T 0050/51366 1 Preparation of cyclic lactans *159159* The present

invention relates to a process for the preparation of CH@\\“‘@M\M“W of
1, 2,

fortula (11): 5 (R1 R2 in which n and mcan each have t
el ef erably

3, 4, 5, 6,0050/18869 and the sumof n + mis at |east
~at least 4, and Rl and R2 are Cl1-C6-al kyl, C5-C7-cycl oal kyl "8¥>°Cs- c12- aryl
groups, by reacting a conpound (I) of the fornmula in which RL, R2, mand n
are as defined above and R are [sic] nitrile, carboxam de and carboxylic

acid groups, ]_J@g with steamin the gas phase,
wherein a) the corrpound (% &C react H\?\%th steamin the gas phase with

h dd by f il t (111
rohS g sffafe@%cjj?jq Eaf o £ R B )

pressure rrpera ure ons I've (1V) containing a
Iactam(? 30 b) the mxture (IV) S converted, before or after the
separati on of anmoni a, r yuantity, pressure and tenperature conditions

such that the diluent (fI \ad er are liquid and exhibit a mscibility
gap, to give a two-ph ﬁ%ﬁ @'@mstl ng of a phase 35 (V) containing a
hi gher proportion of di t (/I | ) (1)

T‘

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 at least 3,

10 preferably at least 4, and R' and R® are C1-Cg-alkyl,
Cs-Cy-cycloalkyl or C¢-Ciz-aryl groups,

by reacting a compound (I) of the formula

R
|
H,N— cI:-— CHy—R (n
15 R n —m

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) 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

35 (V) containing a higher proportion of diluent (III)
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*@00002 * 0050/51366 2 than water, and a phase (VI) containing a higher
proportion of water than diluent (Il11), 5 c) the phase (V) is separated
fromthe phase (VI), and d) the diluent (I11) and optionally by-products

sel ected fraqogdys8esip consisting of |owboiling conponent [sic],
~high-boiling conponent [sic] and unreacted conpound (l) are separated from
the phase 10 (V) to give a lactam (I1l).,Processes for the preparation of
cyclic lactans by reacting omega-am nocarboxylic acid derivatives with
steamin the gasg,pha n the res ce o eter eneous 1 al ysts, for
exanpl e t he preg}a%gt %’%h: of' P,\, mcéma ﬁ 391 %te sic] acid
nitrile, are SPar ﬁot?né’ '659741, \/\099/47500

and 20 V\09 |sclo thereactlo am no caronltrll with
steamin_th& gag’%ﬁhg &5 §Iﬁe SPEPETEE S gif%fﬁé“t%r%’&eﬁ’ clat Iy§tn§1to gi ve
caprol ac am an Ies of the he neous catalysts used

bei ng al umi i/ g% ggoqlufﬁtthgﬁ&% e g’ymprr(,o iR dioxi de. WO

96/ 22974 poi nt s S§AE RS rtont (?lroé’%’ Icgmq Q| i zati on
using a dil uentC W‘ﬁo@ﬁntt [SA&ry (? LF]@aGtOF‘tPt‘Pn@@ﬁdl ﬁlé?ris and or exanpl e
an al kape, a cy gglalg 8 CLH® Ié ai’Ffdrs@é’é‘trﬁ&?dorfré’m the phase

hal ogengﬁydrocarly S Vends é130™a 1iquid phase in the reaction

m xture. WD 98/ 05636 descri bes the work-up of reaction discharges such as
those obt ai FEPIFEIGRe s FIRRFRAKATIAR 1 DICH-DmafdaR W trile with
steam in t hé B ik GREY TAEANIR 1R Wi acith danismt g Widik- up: 40 45

a) the bul k Treathd TarkfthigR S GMARE iIP te Brasme of hererguanaas from t he

wat er - cbht aiGi i ¥&Gifde fFagrEmERimhamy apanath ior rafd e angld daram i s
ei t her Subjé@yyﬁjq(emgnocarboxyllc [sic] acid nitrile, are
generally known.

