to carry out the cyclization using a d'g%ﬁ@ﬁT?Wl

- which is inert under the reaction conditions,

for exanple an al kan

cycl oal kane, an aromatic hydrocarbon or a hal ogenohydrocarbon, and thus to
have 5 a liquid phase in the reaction m xture. WO 98/ 05636 descr
wor k-up of reaction “discharges such as those obtained in the gas
" cyclization of 6-aminocapronitrile wih steamin the 10 presence of solid

catal ysts.

bes the
phase

To effect said work-up: a) the bulk of the ammonia forned in the

cyclizalige | exeeRakdl oo alLe Ygkerefont ol Pgacryde Loy olactam,
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discharges such as those obtained in the gas phase
cyclization of 6-aminocapronitrile with steam in the
presence of solid catalysts. To effect said work-up:

a) the bulk of the ammonia formed in the cyclization

is separéted from the water-containing crude -

capreolactam, and

b} this crude caprolactam is either subjected to a
liquid/liquid extraction with the addition of a
solvent containing acidic groups, and/or treated
with a cation exchanger.

Measure b) extracts all the amines or binds them to the
cation exchanger. The principal disadvantage of this
work-up is that aminocapronitrile which has not reacted
in the cyclization is taken up by the ion exchangers
and, when the ion exchanger is regenerated, is obtained
as the ammonium salt mixed with ammonium salts of amine
by-products, S0 it cannot  be returned to the
cyclization. Ammonium salts are also formed in the
extraction of the aminocapronitrile with extractants
containing acidic groups, and create the same problems.

It is therefore an object of the present invention to
providé a process which makes it possible to prepare
cyclic lactams (II) from compounds (I) in a technically
simple and economic manner, produces high yields of



30 containing acidic groups, and create the sanme probl ens. IS thzrqeqﬁrﬁm
-an object of the present invention to provide a process mhlch make
possible to prepare cyclic lactanms (11) from conpounds (1) in a
technically 35 sinple and econom ¢ manner, produces high yields of 2 9 OC
T 2004 4 lactam w th high conversions of the conpound (1) and also

m nim zes | osses of yield in the work4up. W have found that this object is
achieved by the 5 process defined at the outset. Suitable conmpounds (1)
are am nocarhoxylic, aci.ds .and _derivatives_thereof ref y thqse of
gener al 1&'(5-’? t%o Brak 5orvensiig cRER S0 c5PPBR ﬁ i d3PRitrile
and/ or cam(mmﬁngz@slp]soa@dsnoﬁngléndamneahb kmt&-mlpe values 15 0, 1, 2,
3, 4, 5 6, 7, 8 and 9 and the sumof n + mis at least 3, preferably at

| east 4. In principle, RlL and R2 can be any kind of substituents, the only
provi so bé&lengHadvat tfhandesthad cyhliszatbpac0 isactdloieved nky athect ed by

the su stltuents erably |ndependently of one anot her are
Cl- C6- Ilqﬁroc chgﬁﬁn%éc? aFH?|°&ESS§§ - Cl2-aryl groups.

Suitable compounds (I) are aminocarboxylic acids and

derivatives thereof, preferably those of general
formula I:
10
_.Rr. - -
H,N— (IJ-— CHy|—R ()
LR jn L _m
in which R 1is carboxylic acid, nitrile and/or

carboxamide groups and n and m can each have the values
15 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 and the sum of n + m is
at least 3, preferably at least 4.

In principle, R!' and R? can be any kind of substituents,
the only proviso being that the desired cyclization
20 reaction is not affected by the substituents.
Preferably, R! and R® independently of one another are
C,-Ce¢-alkyl - or Cy4h-cycloalk§l groups or Cg-Ciz-aryl
groups. :

25 Particularly preferred starting compounds are
aminocarboxylic acid nitriles, preferably those of the
general formula

HN— (CHy)s— C= N
30



25 Particularly preferred starting conpounds are am nocarboxylic a
preferably those of the general formula H2N- 7 (CH2) m - -
29 OCT 200i 5 in which mhas a value of 3, 4, 5 or 6, especially 5.

nitriles,
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starting conpound is 6-am nocapro- nitrile. 5 The conpound (1)

used can be a single conpound (1) or a mxture of different conpounds (1).
The conmpound (1) used is preferably a si ngl e conpound. Orega-
am nocarboxyl i ¢ acid nitriles are obtainable for 10 exanple by the

partial hydr i I , inigrides,ipt R igui d phase,
e.g. acco}r{%i ggﬁ% %hggl %0?6%%886?2031'6 E!oré{/\og%%%g%%ga.qw s

Whesr bBxyTi ©: adib@s &FarsBNgi ngpMeEcEBd elk@nfi-emireeapithe
am nat i ngphydrggenati on of onega-fornyl

carboxylic acids or by the

s of onmega- am nocarboxylic acid esters or onega-an nocarboxylic
acid nitriles. 20 Orega-am nocarboxam des are obtainable for exanple by

oxyl1C acid nitri

aseld )i sCoredeRaMivG toi ddee carmomd. (1) :

Omega-aminocarboxylic acid nitriles are obtainable for
example by the partial hydrogenation of alpha,omega-
dinitriles in the gas or ligquid phase, e.g. according
to WO 96/20166, WO 96/20916 or WO 96/20165-

Omega-aminccarboxylic acids are obtainable for example
by the aminating hydrogenation of omega-formyl-
carboxylic acids or by the hydrolysis of omega-

aminocarboxylic acid esters or omega-aminocarboxylic
acid nitriles.

