7 0050/51366 Preparation of cyclic |lactans *159159* * * The present
“invention relates to a process for the preparation ﬂ mumwct ans of
formJIa (rr)y: 5-- (CHR)YMR2'In ~in which n and mc t he val ues
0 1, 2, 3p056/52368 7, 8 and 9 and the sumof n + mi s'8t9" east 3, 10
pref erably at | east 4, and RL and R2 are Cl- C6 al kyl, C5-Cr7-cycl oal kyl or
*C6- Cl2-aryl groups, by reacting a conpound (1) of the formula H2ZN 15 CH n

in which R, R2, mand n are as defined above and R a J’WMMH"WMMM‘"LH | e,
-car boxam de and carboxylic acid groups, 20 with stea hase,
wher ei n a) Priepacerpomdf Idydlsia eantteatnsvi th steam i n the ga®» phase with
‘the addition, before or after the reaction, of an organic diluent (IlI)

which 25 exhibits a mscibility gap with water under 0050/51366 2 specific
quantity, PrR&ssHEESERd téRperhione relates to a process for the

preparation of cyclic lactams of formula (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 C1-Cs-alkyl,
Cs-Cy-cycloalkyl or Cg-Cipx-aryl groups,

by reacting a compound (I) of the formula

Ri| [ ]
|

HN— cl:-- CH,|—R (1)
R2 n L _Im

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
rhase with the addition, before or after the
reaction, of an organic diluent (III) which

25 exhibits a miscibility gap with water under



conditions, to give a mxture (lIV) containing a lactam (ll), 5 b) the
"mxture (IV) is converted, before or after the separation of anmonia,
-under quantity, pressure and tenperature conditions such that the dil uent
(111)  andoosogsiawss | i quid and exhibit a miscibility gap, to give a

t wo- phase system consisting of a phase 10 (V) containing a higher

proportion of diluent (I111) than wateg, and a phase (VI) containing a

hi gher proportion of water than diluent (I11), c) the phase (V) is

-separated fromthe phase (VI), and 15 d) the diluent (IIl) and optionally

by- products sépeeié&dcf romalwlgnmup ceressuirag ofnPow benpenttigmnponent

-[sic], high- bobbhagtggggonent [sic] and unreacted corrpound (1) are

separated fromthe phase 0 (V) to give a lact aml('hl Processes for the
preparation of tey8iVe Paﬁ‘ﬂéﬁfh‘rﬁy IVdaOmtg 1odEga-sa assEa &)l ¢ aci d
derivatives with steamin the gas phase in the presence of heterogeneous

25 t , I t t f | tam fro
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it is
10 (V) containing a higher proportion of diluent (III)

than water, and a phase (VI) containing a higher
proportion of water than diluent (III),

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

15
d) the diluent (III) 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 caprolactam
from 6-aminocarboxylic [sic] acid nitrile, are

generally known.

Thus WO 96/22974, EP-A-659741, 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 1is



0050/ 51366 3 not excluded to carry out the cyclization using a diluent
“which is inert under the reaction conditions, for exanple an al kane, a
-cycl.oal kane, an aromatic hydrocarbon or a hal ogenohydrocarbon, and thus to
"have 5 a lyiggi/&1Rlkzse in the reaction mxture. WO 98/ 05636 describes the
wor k-up of reaction discharges such as those obtained in the gas phase
cyclization of 6-am nocapronitrile mﬁt? steamin the 10 presence of solid
catal ysts. To effect said work-up: a) the bulk of the ammonia forned in the
-cyclization is separated fromthe water-containing crude caprolactam and
15 b) thi snotudexecapdeldactam tareit hetutsuthect@g1ozatidn quiglidg qu d
-extraction u h dditi.qn o sol.vent,.cont ai nj ng_acj di roups, and/or
treated vvidt\éﬁ%gaéntgas'iﬁgln&léxé anlglgeerr.at ZBg%gsutrhee by ©8% %g%t scoaqczL & nes or
bi nds t hemfiog t keampdei omrexeideger,. Fhe qydleelpanai sadvaragetdic this
wor K- up i s pi gl cAFRRC A 0Qi k! W%E AR reacd efhuknebheGxc! i zation
is taken up by the ion exqﬁanaéféeé gﬁg?ﬁéhen t'he”’i on e%change?'is
regenerat ed, lilsudpt de® ias thee raafini UMsiaiture xed with anmoni um sal ts of
am ne Dby-products, so it cannot be returned to the cyclization. Ammonium
salts are also r in the extraction of the am nocapronitrile with
extract ant 2'030 égﬁgggﬁﬁng aﬁﬁﬂFébGFoupE?eandﬂﬁl‘é‘zﬁ% t saf€35tdtens.
discharges such as those obtained in the gas phase
cyclization of 6-aminccapronitrile with steam in the

