; QRe3eUEUB<. j 6FT-4S 1 1 4 MAR 2003 METHOD FOR SI MULTANEQUSLY PRODUCI NG A
, CYCLI C LACTAM AND A CYCLI C AM NE Speci fication 5 The present i nverti$k 2003
relates to a process for coproducing a cyclic |actamand a cyclic am ne by
coreacting an aliphatic al pha, onega-di am ne and an aliphatic al pha,
oneéga-aminonitrile with water in the gas phase in the presence of a

het er ogeneous 10 catal yst. The preparation of m xtures conprising an

al i phati c MEpHGD TOR GAMULTMNEOUSANIPRODECINEhaAL CECHI( HzRCTANME HND oA CYOLICK i | e
by partial hydrogenation of an ali phatJMiNgl pha, onmega-dinitrile, for 15
exanpl e the preparation of m xtures conprising hexamet hyl enedi am ne and
6- am nocaprghididilatPynparti al hydrogenation of adiponitrile, is common
know edge5 e workup of such m xtures to recover the diamne and the

amnonitrile is possible only through de Io%rrent offé?]gpr eci abl e techni cal
resour ces. DRF GFESERY| Rt s fehaEes c"égrao SEEERHT PREQAVSIRE 3 ng

mat eri al s feyclive laghah aandiree cytliademing iyl gorepetrirghtanppasphatsicsuch as
nyl on. CyclaXpray eesgasdicdniae azndpan,albiphawnidebyphisedregak-anbtsreidirdtles for
preparing PRREHRGRUL ER! the RBEO0PNETE CAY the?BrESEAASIN al ABLOFSQUohar
nonf er ro¥|§ Jet all S vul cani zation accelerants and as ingredients of textile
assi stants and i Z€és, antistats and finishes and al so crosslinking agents
for resins. GB 1 358 862 (1974) discloses the preparation of |actans from
30 speci fi CHI9 PHEPFEALEPR o XRRERT CHRRIELRE 2% AN ENGEER a®mERor from
di am nes amiega-ciapire xw iad k}dpbyeiatilphacatmegestamningnihbeile duyi d phase
at 150- 400Gaxttiails hyepogdred ibhabf papedliginae A RO P43, iomegaweigitirinat, i 6oof
1/10/ 9 3fs (dnPlel 8hb OprepidatibA 764501 08! ESm@t 1 SSHYChe¥Ske £id7Mne Pt/ C and
rul A1203 |G bhd OB Sl aXl Shiley Ofe 5OUOM PO HMEB):}J&% SOl Rl 23
hours. In cocptras.tt .ilzepan xaﬂetw néi fm ne H X F20 . .1 kewi se in
a wei ght r4PBETF1Dr 0% SRTBPRS AT LLARE - ou Tt ERERNP Ot BUGRIN I L7I850F  t he
t heor et i cal*eGRYERt tBe FRMAS 8PdcEREn IHIORALELLR & PSS 1RGP LSRRG
di ami ne usetkploymertnef poraecdrlhe neeqhniopl) resonragsel d of caprol actamis
at 10.7 zwen |ower than from azepan and hence far below the industrially
required | eseliicazepedmd s stiehdapt typAfl dedfami 0& 1@ thridwn! Bitart &R tra@@rials
;g?gﬁgalur?‘dxo't%']gnﬁlah%‘fac;l;ré %Rigg%zziaﬁﬁ%ﬁﬁ J%IQB@E%% rEizcthhgs
zacy nes, .

coproduct i @lgﬁx.cggﬁicé fg}aclt%%%é %?’g c%é aazﬁ%%Egb lctaé) 6 g ﬁg% i&ngslt ance, CA-A
520 606 deSUliHICILRESR iRFePEFBAF 179 (S PAESEbEHt A9RPCRBBEIA and ni ckel
cat al yst%® (RFHOPFEN ahh HiTOTEn L ST PR AT TOYEN™ES2 155 0 YU 1E2DHRIEIGR t he
presence ofaddzlgrapivg HKd as] ipgyediame 2E0Cenhile -axFiisianty (amsy spans.,
sel ectivitiagichatip &wd ahiolishe8d%nd ealsat @irnedl imiting Rgenps efer a@diessi ons
(up to 449 . By-products forned are predom nantly bi shexanet hyl enetri am ne
and pol yamdies. 3AGCHES B9 WS SsB3LnR0Bre SiMAL iR 030 ¥ msS Y Bnas
di oxane 30 specifically five- and more highly membered azacycloalkanes or

from diamines and water over solid hydrogenation catalysts in the

liguid phase at 150-400°C.

