2 9 OCT 2004 1 Preparation of cyclic |lactans The present invention 5%§ﬂﬁﬁﬁm
to a process for the preparation of cyclic lactans of formula (11)%-54
which n and m can 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 least 4, and Rl and R2 are
Cl-Cs-al kyl, C5-C7-cycloal kyl or C5-Cl2-aryl groups, by reacting a
conpound (1) of the formula HZN 15 Rl G P2 CH2 L111 (1) in which Rl, R2,
mand n are as defined above and R are [sic] nitrile, carboxam de and
carboxyl i c aprépgraupsn 28 wythist eam:tiamst he gas phase, wherein a) the
conpound (I) is reacted with steamin the gas phase with the addition,
before or aftkge pheseheachi8Arich 2B1ateaNIte & hirledd IAdr Weh 25
exhibits a msghbi-hti¥ndae W/bhiwatgrcufdebs $RSGMIC quantity, pressure
and tenpegrature conditions, to give a mxture (IV) containing a |actam
(rr), 30 b) the mxture (IV) is converted, before or after the separation

of ammoni a, under quanti pressure and tenperature conditions such that
the diluent (I1l) and ~arne Iig#%d and exhibit a mscibility gap, to
gi ve a two-phase systemic §L§irﬁdc 2im phase 35 (V) containing a higher
proportion of diluent (I ?& 29/®CT! 2004 2 than water, #fd a phase (M)
containing a higher proporti ?;Cﬁaﬂér than diluent (I11),
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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 least 3,

10 preferably at least 4, and R* and R®? are C;-Ce¢-alkyl,
Cz-Cy-cycloalkyl or Cg-Ciz-aryl groups,

by reacting a compound (I) of the formula

|
v © - oy — ()
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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
specific quantity, pressure and temperature
conditions,

to give a mixture (IV) containing a lactam (II),

30 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 liguid and exhibit a miscibility gap,
to give a two-phase system consisting of a phase

35 {V) containing a higher proportion of diluent (III)



5 c¢) the phase (V) is separated fromthe phase (VI), and d) the dil yent
(I'11) and optionally by-products selected fromthe group conS|st|n§;%@EszL
| ow- boiling conponent [sic], high-boiling conponent [sic] and unreacted
conpound (I) are separated fromthe phase 10 (V) to give a lactam (I1).
Processes for the preparation of cyclic lactanms by reacting
onmega- anmi nocarboxylic acid derivatives dith steamin the gas phase in the
presence of heterogeneous 15 catalysts, for exanple the preparation of
caprol actam fromhénawenegar bevdylal hass clvEcidbrtidimril®y Ang grganeral |y
known. Thus WO 964339741 cEPod Ga3241 t1AR /146500 @ndr) 20 VIO 99/ 28296

di scl ose the reaction of 6-am no capronitrile with stean1|n the gas phase

in the presencecak PAEEEOGENEQUS seReHat TS ftz%ng't‘h% gg-}%{)

amoni a, €xanpl es of the heterogeneous catal ysts el ng aI um num

oxi de, |ant h@)u%ggoggﬁggﬁg q&gIgSaﬁldr %%Qll%rﬂaql gx @egfjt M 26/ 22974 points
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out that it is i ar e -0 Usl. a dlluent
which is inert uE &egEEﬁtr Foe C&n exa lq Jﬁ rﬁ%

criesane i L gggwg% ek LA e e e
v
wor k- up © rgactl 8|§&ﬁ§r8e SLER jg ?hose obtai ned in the gas phase

cyclization f 6-ami nogapronitrile with ste in the 35 presence of solid
catal ysts. TO EFFESESs % \ﬁ&%%ﬁpa$@t4§%)° I P % FHChamrs vhoni a for med

in the cyclleFFGﬁng|§m§9 TPTESF PPN et R aT iitp S iddr

capr ol actam , gg‘ {£hes gétsu@é‘a@&rlél FART9SeKq 1Rdy haffreaeseaws a

i qui d/ 113ui §2& Vé&slfoﬁo\ﬁ EraMRd €a FS IRSPRFT &t 1 o |fe marIsHtad trithg aci di ¢
groups, and/ &FOfYy éaP@&no\%\aﬂfﬁ’O&‘Yé&F dFidc rarigemitvEdsur @19 extracts all
the amines oPSBFAAd L¥hERFHS -t he

Thus WO 96/22974, EP-A-659741, WO 99/47500 and

20 WO 99/28296 disclose the reaction of 6-amino-
capronitrile with steam in the gas phase in the
presence 0f heterogeneous catalysts to give caprolactam
and ammonia, examples of the heterogeneous catalysts
used being aluminum oxide, lanthanum phosphates and

25 zirconium dioxide. WO 96/22974 points out that it is
not excluded to carry out the cyclization using a
diluent which is inert under the reaction conditions,
for example an alkane, a cycloalkane, an aromatic
hydrocarbon or a halogenohydrocarbon, and thus to have

30 a liquid phase in the reaction mixture.