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 of 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 halogenchydrocarbon, 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
liquid/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, i1s obtained



liquid/liquid extraction with the addition of a solvent containing acidic
groups,.and/or treated wth a cation exchanger. Measure b) extracts al
the am nes or binds themto the cation exchanger. The princi pal

di sadvant ag® oo A913%66 Wor k-up i s that am nocapronitrile which has not
reacted in the cyclization is taken up by the ion exchangers 50 and, when
"the ion exchanger is regenerated, is obgai ned 0050/51366 3 as the ammoni um
salt mxed with amonium salts of anine by products, so it cannot be

returned to C%%ﬂdﬁ%dﬂ”%a ﬁ? ﬁMqlau§o f rned in the
extraction ry a! ! € Wt nt & AW i di ¢
groups, and ( tJ? H% rg%lﬁg eref Obhgft of t he
present inv E Q Qﬁp%! ed%l r JCese %%b to prepare
cyclic |§Ct%ongé 'P sigiferelyialolviy rq Iq e and
econoni ¢ manner, pro &es i ﬁ%ﬁqﬁs ds q%ﬁﬁ %ﬂ? %i ons of
t he conpoun (I) so mnimzes | o |eId in the work-up. W
have found O@ %% &t nsoé)é’lﬁcetv tprjéﬁ’eeé‘stld%”fltrféd at the
out set . SUI ﬁ’&?sgl WhCh ;4 d'rtch%ﬂ% Icitds DHEfPa%fer i vat i ves
thereof  p AFELE 4 ;ﬁ§ﬁéﬁﬂ cQWﬁQHP@? Lo nHEN tchrd caidycH2 n M
in whi ch’°R iC2 A9t Wescé}l&%ké’ﬁed@%% s and n and

m can each th¥1$ §q@vefs%?n 4 the gemopung f{d @nghd t he sum
of n + mis&4&P F‘Bé’&f“lszesprlglséreasbﬂf ditak §tn Fhe Work¥&pl e, RL and R2 can

be any kind of substé t uent the only proviso being that the desired
CyC|Iza{|0n have found that this object is achieved by the

process defined at the outset.

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

20
_.Rr. — -
|
H,N— C|3 T | CHo—R )
._H?Jn . _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, 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

30 reaction is not affected by the substituents.
Preferably, R!' and R? independently of one another are
C1-Cs-alkyl or Cs-Cs-cycloalkyl groups or C¢-Ciz-aryl
groups.

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

H,;N— (CHp)y— 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.



30 reaction is not affected by the substituents. Preferably, Rl and R2

i ndependently of one another are Cl-C6-al kyl or C5-C7-cycl oal kyl groups or
C6- Cl2-aryl groups. 35 Particularly preferred starting conpounds are

am nocar boxydoso /sii3kelitriles, preferably those of the general fornula
H2N- (CH2)m C= N 40 in which mhas a value of 3, 4, 5 or 6, especially 5.
“When m= 5, the starting conpound is 6-aminocapro- nitrile. 0050/51366 4 5
10 The conpound (1) used can be a single conmpound (I) or a mxture of

di fferent conpounds (I) The conpound (1) used is preferably a single

conmpound. yI | fcl d tr| e obtain for exanple
by the part LAl ] ere t cahn% %W%%urf‘% {3 £ or
liquid phasg, % eqire 0 z 96/ 20165.
Onega- anj nocareboxyﬁ i'C acl e¥re o%lt aq mabi é“l? Xarrpl e by the aninating

hydr ogenat i %r}nof QTR aocao bcnf%%'s]t .car bax&/lﬁ}g acji ds or ﬁ t he hyd%olo)ézs::z of
r

a—
omega- am nocargo rﬂfc‘%
nitriles. r% t;}b YELost eIt he
reaction of d%ﬁ‘g %?r?ég%é r?c S8 s e»t%eraé*&omhw ammoni a or
bythe actlo of9 i