It is reported that piperidine/H;0/NH; in a weight ratio of 1/10/9
35 (molar ratio about 1/47/45) converts at 300°C over Ra-Ni, Pt/C and
Ru/Al;03 into piperidone with yields of around 50% in the course
of 2-3 hours. In contrast, azepan (”hexamethyleneimine”,
BHMI)/H,0/NH; likewise in a weight ratio of 1/10/9 converts at
270°C over Ra~-Ni into only 17.6% of the theoretical amocunt of
40 caprolactam in the course of 5 hours.

When the diamine used is hexamethylenediamine (”HMD”), the yield

of caprolactam is at 10.7% even lower than from azepan and hence

far below the industrially required level; azepan is evidently
45 not formed in this reaction.
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15'over Ru02/C |ikew se gives a good azepan selectivity of 91% onl yvép I(zz)w
_conversions (<50% . DE-A 24 14 930 describes the HVD condensati on e MAR 2003
netal s-sel ected fromthe group consisting of Ni, Co, Fe, Wi, Ag, Cu, Pd 20
as active conponents, with or w thout supports such as A1203 or Si02, in a
hi gh boiling solvent at 200C with sinultaneous continuous distillative
renoval of the resulting azepan (boilirdg point 139C at atnospheric
pressure) fproocedees dact poepatixtgirezacyebbdalkkafesufron @ildiares,r epontad. 25
DE- A 25 32 84dpa! Bloms up, t REL K ithdodspEstiteisat bonc@dl idVRakcRamd drert

sol vent ove[:o}{l\]hogrkngg,le%gh or without supports such as A1203 or Si02, at
80-150C, thé formation of oligo- and pol yan nes being prevented by
continuously renoving the azepan fromthe 30 reaction m xture by azeotropic
di sti |l at Pokofi itEharge USR AR 2P0 $ 067 Jearstress ddec BRUERLT 1Y HW%? g
HVD/ NH3 = 1a2&p&0 c(vb.r>2§>baltza3014ﬁ@®ebve¢tazletﬂt|5t ¢Ba tyrsleddnwailho(00B- 7% of
metal cati opgppedacisednf a9nsidye @Loo danshétprysediceCos Pd atMEMDKH, 0f 35
Cr, in the gas_phasgolbsaed i2ngd10ed 94, f1 ui di zed bed reactor to obtain
azepan in yields of around 75% US-A 470, 900 describes the gas phase

condensatl on of diam nes to, azacycl oal kanes, i ncl udi HVD to epan, at
100- 250C18vAFeRG" sEFeebivERIST PoPRerCctUyS0¢ B8R %}%ﬁjﬁ"te out the use

of NH3. An HVEPRElets: FONEErSiors, (PPOEPa‘H%F‘)a @ﬁa@éovww‘uftoytm@fi @r? gave
azepan yi el gseddmig@iftdyebidhétamesdlydahetriduine andapelgmiyeel-d of 95% was
obtai ned at an HVD/H2 ratio of 1:20, 150C and a space velocity of 0.1 over

Cu/ ki esel gumsc Acﬁn 1o4udBR 2003 30BP- AMB 74 4930816kt QRS RECRREXAKE azepan
L gt ofdl il bt srdis s lodinbSi AR AN 09 Pl