WO 98/05636 describes the work-up of reaction

discharges such as those obtained in the gas phase

cyclization of 6-aminocapronitrile with steam in the
35 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

40
b) this crude caprolactam is either subjected to a
ligquid/liquid extraction with the addition of a
solvent containing acidic groups, and/or treated
with a cation exchanger.
45

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

50 and, when the ion exchanger is regenerated, is obtained



cation exchanger. The principal disadvantage of this work-up is that

am nocapronitrile which has not reacted in the cyclizationis takeﬁqdﬂTHWu
the ion exchangers 50 and, when the ion exchanger is regenerated, is

obt ai ned 29 OCT 204 3 as the ammonium salt m xed with anmoni um salts of

am ne Dby-products, so it cannot be returned to the cyclization. Ammonium
salts are also formed in the extraction3of the am nocapronitrile with
extractants 5 containing acidic groups, and create the sanme problens. It is
t her ef ore anasbjté& agtrartiemp rassidntmizyadmi ton aromompiavi skel Bs poHeassnehi ch
makes it pos$ivbipeadwgisepare itcyEnmot duod anstiréd fromicenpounds (1) in a
technical |y t@cdiimalte cand egromentiwm reeines ,axpy alloe st diadd yiel gise of | act am
wi th high corxersicaniomfoft hthes emioibhdrdoniand 1 &L &k i Zesahosses of
yield in 3he csprdeiuingMadiaiie fgnithd haind hiseHhd egie | Saehbevetedy. the 15
process defined at the outset. Suitable conpounds (1) are am nocarboxyli c

acids and deri val itvRS gl qin dygeéc%%ﬂﬂ M@%eeéé gengd tléﬁ)r la I:

N CH2 -R 0) Mgl dehiaCh R des L3O rﬁa‘ké!sc' oxart de
groups and “pcgaql@ qi%%%@@ (¥ave 4 giail ff? ﬂﬁéaéﬂﬂ 8
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Cl--C6 -al kyh O%‘F 7 aI k S or . - a roups. 35
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Part eul |y e o ﬁ&é‘@dofattﬁ STouts . aci

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

20

HN—| C + | CH,|—R 1)

. M

in which R is carboxylic acid, nitrile and/or
carboxamide groups and n and m can each have the values

25 0, 1, 2, 3, 4, 5, 6, 7, B 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

30 reaction is not affected by the substituents.
Preferably, R' and R? independently of one another are
C1-Cs-alkyl or C:s-Cr-cycloalkyl groups or Cg-Ci;-aryl
groups.

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

HN— (CHgly— C= N
40
in which m has a value of 3, 4, 5 or 6, especially 5.
When m = 5, the starting compound is 6-aminocapro-
nitrile.



general formula H2ZN-(CH2 C= N 40 in which mhas a value of 3, 4, 5 [ﬁ 0ot
especially 5. Wien m= 5, the starting conpound i s 6-am nocapr o- tﬁ} J
29 OCT2008 4 5 10 The conmpound (l) used can be a single conpound (1) or a
m xture of different conpounds (1). The conpound (1) wused is preferably a
si ngl e compound. Onega-am nocarboxylic acid nitriles are obtainable for
exanpl e by the partial hydrogenation of élpha,onega- dinitriles in the gas
or liquid phase, e.g. according to WD 96/20166, WD 96/ 20916 or WO

96/ 20165. Onega- am nocar boxylic acids are obtainable for exanple by the
anm nati ng hy@hegeocagicemdf( Idneged aany|lbe a«aibuxle | comedwtsd ot I byot he

hydrol ysi s ofmictrege cdmdidfaeoxy |denpaairisestEr s Thenegiaumdocay boxyl i c
15 acid nitriuses. ienggafaraiisardexiaygidesomcurabt ai nabl e for exanple by

t he reactg on- of onega-am nocarboxylic acids and esters thereof with

anmoni a_or bymiche -EeaeidRt Hf:amRIa A% mﬂqqae@wél&o@&h?amé rféles with
wat er. The pgggﬁ@qea%ort@iéwg;at&ltahe Hy MY et _lactans

and R0 a6 ék‘%‘l‘&?&m"‘i’*‘*"%ﬁ% 1%‘2%%‘3‘ m.fé ot ams M hose in
whi ch n %8 and@% r%as a v:lﬁ u?o _c%r/r §m = 5, the product

obt ai ne rol a) f t e QGess cording to the
i nventi on 8 8@%\2%%&]%%@ |°§<é:§%co ec‘JL z’lrlena“;l e r% geﬁﬁnépa]rﬁ 35 in
t he gas phas ageo Ef: % ({ {Fe é’i‘yolgeneous cat al yst
and opti onal ﬁarﬁ % |’a§ éjr oy yar ySls oL omega*>
inocar o& ic aczd esters or omega-aminccarboxylic
15 ac1d nitriles.

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

20 aminocarboxylic acid nitriles with water.