W5 YU/ 94851 es with water. The
process rdlng ta the |nve tion yields the cyclic Iactans of formul a
(1) corres% %anﬁmfl@oﬂ‘?é @'ti 149 ars qRtpinalpe foy exgmrdie n, m Rl

and R2 are ﬂqeéiﬂt&ﬂg/oﬁré’ﬁftﬁqae‘chrwlaws are those in
which n = o¢c@r oxy C ac1ds or by the hydrolysis of omega-

aminocarboxylic acid esters or omega- aminocarboxylic
15 acid 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|— (CHy)n,
C=0
/

N

|

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 1in the gas phase, advantageously in the presence of a
heterogeneous catalyst and optionally in the presence
of an organic diluent (III), to give a mixture (IV)
containing a lactam (II).



30 and m has a value of 3, 4, 5 or 6. Wien m= 5, the product obtained is
caprolactam In step a) of the process according to the invention, the
above-described conpound (1) is reacted with steam 35 in the gas phase,
advant ageousd8504613%6 presence of a heterogeneous catal yst and optionally
in the presence of an organic diluent (lII1l), to give a mxture (1V)
“containing a lactam (11). 0050/51366 5 § Sui t abl ehet er ogeneous cat al ysts
are any of the catal ystsdescribed for the gas phase cyclization of a

conpound( 1) 4o i e i dddgensbled @ét@f%@sboé&set ﬁ ncsflr@w' de in the form

of anat ase Uaraitydis féu%wlrgg@fe&; ’tﬂé‘rt% p/%ft aﬂ%‘f{% wugugqx'ngﬁq
zi r coni undi el
oxi de, Iant%ghgghéﬁggg) i mfégﬁ? eof 10 The

di luent ¢l11J7.6H0e J}g 3 éson d@lsle t he
di | ent g{e;'z)lféorﬁ&ﬁx%eaﬂfoﬂtﬁé §§¥ ic uf Olia rgl dmé') g P Lhe
?I 1) per g(rjfai llgqﬁ}&gf e’f rarntgjafrbur%l(ﬁh? ?%{ent (111)

to the cycli zatlon d| ScC rge % or exa e Ouenchl ng the cyclization

' o] dd th I t I 1] fter the
glaf)g?:'[ ?gn czij?‘éb\éﬂr& E\éq{ﬂ? Aa{r{ 1 a@di %a}) d“‘ﬁ1reeoﬁq'lf uﬁlm;{%qt riafsed can be

or gani ¢ co §\@y ! K rTedeq
specific 25 3 x%rteeszsalﬂl n%)({;eor‘{prgt tgalﬂfe di | ugﬁltls (rer)

bel ow t he r I
ekano (et ey <

are C4- utanol or n-pentanol,

prefera%% |phat|c dr ocar bon n hexane cycloallphatlc _
hydr ocar bong'H SLiC éﬂlex" § éar?id %d')‘?%{a ddffecial |y aromatic
r example

LAr quenchlng the
hydr ocar bon%y%ilza%lon 1sc arge.

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

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

25 quantity, pressure and temperature conditions,
especially below the reaction temperature in the
cyclization.

Suitable diluents (III) are C4- to Cg-alkanols such as

30 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,

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 0.0l 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.




t ol uene, o-xylene, mxylene, p-xylene, ethylbenzene, 35 i-propyl benzene or
di -i-propyl benzene, and m xtures of such conpounds, for exanple petrol eum
ethers. The hydrocarbons can carry functional groups such as hal ogens,
for exanpl e 0O5005U366 as i n chl orobenzene. 40 Amoni a can al so be present
in the reaction of step a). The reaction can advantageously be carried out
"in the gas phase at tenperatures generally of 200 to 450C, preferably of
250 to 400C. The pressure should 45 generally range fromO0.01 to 20 bar,
preferably from 0.1 to 5 bar. The reaction nixture shoul d be

predom nant y, OASLRAUS | ' e&gﬁ% e t eneral ly
range from g‘;elletr%ﬂ%b%og%% SastPle 53&1 tl-l:ré y &%@é@%% 050/ 51366
6 5 The anoupt Qfi Waer A 1 B e ¢ tlon S o general y‘%e at
| east 0.5 nol, pref érably at | east 1 'to 50 nol, per nmol of conpound (1).