99: 1. Azepafi® y}‘é’?d"?ngfa’:@?@}‘%(r es\ggﬁt‘al ned. 5 Processes for converting cyclic
am nes, such as azepan, into cyclic |lactans, such as caprolactam are

| i kewi se kndawd 2cddr dBAgdescGipem tBer HMD O®ndegerig@yprex7mepets ol i di ne can
be 10 react sdiadddt @Expgethe nfimupPronaisttgy ©ft Biphtay IFepyMnel Agporm i pd

yi el ds 050600 adtGveOtBRpok¥ld C wAKKNES , wiHRMEBuppbier S RN @8CAL L} beads to
an utterly §?6‘f “i‘n”? R{&E"{ﬁll%ét Héfveﬁi’_saf% 306%4 w148 Q%ﬁ&ﬂé}ﬁe%u%he
conver si on QL g ?‘ﬁe U0 ﬁowf ot h%SP‘QQ&'itr& %%' Gn! ASTAM Y

oxi dation wih ]T?y BEF X e Vien °F g %fg,} g Qf snt The
best yi ol dSPOHAI 130 i AIOERners ‘Fo%'ié%?u(‘fé N 5§7FFBf‘?‘ad‘Hé‘tPF§

pyrrol i di nefielisefepp *a‘Pe9%rP6IeeFéP9rEﬁf§-at| sfactory for industrial
processe®5 20 Processes for oxidizing cyclic amnes to the correspondi ng
cyclic | act npsa =8 3@ Bigf | 191 avndbe asordesmbubedonderndatAod, 389 A nand

Synth. ComuA. idd« 5388end IRder3Tiabe €ONRIAICLY WSS fsapboEys Widh raggar d
to the yi e'ﬂ} reoprs)%err%ttl gal1¥dch eﬁgaf&ﬂa%taheo%wjé}wanan i soqral  of

| odosonenzehs M AEL aég%&ectralgg%’(ﬁ)%ﬁks%t;ﬁ_ 50T % %f%'@t 4‘| " ;“
rom al i phatic

Processes® fﬁ?a%‘?’é’ﬂ‘ar“\lﬁbu’é‘?/ctﬁ EFEREE 8%°
al pha, onega-am nonitriles, such as 6-am nocapronl tr| I e, are |ikew se
known. US- AU9_73537,,943840a%s@i$cti@§e§heon@wmm &MDobY Gl%immwapﬁféniﬁ Hi:R&-36

i nto caprol atiaam aft 260-100°858Cet Nzédia taises 2agdediwilvdt O 3geheniismetallal yst s.
The space-tbaeiHLlsdic0bi@i QG t2BIBr&iPBRs12tiAgloPT W @k, Praduet /gH  of
CatalyStﬁg Cr, in the gas phase in a fixed bed or fluidized bed reactor to

obtain azepan in yields of around 75%.

US-A 470,900 describes the gas phase condensation of diamines to
azacycloalkanes, including HMD to azepan, at 100-250°C over Ni,

40 Co, Fe or copper catalysts on supports without the use of NH;. An
HMD/H, ratio of 1:20, 150°C and a space velocity of 0.2 gave
azepan yields of 90% over Ni/kieselguhr, while an azepan yield of
95% was obtained at an HMD/H; ratio of 1:20, 150°C and a space
velocity of 0.1 over Cu/kieselguhr.
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EP- A 150 295 and US- A 4,628, 085 di sclose converting amnonitriles 40 into
,cyclic lactams at 200 to 400C in the presence of catalyts. The st drk MAR2003
m xture contains only up to 4% of amnonitrile. w0-A 96/ 22974 describes the
conversi on of 6-am nocapronitrile into caprolactamat 200 to 450C over

cat al ysts which US-A 45 4,628, 085 des%él bes as very short-lived in the case
of silicon dioxide. 1 4 MAR 2003 4 DE-A 19 632 006 di scl oses convering

6- ani ncapr off % i37@ AAE cdEHPOSEECPRAPE 1D G2£82880K ¢ HMR: a5r 488ne&0°6f in

het er ogenectle gategense sof Materavapgstandddidnggen aongr fAdM1Q04 iro thegges
react ant/ mprdsecattaby®éidht Taktioi 6f ammhjceehtot shexqraasest sbnyedepant 0

provide a pyOORAS off0h2¢asVebkhRge@N al i phatic al pha, omega-di am ne and an
al i phati cgal pha, onmega-amnonitrile into a cyclic amne and a cyclic |actam

in a technically sinple and econonmical manner. io W have found that this

obj ect is aHREFEGSHYOT RPYYESELRE %%%&“%Peﬁheswglﬁmaﬁﬁpaﬁhel%ttoart| ng

mat eri al s wexadiicn leptaps ocech of capralacdam oprereikeyiseckapal y al i phatic
al pha, onega-di am nes of the general formula (1) I-i2N-(Cd-i2)n-NH2 (1) 20
25 30 wher Q\d’bdrﬁrﬁg Bo ¢hed. Berl €09 (Lo4sqi ambNOHuL %afrolﬂ.éiﬁié aderent ane,