The process according to the invention yields the
cyclic lactams of formula (II) corresponding to the
compound (I):

25
R1
™~
/C — (CHg)n,
R2 n | (I
=0
/
N
I
H

in which n, m, R' and R? are as defined above.
Particularly preferred lactams are those in which n = 0

30 and m has a value of 3, 4, 5 or 6. When m = 5, the
product obtained is caprolactam.

In step a) of the process according to the invention,
the above-described compound (I) is reacted with steam

35 in the gas phase, advantageously in the presence of a
heterogeneocus catalyst and optionalily in the presence
of an organic diluent (III), to give a mixture (IV)
containing a lactam (II).



of an organic diluent (I11), to give a mxture (1V) containing a I?cjﬁtmmm
(rry. ?. ~OCT ?DOd 5 Suitable heterogeneous catal ysts are any of the’ '

catal ysts described for the gas phase cyclization of a

| actam (11), such as anorphous titaniumdioxide in the
rutile, 5 alum num oxide, |anthanum phosghat es, hafnium
di oxi de or mxtures thereof, preferably

conmpound (I) to a
f orm of anatase or
oxi de, zirconium

titani um di oxi de, al um num oxi de,

| ant hanum phosphat es, . zi rconi um di oxi de or m xtures thereof. 10 The

di luent (111 FUd4RMeE Bedar Isemacus Ra ks tataom. any rof hike case t he

di luent (111 ratalysdsestesqribag tinr e ldamtplasofcydkl zoampounst (d) in the
gaseous r eacicioowoumiax t{drle tpreeflectidny (Il Janmeutls af @Oudrploo@d g of dil uent
(111 per gréamtehicomgowad dd Jin IHhd tfamn priefarateasd condtut e di l uent (111)
to the cycl edamiaumdiosdhie,gd,arfdrammamicsghatopencia figi dheoxode) | zat i on

di scharge. 2@ikcbwithedipessicddidr tmisxtsides attbidef digrefdr{siy)) after the

separation ofiaem@nia dilceidd)e aliuttidnen (dMde Thertinarant SoHddpnamsed can be

or gani ¢ conpeyresniint ki oXlHdidr anitisaidy ldHer s Wi th

wat er under

specific 25 quantity, pressure and tenperature cond| tions, espeC| ally

bel ow t hep r eagld aam%mer@tﬁr € daly e a fed g t@'&f&ﬁﬂ dignts (1)
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et hyl be d §§Eln-%prop?rl%bg>nze e or ? rop;e/cfb(lr?zene

such corrpoun $ 5 for e Ie
functi onal grou g g#ﬁﬁ’ ?P
chl orobenzen % i %?55 o3 d B“é’ p@éﬁf‘é’m % ﬁ%‘

1zat10n 18C

20 A further possibility is to add the diluent
the separation of ammonia from the mixture

y aromatic

S ec
mxy%dsri p- xyl ene,

and m xtures of

etr etdﬂ rs. T y roc%rbons can carry

s.In

D5 step a).

(III) after
(IV).

The diluents (III) used can be organic compounds which
exhibit a miscibility gap with water under specific

25 qguantity, pressure and temperature conditions,
especially below the reaction temperature in the

cyclization.

Suitable diluents (III) are Cy- to Cy-alkanols such as

30 n-butanecl, i-butanol or n-pentanol, preferably
aliphatic hydrocarbons such as n-hexane, cycloaliphatic
hydrocarbons such as cyclopentane or cyclchexane, and
especially aromatic hydrocarbons such as benzene,
toluene, o-xylene, m-xylene, p-xylene, ethylbenzene,

35 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.

40 Ammonia can also be present in the reaction

of step a}.

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

45 —'generally range from 0.01 to 20 bar, preferably from
0.1 to 5 bar. The reaction mixture should be
predominantly gaseous in this reaction. The residence
times generally range from 0.1 to 100 seconds,

preferably from 1 to 50 seconds.



The reaction can advantageously be carried out in the gas phase at
tenperatures generally of 200 to 450C, preferably of 250 to 400C. &H&ET?WL
pressure should 45 generally range fromO0.01 to 20 bar, preferably from
0.1 to 5 bar. The reaction m xture should be predom nantly gaseous in this
reaction. The residence tines generally range fromO.1 to 100 seconds,
preferably from1l to 50 seconds. 29 OCT2DN 6 5 The ampunt of water used in
the cyclization should generally be at least 0.5 nol, preferably at |east
1 to 50 nol, per nol of conpound (1). The reaction can be carried out in

t he presenceTok amounhepf gasesucisess im tthegeryodrizatichl eslgasldr m xt ures
of such gasegen&falhe beaeti deaeft $t.Epm)l,giprestarably We (dadt coniai ni ng

a lactam (1130 Rodyi ged mbe @ifXxwmpcund (@ontai ns ammoni a, the ammonia can
be separaged fromthe mxture (1V) in step b) after 15 or, preferably,

before the phasersgpaiahi edn BPeckardbley ¢ dirstdHd %i:'é%‘bnc.té) &H @y an

amoni -a- freelﬂér€”§H§'§UCBOQ% i XbrdiRn( X 2 H iampnl G?%]
separated fgem,hg ? ase ( and/ or the phase (VI) after the ase
separatlon preferab y by dIStI||atI0n 20 The m xture (1V) can contain
annDnia [ r.e e laor if
anmoni a gﬁgag Eft %‘Eg?}eg& °on %’1 Xt g“ﬁégt?& t hﬁ)e%g?i?tgﬁ.%gpg step
a). Annonla can orited’in the reaction of step 25 a) e.g. if Ris a

be effected

pressur tB 3

this anpﬁﬁ §§§ 83d Q§fPﬁ8|&

woul d not ad &r éF? Pgépnthgofgipgwp ammonla- ree or ammonia-
xture %nla can also be separated

from the phase (V) and/or the phase (VI} after the
phase separaticn, preferably by distillation.