10 presence of solid catalysts. To effect said work-up:

a) the bulk of the ammonia formed in the cyclization
is separated from the water-containing crude

caprolactam, and

15
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.
20

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
25 and, when the ion exchanger is regenerated, is obtained
as the ammonium salt mixed with ammonium salts of amine
by-products, SO it cannot be returned to the
cyclization. Ammonium salts are also formed in the
extraction of the aminocapronitrile with extractants

30 containing acidic groups, and create the same problems.

It is therefore an object of the present invention to
provide a process which makes it possible to prepare
cyclic lactams (II) from compounds (I) in a technically

35 simple and economic manner, produces high yields of



It is therefore an object of the present invention to provide a process
" which nmakes it possible to prepare cyclic lactans (Il1) from conpounds (1)
‘in a technically 35 sinple and econonm ¢ manner, produces high yields of
0050/ 51366 I i th high conversions of the conpound (1) and also

m nimzes Péggzgiﬁgﬁxeﬂd in the work-up. W have found that this object is
achieved by the 5 process defined at the outset. Suitable conmpounds (1)
are am nocar boxylic acids and deri vat fves t hereof, preferably those of
-general formula I: 10 HZN CH2 min which R is carboxylic acid, nitrile
and/ or canbexam OfighOo¥AYANdoRvaRdiBhean £aghchavendhenyaliwgs 4830, 1, 2,
-3, 4, 5 6,.7, 8.and 9 and the sumof, nn + mis at |least 3, preferably at
| east 4. |ALSA FHPME 2981 8% TaRIAM kFRa BPTETRRti tuents, the only
provi so being that the desired cyclization 20 reaction is not affected by
t he substituents. Preferabl an i ndependent of -0 angt her are
Cl-CB-aIkyIRNléorIP1 ?C7£§§§?oaﬁ%%?Ré?%ﬁ%s%%PeﬁgiCf -aP§F¥e§F8u35¥ 25+€
Parti cub ar oy ogesfsedefd rexdarat e opoeeids are  ani nocar boxylic acid
nitriles, preferably those of the general fornula

Suitable compounds (I) are aminocarboxylic acids and
derivatives thereof, preferably those of general
formula I:

10

R
|

HN— clz-- CH,—R (1)
R2

in which R is 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 Dby the substituents.
pPreferably, R' and R? independently of one another are
C1-Ce¢~alkyl or Cs-Cy;-cycloalkyl groups or Cg-Ciz-aryl
groups.

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

HN— (CHp)y— C= N
30




H2N- (CH 2)m C= N 30 0050/51366 5 in which mhas a value of 3, 4, 5 or 6,
especially 5. Wien m= 5, the starting conpound is 6-am nocapro- nitrile.
-5 The conmpound (I) used can be a single conpound (1) or a mxture of
~‘different gggppyRdge(!). The conmpound (1) wused is preferably a single
conpound. QOmrega-am nocarboxylic acid nitriles are obtainable for 10
exanpl e by the partial hydrogenation of al pha, onega dinitriles in the gas
or liquid phase, e.g. according to 96/ 20166, WO 96/ 20916 or WO

-96/ 20165. Orega- am nocar boxylic acids are obtainable for exanple 15 by the
am nati ng hydwhdehatn dnaof aomedare osfryB , cdr, bédx 1t c6 acedpeotaby vt Ite

~hydrol ysi s onega- amn rb |L¢c_acid esters ar_ opega-aninocarboxylic
agid n?triwgé? Che%é-aﬁﬁ%oc%?%%&én de€0%§ép% téfhagfg or & éﬁble by

t he reactivhtofilensega- ami nocarboxylic acids and esters thereof with
ammoni a or by the reaction of omega- am nocarboxylic acid nitriles with

wat er. 25 The process according to the invention yields the cyclic |actans
of forrul aTPe| Forpprraspdidi AFad tare beoppsimdlel FomprundC (L) o€ @H11) - m

~R2 n | mixture of different compounds (I). The compound (I)

used is preferably a single compound.

Omega-aminocarboxylic acid nitriles are obtainable for

10 example by the partial hydrogenation of alpha, omega-
dinitriles in the gas or liguid phase, e.g. according
to WO 96/20166, WO 96/20916 or WO 96/20165.