1, 6-di " N e
nost :0;312} e(r)ltkbe%a%% éﬁgm Oﬁgkgggplﬁgﬂ%@?% F-,g%/[{ gfgﬂ&?%eggane
di am nes

ﬁﬁs’f’f‘fﬂ@nﬂ‘%ﬁst owceé’reEOn Eu%?f“eas
Cl- C6- al ky|reg'=\q§&|9§ le3ds g4 l@f/‘l ugkekhs CORFERIRG R:SRHU@ﬁeﬁltlyFur%ym ohexyl or

cycl oheptyl groups, or halogen. Preferably, the diam nes are unsubstituted.
Such di am rnes-2a3( 6pt P45 S chrabes hthe qonepas Avn G & eyeQiaDan ki \iinedge.

Usef ul aig phat icorabppénd e @gcait DU da beSok fdadimh Rii@G&EsShpdrcparbiede

ifllvgmi(gmnl znetwé iééxycé %stefra%tgfel&eesrcgh $0r M Ekl) yieras

rﬁths ’245 % é £ qay rollsﬁn om , .,
4-am nobutyror?‘i tnFI SvBf 8roni t Ie % ocapr 'ta'r ‘Te ("ACN') and
7-am nooené’rﬁ’-’l’r'&]nlfl?‘??é' Wﬁeﬁre‘?’é‘? (ﬁﬂ“? §+§ ‘Ub%ﬁfrlé PEEPFE, £ i xtures of
such am nommsrtésa%mqoce@@es
20

Processes for oxidizing cyclic amines to the corresponding cyclic
lactams using Hg(II) compounds as described in US-A-3,336,299 and
Synth. Commun. 18 (1988) 1331-37 are completely unsatisfactory
with regard to the yield and problematical with regard to the

25 workup and disposal of the mercurial reaction residues.

This also applies to the oxidation with iodosobenzene described
in Tetrahedron Lett. 29 (1988) 6913-16.

30 Processes for preparing cyclic lactams, such as caprolactam, from
aliphatic alpha, omega-aminonitriles, such as
6-aminocapronitrile, are likewise known.

US-A 2,357,484 describes the conversion of 6-aminocapronitrile

35 into caprolactam at 200 to 350°C in the presence of heterogeneous
catalysts. The space-time yields obtained range from 0.02 to
0.03 g of product/ml of catalyst/h.

EP-A 150 295 and US-A 4,628,085 disclose converting aminonitriles
40 into cyclic lactams at 200 to 400°C in the presence of catalyts.
The starting mixture contains only up to 4% of aminonitrile.

WO-A 96/22974 describes the conversion of 6-aminocapronitrile
into caprolactam at 200 to 450°C over catalysts which US-A

45 4,628,085 describes as very short-lived in the case of silicon
dioxide.



1 4 MAR 2003 5 The am nonitriles may bear one or nore substituents 8 t}
.carbon, such as Cl1-C6-al kyl groups) cycloal kyl groups, such as cyc1 M @3
cycl ohexyl or cycl oheptyl groups, or halogen. Preferably, the amnonitriles
are unsubstituted. 5 Such am nonitriles and processes for their preparation
are comon know edge and commercially gvailable. Preferred m xtures
conprising a diamne (1) and an am nonitrile 10 (I1) are those for which n
= mtl. AdvaBEadebu$i R06rdissHppesachprarinhatb-emancapy omwitinidel énte|) to

di am ne (1)capréxaamam at9%52d cHNB80 10, tie gfmys@inly of Hetemoleéneo8d to 80 .
20, especi abhyalydB.3@he détd19s8010ad0ngd SrMeOkebndoID 4@ ignyention, the