by i ot il S?%%?ﬁ égﬁa ol g?gﬁa?%%?%ﬂ%@ e

20
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
step a). Ammonia can be formed in the reaction cof step
25 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

to 220°C and pressures of 1 to 30 bar.
30
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
process steps - the mixture (IV} and the mixture (IX)
35 are identical.

In step b), according to the invention, the mixture
{IX) is converted under quantity, pressure and
temperature conditions such that the diluent (III} and

40 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).

Preferred gquantity, pressure and temperature conditions

45 are such that the constituents of the mixture (VII) are
in completely liquid form in the phases (V) and {VI),
i.e. no solids precipitate out.



process steps - the mxture (IV) and the mxture (1 X) 35 are |dengigﬂ
step b), according to the invention, the mxture (I1X) is converte &éﬂ
guantity, pressure and tenperature conditions such that the diluent (I11)
and 40 water are in liquid formand exhibit a mscibility gap, to give a
t wo- phase system consisting of a phase (V) and a phase (VI). Preferred
quantity, pressure and tenperature condifions 45 are such that the
constituents of the mxture (VIl1) are in conpletely liquid formin the
phases (V) add €Yep, a)i has beesoldady iprceaiva tiat @ Gimodenddds 200nyidf step
a) has been passieedieutis yendiemigeneess Hlduwd sdaste ithe smbpengral |y
possi bl e to ggpanatetichend thidr @haledd )(viintad hert \/\/fb;pfb%ws:(ﬁe a%{\d (V) by
choosi ng an appRLPRH RS teafRebriudes. A fuidar rws%l%ht % 5 choose
appropri & e phepek! kPR optieh AP iR adddd 0\l X 'ﬂiﬁ@ c?' ltJ.:)o Rﬁff erably
water. Accordingehe tRernv fggahh@e“gnﬁﬁe (V) and the phase I%VI are
then separated in step c) 0 The phase separatlon can be effected in a
manner known r scrihe S se for
cBBa3f %ﬁ% %%%Sc d@scrihf ha%r Hﬁ dua?wt‘%i '%‘)r? é} St ry,

exanpl e thos O y Io ria
vol . BB th?g Q%&H E%gsgeselﬁsgha t, velnhelnl 1988, pages 6-14 to

6-22. The opg p aratuse and pro ess ons for the hase

separ ation h R Sgpéé'fa%rlﬁf‘n& e §§ S
experinents. ® § eﬁ fppg 8611 3c55?% §ﬁi| HﬂﬁQEﬂn STy,
optionally a g@%?% qq%ﬁn e group
conS|st| 5&F E%B 5 irc Iﬁq) Wﬂ h- boi | i ng conponent
[sic] )VS Qﬁ?@& &< ou &1P Flghe Sar FEGES 4 H® phase (V)

to glve a Ia tam(11). In ternms of the present invention, |owboiling

The optimum apparatuses and process conditions for the
phase separation can easily be determined by a few
20 simple preliminary experiments.

In step d), according to the invention, the diluent
(ITI), optionally ammonia and optionally by-products
selected from the group consisting of low-boiling

25 component [sic] (VIII), high-beiling component [sic]
(VII) and unreacted compound (I) are separated from the
rphase (V) to give a lactam (II).

In terms of the present invention, low-boiling

30 component [sic] (VIII) are understood as meaning
compounds boiling below the lactam (II) and high-
boiling component [sic] (VII) are understood as meaning
compounds boiling above the lactam (II).

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

Suitable apparatuses are those conventionally used for
40 distillation, for example the ones described in Kirk-
Othmer, Encyclopedia of Chemical Technology, 3rd ed.,
vel. 7, John Wiley & Sons, New York, 1879, pages
870-881, such as sieve-plate columns, bubble-cap
columns or packed columns.
45
Preferably, any ammonia and diluent (III) 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