Omega-aminocarboxylic acids are obtainable for example
15 Dby the aminating hydrogenation of omega-formyl-
carboxylic acids or by the hydrolysis of omega-
aminocarboxylic acid esters or omega-aminocarboxylic

acid nitriles.

20 Omega-aminocarboxamides are obtainable for example by
the reaction of omega-aminocarboxylic acids and esters
thereof with ammonia or by the reaction of omega-

aminocarboxylic acid nitriles with water.

25 The process according to the invention vyields the
cyclic lactams of formula (II) corresponding to the

compound (I):

Ri
/,C — (CHa)n,
R2 n | ()
C=0
/



C- 0 N H 0050/51366 6 in which n, in, RL and R2 are as defined above.

" Particularly preferred |lactans are those in which n = 0 and mhas a val ue
of 3, 4, 5 or 6. When m= 5, the product obtained is caprolactam 5 In

- 'step a) of gpbe,/pigeess according to the invention, the above-described
conpound (I) is reacted wwth steam in the gas phase, advantageously in the
*presence of a heterogeneous catalyst and optionally in the presence 10 of
an organic diluent (111), to give a mxture (I1V) containing a |lactam (I11).
Sui t abl e het er ogeneous catal ysts are any of the catalysts described for
the gas phase whékhzani,onmf &'15andnpddndaté) te adeéicharh (bbpyesuch as

anprpnous pLit aRLYELALOKLAG o9 JRRO A A ASE Ol HhELE 0 31 4T UM
oxi de, | ant hanum phosphat es, haf nium oxide,” ~zirconi um di oxi de or m xtures
t her eof , paeflefmaltgs @i vadiugm of oxi dd,, & uAtnidm oxWhen martt hanuihe

phosphat esprodlczi beeah neudi exicde rof akipshdir es thereof. The diluent (111)
can be added before the cyclization. In this case the diluent (Ill) is

presen@ during the cyclization of the conpound (1) in the gaseous reaction
25 m xturernplkefsy ab) yofn t@ Ut Sceds 0adcbed2Bod «f tié! wakknthbh), per gram

of Conpounghglébob%jd%§¥¥¥ggd%%%éﬁg&§g RQ? Tgl¥ggc éél%igﬁ %anm
in the gas phase, 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 heterogeneous catalysts are any 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 1is 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).



cyclization discharge, for exanple by quenching the 30 cyclization
" discharge. A further possibility is to add the diluent (Il11) after the
-separation of ammonia fromthe m xture (1V). 0050/51366 7 The diluents

~(I'l'l) used ani ¢ conpounds which exhibit a mscibility gap with
&ate% undep%ggé%iP%gg guantity, pressure and tenperature conditions,
-especially below the reaction tenperature in the 5 cyclization. Suitable
diluents (111) are C4- to Cg-al kanols duch as n-butanol, i-butanol or

n- pentanol, preferably aliphatic hydrocarbons such as n-hexane,

cycl oal i phatiec G0 Jslrocarbo suégahc%a %lepsgﬁﬂlecefn Bﬁﬁhgh%ﬂ] and
Hene Xyl ene,

especially arqmatic hydrocarbons such enzene

m xyl ene, ~ §XR¢Pée, et B Ehey Qaﬁbr&’ﬂ)‘ill’lbe‘ﬁé'éﬁé omQRr | smespyiiisenzene,

ﬁng m xt ur et itgych C]@ﬂ@@%*@ﬂ@ f@h@xarr@éﬂ%@_eat@iﬂérm %U?ﬂl?tlow 15I
rocarbons_can rr nction roups ,su al ogens or exanpl e

c%lorlne &8P5 |ﬁl€ﬁi3fg5¥%55%e. ﬁngﬁggaﬁ%?%ﬂsﬁﬁTﬁﬁ?ﬁ% fit LR t F&S eacti on

of sterp a) cy2Qitheiw@acti on can advantageously be carried out in the gas

phase at tenperatures generally of 200 to 450C, preferably of 250 to 400C

The pressure should generally range fromO0.01 to 20 bar, preferably from
0.1 to 5 b&uitabder alickuertsi xLTTe @h@l@—betQSCpfaﬂmcr%mt bychaseous in

this react hopy,cIRe1resi dencer ahhires ganer ahl Yok @0G61 F T OMQ-el 21500
seconds, preferably from1l fo 50 seconds.
aliphatic® hydrocarbons such as n-hexane, cycloaliphatic