reaction is, g&c%rﬁ:q,mciugfl&g#ﬁ,sgﬁﬁsence of a heterogeneous catal yst or of

m xtures of such catal ysts eterogeneous catalysts used are preferably
t hose congrl sing 20 (a) a deh rogenatl ng conponent (I11) and (b) an acidic
and/ or anphbtels @@ Bﬁ*érﬂf Pr25e¥\tskﬂ‘{ed{§|18nd’éﬁy%ﬁ%’g&?atal RECEDTHPIRENL
(111) is a cetenvesalingt aul a‘lrzcmnatthe gipp, coegastiagind add aagaliphatGe, Pd,
Pt, Rh, Ru, alpha Obmegd-&Beindqiiekrerablytsd rorofdiecganimpe czomsiast:yagl@flafatamAg,
Ni, Co, Pd,ifta fenaRda Ry SRae ahhYeddRildaa QLR cONsisting of Cu, Co
and Ru, m xtures thereof. 0 Conmponent (IV) can be advantageously

sel ect ed rom oxi des, oxide hydrates, si)Jica osphat es,

het er opol ya¥§ d2%6 f&BPGlEhazte& e8P3PCE HEs éFge%y Afie Brogpss gefiged

Nb, Ta, Mb,a%thmebeginngeg. zn, Sn, Bi, Th, U or of the |anthanides such as
La 35 and Ce, preferably Si02, ganma- A1203, Nb-, Ta-, Zr-oxides and al so
phosphat es THe Ls’i-.arNb.ngZIﬁate‘ﬂLaanuBedOIn nihe pireseshasahe iiAvabt idh Gase the

acidity @8 f@&a%qugymﬁ%n allBh&n MRS NE WiHeh gRhEART Ce¥inula
preferably g rganlc acids such as phosp oric acid, sulfuric acid or
!

hydr ohal i ¢ if desired. 40 The dehydrogenating conmponent (I11) can be
used in the formof an unsupported catal yst, for exanple as Raney nickel or
Raney cobalt, or preferably FrsNa éﬁgg_gr d catal yst. A, useful support
material is an inert materia L(l 2steatite or pha- A1203, 45

pref erabkg an aci di c and/ or anphoteric corrponent such as a 1 4 MAR 2003
s conmponentyKd A .n 88PEGI 5 ley o 62, i gamrar AL203miMNbutah,, zr-oxi des and

al so phOSphPt§$iJ%§n h8pettane’ 1, éldﬁml&héyan@ bh@,@énettwlggadlafmén xi ng
ratios of t ePa& 'ﬂgPESR PQr?é“nH %:&%Hbel 16 QTR 1{eﬁ<\c{}xe",’“e

readily and ea5| person accdrdi ng
desi red rea%ﬂ“b’ﬁ‘%‘é?én% e'srusc gﬁ 3gs pﬁfduct ratl o or catal yst activity, by

means of 2& few sinple prelimnary experinments. Suitable weight ratios of
conponent (The )dipgipeaporicdeaf] e ape npstesabbyitiertisn onh&heapgrbdr-om 10
0.1:99.9 toswdh 53 Cpref-arabl ygweuids n cykéortgk droups0. 5u@®. &5t 0 15: 85.

Vater is usegblidpenhelprogaichediylt 82 ¢yuRHdpaRl s ageoualygém. a nol ar

ratio to the-stuRdatal cd fMiahes 44d andawieepegrile 15 (11) of greater
t han 1, eferably inamlar ratio of water to the sumtotal of diam ne

I d I 1 L1y f 5. 1t
(1" ans 2 pond (L SoRES By A RsaZ) e RE SRR TP P | nert
20 gas, sucfPel e}‘ﬁ‘-’fPr*ogen argon, CO or nethane, preferably in a

Useful aliphatic alpha, omega-aminonitriles for the process of
35 the invention are primarily those of the general formula (II)