Omega-~aminocarboxamides are obtainable for example by
the reaction of omega-aminocarboxylic acids and esters
therecf with ammonia or by the reaction of omega-
aminocarboxylic acid nitriles with water.

The process according to the invention vyields the

cyclic lactams of formula (II) corresponding to the
compound (I):
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H 29 OCT 2004 6 in which n, in, Rl and R2 are as defined above. T 7004
Particularly preferred |actans are those in which n = 0 and m has 3%@4@73
of 3, 4, 5 or 6. When m= 5, the product obtained is caprolactam 5 In
step a) of the process according to the invention, the above-described
conpound (I) is reacted wwth steam in the gas phase, advantageously in the
- presence of a heterogeneous catal yst6 and optionally in the presence 10 of
an organic diluent (Il1l), to give a mxture (1V) containing a lactam(I1l).

Sui tabl e hgteppgenpeous caf al )ksts ARe @Ay agst he o caléll}c@as %‘IE ¢l bed for

the gas phase cyclization'of a 1 conpoun ) to 'acta such as
anor phousPartighl amlyi exeferived Hadtems oﬁr%tnﬁhase bn Whu-chen =al0uni num

oxi de, |aghhapumphogphaties bHeaf sl u? oxé dg,. @i CRpl Sﬂmrrf'-ox de @k, m xtures
€,

t hereof, preferabl é titani um di oxi al um num oxi ant hanum
phosphat eBX00Y0t, PPEBAPER dBogRBECdATHa®-ur es t her eof . The diluent (I11)
can be added before the cyclization. In this case the diluent (111) is
present during the cyclization of the conpaound (1) in the gaseous reaction
25 ni xt ur &0 rabl Pii thgnoRreeess eceordizg gtef thej Hawientdor,) per gram
of cowpoueﬂewhbbwe—ﬂéycqflejé&dcé@p@@ﬂdt he)dijdiepbattd) whent Reeagycli zation
di scharge f0|i_l exangl e by quenchi ng the
e ga hase, advantageously in the presence of a
heterogeneous catalyst and optionally in the presence
10 of an organic diluent (III), to give a mixture (IV)

containing a lactam (II).

Suitable lhetérogeneous catalysts are ény of the

catalysts described for the gas phase cyclization of a
15 compound (I) to a lactam (II), such as amorphous

titanium dioxide in the form of anatase or rutile,

aluminum oxide, lanthanum phosphates, hafnium oxide,

zirconium dioxide or mixtures thereof, preferably

titanium dioxide, aluminum oxide, lanthanum phosphates,
20 zirconium dioxide or mixtures thereof.

The diluent (III) can be added before the cyclization.
In this case the diluent (III) is present during the
cyclization of the compound (I) in the gaseous reaction

25 mixture, preferably in amounts of 0.1 to 20 g of
diluent (III) per gram of compound (I).

It is preferred to add the diluent (III) to the
cyclization discharge, for example by quenching the
30 cyclization discharge.

A further possibility is to add the diluent (III) after
the separation of ammonia from the mixture (IV).



30 cyclization discharge. A further possibility is to add the dil ueggﬁd}lzhm
after the separation of ammonia fromthe mxture (I1V). 2 9 OCT 2

The diluents (111) used can be organi c conpounds which exhibit a
mscibility gap with water under specific quantity, pressure and
tenperature conditions, especially below the reaction tenperature in the

5 cyclization. Suitable diluents (II1)y are C4- to C9-al kanol s such as

n- but anol, i-butanol or n-pentanol, preferably aliphatic hydrocarbons such

as n-hexaneg,. C oaljphatic.10 hydrocarbons such as cycl opent ane or
cycl ohexaﬁ@,e a%giu%%‘b%c?i#&fl éﬁscﬁ\‘/fgt‘?acn hy9r 8EIPPoRs Cﬁﬁ‘é?“é@soéﬁ}%
t ol uene, @xhilbdrte, ammykebhpilptyy! gage, vﬁtﬁ‘ryhl baméenenéndé¥prg§y¢pp;|[gene or
di-i--pro ene, and mxtures_o such compounds, for.exanple

et rol eum%{a%g:géy’ he ¥5°R§dFGcar b%?é ca e@Q?Fg‘QPEﬁCt i o‘?%rl‘djgﬂé}g%' such as
p ! .
hal ogens, dspecbedipt e bblowi neheas renctlat obeszpaeatAraDNiid Cathal SO be

present i ction of step a). 20 The reaction can advant ageously be
carri e% o&t}}éllﬁ'%aﬁgiorjb'as phase at tenperatures generally of 200 to 450C,
preferably of 250 to 400C. The pressure should generally range fromO0.01

br edon na st ARl ineily, drril erp i (B8 S RE Rl e Al 1y
range from-Putanpli00 sécbntenolpr efer abl p-peotrahoflc 50 meebewkbly
aliphatic hydrocarbons such as n-hexane, cycloaliphatic
10 hydrocarbons such as cyclopentane or cyclochexane, and
(¢, especially aromatic hydrocarbons such as benzene,
\ toluene, o-Xylene, m-xylene, p-Xylene, "ethylbenzene,
i-propylbenzene or di—i—propylbenZene, and mixtures of
such compounds, for example petroleum ethers. The
15  Thydrocarbons can carry functional groups such as

halogens, for example chlorine, as in chlorobenzene.
Ammonia can also be present in the reaction of step a).