10 hydrocarbons such as cyclopentane or cyclohexane, and
especially aromatic Thydrocarbons 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 hydrocarbons 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 Dbar. 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 c¢yclization 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 at
"least 0.5 nol, preferably at least 1 to 50 nol, per nol of conpound (I).
The .reaction can be carried out in the presence of an inert gas such as
“nitrogen opodopellsgetas or mxtures 35 of such gases. 0050/51366 8 The
reaction of step a) gives a mxture (1V) containing a lactam(I1l).
"Provided the mxture (1V) contains a nia, the amonia 5 can be separated
fromthe mxture (1V) in step b) after or, preferably, before the phase
separation, preferably by distillation, to give an ammoni a-free or
ammoni a- pBbe meaamien 19§ .sthe amohivascanmiksoaree (E@paradredchidimm t he
phase (V) gangLek 4 qlqhqse (VI) after the 10 phase separation, preferably
by distillation. The mxture (IV) can contain anmonia e.g. if ammonia is
formed in the reaction of step a) and/or if ammonia has been added to the

reaction mpkbU@ckn e HBAGLION(2F) L8oREEPnE) anfBIRA 2 (AN Dgndpraed (0
the reaction of step a) e.g. if Ris anitrile or carboxam de group. The
separ at? on C&8n P BERAIGFERE X e Bre cbivbubg (dVit iR sttiesh Ple ally at

bot t om t enper, apHeFereib160 Wl 220E BALsPr 8epukat ioh,l Je R0 dar, I the
m xture (IV& qges nfi contain ammpnia - this al sqg bei ng understood as

i ncl udi ng S¥chIsvatt12FaeRs &f° HifBni 3 a8 WORIR e adPEr SBIPHFect t he
fol | owi ng 2bopr ociestsixst eP3X) . t heThe xammen{bhVicaandal de BeXtdammAdda are

'dent'cal'fronl 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. 1if 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).



In step b), according to the invention, the mxture (IX) is converted
under quantity, pressure and 30 tenperature conditions such that the
diluent (111) and water are in liquid formand exhibit a mscibility gap,
""to give a booopbaseesystem consisting of a phase (V) and a phase (V).
0050/ 51366 9 Preferred quantity, pressure and tenperature conditions are
"such that the constituents of the mxtgire (VIlI) are in conpletely liquid
formin the phases (V) and (VI), 1i.e. no solids precipitate out. 5 If step
a) has been carried out in a honogeneous |liquid phase, it is generally
possi bl e t Breéparatie quaatiityt. umreganng amdotehperabupbasesdiVjiocamsd (VI) by
choosing aprc2pREAPHHALe tt}fér%r?éﬂ-’j{]@uerft usE hen pfﬂgﬁt@kb' Rym £Q10 choose
appropriate proportions, such as the addition o I'luent Ill%ﬁ)preferably
(

wat er. AccdRdAiGHRIEHHY i hidwidoforihd hheBe PYRrsgRd (he dRAsdVIOVI) are

then separated hb sbeRde) prieifheapRasmtseparation can be effected in a
manner known per se in apparatuses described for such purposes, for
exanplé t hose known from U | mann's Encycl opedia of |Industrial Chem stry,
vol. B3, 5rf edep ¥CHh2G Verdragspesiedd schafin dehbhepehed9881ipages 6-14 to

6-22. The Loum.appar at uses -and process conditions for.the. phase
separationggéﬁeéaégl@Sbgﬁﬂﬁﬁﬁﬁ%¥1cfﬁﬁﬁ%??e%? separate the le%ure
(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-boiling

35 component [sic] (VIII) are understood as meaning



25 sinple prelimnary experinments. In step d), according to the invention,
“the diluent (111), optionally ammnia and optionally by-products selected
fromthe group consisting of |owboiling 30 conponent [sic] (VIII),

* hi gh-boi |l i 9950adet [sic] (VI1) and unreacted conpound (1) are
separated fromthe phase (V) to give a lactam(ll). In terns of the
"present invention, lowboiling 35 congpnent [sic] (VIII) are understood as
nmeani ng 0050/51366 10 conpounds boiling below the lactam (11) and high-
boi | i ng conponent | sic] 8 1) are understood as neani ng conpounds boiling
above the FREPENACEI) bog limigs Wellewup téwn denvamtage@ns| y doel effieet-ed by

fractlonalbduahhbl@bmybﬂéhgnmgfg]rqvfiksgfg aﬁdér?£ogdlF%IStllhﬁﬁionlo

appar at uses. Sui t g aratuses are those conventiona
dIStI||atI88mpP8P n@héb@W€st&€56ﬁq&ﬁmlriﬂ%rk Clhner Encycl opedi a
of Chem cal Technology, 3rd ed. vol. 7, John Wley & Sons, New York,