30 conponent [sic] (VIII) are understood as meani ng conpounds boiligg ?zlow
the lactam (11) and high- boiling conponent [sic] (VII) are underst §Ladlll
meani ng conpounds boiling above the lactam (11). 35 This work-up can
advant ageously be effected by fractional distillation in one or nore, such
as 2 or 3, distillation apparatuses. Suitable apparatuses are those
conventionally used for 40 distillation; for exanple the ones described in
Kirk G hmer , Encycl opedia of Chemical Technology, 3rd ed., vol. 7, John
W ey & Sonsthmewbeosierargred fages thgyolagiam steh) asizdivedpt by eol umms,
bubbl e-cap ¢elbew€ror packed col unms. 45 Preferably, any anmoni a and
diluent (111) still present are appropriately separated fromthe phase (V)
first. The Bdyaniteigleiong lgon@dient:s gafdt )qf ttiees |didkdent | AOIIconponent s
(M11) antl anptainedctied stepaintad )b aredydeh hretsepoemted. from t he
lactam (11), individually or together. Advantageously, all or part of the
di luent (111 prdvanebbaionedyi,n aStlepd)paan o dree vl @bt Disd ep a) . _
Advant ageouslempahlen®f PAMIIOf [@e higha kgt | 1A8 beorpon et déddd [ sic]

and/ or | ow bQiyiriIng [&aENORMHS nddVliln disdfla Ot ned 4dbpd Bdy Bncan be
recyclegntare}Oastep a). Advantageously, all or part "of any unreacted
conpound (I) obtained in step d) can be recycled into step a). 15 The

phase (V1) obi:3ianed e $heR GhiCal HANANATERUS i 6 f &EYRLER N O Step
a). Pref erablof, gk A9b oty %@@%@%ﬁfﬁﬁn&epﬂgfeﬁ rom the

phase (VI) to give a mxture ( and t ol I'i'ng” conponents (VII1)

and/ or hi'gh- Qi L %ec @gn%%tt l(n\Qd ) ca%e%ioté )OQ;E}:H Y. eansteaoaéoat d fromthe
| t | . : STt t HERR |
cesult 5% aft P S8 AR SRbE o AP Gl B ERS agenia

dIStlllatlonP% %&% %?Sall or part of the lactam {(II) can be

separated from the phase {VI) to give a mixture (X),

20 and the low-beoiling components (VIII) and/or high-
boiling components (VII) can optionally be separated
from the resulting lactam (II}.

This work-up of the lactam (II) can advantageocusly be
25 effected by fractional distillation in one or more,
such as 2 or 3, distillation apparatuses.

Suitable apparatuses are those conventionally used for
distillation, for example the ones described in Kirk-

30 Othmer, Encyclopedia of Chemical Technology, 3rd ed.,
vol. 7, John Wiley & Sons, New York, 1579, pages
870-881, such as sieve-plate columns, bubble-cap
columns or packed columns.

35 The high-boiling components (VII) and/or low-boiling
compeonents {(VIII) can be separated from the lactam {(II)
individually or together.

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

Particularly preferably, the high-boiling components
{VII}) are appropriately recleaved before being recycled
45 into step a), as described e.g. in EP-A-793650,
EP-A-793651, EP-A-794643 or EP-A-912508.
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 up
50 together.



Sui t abl e apparatuses are those conventionally used for distillatio n rcr
exanpl e the ones described in Kirk 30 G hner , Encycl opedi a of Che 341t 100
Technol ogy, 3rd ed., wvol. 7, John Wley & Sons, New York, 1979, pages
870-881, such as sieve-plate colums, bubble-cap colums or packed
colums. 35 The high-boiling conponents %VII) and/ or | ow boiling

conponents (VII1) can be separated from¢the lactarn (Il1) individually or

t oget her. Advantageously, all or part of the high-boiling 40 conponents
(Vi) and/or | owboiling conponents (VIII) can be recycled into step a).
Parti cul arl y Tineeodeste y X)t lmarhiggvardiddenpsonponerecyclad | )now estep
appropri at el glr.ecl eaved before being recycled 45 into step a), as described
e.g. in EP-A-793650, EP-A-793651, EP-A-794643 or EP-A-912508. Before the
wor k- up, % healactar paitl pfolhttai Nectfanomithe cghase (AarLegd af x5am be

conbi ned wi t Rheh@helckdg WIgckalr Rextdddt ioft aringd d Ml ished dBx ek ddie: t wo
worked up 50 (kageteigive9 aOmiddlr® Ther Phasshadniarh advaniageqs v be
recycl ed intqxshepndalk 12cAdm qrrmart of the Iactan1(||) can be separated
from the phase (VI) by extraction with a liquid extractant (XI') to give a

mxture {x | )Suq%weme&&r%t%t@act@t aI(JIc),,-afe@ eg é'%u ﬂO sui tabl e

extractants t%h%1C4 F%tg% , butanol or
n-pent anol , Qﬁ% % 3 oY nyRirddighd %shysgfc@?%f QP algﬁxatlc
)

cycloallphat 3 E&
espeC|aIIy ar, rggﬂ{ QQ§ §k9%bggiggg uene o xylene

n}xylen % %%e E i&% thxﬁ eﬁg(ﬁg4lbenzene

and n1xtures dl eu
hydr ocar bonslc rogg&% %L#’l go ﬁp? L{: ’h%crgg:ﬁls Aot Ogfxarrple
mp € pe roleum

chl ori ne, n.¢

h rocarbons can carry functional groups such as

halogens, for example chlorine, as in chlorobenzene.