HoN-(CH2)m-CN (1

40 where m is 3, 4, 5 or 6, i.e., 4-aminobutyronitrile,
5-aminovaleronitrile, 6-aminocapronitrile (”ACN”) and
7-aminooenanthonitrile, most preferably 6-aminocapronitrile, or
mixtures of such aminonitriles (II).
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nol'ar ratio of inert gas to the sumtotal of diamne (1) and am nonitril ﬁ
(I1) of from5 . 1 to 100 . 1, in which case it is advantageous t hatt NARLIN
hi gher -the nolar ratio of water to the sumtotal of diamne (1) and
ampnonitrile (11), the lower the nolar 25 ratio of inert gas to the sum
total of diamne (1) and aminonitrile (I1) which can be used. It is
simlarly advantageously possible for the inert gas which nay be added to
t he reacti oBhei avinanitgibes hyalr dpay, onki eh MoxgmsBOsekpegntenca tbedat e has
the effect obarpsmw) cughngst bp-Mralkganytoups,okytheatietleigegepepusuaatal yst,
the molar ra bpoxsgndwdre EMokxAl IF BociblepsiiNGrBugs erabina1wgkhin the

range.{om 0 : Ot 100, o fopca %'l&xF LD et aDgk, from 0,011 to 5.1,

In this cgnnection 8%t % ra|5|ng(%'he nolar ratio of 35
hydr ogen fo di ani ne (1) especially in the case of very hydrogenation-active
conponents $RFh amipopizsikes qmd gropgsses for dSsrbPEeRay aHOnt ar AeCemmRRiuCct
rati o of cykhowlaedgenantiocommdraididgt amaibablasor of the cyclic amne. 40 The
process of the i nvention can be carried out advantageously at from 200 to

600C, pref e Ox%td %&9%2&9 é&ﬁ%@%ang ?fan&n%s§§5 eéné raqrnaguikohetzlm
preferabl§ ég h for 6% SpECI )@ vant ou mlxthren gaCUStonary
reactor &8if 1erfeor f’ﬁ% ose Such™as" iXeqd B FEACt6r o a
fluidi zed bBA S H3&4€t BF . am"T%tWﬁﬂieZGB@ 'I*hce digreap 6F) (e fﬁPBdErct W &ur e
can be effe2led in arefavamly efalfreanhér: FbrtoeRlnpl 20 erespactaldy yiram/ or
preferably 80siil1d abi 6el y.4®. The process of the invention sinultaneously
provides a cyclic lactam preferably a cyclic |actamof the formula (Va) or

(Vb) 10 ﬁsckﬁ%%]dln% ) £hékﬁavégglo;5 £ﬁ$ﬁ&é§éﬂﬂoﬁV@é é%%fyéda Hkxiﬂréhéﬁ such

| act ans, clic am r abl cI| pne .of the
formula (VI %e a?gvf) ) a%e{ﬁ%eneﬂﬁs(%%leyf% %% %f/l )ﬁglsg%h or a

m xt ure of °nes, nin the formul ae (Va) and (VI a) bei ng an i nteger
from4 to 7 and min the formul ae (Vb) and (VIb) being an integer from3 to
6. 40 PartiThe drdterpgehecyddtadyans ¢5&J aee prhfseably wibiosh aompsisingal ue
4, 5, 6 eo 7, especially 6, and lactans (Vb) those in which mhas a val ue

Of 3, 4, 5 od) 6a ddifarbfendeoh@echpRient” Pr oYy ol done”,

" ganma- butyrol actam’), azi xan-2-one ("pi perl di n-2-one", "val erol actam'),
azepan- 2- on ("c pral actan) 45 and. azacy t nost preferably
caprol acta b é lﬁi?lé:sag )%uc rEi'gt’(i::te%iilrr(rcs'z %??%oglae??& {/g? 1 4 MAR 2003

Particularly preferred value of 4, 5, 6 or 7, which mhas a val ue of
("pyrro|?alQm§gltq§gpxgehydrogenatlng component (III) is a metal selected

from the group consisting of Cu, Ag, Ni, Co, Pd, Pt, Rh, Ru, Ir,
Os and Re, preferably from the group consisting of Cu, Ag, Ni,
Co, Pd, Pt, Rh and Ru, especially from the group consisting of
Cu, Co and Ru, or mixtures thereof.

30
Component (IV) can be advantageously selected from oxides, oxide
hydrates, silicates, phosphates, heteropolyacids or acidic
zeolites of the metals Mg, Al, B, Ti, Zr, Hf, V, Nb, Ta, Mo, W,
Fe, Cr, Ge, Zn, Sn, Bi, Th, U or of the lanthanides such as La

35 and Ce, preferably $i0O;, gamma-Al,03, Nb-, Ta-, Zr-oxides and also
phosphates of La, Nb, Zr, Al and B, or mixtures thereof, in which
case the acidity of these compounds can be enhanced by doping
with organic or preferably inorganic acids such as phosphoric
acid, sulfuric acid or hydrohalic acids, if desired.