1979, ge 0- such as sie Iate colums, bubbl e-cap colums or
packed%gol Eﬁﬁg 1Vg§];lhﬁelfl%ratﬂa§’, aﬁévﬁ HPRUSAY diPRenteffaqedt i by present

are appropfracéigneépdisted lhtdont ey phase A Wofé | Sstuch The bi gh- Roi | i ng

conponent sgf{ ¥kl 1aE084! Q conponents (VII1) and any unreacted
conpound (1) can %0 n ﬁ%ggéggggated fromthe lactam (I1), individually or

t oget her.
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 (ITI) still present
are appropriately separated from the phase (V) first.
The high-boiling components (VII), the 1low-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
Advantageously, 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 be recycled into step a).



Advant ageously, all or part of the diluent (I1l) obtained in step d) can
“be recycled into step a). 25 Advantageously, all or part of any

hi gh-boiling conmponents (VIII) [sic] and/or |ow boiling conponents (VII)
“[sic] obtappsd,;sm3gkep d) can be recycled into step a). 30 Advantageously,
all or part of any unreacted conmpound (1) obtained in step d) can be
"recycled into step a). The phase (VI) ;gqbtained in step c) can

advant ageously 35 be recycled into step a). 0050/51366 11 Preferably, al
or part of the lactam (ll) can be separated fromthe phase (VI) to give a
m xture (XPrefandbile | ahd bodt i mepcomednenhe (VebkEpmandIdy rdqﬁl Heoi | i ng

component saCihlh 88 A OBkl b ooRIEat &b 8.LE0M Uietesul tixg |actam

(). This work-up e lactam can ageous cted by
fractlonalaaﬂsch?atﬂew Pﬁléﬁégorcﬁﬂpénen§@ch(égli or&?dﬂﬂnﬂnhﬂﬁn1on

appar at usesm 1@n§w é@@&aéﬂ@@@r arHSes &8 tbﬁfé@oﬁamygntb@n%@pﬁrﬁ%@é for
distill exa e t he .ones descrlbed in O hmer, Encycl opedi a

n
of Che ca r?@cﬁhSlS&? $18%dactapy| (1% - john Wley & Sons, New York,
1979, pages 15 870 881 such as sieve- plate col ums, bubbl e- cap colunns or

packed col paRg- wor pqhopmtlhI nglact ?9&? (c\grl)a lellggglegtvl\g Y IbI ng

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 be 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 appropriately recleaved before being recycled
into step a), as described e.g. in EP-A-793650,
EP-A-793651, 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
(II) obtained in step d) and the two worked wup
together.



conponents (VII1) can be separated fromthe lactam (I1) 20 individually or
" together. Advantageously, all or part of the high-boiling conponents (VIl)
and/.or | owboiling conponents (VIII) can be recycled into step a). 25
‘Parti cul ar lopsp/sfieed! y, the high-boiling components (VII) are
appropriately recl eaved before being recycled into step a), as described
“e.g. in EP-A-793650, EP-A-793651, EP-4; 794643 or EP-A-912508. 30 Before
the work-up, the lactam (11) obtained fromthe phase (VI) can also be
conbined with the crude lactam (11) obtained in step d) and the two worked
up toget hé\he W5FS1886 t2anThahphaswdo)s canbadveryajedusintdestasycl ed
into step . Al or part of the lactam (Il) can be separated from 5 the
phase (VI) aby extraction with a liquid extractant (XI) to give a m xture
(XI'l') containing an extractant (XI) and a |actam (I ). Suitable

extract ant 310Xl 3 apa r&4- oﬂ 0t £8- aldangh s (su¢h 2% @e@!atr@&@d, frdit anol or

n- pent referabl y hatic_h drocar bons suc hexane,
cycl oal T hé-'ﬂp (fé(& ER;Y sﬁ%ﬁrég Riey (%‘é;i'{ a%eqéflu& | BHSRHA  and
especi al I y aanrrattcb Cglilyér ecanbrosreudiXdy benzentning olbuenextacyarene,

m xyl ene, et benzgﬁe} 15 i-propyl benzene or di-i-propyl benzene,
and m xt ureﬁﬁf Ll suc 1%4@0% for exanple petroleumethers. The

Suitable extractants (XI) are C4~ to Cy-alkanols such as
10 n-pbutanol, 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 chlorobenzene.