20
In particular, the extractants (XI) and the diluents
(ITT) have the same or a similar composition.

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

The agqueous phase (X) remaining from the extracticn can
advantageously be recycled into step a}.

30 The extractant (XI} and opticnally the low-boiling
components (VIII}, the high-beciling components (VII)
and/or unreacted compound (I) can advantageously be
separated from the mixture (XII) to give a lactam {(II).

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

Suitakle apparatuses are those conventionally used for
40 distillation, for example the ones described in Kirk-
Othmer, Encyclcopedia of Chemical Technelogy, 3rd ed.,
vol. 7, John Wiley & Sons, New York, 1979, pages 870-
881, such as sieve-plate columns, bubble-cap columns or
packed colummnms.
45
Preferably, the extractant (XI) is appropriately
separated from the mixture (XII) first. The high-
boiling components, the low-boiling components and any
unreacted compound (I) can then be separated from the
50 lactam (II) individually or together.



In particular, the extractants (Xl) and the diluents (II1l) have thgfﬁ@WPMM
or a simlar conposition. Thus diluent (Il11) separated off in step d) '
25 advant ageously be used as the extractant (Xl). The aqueous phase (X)
remai ning fromthe extraction can advantageously be recycled into step a).
30 The extractant (XI) and optionally thﬁ | ow-boiling conponents (VIII),

t he hi gh-boiling conmponents (VII) and/ &P unr eact ed conpound (1) can

advant ageously be separated fromthe mxture (XI1) to give a lactam (I1).
35 This work-up can advant ageously be effected by fractional distillation
in one or nohdvastebeaws2yor a3l odi peirit! atfi dheamraraatsest Gt abl e
appar at uses abeathede ivonhenwiogkallpy casedef arecyall afl siritld attiegn,alf.or exanpl e
the ones described in Kirk O hner, Encycl opedia of Chenmi cal Technol ogy, 3rd
ed., vols 7addehnadébegls, Sads, okewaXar kbf EXNLO hipAages i8AGrg 881, such as

si eve-pl ate eemponentbulivie)capdyel-umas,-ooiliaekedbrgtdems A& Preferably,
the extract agbt&Xhpd $napheORbhral-Qby cagepr derd dleamittey Moddir (X 1)
first. The high- boiling conponents, the | ow boiling conponents and any

unr eact ed COﬂE@Hﬂ@a&bbu&@@ tB@Q Q%QEBB%V%Ee%dy“ﬂﬂﬂéH%égh|éHHﬁHHdd')

individugd Iy (g5 LegstRes. 2 3gRQMSIlaGg @ldo Wrgprt of the
extract ant (%B? ob talnedlln the work- up can be recycled |nfb stép a). 5

Advant ageous all or part of any high-boiling conponents (V') and/or

| ow boi 1ing 6agPARED,S..( Yk#@ %t @egha@ t;L wark; \%%Qa%%yru% ed into
obt a1 ped 1 E 938“*? egaﬁ ik %g S g SSTE €9 1)
and t he phas ﬁ% n a va ? § %ﬁp §EUS§ £ ge éh' i §iep d) of the
process acco % é ﬁﬁ @ﬁ 09 Rossidle for them to be
conbi ned bef ﬁ % E e process accor

:anen on ca sed in a manner known per se for the

preparation of industrially impertant polymers such as
20 polyamides.



The | actans obtained in the process according to the invention Cafﬂ%%T?%L
used in a manner known per se for the preparation of industrially ¢=4Y~"*

i nportant polyners such as 20 polyam des. 29 OCT200d 11 W claim: 1. A
process for the preparation of cyclic lactanms of fornmula (I11): 5 Hin +
whi ch n and m can each have the val ues g 1, 2, 3, 4, 5, 6, 7, 8 and 9 and
the sumof n + mis 10 at |east 3, pref Fably at least 4, and RL and R2

are Cl-C6-al kyl, C5-C7-cycloal kyl or C6 -Cl2-aryl groups, 15 by reacting a
conpound (1)Wefcladmtornula H2ZN r CH2 LR2Jn L J min which R, R2, mand
n are as defined above and R are [sic] nitrile, carboxam de and
carboxylic atid 20pgooups, fort hhet gamparatiengas phadd.c Weersnms 28 30 35
a) the compound (Epringleaeactred with steamin the gas phase with the
additions before or after the reaction, of an organic diluent (I11) which
exhibits a mscibility g w th water under specific quantity, pressure
and tenperature conditiOgg, t§ give a mxture (IV) containing a |actam

(I'1), b) the mxture (I |§\& nl%tﬁ%?’ before or after the separation of
amoni a, under 7 m

