; Hi ‘636( >b(;.J6Tb(/ 5 METHOD FOR THE JO NT PRODUCTI ON OF A CYCLI C LACTAM AND

A CYCLIC AM N b ol f on The present invention relates to a proqedf HBr
copr oduci ng ajmﬂﬁmmﬁ \““mm“ m and a cyclic am ne by reacting an aliphatic
al pha, onega- W water in the gas phase in the presence of a

het er ogeneous cat &%8Y. 10 Cyclic |actams, such as caprol actam are known
starting materials for the manufacture of industrially inportant plastics
such as ny|¥FTHOBy EPRCTERJAINT SRODUCKICNZ ©FaR, CYIIT CWLAETAM USEH 238yer1c

i nternedi ates for preparing phar rraceuégﬁﬁgs, agrochem cal s, 15 corrosion
inhibitors for nonferrous netals, vul ation accelerants and as

i ngredi ent . I assi stants and sizes, antistats and finishes and

al so crossr%ipgkll%lgé%%ieon s for resins. GB 1 358 862 (1974) discloses the

pr epar ati®%on of |actanms from 20 specifically five- and nore highly nmenbered
azacycl oal Rhmepresenty dgmvensidhatelateswhoer PIASeSSoEPY ¢ORNABWEAABI BN
cat al ysts icgcllhe lactund aphasecydl ikb@md 060 oy |dtedckingpart&ighaatic alpha,

pi peri di ne/ok204 NiBamh1he? wieh W t1aL11IK0 £ BE %Aé%z&s%iﬁwh@rpf@elnegabeus

1/ 47/ 45) c%g\ég%gex@éo %Oggtgyﬁ% Ra-Ni, Pt/C and Ru/Al1z03 into piperidone
with yields of a ound 500 T2 T he course of 2-3 hours. In contrast, azepan
(" hexarrelt%yl eneinmne", HM)/H20/NH3 |ikewi se in a weight ratio of"1/10/9
converts aCyg¥be baqfamRa- RPCR Mo CRRFPLagtady Grer KBOYhetraEtidgl maretiriof 30
capr ol act afornthéenoufrseuné & higwustr Wakly tirpodicant nelassddsi such as

hexanet hyl egedhantyelic’ Bbhgs, tdirnyiael dzofarcaprel /ctely ivsedt ad0. 7% even
lover than;tiophadenaln 288 PeasH i3l phelryeddia caldysidtddanikagyi red |evel
azepan ig @Ul-JE0LLY 5R:R9ta0 A R ebDISu 4 GACLIEN. viTkAdLLL gD, large
anount s of N ave 1o Qe used. Processe or_, regarl ng azac ﬁ oal kanes

1 om di ani AGSSLEEATE AN, 8B FPIHaSHHERRD, O b THRILt RR= LOH TR ARRORLETS Cycl | o
| act ans ar 8PAHSE¥TARK AdRE BRRfe. 2o p1F A STERTRSE INEARA 3PN F0EogeseFiBes t he
conversion of HVD into azepan over cobalt and nickel catalysts (Ra type and
al so on suppolt35&BA? 4393t P2QishldREds the tpreparaestaseoDfladfaat EBH H2 = 45
1:2-70, 2b5@p869£i e yl £20ebadnd ‘rd2Bl Rbghly InetbWABA 208kt yc1daARBREE or

sel ecti vilig@gmOd dhirded 8RQUWa 07k 951 8d ﬁ%r%&ﬁaﬁf&?@t%ﬁzsegnilﬁré{eoﬂs
(up to 44%& Waggo%%ctag 0§ NEf-are predom nant I'y bi shexanet hyl enetri am ne
and pol yam s k}fccor ing to US*A 3,830,800, HWD in a solvent such as

di oxane over Ru02/C |ikew se gives a good azepan selectivity of 91%only at
| ow conver $tohS {eBs0%pd DEep Biperiddne/ Bedy/diEs bk & feighb EdhtRm&tli/dR/8ver
met al s 26 smbiar echifivombohe hf4u@Seorsieditry agf 3APSC @verFRa-Wh, BAg'C énd Pd
as active garpby@niatoVpwigerddonet Dtk yEiepder b8 stmindas0AL203ty Siu@Ee in a
hi gh boili 8g 503 weiilrsat 12006nWWdslh , ShatbiRNEUERafePhy THHMISidEali | | ative

o ossure) [ TRt DA, Pl BRE R o Y e or e
DE-A 25 32 g%@ el at g%'q%lo e 88§¥i1n7u' s Ok %n%aﬁ?l{%r?tlgla I—ﬁ)&l{rﬁt é’ﬁfpi nert
sol vent 3QvERPRPLAFEa 10nF e UTRet REu? _RWPPorts such as A1203 or Si02, at
80- 150C, the formation of oligo- and pol yam nes 20 bei ng prevented by

cont i nuousWien ey idigmihe ayewpds hesamethy lepadti pobne KIHWDE ) by the epiglshi c
distillati ef aptold2@amUSs Aat3,190350£0emli Tsteds € Baf Ofucken S zegpahiVand yhersieng
HIVtD/ :\ng = Ea ) opalbu ]t:hﬁfln@ﬁs%%g‘l‘igoge@yﬁedzqg!vé%l.,esazé&ﬁqug @«ri&el@tﬁrNM of
met a catio fr group, [ : i or
G i n PRofbk FEmRA 6 Big [ ARJelond DHDLERTLE,' 1O bkl o bl |

as se’in
azepan in 9?‘5’d ° g}e 4868nd 75%

Processes for preparing azacycloalkanes from diamines, such as
azepan from HMD, without the coproduction of cyclic lactams are
40 common knowledge.