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

(ITI) have the same or a similar composition.

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

25
The aqueous phase (X) remaining from the extraction can

advantageously 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).



groups such as hal ogens, for exanple

“chlorine, as in chlorobenzene. 20 In particular, the extractants (XI) and
the.diluents (111) have the sane or a simlar conposition. Thus dil uent
“(111) sepaPf58d 53366 n step d) can advantageously be used as the

extractant (Xl). 25 The aqueous phase (X) remaining fromthe extraction can

~advant ageously be recycled into step qb. The extractant (XI) and optionally
the lowboiling 30 conponents (VIII1), the high-boiling conmponents (VII)
and/ or unr??.ged conpound (I) can advant ageously be separated fromthe
m xture (X ? to ' "3 a@@Em ( BHyanfage6st3gs 18 Thise MoK 4P gan
advantageoﬁgaytbenaifdﬁb@dl&ﬁti@&aq&{Qgpl distillation in one or Kore, such
as 2 or 3’dig£§ii£%§ti0n appar at uses. %ﬂﬁﬁeﬂﬁ%@apﬁ%@%t@%e% are3t hose
conventional ly use Por ePRREREREEEI On, for exanpl e the ones described in
Kirk- O hner, Encycl opedia of Chem cal Technology, 3rd ed., vol. 7, John
Wley & Sangitdiems Y 79, pages 870- 881, such as sieve-plate colums,
bubbl e- cap, col unns gébafégﬁﬁgﬁeﬁléblﬁﬁﬁ%$ PpeVenahbnalubelﬁ%&fagﬁpnt
fi,rst. The high-

separ at ed From 4R ¥t ufer( Xanis @pPREPIdALE! é{eﬁé Xﬁ]'o&% in Kbk ad
riekidte

r
any

boi i ng c@pomant Senthe1 bpuahyal 'Aé‘ggﬁgﬁﬁggir‘tfg{mm) Bedi vé@lual |y or

conpound (J); ¢ t hep be separated
together.sdh' *F, 198k Wiley & Sons, New York, 1979, pages 870-
81, such as sieve-plate columns, bubble-cap columns or

10 packed columns.

hydr ocarbons can carry functi onal

Preferably, the extractant (XI) is appropriatel
ze?afated from the mixture (XIT) first. The hi:h?
. uziiizfego:ponents, the low-boiling components and any
o owpogné (I) can then be separated from the
ctam (II) individually or together.

Ad
bZantageously, all or part of the extractant (X1)
obtained in the work-u 1
2o P can be recycled into step a).

Ad

vantageously, all or part of any high—boiling
com
’ p?nents (VII) and/or low—boiling components (VIII)
o ,

tained in the wWOrk-up can be recycled into step a)

25 ad
vantageously, all or part of any unreacted compound

( ) Y

The mi
o o mﬁgture (XII) and the phase (V) can advantageously
> USé together in step d) of the brocess according to
e ‘1nventlon, it being possible for them to be
combined before or during step d).




20 Advant ageously, all or part of the extractant obtained in the work-up
“can be recycled into step a)(Xl) Advantageously, all or part of any

hi gh-boiling conponents (VII) and/or |owboiling conponet ns (VIIIl)
*‘obt ai ned i'&otsia s4Qfde up can be recycled into step a). 25 Advantageously,
all or part of "any unreacted conmpound (1) obtained in the work-up can be
“recycled into step a). The mxture (Xll) and the phase (V) can
advant ageously 30 be used together in%tep d) of the process according to
the invention, it being possible for themto be conbined before or during
step d). Theecbashammroai ngdyuLRL -t r qr%%%_,t%ggcor I t i nvention
can be used ilﬁaa. nner known pgfagglgo% the O leg&ig%gégﬁ %?lggaraa%i on of
i ndustri al P§7 ¥ &nt pol ymers such as pol yani des. 0050/ 51366 15 W
claim 1. A process for the preparation of cyclic lactans of fornula (I11):
5