20 The reaction can advantageously be carried out in the
gas phase at temperatures generally of 200 to 450°C,
preferably of 250 to 400°C. The pressure should
generally range from 0.01 to 20 bar, preferably from
0.1 to 5 bar. The reaction mixture should .be

25 predominantly gaseous in this reaction. The residence
times generally range from 0.1 to 100 seconds,
preferably from 1 to 50 seconds.

The amount of water used in the cyclization should
30 generally be at least 0.5 mol, preferably at least 1 to
50 mol, per mol of compound (I).

The reaction can be carried out in the presence of an

inert gas such as nitrogen or a noble gas or mixtures
35 of such gases.



The amount of water used in the cyclization should 30 generally be

~least 0.5 nol, preferably at least 1 to 50 nol, per nol of com:)oun(ifjéﬂ;'{21][]!l
The reaction can be carried out in the presence of an inert gas such as
nitrogen or a noble gas or mxtures 35 of such gases. 2 9 OC T 2004 8 The
reaction of step a) gives a mxture (LV) containing a lactam(I1).

Provided the mxture (IV) contains anfloni a, the ammonia 5 can be separ at ed
fromthe mxture (1V) in step b) after or, preferably, before the phase

separatio I VefdistLh | atian, -tq.q) N AW | A e or
anmoni a- g‘glc?? %ﬁ%ﬁg}/ﬁ%?gﬁeégnﬁékgg ga%l%tggie( sepa?%r?te%i&frrl%m t he
phase (V)aaﬁd¢6ﬁﬂﬁrk¥ﬁdhase (VI) after the 10 phase separation, preferably
by distillation. The m xture (l1V) can contain amonia e.g.'if anmmonia is
formed in_the reaction of step a&gand/or i f ammoni a has been added to the

reaction MEAVHAET Fhenixtiereohly) £onEpdpsapmIsTichi sthanameondamed in
the remcticem ¥e SfurMe® Hroml tRel fiidtlirlr i{llﬁt)o[irfaé%%ﬁ dyggLpup. The
i'sti

separation can advant ageously be effected by I'l'at1’on, _especral |y at
bot t om t effer RuFiRr &R B0 bobore phecrhasepseparasiyt. Prefemebly. If the

mxture (byY) d0e8iN0htEBAL Al fo APIRA dan lditoni SErdei B undessipod as
I ncl udi ng _such snallrérgces of _ammoni a as woul d not adversely affect the
t

f ol | owi ng PP Tproteky g€l t hERG ANCE1E \Band lERe bR xFEPRL2TSG
from the phase (V) and/or the phase (VI) after the

10 phase separation, preferably by distillation.

The mixture (IV) can contain ammonia e.g.'if ammonia is

formed in the reaction of step a) and/or if ammonia has -

been added to the reaction mixture in the reaction of
15 step a). Ammonia can be formed in the reaction of step

a) e.g. if R is a nitrile or carboxamide group.

The separation can advantageously be effected by

distillation, especially at bottom temperatures of 60
20 to 220°C and pressures of 1 to 30 bar.

If the mixture (IV) does not contain ammonia - this
also being understood as including such small traces of
ammonia as would not adversely affect the following

25 ©process steps - the mixture (IV) and the mixture {(IX)
are identical. '

In step b), according to the invention, the mixture
{IX) is converted under quantity, pressure and

30 temperature conditions such that the diluent (III) and
water are in liquid form and exhibit a miscibility gap,
to give a two-phase system consisting of a phase (V)
and a phase (VI).



are identical. In step b), according to the invention, the mxture zﬁl@;pﬁ
converted under quantity, pressure and 30 tenperature conditions such 1
the diluent (I1l) and water are in liquid formand exhibit a mscibility
gap, to give a two-phase system consisting of a phase (V) and a phase
(V). 29 OCT2004 9 Preferred quantity9 pressure and tenperature conditions
are such that the constituents of the’mxture (VIl) are in conpletely
liquid formin the phases (V) and (VI), i.e. no solids precipitate out. 5
If step aprBasybeen g@hidi®d OYrdfs@rH0gRECREMIR aitded cAR8ord 1S
general ly possible tqgésep;t%at (Lais]fhe m xture gzv ') into tche twoop ases (V)
and (V1) BYScRYSH tfadn theropsthteenbapefatheemixtimet HAT Idosiebi lity is
to 10 chogge RRPIILBS €1 PERPAT tHARRS . i §UERASHA LAH] | QR0T(y1di | uent
(rrr), preferably vvat_?;. A%gqr di ngtséo t he i n\?ent I on, Fl‘{Le pﬁas‘e I?V) and the
phase (VF)®ar B8Ot FoR 188p BrRCEPItAt® &) . 15 The phase separation can be
effected in a manner known per se in apparatuses described for such
pur poses, _for exanple those known from U | mann's Encycl opedi a of
| ndust ri aFECRERPs )y RafoIPeqss carpied. ouycimpe homogsngsss |denwid
Vi nhei m ph8g8, Rages Gyeferd#11$-Bdssible to separate the mixture
(VII) into the two phases (V) and (VI) by choosing an
appropriate temperature. A further possibility is to
10 choose appropriate proportions, such as the addition of
diluent (III), preferably water.