The react | oeh%aqe%%t%&r <o B NG BSOS Gl i d b 03 S0°0 S

nitrogen or bl I such &4 on of step
a) gives a rgl?flxg%c%% I %}escont a?ltﬁ:éﬁg)gen I*Acfalt ?ﬁle) al§r &Fi 3&&‘9"}?@% xture
(1'V) contain$ ammonia,” the ammpnia can be separated fromthe mxture (1V)
in step ) ter 15 0or pref rabI before t he ase s paratian, preferably
by dlst|$la?EQnFePCtl§§§ IVES 8r“§ﬁﬁ%ﬁ YO0 FOREAIRAAY | X) . The

anmoni a can alsotﬁe rat ed fronrthe phase (V) and/or t he phase (VI)

arbercggeco%hazéggﬁngﬁgthpxﬁugrefigﬁnﬁy by dg?trllggégn ﬁép The qutg;estep
a) and/gr if3& ngﬁéiﬁz @OHH Xt S ddWi 3 ﬁFﬁPUPé 2k Lk
reacti o of O 58S BPRSG SRPEREAORet PERTEFaddp 25 a)

°
e.g. if Ri® dﬁ £ EFL t&Pn 09 ¥edan P&Hﬁmrhéree QFafBR¢En
advantageou léFFg WW%PF@ncaQS éPaPPysépaSGFﬁém
t enper at ur e ase and/or phase VI after the

phase separatlon preferably by distillation.

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 of 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 quantity, 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.



to 220C and pressures of 1 to 30 bar. 30 If the mxture (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 oo50ABE3€6 V) and the mxture (1 X) 35 are identical. In step
b), according to the invention, the mxture (I1X) is converted under
“quantity, pressure and tenperature congditions such that the diluent (I1I11)
and 40 water are in quuid formand exhibit a mscibility gap, to give a

tho- phase ;w 3&% fa % ﬂ%ﬁsﬁsdj;.g &, aas;rpoegw% hg,;f e
consL] et ] LR LA SR At 4
a) has bgen% 9 a(%l:i tel:aaie en ous y el r%éﬁ% (1 IIy
Eﬁgzlsiblng ;g apprn(;%tp‘? té’rrperar[ lé’ @tfetflr‘?htr possi bi F{alsty S to 5 ((:m)ésgy
agfre;)?rkgzg qc):}%gr({%{g? ;%E}I}as the add%;esgq‘g:ron&caneze ((aj‘:‘iacli e:rl)e];gigbl y

then separat'e
manner Eﬁ se |n a aratuses escrjbed for, such purposes for

exanpl e th\(l)\gpg’eﬁ & ed G | QARG T K Yehi st ry,
vol. B3, 5t® dsemaﬁm LTS UHEIRRT RS . fefes 6-14 to
6-22. The oftiaWbh ;ﬂlb S errﬁleir’r"dﬁ'slqRﬁth%é’ phase

y

separ at uegjrﬁﬂ W £ A2 @S npI@ prel i ni nary
exper i mlégtqur G H559 NESIeie iRt iRages e 1 1tfent ~ (111),
optionally nia and optionally by products selected fromthe group

consistin of | ow-hoi lin
9 The optimum & g%)paratuses 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
(IIT), optionally ammonia and optionally by-products
selected from the group consisting of low-boiling

25 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

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.,
vol. 7, John Wiley & Sons, New York, 1979, 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



25 component [sic] (VIII), high-boiling conmponent [sic] (VII) and
unreact.ed conpound (1) are separated fromthe phase (V) to give a |actam
(). Internms of the present invention, lowboiling 30 conponent [sic]
(M11) are woso/s1e8E as meani ng conpounds boiling bel ow the lactam (I1)
and high- boiling conmponent [sic] (VIlI) are understood as neaning