- (CH2)m (R R2 Hin 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 10 |east 3, preferably at
| east 4, and R1 and R2 are Cl-C6-al kyl, C5-C7-cycl oal kyl or C6-Cl2-aryl
‘groups, bygpsapbiggea compound (1) of the fornula H2ZN 15 20 25 R C R2 r
CH2 n Jmin which Rl, R2, mand n are as defined above and R are [sic]
"nitrile, carboxam de and carboxylic a&%d groups, with steamin the gas
phase, wherein a) the conmpound (l) isFfeacted with steamin the gas phase
with the addition, before or after the reaction, of an organic diluent
(I'11) whidéa eXhdibets a miscibility gap with water 0050/51366

1. A process for the preparation of cyclic lactams of
formula (II):

5
R1
~
/C — (CHy)p,
Re= /™ | | ()
C=0
/
I
H
in which n and m can each have the wvalues 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 C¢-Ciz-aryl groups,
by reacting a compound (I) of the formula
Rt
H,.N— ﬁ) CH, —R )
R2_jn m
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 exhibits a miscibility gap with water



16 under specific quantity, pressure and tenperature conditions, to give a
"mxture (IV) containing a lactam (I1), 5 b) the mxture (1V) is converted,
after the separation of anmonia, under quantity, pressure and

before or

~tenperature_conditions

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

and exhi bi P983%4P4E66i 1ity gap, to give 15 a two-phase system consisting of
contai ning a higher proportion of diluent (Il1l) than water,

"a phase (V)

and a phase (VI) containing a higher 1roportion of water than diluent

(rrr), c) the phase (V)

is separated fromthe phase (VI), and 20 d) the

diluent (I11) and opij,apal !y é%'c&fﬂdémt S Tér?%lfg%,_ego}‘ bRLL0E 0 0P [sic]

consi sting of

| ow- boiling co

onent [si I'ng~ conpone

and unreact ed conpouk8MPEyratyre §@@ﬁ%ﬁ#ﬂmﬁ¢on1the phase (V) to give a 25
lactam (11). 2. A preeessive @l ahiReuid c{ahm Lonhgnghfoltne 1cemound (1)

used is an anm nocarboxylic acid nitri

claim1l or
5

10

15

20

25

30

35

2.

A proceSs as clained in

2 wher ei n (£Hé -

b)

the mixture (IV) 1is 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 proportion of diluent

(ITTI) than water, and a phase (VI) containing

a higher proportion of water than diluent
(III),

c) the phase (V) 1is separated from the phase
(VI), and

d) the diluent (III) 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 (V) to give a
lactam (II).

A process as claimed in claim 1 wherein the
compound (I) wused 1is an aminocarboxylic acid

nitrile.

A process as claimed in claim 1 or 2 wherein the
compound (I) used 1is an aminocarboxylic acid

nitrile of the formula

HoN— (CHp)y— C= N



conmpound (I) used is an am nocarboxylic acid nitrile of the fornmula 35

" H2N- (CH2) m C= N 0050/51366 17 in which mis 3, 4, 5 or 6. 4. A process as
-clainmed in any of clains 1 to 3 wherein the conmpound (I) Fsed Ls f
© 6-am nocar |, i sic] acid nitrile. 5. A process as clained in any o
clains 1 t§8§¥/§§%P§iL step a) is carried out in the presence of a

" het erogeneous catalyst. 10 6. A process as clained in claim5 wherein the
‘het erogeneous catal yst used is titani &rh di oxi de, al uni num oxi de, | ant hanum
phosphates or zirconium dioxide. 15 7. A process as clainmed in any of
claims 1 to 6 whewRkant heikeactizonsof,,Steep a) is carried out at a
tenperature ranging from 200 to 450C. 20 8. A process as clained in any of
claime 1 to 7 wherein the sumof the concentrations of conpound (I) and
conpound (41) iB |@sscédan 20%chuineighin hasedfonctbema xture (BV). 25 9.

A process as claj .In_any of cl ai to 8. wherein.the diluent (II1)
used i s an alipﬁgg?%}n E;@%éﬁﬁ?ﬁﬁgi c(ﬁ} %ﬁ%%af?c6h9@?88§?5bﬁzy@6F A
proces® as cl ai iedici nagay ofiteciidiens 1 to 9 30 wherein the diluent (I11)
used i s ethyl benzene,
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 c¢laim 5 wherein the
heterogeneous catalyst used is titanium dioxide,
aluminum oxide, lanthanum phosphates or zirconium
dioxide.