According to the invention, the phase (V) and the phase -
(VI) are then separated in step c).

15
The phase separation can be effected in a manner known
per se in apparatuses described for such purposes, for
example those known from Ullmann’s Encyclopedia of
Industrial Chemistry, vol. B3, 5th ed., VCH
20 Verlagsgesellschaft, Weinheim, 1988, pages 6-14 to
6-22.

The optimum apparatuses and process conditions for the
phase separation can easily be determined by a few
25 simple preliminary experiments.
In step d);‘ according to the invention, the diluent
(IIT), optionally ammonia and optionally by-products
selected from the group consisting of low-boiling
30 component [sic] (VIII), high-boiling component [sic]
(VII) and unreacted compound (I) are separated from the
phase (V) to give a lactam (II).

In terms of the present invention, low-beiling
35 component [sic] (VIII) are understood as meaning



The opti num appar atuses and process conditions for the phase separg@%ﬁHZML
can easily be determned by a few 25 sinple prelimnary experinent

step d), according to the invention, the diluent (I111), optionally anmonia
and optionally by-products selected fromthe group consisting of

| ow-boi ling 30 conmponent [sic] (VII1), high-boiling component [sic] (VII)
and unreacted conpound (1) are separé&%d fromthe phase (V) to give a
lactam (I'1). In terms of the present invention, |lowboiling 35 conponent

[sic] (VW |do)‘np’tﬁﬁ:d,§ldej§itpL At AHAERANT NGy L9 2004 unds b0| l'i ng
and hi h b0|I|n@ %o%-ent f:P) %%? ﬂn

bel ow t he tam(lcﬁéP g
under st 00(11-J OR&Mpo %H‘é] béVEE ga§§owdeim3tloa:d & (méa)nlr'fg Thi s
wor k- up caomduaidsgausing kssfd asted by o Fﬁ jonal distillation in one

or nore, such as 2 or 3, distillation apparatuses. Suitable apparatuses
are those conventionally used for 10 distillation, for exanple the ones

described ThisKi rkoﬂchﬂpr, cﬁmcy@a&q{:{g%m udhem 5@ 87§f§§§l:8§ﬁ 3rd ed.

vol. 7, J & Sons,. New York, pages chas
si eve- pI a?‘gggxéll Cﬁt%tﬂ RPN cHE uPRS oF packedsuchumss 2 o Preferably,
any anﬂDnﬁds&ﬂdl@ﬂnmﬂﬂagﬁdﬂdtﬂﬂédJ present are appropriately separated
fromthe phase (V) first. The high-boiling conponents (VIl), the
| ow-boi l'ing

Suitable apparatuses are those conventionally used for

10 distillation, for example the ones 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.

15
Preferably, any ammonia and diluent (IIT) still present
are appropriately separated from the phase (V) first.
The high-boiling components (VII), the low-boiling
components (VIII) and any unreacted compound (I) can

20 then be separated from the lactam (IT), individually or
together.

Advantageously, all or part of the diluent (III)
obtained in step d) can be recycled into step a).

25
Advantageous%y, all or part of any high-boiling
components (VIII) [sic] and/or low-boiling components
(VII) [sic] obtained in step d) can be recycled into
step a).

30

Advantageously, all or part of any unreacted compound
(I) obtained in step d) can be recycled into step a).

The phase (VI) obtained in step c¢) can advantageously
35 Dbe recycled into step a).



conponents (VII1) and any unreacted conpound (1) can 20 then be sep raﬁ€f5
fromthe lactam (Il), individually or together. Advantageously, all % 004
part of the diluent (I11) obtained in step d) can be recycled into step
a). 25 Advantageously, all or part of any high-boiling conponents (VIII)
[sic] and/or |ow boiling conponents VII) [sic] obtained in step d) can be
recycled into step a). 30 Advantage& sly, all or part of any unreacted
conmpound (1) obtained in step d) can be recycled into step a). The phase

(VI) obt an‘éE'ebei%elo &ilca&:a%@rﬁ a%@foumé §§c93mr egﬁk ed. it gStep a).

29 OCT 2004 11 Preferably, all or part of the [actam can be separated
fromthe PRBEBEALSH) ft@f’gl vBea ghagar éVIX) ,to agdvehe | Bixborei g )conponent s

(V1) anghqr thah- 189Lbb@qlﬁ@np%ﬁ@bﬁe@ﬂsl) (wnqpt iQneldy Bg grparated 5

fromthe resulting lactam (I1). This work E the lactam (I'l) can
advant ageBRsl§nge CRTPIRERES by(\»fl'rfa)ct iCéRal ©B épmaﬂém obei eRRE adrechor e,

such a&s 2fppm3thdl sbishltinen 13RRIMtuses. 10 Suitable apparatuses are those
conventionally used for distillation, for exanple the ones described in
Kirk- O hner, Encyclopedia of Cheni cal Technol ogy, 3rd ed.