" conmpounds boiling above the lactam (11)g 35 This work-up can advant ageously
be effected by fractional di stiIIation in one or m)Le such as 2 or||3,
distillation AlSES- o Pe those ¢ tionally
used for 4Q e"‘tt érl at'i on, or exa e taﬁé one descrlcal\(’zll ¥ K% hner
Encycl opedi a of em cal Technol ogy 3rd ed. vol . 7, John Wl ey & Sons,

col ums or et ateondtly Jo, T Sf etﬁ;i P ol ’lfi:‘n’?' an
still pr esent are appr opr| atel yasepara cd" F S e p“hta first. The

hi gh-boilin theI bai lin on, nts(VIII)and any
un?eact ed c%&%m%%%rﬁfs l{f@‘jD fh )g %brrg? Yromthe | actam
(11), indivi I1Hrc Cin%?tsc he dil uent
(11) 5 obt( ned i Qt 8%%&) nce% erfal e Adiféht ageousl y,
all or p%rt 0 ar?g) ‘hi gh-boi |'i ng corrponent s (M I) [SI c] and/ or | owboiling

conmponent s @§VI IE [95| C obta ed in step d) can be recycl ed |nto 10 step

. Advant r FOoMUusht ai ned i n
S% ep d;/a(r:]af\1 6‘In§c§1 it oqtsetdpe nlgﬁrﬁ«?cﬁlga}?}éi (J*%S?O o"dfteléil fed in tste]|co c)
d b t refera , a or part o
The I'ackam (1) E0ared VScHR-Rars Dot ilaser Wvansagamsatnm xtur o
(X), 20 and %éelcé’\ﬁ H%‘Eé’ é&r‘?ﬁ’oﬁénts (VI 1) and/or high- boiling

VI | optignal |y be separated
conponents %reféra%ﬂ P % or %art oéjthe lactam (II) can be

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

20 and the low-boiling 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 advantageously 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, 1979, pages
870-881, such as sieve-plate columns, bubble-cap
columns or packed columns.

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

Advantageously, all or part of the high-boiling
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
(IT) obtained in step d) and the two worked up
50 together.



fromthe resulting lactam (11). This work-up of the lactam (I11) can

advant ageously be 25 effected by fractional distillation in one or nore,
such as 2 or 3, distillation apparatuses. Suitable apparatuses are those
conventi onaldosoysaBdeor distillation, for exanple the ones described in
Kirk 30 O hner, Encycl opedia of Chem cal Technology, 3rd ed., vol. 7, John
"Wley & Sons, New York, 1979, pages 87§-881, such as sieve-plate col ums,
bubbl e-cap columms or packed colums. 35 The hi gh-boiling conponents (VII)
and/ or | owboiling corrponents (VII'1) can be separated fromthe lactam (11)

i ndi vi dual | 'y, a:.Q{ ag aI I art, of the hi h boi I'i ng
40 conponentg (\9t}]I ; aﬁg or Tow boi q;% g C%:{ios or%)ent S C(Kﬁ%elé tah Lrecycl ed
into step a) Partlcul arly preferably, t he hi gh-boiling corrponents (VII)
SQEC?PEL%";'A%E'* V%e%rg,% e'@%eée%g' EASHOEE %cf ) 512508,
Before the v&' nar""nle f"’rc}ﬁql gggj X can al so
be corrblnedd\%[(; a%h ) SPHAEF i 8% &P he two
ge of

wor ked up 5 9 The phase (X) can advant ageously be ;