40
The dehydrogenating component (III) can be used in the form of an
unsupported catalyst, for example as Raney nickel or Raney
cobalt, or preferably as a supported catalyst. A useful support
material is an inert materijial, such as C, steatite or alpha-Al,0s;,

45 preferably an acidic and/or amphoteric component, such as a



5 ("hexanet hyl enei m ne", azepan, or m xtures of s am nes (Vla) are ?@\ﬁ

,Wich n has a especially 6, and amnes (VIb) those in 3, 4, 5 or 203
azolan.Z ("piperidine"), azepan "HM") and azacycl ooct ane, nost preferabl y
such am nes (Vla) and (vlib). On using starting conpounds where n = mtl,
which is preferred, the lactams (Va) and (Vb) are advantageously |dent|cal
as are 10 the anmines (Vla) and (VIb). The amne (IV) obtained in the
process of tboepomament(iIyn, easpewidllysshe) ngamsetal,d:0r Nbhe Tadustrm—ozlides
appl i cati ongn@l 4 B pnERphaedehs TRY, BB, CONVENl @aldi B} Oof el :4RFreeSPREEl ¥
| actam (V), 15 preferably by recycling it into the process of the

nvention. | SRPSELALLY 0,8 X WLe bbb corsshendLigoall PNatls e Pia

onega- di am n“no

conver si of- ﬁ%.rypwem ééVén?’é’@er%éhclé(r PP‘éoe"t‘ﬁ}tlY RetREmpraiendd 20sbiliatke

het er ogeneopersen @cpordinat tonde dedéred heeaatdoni parametgusocsyshcandi ti ons
mentioned fprodite praedessr ofatdlgsitneeniviry, byanphes 2of An faguedrslsol ution
conpri si ng g% ¥ niRyIBkpOF i R dfisX ! Qﬁ@t%lé‘M@l@'ﬁq AN b o @Q}ngsné@é io of

1.9 . 1 Ve (YRR & §89e§’ ﬁlﬁﬁg %la}il wgﬁéﬁ’“ﬁ“ nt

Cu/ A1203 i ex cmi di aneter
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| oadi ng of B9:800 g/1 of catalyst/h (correspondl ng to 50 g of the sumtotal
of HVD and ACN per liter per hour). The effluent condensed in cold traps
was anal yzegatwr Gs asddf onnthd preestai of aaRy ahaehoioLordd@apeagdeads 1o ia
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for HVD égd%@ %&@L %%1 E}Z%l 25 E’E P%'— 2‘5‘0% % 851: v iﬂ gcr qcess
for coprodut? rg% 5’)%? T A33AHRENGTY ¥ “B‘ngﬂf‘ ’é eﬁgt PR &
al i phatic atphe oﬁegﬁsﬂ?%ﬂﬁlﬂé’ $&pBch et ]frt(?m hé roup consi sting of
HzN- (CHz) n Nfz wherein nis 4, 5, 6 or 7 and (lI) and an aliphatic al pha,
onmega- am norié ridaetieheniethfa mayt hevattageonsnygi séveaiadafedHEN- i{ GHznerm CN
(1) pbesLd N glchS ad, nderdyed, @rgon, CO or methane, preferably in a
molar ratio of inert gas to the sum total of diamine (I) and
aminonitrile (II) of from 5 : 1 to 100 : 1, in which case it is
advantageous that the higher the molar ratio of water to the sum
total of diamine (I) and aminonitrile (II), the lower the molar
25 ratio of inert gas to the sum total of diamine (I) and
aminonitrile (II) which can be used.