This work-up of the lactam (II) can advantageously be
effected by fractional distillation in one or more,
such as 2 or 3, distillation apparatuses.
10
Suitable apparatuses are those conventionally used for
distillation, for example the ones described in Kirk-
Othmer, Encyclopedia of Chemical Technology., 3rd ed.,
vol. 7, john Wiley & Sons, New York, 1979, pages
15 870-881, such as sieve-plate columns, bubble-cap

columns or packed columns.

The high-boiling components (VII) and/or low-boiling
components (VIII) can bhe separated from the lactam (II)
20 individually or together.

Advantageously, all or part of the high-boiling
components (VII) and/or low-boiling components (VIII)
can be recycled into step a).

25
Particularly preferably, the high-boiling components
{VII) are aﬁbropriately recleaved before being recycled
inte step a), as described e.g. in EP-2-793650,
EP-A-783651, EP-A-794643 or EP-A-912508.

30 Before the work-up, the lactam (II) obtained from the
phase (VI) can also be combined with the crude lactam
(ITI) obtained in step d) and the two worked up
together.



vol. 7, john Wley & Sons, New York, 1979, pages 15 870-881, such ai

- sieve-plate columms, bubble-cap columms or packed columms. The 3 0CT 2004
hi gh-boi | i ng conponents (VII) and/or |owboiling conmponents (VII1) can be
separated fromthe lactam (11) 20 individually or together.

Advant ageously, all or part of the high-boiling conmponents (VII) and/or

"l ow boiling conponents (VIIl) can be ecycled into step a). 25
Particularly preferably, the high-boiling conponents (VIl) are

appropri atelby a or. ' ' P @), scri bed
R R A U S s SR A e
the work-8p, the lactam (I1) obtained fromthe phase (VI) can also be
conbined with the crude lactam (11) obtained in step d) and the two worked
up together. 29 OCT .4 12 The phase (X) can advant ageously be recycled

into stepAld) or Apprgr qfar thef hartamcl i (198 dad Bersgpaest dirdmom 5 the

phase 4 VI Cli (£ h Lavk d~extinact ang ;s (Xk} t ' I Xture
(X 1) Cont i R e B e ey G

ext ract antl&I) X150 agévesa tBighuspkdid s seehtastning anpusractantput anol or

n- pent anol(x1Rr eher abladdnphgttc, hydrocarbons such as n-hexane,
cycl oal i phatic

Suitable extractants (XI) are C4- to Cy-alkanols such as

10 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,

15 i-propylbenzene or di-i-propylbenzene, and mixtures of
such compounds, for example petroleum ethers. The
hydrocarbons can carry functional groups such as

halogens, for example chlorine, as in chlorcbhenzene.

20 In particular, the extractants (XI}) and the diluents

{III) have the same or a similar composition.

Thus diluent (III) separated off 1in step d4d) can
advantageously be used as the extractant (XI).

25
The aqueous phase (X} remaining from the extraction can
advantagecusly be recycled into step a).

The extractant (XI) and optionally the low-boiling
30 components (VIII}, the high-boiling components (VII)

and/or unreacted compound (I) can advantageously be

separated from the mixture (XII) to give a lactam (II).



hydr ocar bons such as cycl opentane or cycl ohexane, and especially gr od‘rﬁti[ﬁ
hydr ocar bons such as benzene, toluene, o-xylene, mxylene, p-xylen ,9 i
et hyl benzene, 15 i-propyl benzene or di-i-propyl benzene, and m xtures of

such conmpounds, for exanple petroleumethers. The hydrocarbons can carry

functional groups such as hal ogens, for exanple chlorine, as in
chl orobenzene. 20 In particular, thelktractants (XI) and the diluents
(I'1r1r) have the same or a simlar conposition. Thus diluent (I11) separated

off in stépia) ceork adpant@geous) ed as the extractant (Xl). 25 The
d)ba%etageroélcﬁ%iyon g’& afveptedeolsi y be

aqueous pha - enai ni. fromthe e n
recycl ed i nté‘gtété)e}f)ELa)g.Ei gt tianton &l 9r amdrept QRal by ghgrl gw- boi | i ng

30 conpon@hSEilVatlipn tbgakiaghsk@ | i ng conponents (VI1) and/or drireacted
conmpound (I) can advantageously be separated fromthe mxture (XIl1) to
gi ve S lactam (11). 2 9 OCT 2QQL 13 This work-up can advant ageously be
ef f eced BYitabhet mopalradisidd | atd 0pnbE0NL Qf O e, Such as 2 or 3,
distill atdpgtgpp?{?g)ﬁse 5 Suitabl e apparat USA- Mk lypsesedndent i onal | y
used for _distilTatioh, 10r Sx&fple the orres ddescirhiedd nKi gky O hner
Encycl opediamness. Cﬁ:@m’@ﬂlop&ﬁmobf’glche%[i%aqd.,rec gl 7, John Wrey & Sons,
New Yor k,vg©797 pgg,@lzl 8407881 Ssuch as sl eve- p¥ pLoghr umid edbbl e-cap
col utms Yg1 1OSL?§§:ke CQJ[ ums® Sons, New York, 1979, pages 870-
' as -
Sleve-plate columns, bubble—cap columns or

10 packed columns.