I n t 5AII art of the Iactam 1) can be separate
1[(:31/10 eﬂ%l :?gsézt r%?‘?l %ﬁ 0( Qi tar’feaq4 GPdCesd TRttt S‘(@@ %0 give a
mxture (X r &t ah qan(?ré Hex&ld® (11). 10 Suitable
extractants? R &Y hexang. h Gvaiee 31P-1'l§’dFtl§nol or
n- pent anol , ]og,ar ??S §|U1C &Y @@a?ral?@n§rsﬁéfﬁl§§’%iaﬁ’@xaﬁél
cycl oal j ha | Blﬁ’é:l§u & CAFOOTFe Fi&Hhe 36t IE8fexane, and
especi a EP cl y oY @Ereboggxé’ €as peyZERe, EShydbedrenco- xyl ene,

m xyl ene,  pixPEERY 1O PfefFe 'rprﬁrpéf JPeRzeRene 3gd AitxtumespPithenzene,

. e’ rol t S
and ni xt ur ei grocaﬂ‘gﬁns o olids S*¥PIP Lex BFSEE LS8 S1E8&FSet hRE,  The

carry functional groups such as
halogens, for example chlorine, as in chlorobenzene.
20
In particular, the extractants (XI) and the diluents
(ITII) 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 aqueous phase (X) remaining from the extraction can
advantageously be recycled into step a).

30 The extractant (XI) and optionally the low-boiling
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).

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.,
vol. 7, John Wiley & Sons, New York, 1979, pages 870-
881, such as sieve-plate columns, bubble-cap columns or
packed columns.
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.



hydr ocar bons can carry functional groups such as hal ogens, for exanple
chlorine, as in chlorobenzene. 20 In particular, the extractants (Xl ) and
the diluents (I1l) have the same or a simlar conposition. Thus dil uent
(I'11) separaA@EDA5E366 step d) can 25 advantageously be used as the
extractant (Xl). The aqueous phase (X) remaining fromthe extraction can

- advant ageously be recycled into step a)1.po 30 The extractant (XI) and
optionally the lowboiling conponents (VIII), the high-boiling conponents
(Vi) and/or unreacted conpound (I') can advantageously be separated from

e M Xur e Adddcdgualiye 2 q% 4 - 085 1b1 ScvpLke b, cany pdvant ageous! y
distillation atpapariic%:uses SU| ta aép%gr% usé; cgire t%%%% %%?R/e‘?'l)tl onal |y

used forg 4 r. e ne des din Kirk Ohner,
Encycl opEedl %ﬁfiﬁ%}?&df}% l 33;}%{(% Sh eh%o Jorllfh iley & Sons.
New Yor k, Q,%Qf,s]] q_‘g:%:hcaa g?gép c%efrh I e-cap
colums or pac col'urms. }TD era Iy, e?

approprlatelpy Jroanﬂtr})er T & (XII) flrst The h| h boi I'i ng
conponengs, é lr}gs%l rrpon s and aﬁ aeﬁ; d (I) can
t hen be sep r om § dcta U(R I Vi At o’rntt%ﬁeﬁer

0050/ 51366 Advant ageously, all or part of the extractant (Xl) obtained

in the work- he re ed | st a) . Advant usly, all or part
of any hlgh’]%glﬂl’éptzrceo 6{ 9'1 %( W (V1)

obt ai neg5|n e, Hg 9t est dgedisly, all

or part of (90(51? £°r¥ed:1'19§“ t4f Rfor k- up can be

recycl ed |n >9 ¢ the phase (V) can

advant ageouslny(, it r@cecﬁ‘s AFEFrHESAd ding to
en 1on can sed in a er known per se for the

preparation of industrially important polymers such as
20 polyamides.