7

N

|

H

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

10 at least 3, preferably at least 4, and R’ and R
are C;-Cg-alkyl, Cs-Ci-cycloalkyl or C¢-Ciz-aryl
groups,

by reacting a compound (I) of the formula
._R;. -

HN—| C + [CH)—R (n

15

;.Rz_ﬂ'l . _Mm

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

with steam in the gas phase, wherein

a) the compound (I) is reacted with steam-in the
25 gas phase with the addition, before or after
the reaction, of an organic diluent (III)
which exhibits a miscibility gap with water
under specific quantity, pressure and
temperature conditions,
30 to give a mixture {IV} containing a lactam
(I1),

b) the mixture (IV) is converted, hefore or
after the separaticon of ammonia, under
35 quantity, pressure and temperature conditions
such that the diluent (III) and water are



guantity, pressure and tenperature conditions such that the dil ue%q@kum
and water are 2 2 OCT 2004 12 5 liquid and exhibit a nmscibility gdp, 'to "
give a two-phase system consisting of a phase (V) containing a higher
proportion of diluent (1I11) than water, and a phase (VI) containing a

hi gher proportion of water than diluent (I11), c) the phase (V) is
separated fromthe phase (VI), and 10 1% 20 25 d) the diluent (l1I1) and
optionally by-products selected fromthe group consisting of |low boiling
conmponent [sic], high-hdidiiny sepimenenid s ali sabinreacgas, corpeund (1)
are separated from the sphage dhdsd Gy teen axdrastamnd 141 -2 ARIaceps) as
claimed in claim1 wherint it MY ([d)optsad dsanam nogarboxyl i ¢ acid
nitrile. 3.A process asgigmdi @Qrpqaadég]} a2 Whelsl n(t\}‘%égﬂ)émr%) used
| sanam n arboxylicaciz st - 2N\ Jen = N in

whi ch m |Oig 3, 4, 5 or .I%&Héﬁre/g}%}%%ss&{a?ﬂcﬁﬁ med t-'lhna(nany 1o e%tfcgti m 1 to 3
wher ei.n the conpound (1) "uséd is 6-am nocarboxylic [sic] acid nitrile. 5.

A process as clai g‘?d 'r*]ch%n%h%fsed(%)nsisl ste%adi‘ated from the phase

(VI), and
10
d) the diluent (ITI) and optionally by-products
selected from the group consisting of low-
boiling component [sicl, high-boiling
component [sic] and unreacted compound (I)
15 are separated from the phase (V) to give a
lactam (II).

2. A process as claimed in claim 1 wherein the
compound (I) used i1s an aminocarboxylic acid
20 nitrile.

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

25

HN— (CHp)— C= N
in which m is 3, 4, 5 or 6.

30 4. A process as claimed in any of claims 1 to 3
wherein the compound (I) used is 6-aminocarboxylic
[sic] acid nitrile.

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

6. A process as claimed in claim 5 wherein the
heterogeneous catalyst used is titanium dioxide,
40 aluminum oxide, lanthanum phosphates or zirconium
dioxide.

7. A process as claimed in any of claims 1 to 6
wherein the reaction of step a) is carried ocut at

45 a temperature ranging from 200 to 450°C.

g, A process as claimed in any of claims 1 to 7
wherein the sum of the concentrations of compound



35 wherein step a) is carried out in the presence of a heterogeneog&lnclymb
catalyst. 6. A process as clained in claim5 wherein the heterogenédus
catal yst used is titanium dioxide, 40 alum num oxi de, |anthanum phosphat es
or zirconium dioxide. 7. A process as claimed in any of clainms 1 to 6
wherein the reaction of step a) is carried out at 45 a tenperature rangi ng
from 200 to 450C. 8. A process as clainéd in any of clains 1 to 7 wherein
the sum of the concentrations of conpound 29 OCT 2004 13 (1) and conpound
(I'l') is less than(20%hyd wemglotind bHaged ien ldses miharurd ¥ IBY) .we.ghk ,process
as claimed in anybakedl anmtht tmdxGuyenha@ngi.n the diluent (111) used is an
aliphatic, cycloaliphatic or aromatic hydrocarbon. 10. A process as
clainmed in agy of achabtest &g 2iaWheieiin e dd wadidd 11 )edised is

et hyl benzgne, 10 pepzenre, thel ¥8NQen®- XYlenendBX W LG A1imenigne. 11. A
process as C|a'”E@yb@oé@XpQEtQEabEBa%oh%t 1@ 1 Rlrddie separation of
ammonia fromthe mxture (1V) is effected before the separation of the 15

phase (V) inigtepac IOE%SS 2l e%aﬁeas i@l %&g%ﬁ razaa%hsofl Gpignts 1 to 11

wherein the reacth neam Ty qg%ipeous l'iquid
h 13. A | |1

Ba?feofgﬁ%e phaSEB%§?%E§Z;§%%$; onXVE ép e |eané§bedC%E?%F;?eg a)Or

25 14. A | |1 t

of the |actafi(11} P §°°§3§ i gﬁmgﬁﬁ%ﬁﬁg a)mgse Sﬁe' aoff;rnpaétep

t h Vi
g%d gygbygdﬁc?sa: g &téq ié %F% E QFﬁuﬁ 0 RSP %ﬁjqﬂ QQnﬁiﬁnllng( :
conponent® [sic] POPPE) ‘YAd1Ri §HEBoFli-ng conponent [sic]

i2. A process as claimed in any of claims 1 to 11
wherein the reaction of step a) is carried out in
a homogeneous liquid phase.
20
13. A process as claimed in any of claims 1 to 12
wherein all or part of the phase (VI) separated
off in step c) is recycled into step a).