Preferably, the extractant (XI) is éppropriately
;e?arated from' the mixture (XII) first. The high-
0lling components, the low-boiling components and any

15
unreacted compound (I) can then be separated from the

lactam (11) individually or together.

Ad
bva?tageously, all or part of the extractant (XI)
obtained in the work-up can be recycled into step a)

20

Ad
vantageously, all or part of any high-boiling
c
;mp?nents (VII) and/or low-boiling components (VIII)
obtained in the work-up can be recycled into step a)
25 Advantageously,

all or part of any unreacted compound

a) -

N . . . .
he .1nvent10n, 1t being possible for them to be
combined before or during step d).

T . .
he lactamg obtained in the process according to the

inventj i
lon can be used in a manner known per se for the



Preferably, the extractant (XI) is appropriately separated from the
mxture (XI1) first. The high- boiling conponents, the |owboiling Z90CT 200
conponents and any 15 unreacted conpound (1) can then be separated fromthe
lactam (I1) individually or together. 20 Advantageously, all or part of
the extractant (XI obtained in the work-up can be recycled into step a). )
Advant ageously, all or part of any high-boiling conponents (VII) and/or

| ow boi li ng conponents (VIII) obtained in the work-up can be recycled into
step a). 25 Advantageously, all or part of any unreacted conpound (1)
obt ai ned PREPRE A Wf caRdBetraadlved it steppodymerFhaudhxtag e (X 1)
and the pbasgamyiezan advant ageously 30 be used together in step d) of the
process according to the invention, it being possible for themto be

conbi ned before or during step d). The |l actans obtained in the process
according to the invention can be used in a manner known per se for the 2
9 OCT 2004 14 preparation of industrially inportant polyners such as

pol yam des. 29 OCT2004 15 W claim:



1. A process for the preparation of cyclic lactans of formula (II):f? éf%
Il Hin which n and mcan each have the values 0, 1, 2, 3, 4, 5 6,2 ,U 00
and 9 and the sumof n + mis at 10 |least 3, preferably at |least 4, and Rl
and R2 are C -C6-al kyl, CS-Cr-cycloal kyl or C6- Cl2-aryl groups, by
reacting a conpound (I') of the formular Ral i HZN- -- 15 20 25 CH2 min
which Rl, R2,, mand n are as defined ldbove and R are [sic] nitrile,

car boxam de and carboxylic acid groups, with steamin the gas phase,
wherein ahetgg G! moound (1) is reacted with steamin the gas phase with

t he addi tion, Bafore or after the reaction, of an organic diluent (111)

whi ch exhibits a mscibility gap with water 29 OCT20, 01 16

1. A process for the preparation of c¢yclic lactams of
formula (II):

R1
~
C]— (CHy),
- n |H2
C==0

/
N

|
H

R2 ()

in which n and m can each have the values 0, 1, 2,

3, 4, 5, 6, 7, 8 and 9 and the sum of n + m is at
10 least 3, preferably at least 4, and R! and R? are

Ci1-Cs-alkyl, Cs-Cy-cycloalkyl or Cg¢-Ciz-aryl groups,

by reacting a compound (I) of the formula
mi| [

I
HN— G | oty =R 0

15 -

in which R}, R?, m and n are as defined above and R
are [sic) nitrile, carboxamide and carboxylic acid
groups,

20

with steam in the gas phase, wherein

a) the compound (I) is reacted with steam in the

gas phase with the addition, before or after

25 the reaction, of an organic diluent (III)
which exhibitz a miscibility gap with water



under specific quantity, pressure and tenperature conditions, to g
m xture (IV) containing a lactam (11), 5 b) the mxture (IV) is co

tenperature conditions

ANTHET

before or after the separation of amnia, under quantity, pressure and

such that the diluent (I11) and water are 10 |liquid

and exhibit a mscibility gap, to give a two-phase systemconsisting of a

phase (V) containing a higher proporfion of diluent {Ill) than water,

a phase (VI) containing a higher prob%rtion of water than dil uent

(rrr), c) the phase (V) is separated fromthe phase (VlI), and 20 d) the

diluent (111) and opiriguial | yshye pgpduct %%H%ghego f%sé&?égr ?é%t [sic]

consi sting of

| ow- boiling conponent [s i g~ conpo

15

and

and unreact ed conpo&ﬁ?RQBa W capdibiedsfrom the phase (V) to give a 25

lactam (11).

5

10

15

20

25

30

35

icacid nitril 3. A process as

b) the mixture (IV) is converted, before or
after the separation of ammonia, under
quantity, pressure and temperature conditions
such that the diluent (III) and water are
liquid and exhibit a miscibility gap, to give
a two-phase system consisting of a phase (V)
containing a higher proportioﬁ of diluent
{ITII)} than water, and a phase (VI) containing
a2 higher proportion of water than diluent

(III),

c) the phase (V) is separated from the phase
(VI), and

d) the diluent (III) and optionally by-products
selected from the group consisting of low-
boiling component [sie], high-boiling

component [sic] and unreacted compound (I)
are separated from the phase (V) to give‘a
lactam (II).