It is similarly advantageously possible for the inert gas which
may be added to the reaction mixture to be hydrogen, which from

30 experience to date has the effect of prolonging the onstream time
of the heterogeneous catalyst, the molar ratio of hydrogen to
diamine (I) being preferably within the range from 0.01:1 to
10:1, especially within the range from 0.01:1 to 5:1. In this
connection it is to be noted that, by raising the molar ratio of

35 hydrogen to diamine (I) especially in the case of very
hydrogenation~active components (II), such as Ni, Pt or Pd, it is
possible to shift the product ratio of cyclic amine to cyclic
lactam in favor of the cyclic amine.

40 The process of the invention can be carried out advantageously at
from 200 to 600°C, preferably at from 240 to 350°C and at
pressures from 0.1 to 2 bar, preferably from 0.75 to 1.5 bar,
especially 0.9 to 1.1 bar, in a customary reactor suitable for
the purpose, such as a fixed bed reactor or a fluidized bed

45 reactor.
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35 or a mixture of such amines,

n in the formulae (Va) and (VIa) being an integer from 4 to 7 and
m in the formulae (Vb) and (VIb) being an integer from 3 to 6.

40 Particularly preferred lactams (Va) are those in which n has a
value 4, 5, 6 or 7, especially 6, and lactams (Vb) those in which
m has a value of 3, 4, 5 or 6; that is, azolan-2-one
("2-pyrrolidone”, "gamma-butyrolactam”), azixan-2-one
("piperidin-2-one”, "valerolactam”), azepan-2-one ("caprolactam”)

45 and azacyclcooctan-2-one, most preferably caprolactam, or mixtures
of such lactams (Va) and (Vb).
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the lactams (Va) and (Vb) are advantageously identical, as are
10 the amines (VIa) and (VIb).

The amine (IV) obtained in the process of the invention, as well
as being useful for the industrial applications already
mentioned, may be converted into the corresponding lactam (V),
15 preferably by recycling it into the process of the invention,
especially in a mixture with corresponding aliphatic alpha,
omega-diamine (I) and aliphatic alpha, omega-aminonitrile.

The conversion may with advantage be carried out in the presence
20 of the heterogeneous catalyst mentioned under the reaction and
process conditions mentioned for the process of the invention.

Example

25 An aqueous solution comprising 50% by weight of a mixture of HMD
and ACN in a molar ratio of 1.9 : 1 was vaporized and passed
downwardly at 275°C through 100 ml of Cu/Al;03 (3 mm extrudates
from 0.5 to 1.5 cm in length, internal diameter of reactor 29 mm)
together with 10 1/h of H; (100 1/1 of catalyst/h) at a loading of

30 100 g/l of catalyst/h (corresponding to 50 g of the sum total of
HMD and ACN per liter per hour).

The effluent condensed in cold traps was analyzed by GC and
found to contain caprolactam corresponding to a selectivity of

35 64.7% and azepan corresponding to a selectivity of 28.1% based on
the sum total of the starting materials, from conversions of
91.2% for HMD and 93.9% for ACN.

40

45
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coreacting an aliphatic alpha, omega-diamine selected from the group
consisting of

HoN— (CH;) ,—NE, (1)
wherein n is 4, 5, 6 or 7 and
and an aliphatic alpha, omega-aminonitrile selected from the group
consisting of

HyN-—(CH;) —CN (II)
wherein m is 3, 4, 5 or 6
with water in the gas phase 1in the presence of a heterogeneous
catalyst by using a molar ratio of water to the sum total of aliphatic
alpha, omega-diamine and aliphatic alpha, omega-aminonitrile within
the range from 3 to 25, a molar ratio of aliphatic alpha, omega-
aminonitrile to aliphatic alpha, omega-diamine within the range from

5:95 to 90:10 and a heterogeneous catalyst comprising

(a) a dehydrogenating component and
(b) an acidic and/or amphoteric component.
2. The process of claim 1, wherein hexamethylenediamine and 6-

aminocapronitrile are used as the aliphatic alpha, omega-diamine and
the aliphatic alpha, omega-aminonitrile, respectively, to obtain

azepan as the cyclic amine and caprolactam as the cyclic lactam.

3. The process of claim 1, wherein the temperature is within the

range from 200 to &00°C.

4. The process of claim 1, wherein the dehydrogenating component in
the hetercgeneous catalyst 1s a metal selected from the group

consisting of Cu, Ag, Ni, Co, Pd, Pt, Rh, Ru, Ir, Os and Re.
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