15 the invention, it being possible for themto be conbined before or
during .step d). The lactans obtained in the process according to the

i nvention can be used in a nmanner known per se for the preparation of

i ndustri al | oG5#81368 pol yners such as 20 pol yam des. 0050/51366 11 W
claim 1. A process for the preparation of cyclic lactans of fornula (I11):
5RLRR" N Hin+t which n and mcan eacgh have the values 0, 1, 2, 3, 4,
5 6, 7, 8 and 9 and the sumof n + mis 10 at |least 3, preferably at |east
4, and R arpgs RA & Cl-Co-al kyl, C5-Cr-cycloal kyl or Co6-Cl2-aryl groups,
15 by reacting a conmpound (lI) of the formula HZN n CH2 -R m (1) in which
R1, R2, mand n af i 0 .are Isicl,nitrile, carpoxam de
and car boxylrll'c a% 1%%&52; %Srgﬁ% ﬁ%%h}a%llonn t%ge cg\’éésljp%a];ae?t%ﬂlﬁer%]ipn 25 30
35 a)thegonpound (1) T'sreactedwith steamin the gasphase with

t headdi tion, before or after thereaction, of anorganicdiluent (I11) which
exhibits a mscibility q£1mﬁ h wat er

~N
C |— (CHy),,
C=0
/
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-Cy-cycloalkyl or Ce-Ciz-aryl
groups,

by reacting a compound (I) of the formula
15

R
I
HN— ? CHy—R (1)

R2_|n m

in which R?, R2, 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
(II) !

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



under specific quantity, pressure and tenperature conditions, to give a

m xture (IV) containing a lactam (I1), b) the mxture (1V) is converted,
before or after the separation of amonia, under quantity, pressure and

t enper at ur e )OBVYislawes such that the diluent (I11) and water are
0050/51366 12 5 liquid and exhibit a mscibility gap, to give a two-phase
system consi sting of a phase (V) containing a higher proportion of diluent
(rrr) than water, and a phase (VI) containing a higher proportion of water

than diluent (I11), S Separate fromthe hase (V1),
and 10 15 d) the dilu t%ﬁi aﬁn osq__lonalnfJag ;Elr "gci&g}eed from
t he group consisting 0l %1° z#ﬁ ﬁﬁﬁl h )
conmponent [sic] and ury %g_ St t he phase
(V) to give a Iacta he g%r 5 | JI V)(_A all%ﬂégrelnthe
conpound” (1) used is a( Yoc &M c?nacﬂfd af(? nityEn EienE A process
as clainmed in claim1l 'or 2 'wherein the conmpound (1) used is an i oh

am nocar boxylic agid trlle of he formula H (CH2)mC= Nin ich mis
3, 4, 5 or 6. 30 j 3}5 Vbl & 5mEFRAT JEO8 &Y% PRASE 3 wherein
the co und (1) used | 6 &M ocarboxylic [sic] acid nitrile. 5. A

f clainsg 1 to 4
process as C'a'”%g Int% d%luent (III) and optionally by-products

selected from the group consisting of low-
boiling component [sic], 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 is 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

HoN— (CHp)y— C= N

in which m 1is 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 out at

45 a temperature ranging from 200 to 450°C.

8. 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 heterogeneous
catalyst. 6. A process as clained in claim5 wherein the heterogeneous
catal yst used is titanium dioxide, 40 alum num oxi de, | anthanum phosphat es
or zirconi uroosb/sixes 7. A process as claimed in any of clains 1 to 6
wherein the reaction of step a) is carried out at 45 a tenperature ranging
from 200 to 450C. 8. A process as clained in any of clains 1 to 7 wherein
t he sum of the concentrations of conpound 0050/51366 13 (lI) and conpound

(11) is less than IZ)OW% I:%Und ed on h{eﬂ%g W e, (bs( I"f‘ﬂglh%epr ocess

as clainmed in an m@ﬁ;eln | ‘Ueht dis an
al i phati c, cyclga Ip atlgﬁg%lgﬁona e drocarbon 10. A procgss as
claimed in wher ei n the di | uent is

et hyl beng ene %Iaden('r%,il %C%L:lm & s ae]ﬁ%é lene. 11. A
process as cl a| rre }}ﬁ ldi %vtl on of
anmmoni a from the S xltuai' |srea\"i‘é??tte’d:5§f Iéeparatlon of the 15
phase (V) i te c Cess s cl ai med | any of clainms 1 to 11
wherein the OZac od‘Te Y@t iqtadshdndderous i quid
phase. 20 13. A d’fsecq aillsrrse‘:flyf]@%e%er ein all or
part of “the phas eé’cf c?f’fxy eV iNs &Y AV i step a).
25 14. A pr ess as clalned in.an clalns to 13 wherein all or part
of the |act é"rsatCéL&‘ Sdpdratldd off in step