A process as claimed in claim 1 wherein the

compound (I) used is an aminocarboxylic acid
nitrile.

A process as claimed in claim 1 or 2 wherein the

compound (I) used is an aminocarboxylic acid
nitrile of the formula

HN— (CHp)y— C= N

conpound (1) used is an am nocarboxylic acid

2. A prasegsvas £ ﬁh%ﬂafeﬂ ?kg%méoﬁf\&ﬁrﬂrg%t he 1%‘?%?!}32?. gl)

used i s an anlnocarbo]%
claiml or 2 mherelrl%



nitrile of the formula 35 1i N (CH2) m C= N 29 OCT 2004 17 in which mis
3, 4, 5 or 6. 4. Aprocess as clainmed in any of clains 1 to 3 wher 3riGTHE0
conmpound (I) used is 6-am nocarboxylic 5 [sic] acid nitrile. 5. A process
as claimed in any of clains 1 to 4 wherein step a) is carried out in the
presence of a heterogeneous catalyst. 10 6. A process as clained in claim
5 wherein the heterogeneous catalystyqsed is titaniumdioxide, alumnum
oxi de, | ant hanum phosphates or zirconium dioxide. 15 7. A process as
clainmed in any of clains 1 to 6 wherein the reaction of step a) is carried
out at a tenpéfafiirielr angisgd from 200rt6. 450C. 20 8. A process as clai ned
in any of clains 1 to 7 wherein the sumof the concentrations of conpound
(1) and conmpound (I1) is less than 20% by wei ght, based on the m xture
(1V). 25 9. A Propessess chai nethimednyirof aglyai 68 lcl®ifs whekgi mythe

diluent (111) ysedd; | i i cloaljphatic or aro i C_ .
hydrocar bon.  10. Elglr g:}}a%ség@ﬁ%}lgﬁiwégyi Hsgﬁ&/ oF TTHMRCIRERPXY 18D wherein
the dituent (IIlSials@sick reitthsd enzene,

5. A process as claimed in any of claims 1 to 4
wherein step a) is carried out in the presence of
a heterogeneous catalyst.

10
6. A process as claimed in claim 5 wherein the
heterogeneous catalyst used is titanium dioxide,
aluminum oxide, lanthanum prhosphates or zirconium
dioxide.
15
7. A process as claimed in any of claims 1 to §
wherein the reaction of step a) is carried out at
a temperature ranging from 200 to 450°C.
20 8. A process as claimed in any of claims 1 to 7
wherein the sum of the concentrations of compound
(I) and compound (II) is less than 20% by weight,
based on the mixture (IV).
25 9. A process as claimed in any of claims 1 to 8

wherein - the diluent (III) used is an aliphatic,

cycloaliphatic or aromatic hydrocarbon.

10. A process as claimed in any of claims 1 to ¢
30 - wherein the diluent (III) used is ethylbenzene,
benzene, toluene, o-xylene, m-xylene or p-xylene.

11. A process as claimed in any of claims 1 to 10

wherein the separation of ammonia from the mixture



benzene, toluene, o-xylene, mxylene or p-xylene. 11. A process as glained
in any of clains 1 to 10 wherein the separation of ammonia fromth 3 0CT 2004
m xture 29 OCT 2004 18 (1V) is effected before the separation of the phase
(V) in step c). 12. A process as clained in any of clains 1 to 11 5
wherein the reaction of step a) is carried out in a honogeneous liquid
phase. 13. A process as claimed in amy8 of clains 1 to 12 wherein all or
part of the phase (VI) separated 10 off in step c) is recycled into step

a). 14. A proc as.cla gan 0 13 .wherein all or part
of the Iactanlq??R) %% %gggFE F&d g?%ﬂ??heLgﬁas%e?%¥?t%%Bar%@ethﬂf in 15
step c¢) to givPhasghdds (IX) stmm ai)ning | ess lactam (11) than the phase
(VI), and by-products selected fromthe group consisting of |ow boiling
conmponent [sic] (VI1l) and high- b0|I|ng conmponent (sic) (VIl) are
optional | y¥2sepér ame@césamamet:ﬂasmetdl nin 2ty aotfanazldiims 5. td process as

claimeg in any Ef@ rein all_or.part of the lactam (I1) is
separ at ed from ase V#? %élgﬁ?gch&%P\ﬁ%kﬁ 5C§ﬁré?9r§EFaﬂﬁl(Xl) to
give a m xtured( pmpgem@ﬂma niigiektptectant (XI) and lactam (I1), and a
phase (X) containing |ess Iactan1(||) than the phase (V).
13. A process as claimed in any of claims 1 to 12
wherein all or part of the phase (VI) separated
10 off in step c) is recycled into step a).

1l4. A process as claimed in any of claims 1 to 13
wherein all or part of the lactam (II) is
separated from the phase (VI) separated off in

15 step ¢} to give a phase (X) containing less lactam
' (II) than the phase (VI), and by-products selected
from the group consisting of low-boiling component

[sic] (VIII) and high-boiling component [sic)

(VII) are optionally separated from the resulting
20 lactam (II).