25 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
step ¢) to give a phase (X) containing less lactam
{II} than the phase (VI), and by-products selected

30 from the group consisting of low-boiling compeonent
[sic] (VIII}) and high-boiling component [sic]

{(VII) are optionally separated from the resulting
lactam (ITI}.

35 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
an extractant (XI) to give a mixture (XII)
containing extractant (XI) and lactam (II), and a

40 phase (X) containing less lactam (II) than the
phase (VI).

16. A process as claimed in claim 14 or 15 wherein all
or part of the phase (X} is recycled into step a).
45
17. A process as claimed in any of claims 5 to 16
wherein the extractant (XI) and optionally by-
products selected from the group consisting of
low-boiling component ([sic] (VIII} and high-



(VIl) are optionally separated fromthe resulting lactam(I1). %5 ﬁ?ﬂﬂﬂ
process as clainmed in any of clains | to 14 wherein all or part of ﬁ
lactam (11) is separated fromthe phase (VI) by extraction with an
extractant (Xl) to give a mxture (XIl) <containing extractant (XI) and

| actam (11), and a 40 phase (X) containing |less lactam (I1) than the phase
(VI). 45 16. A process as clainmed in cl @%m 14 or 15 wherein all or part of
the phase (X) is recycled into step a). 17. A process as clained in any of
clains 5 to 16 wheféingt kemmoryeadt drstiq(IXI (VIANd som ismmddatday-f ymmoduct s

sel ected fromthetheompxtomsi SKIIg ofc diow koillaatprcoronent [sic] (VIII)
and high 29 OCT2004 14 boiling conponent [sic] (VII) are separated from
the mxture (XLI)at prgceesaasactlaiindd Jin By AMPrdctss & td aimed in any of
claimse 530 17 5 whereih the miktwe (4D ard tdie Prase () ae used

together in step diedl@oghtPedcess saeptl@i.med in any of clains 5 to 18
wherein the extractant (Xl) and the dlluent (I'11) 10 consist of the sane

all or Ral.
a) wnthout-recovem

component s Oighavs. bbecaégeascgm%{etd Q% =2 o RIAGERS A% Lhay med in any
port 1 4 vt SESEET i ACE b %pzf ot il the"35
st ep, aﬁ@j 8 EEEF refmal nder?n%'foli.l % % |s recyc ed into step

tﬁe Iactan1(||) 20 21 A process as clainmed in any

f cl | 20. wh t . th ted d

gepgrgigz of |n éﬁgggéesn gﬁg Ooagygﬁ arqgc E %gggggg (s cl ai med
in any of_ clains ﬁgewﬁ F FP SUR qﬁlq; 68m|ﬁ§§
conponent (Vll)pégeg? t E§XGAM Pﬁ & return

e cyclization step, and a or part cf 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).

22. A process as claimed in any of claims 1 to 21

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

23. A process as claimed in claim 22 wherein the high-
30 boiling components (VII) separated off in step 4)
contain at least 20% by weight of lactam (II).

24. A process as claimed in any of claims 1 to 23
wherein all or part of the diluent (III} separated
35 off in step d) is recycled into step a).

25. A process as claimed in any of claims 1 to 24
wherein all or part of the low-boiling components
(VIII) separated off in step d) is recycled into
40 step aj .

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}.
45
27. A process as claimed in any of claims 1 to 26
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
50 lactam {(II) and a phase (XIV) enriched in lactam



step a). 23. A process as clained in claim22 wherein the high- BOMZ@igdrF'trryg[F
conponents (VII) separated off in step d) contain at |east 20% by i
lactam (11). 24. A process as clainmed in any of clains 1 to 23 wherein all
or part of the diluent (l111) separated 35 off in step d) is recycled into
step a). 25. A process as clained in any of clains 1 to 24 wherein all or
part of the | owboiling conponents (VI I]I§ separated off in step d) is
recycled into 40 step a). 26. 45 A process as clained in any of clains

15t 025 wherei n t helIdi)luend (31} )oxeprratell ohe Phasepd¥Iis) uzed as the
extractant (Xl). ZEcyClrdcesse astepained in any of clains 1 to 26 wherein
all or part of the lactam(ll1) is extracted fromthe phase (V) or the
phase (Xl 1) 24&.thaapepcessgi e alghasel (Xhl 1gny npdvetisived iln 56 lZzrtam
(I'l') and & phase @WHedeianritthed HigH-aedam9 FrG04 GBI L) | )Jrednsiad | or
part of the phase infld |3tés ahedycleandiieér steph alhe?&.echy fAreQr SSr dkfm
claimed in any of @i@i r 1{%0 Befote Wresi 4y t he high-boiling stream (Vi)
recycled into step a) is conmbined with the recycled stream (VI) or (X)
before step a).