h tagmo 44 f);%rm%@lﬁwsr@ (V1),
g%dt gygl vgdﬁcltosa tq‘?éogﬁeo ecc?r?;(asrﬁtﬁg?rbfoﬁ dWoi | i ng
conpone [sic] B sIel ) Vdnd’%lsgfl‘?—po& li ng conponent [sic] (V1) are

i onal | arated fromthe resultin
optio y %%p A process as claimed f% 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
(IT) than the phase (VI), and by-products selected

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

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

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

l6. 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-



lactam (11). 35 15. A process as clained in any of clains 1 to 14 wherein
all or ,part of the lactam(ll1) is separated fromthe phase (VI) by
extraction with an extractant (Xl) to give a mxture (XIl) containing
extractant (0050s8aBé&ctam (11), and a 40 phase (X) containing | ess |actam
(1) than the phase (VI). 45 16. A process as clained in claim14 or 15
wherein all or part of the phase (X) i recycled into step a). 17. A
process as clainmed in any of clains 5 to 16 wherein the extractant (Xl)

and optionally by plr e p consi st ng_of
| ow boi | i ng corrpof_rfei\tml JF;T“ ﬁ Fls f\% %%%‘;]6 ?‘T?f& conponent
[sic] (VII) are separate rom the m Xt ure o gl ealactam(ll)

18. A process as%%;é El)r]aéané/l ecélgi 2 té)flglg’ vvhe eln{ e mxture

(XI'l) ang the ph ste rocess as

cl ai ned |n any of tEHed e% aa%e[ )3%Ehd t he

diluent (111) 10 conS| e sane co onent s or have the sane

t as Ialrre |n an aims 13 to 19 wherein
The Lact am iy i rog%esss Si% % daqltms S i@ty phase (V)
whi ch i s not ret ALtk Ir the
renmai nda? of phase :Qﬁ;; i ‘i/cﬁaélbe ﬁﬁ"&?@c %)°0T \k}at‘fﬁ)tﬁh‘?' eBVering the

lactam (11). 20 TB8%s as claimed in any of clains 1 to 20 wherein

all or part e unreacted cqQnpoun ) se arated off in step d) is
recycl ed |nt2E)bf st ]_) %é‘%es‘gafé] rfgfd of Qai%s 1 to 21 25
wher ei n e 1n[ tﬁjfd‘? Go“?%’iﬁ?@rﬁasteq ARHYY e fthed of f in
step d)lgs recycl @dfq phas cédy ol i eﬂOrFed-”eitﬁlr(ﬂ%i m 22

he cy i atlon step, and all or part of the
rein the high-t
wher e 9 remalnder 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 d)

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 a).

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



30 boiling conponents (VII) separated off in step d) contain at |east 20%
by weight of 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 i nt@os0£512§6 25. A process as clainmed in any of clains 1 to 24
wherein all or part of the | ow boiling components (VIIl) separated off in
step d) is recycled into 40 step a). 265 45 A process as clained in any of
claims 15t 025 wherein the diluent (111) separated off instepd) is used as
the extractant ( C cl ai 1 to 26
wherein all or pgiéﬁ n&ﬂp&? éls J|néa g%gt n}théensphase (V) or
the phase (Xl1) t water to gl e a phase (XIII) |rrpover|shed in 50

aeam (1) a0 o %ngegg%ﬁffwa%ge%' g rzfgg;;f% il e,
cl ai ned |n any of;.& %171% lreé sgnephgh ol FSES (V1)
recycled into st epv ég)nzﬁ@@cgré/\n Iﬁe re Ve Fé’gr]n \ﬂt)re(?rm (X)

before step a). tep &)