15. A process as claimed in any of claims 1 to 14
wherein all or part of the lactam (II) 1is
separated from the phase (VI) by extraction with

25 an extractant (XI) to give a mixture (XII)
containing extractant (XI) and lactam (II}, and a

phase (X} containing 1less lactam (II) than the
rhase (VI).

30 16. A process as claimed in claim 14 or 15 wherein all

or part of the phase (X) is recycled into step a).

17. A process as claimed in any of claims 5 to 16
wherein the extractant (XI) and optionally by-
35 products selected from the group consisting of



30 16. A process as clainmed in claim14 or 15 wherein all or part (;2

phase (X) is recycled into step a). 17. A process as clainmed in any & 0CT 2004
claime 5 to 16 wherein the extractant (XI) and optionally by 35 products
selected fromthe group consisting of 2 9 OCT 200; 19 |ow boiling conponent
[sic) (VII1) and high- boiling conponent [sic] (VII) are separated from
“the mixture (XII) to give a lactam (1}§. 5 18. A process as clained in any
of clains 5 to 17 vvherein the m xture (XII) and the phase (V) are used

together in stepdhsik p mﬁ? of clains, 5 to 18 10
wherein the extract aonlt EB}(;‘%?) ?%I @%’t I (Y?%P]si ﬁn‘ﬁf Righsame
conponents or MRedd ime GamponemtrpoBssia:bn (V2Q) Aepeocepmrateld] aff®d in any
of clainms 13 tqukd nilx ( rated only fromthe
partial stream of Slhlase ( |§3’k§}n cﬁoigfngpér%?%tf d?ﬂg't he cyclization
step, and all or part of the remainder of phase (VI) is recycled into step
a) wdghoutg reqpv rhhgskheyda ) .20, 21. process | ai d I n any
of clains 1 to ﬁ vvhersel n %’a fglgé{rgnééadrtlgf ?If%é l?lr%r egg?élﬁs g‘ﬁhpg

separat ed of f Mlileéft%lﬁ? dFhes miseyered (XA samp &he ABh&Le AW 0@1@55 as

claimed in any @fed!tdigBcHed q_xglstg\gea,al n all or part of the high-boiling
conponent s

19. A process as claimed in any of claims 5 to 18

10 wherein the extractant (XI) and the diluent (IT1I)
consist of the same components or have the same

composition.

20. A process as claimed in any of claims 13 to 19
15 wherein the lactam (II) is separated only from the
partial stream of phase (VI) which is not returned
to the cyclization step, and all or part of the
remainder of phase (VI) is recycled into step a)
without recovering the lactam (II).
20
21. A process as claimed in any of claims 1 to 20
wherein all or part of the unreacted compound {I)

separated off in step d) is recycled into step a).

25 22. A process as claimed in any of claims 1 to 21
wherein all or part of the high-boiling components

(VII}) separated off in step d) is recycled into
step a}.

30 23. A process as claimed in claim 22 wherein the high-
boiling components (VII) separated off in step d)
contain at least 20% by weight of lactam (II).



(VIl) separated off in step d) is recycled into step a). 30 23. Az iﬁiﬁ@é
as clainmed in claim 22 wherein the high- boiling conponents (VIIl) s E

off in step d) contain at |east 20% by wei ght of lactam (I1). 29 OCT 2004
20 24. A process as claimed in any of clains 1 to 23 wherein all or part
of the diluent (I111) separated off in step d) is recycled into step a). 5
25. A process as clained in any of clains 1 to 24 wherein all or part of

t he Iovv-boiling components (VII1) separated off in step d) is recycled

nt o tep A proce as cl ai.ned na of ¢clains 15 to 25
:/\,her ei ?\ t K d| I ueﬁ%%f:lelslsl)o %%p}iaﬁ%ﬂa%f :‘”’1 naé%'e )ClPémﬁse]d &8 the

extractant . (XwWhe¥in Aa?pl ocespaas olfaitied dﬂu?tﬁ'yt of 1Tl Rl §Bpdried6 15
wherein all or t. of act am(11),is extracted fromthe phase (V) or
I SR L Rk bR SR RT FERP Abover i shed

t he phase (XI1) overished in [|actam
(1) and a phase (XIV) enrlched in Iactam (II) and al | or part of the

phase £XI I cI Q st cess cI ai ned in any
of cl a| ns 15) %527%9\/\/ﬁ§%§| n Ighe g Ollpl n%mét roga ?@’Fﬁ“f c¥ll ettt into
step a) is conwhexein té&ll herr geyd edlf stheamou@&dl\ﬂn)ng)rcéﬁ@orb@i@é e step

a) . (VIII) separated off in step d) is recycled into
step a).

100 26. A process as claimed in any of claims 15 to 25
wherein the diluent (III) separated off in step d)
is used as the extractant (XI).

27. A process as claimed in any of claims 1 to 26
15 wherein all or part of the lactam (II) is
extracted from the phase (V) or the phase (XII)
with water to give a phase (XIII) impoverished in
lactam (II) and a phase (XIV) enriched in lactam
(II), and all or part of the phase (XIII) is
20 recycled into step a).

28. A process as claimed in any of claims 1 to 27
wherein the high-boiling stream (VII) recycled
into step a) is combined with the recycled stream

25 (VI) or (X) before step a}.