15

7. A process as claimed in any of claims 1 to 6
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 9

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 cl ai ned
~in any of clainms 1 to 10 wherein the separation of amonia fromthe

-m xture 0050/51366 18 (1V) is effected before the separation of the phase
(V) in stepospssideeA process as claimed in any of clainms 1 to 11 5
wherein the reaction of step a) is carried out in a honogeneous liquid
‘phase. 13. A process as claimed in anygof claims 1 to 12 wherein all or
part of the phase (V1) separated 10 off in step c) is recycled into step
a). 14. A process as clainmed in any of clains 1 to 13 wherein all or part
of the lactam (KEy)isissepbfeceddf romiohe piiese fatigraepan atefd affe in 15

step ¢c) to give ﬁaggas@ (X4 gggbabqlng | ess lactam (11) than the phase
(VI), and by- products select fromthe group consisting of |owboiling

conponent [sic] (MIII) and high-boiling conponent [sic] (VII) are

optional | y1§epaAat;eldoéé9én fah,e E88UhEANGn 2@ C&Emcﬁlaz)ms 1%. #,pngcess as
clainmed in any of clains_ 1 14  wherein al part of the lactam (Il) is

separated from ¥’ @rﬁﬁgséWQASeQRF¥9ﬂr%Et?GRRM%k\%% SRrEkERaluENE( X ) to
give a m xture &Xhbpogensbakniaguexdt paelsant (X)) and lactam (11), and a
phase (X) containing less lactam (I1) than the phase (VI). 30 16. A
process as clainmed in claim14 or 15 wherein all

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).

14. 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 c) 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) is
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 less lactam (II) than the
phase (VI).

30 l6. 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



T

or part of the phase (X) is recycled into step a). 17. A process as cl ai ned
“in any of clains 5 to 16 wherein the extractant (Xl) and optionally by 35
‘products selected fromthe group consisting of 0050/51366 19 | ow boiling
‘conponent pesO)shY¥ell ) and hi gh- boiling conponent [sic] (VII) are
separated from the mxture (XIl) to give a lactam (Il1). 5 18. A process as
‘clainmed in any of clains 5 to 17 whergin the mxture (XIl) and the phase
(V) are used together in step d). 19. A process as clained in any of
clainms 5 to 18 10 wherein the extractant (Xl) and the diluent (I11)
consi st of the $aweboddpogentsompomave tHeigane (wommposi &han. KBGh-A process
as claimed in apyiof,gl al . 15 in._the_ lacta 1) is
separated only ?Pé%ﬁ?geqﬁgﬁéé%ﬁgtﬁ%ﬁﬁﬁof”@ﬁ%gegﬁﬁ)Sﬁﬁ?fﬁg%é 6t°™ et ur ned
to the cyclizat FBR BE&purandXdl) &o mdnte of hansam effdliinder of phase (V1) is
recycled into step a) wthout recovering the lactam (l1). 20 21. A process

as cla%ﬁed n agy of claimse 1 to 20 wherein all or part of the unreacted
conpound (?‘? sEpdraXEL vf £S5 nCireped) I% PEYycPEd GlRidsst p &9, 195 22. A
process as cl ai wedretnamhef mékaure 1(t0121andhered N pRlalseOr (PR g f the
Qigg-g?!llng cogggaeggaetggkl.nsggg%g%%q off in step d) is recycled into

19. A process as claimed in any of claims 5 to 18
10 wherein the extractant (XI) and the diluent (ITIT)
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
(VIT) 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).



30 23. A process as clainmed in claim22 wherein the high- boiling

- conponents (VII) separated off in step d) contain at |east 20% by wei ght
of lactam (I11). 0050/51366 20 24. A process as clained in any of clains 1
to 23 whero®s0/81366 part of the diluent (I11) 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 the |ow boijJdng conponents (VIIl) separated off
in step d) is recycled into step a). 10 26. A process as clainmed in any of
claims 15 to 25 wherein the diluent (111) separated off in step d) is
used as th&dext Pacpgpcegxl )as Z?laAn}acbcess asy Clodi netlaimsarly eb cd&inms 1 to

26 15 wh : r I tr t h
V) or chrS'hQﬁj;(exu B et e rargrve SR SR en R e

lactam (11) and fpwésest(%\w} elrﬁumfécplwlmmwt@mg -and all or part of
the phase (XII1) is 20 recycled into step a). 28. A process as clainmed in

any of ¢l ai 1 to 27 wherein the high-boiling stream(VII) recycled into
step a)g zrc'%nbl%ear\%cfaﬁsth%sré: stRedRY 28T(\Fiasms () bBefcte step

a). wherein all or part of the low-boiling components
(VITI) separated off in step d) is recycled into
step a).

10 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
(IT), 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).