For instance, CA-A 920 606 describes the conversion of HMD into

azepan over cobalt and nickel catalysts (Ra type and also on

supports such as SiO,, Al,03) in the presence of H; at HMD/H; =
45 1:2-70, 150-250°C and 1-20 bar.
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US- A 470,900 descri bes the gas phase condensation of di am nes to 30
azacycl oal kanes, including HVWD to azepan, at 100-250C over N, 1F49M?R 2003
copper catal ysts on supports w thout the use of NH3. An HWD H2 ratio o

: 20, 150C and a space velocity of 0.2 gave azepan yields of 90% over
Ni/ki esel guhr whil e an azepan yi eld gf 35 95% was obtained at an HVD/ H2
rati o of 20, .15 vel ocl 1 _over Cu/kies uhr. EP-A
372 492 d|2§%‘1t sesseg%gﬂﬁﬁﬁp ‘é?l Y9 oa#%/%%Dggf 60 056;6&“?% ‘fet presence of
wat er vapo%n%ﬂi‘%flﬁﬁar B%YPWSP&Phl%C:‘“I -t BE-RERrAusd sphaseedhiat® wei ght
rati o of Huvedamimansily bit@x@detbybenetriamépanand alodyanin®®9 wer e obt ai ned.
Processes for converting cyclic am nes, such as azepan, into cyclic

| act ans, 5SpCdbRfing2R6ObSGf a3 @%@ 6 l@mrd 38 kn H\I\ren4:55uc11: 4s M&%X%QQ3 3
Accor di ng 3\9e %@a{geilkeWQ.? (%g\{e@ a r?y ;z %llegi ht?’l%ffbg}é d wth

oxygen under Pt ne nyre r ot her
cyclic am ?r%slownG\RBV%FSlan?e (§3f8) reaction | eads to an utterly conf usi ng
product mxture. 5 US-A 3,634,346 descri bes the conversion of a cyclic
am ne i nt opt4re nouneswruﬁsr?cgmygltme |EMDt @bnbgneadidat boer whdédals
hydr opeﬁexséifedt@dt RecR EReREeupfl condBitahgl 88 RA! A Ske, ThE, baﬁ;st cul epdls
obt ai nabl e, P ? { [ QG833 ( tl?%?é) h%{;’r %%% Lﬁ Oﬁéaro IJ di ne),

e R

|

however , are co E)Silfl S act o(r# 41 Focesse Focesses

for oxidizPHgrcyel #c? 24 LRI (1§ régp% n@lE}S‘/cﬁ‘l 1t3PEARS usi ng
Hg(11) congRuiHdsions distillesdvenrervals of3thooesnlding sxenan (DeikiRg 18

(I 088) 133deidit ane°c atplaghmesphemisapiresast®r \Enom hhe expaativo mhetyiesl d and

probl emabi ¢pd1ad b G066 ha0 akBersywodded.and di sposal of the nercurial
reaction residues. This also applies to the oxidation with i odosobenzene

d i bed t ' t
or?sr:ura:/v gev opnen?sr%fd{qutgg L? &%c%gggkugg%%&?engﬂf agfam a ﬁerr glnn
the basis f ¥t dﬁgi\ée Vga bn‘?zf G9re ’rfg‘ﬁ’u ofiPEPi

("ACN'), thefe aF SP%,eabn®irilbl fcethte \f@§mPB+°’i r°£n§f169ﬁTn@“ Wlﬂﬁﬂ‘bnes

capr ol agfaprintherpuented Hyydrogbmepusdy ofmeihng chaChizepahn HVOMC &hegi ve ri se,
at the prockedtisapaistiss byt ageotiapiia distbhlamdroseieh-smec purification to
renove by-products, for exanple tetrahydroazepine, presents difficulties. A

f;mgbm%@as 31; %gc %rlts'fr-r. Féycf.tbrrere%@%& ﬁgofr{ﬁggagesnw@ﬁareapl :s%l o
er £ l% TL.ca qﬁs red Ekg ai‘%a%'a L Py fat.% Eg 5 2}&0 y

of the g rrocess. I nven prOV|de

a proce ‘f"‘btrmé‘én@Er??W §ﬁ°§I Flb?ra? Ct?paFﬁﬁalsUrf&gz? dFanmi T Mro™a FWclic
am ne 35 & dcfBRi 823 Rhesm i a Teeedhpedl oy %Jr%S‘IléeﬁnléP%cr(ﬁ?GﬁPEaW manner .
W have f oebihirhakgepam simolyjiedtsi of sadrivededSdy t he process defined at the
begi nning. 40 The starting materials used in the process of the invention

are prefergdly 4albi, pbatddscaiBRa, tREBHR $haBk NeSndinshhgoseperdlaniaesta (1)
45 H2N'§6}295EQ3H%aikAnes, including HMD to azepan, at 100-250°C over Ni,
Co, Fe or copper catalysts on supports without the use of NHj.

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

35 95% was obtained at an HMD/H, ratio of 1:20, 150°C and a space
velocity of 0.1 over Cu/kieselguhr.

EP-A 372 492 discloses preparing azepan from HMD at 160-260°C in
the presence of water vapor and hydrogen over Pd/Al,;03 in the gas

40 phase at a weight ratio of HMD to water of 20:80 to 99:1. Azepan
yields of 92% were obtained.

Processes for converting cyclic amines, such as azepan, into
cyclic lactams, such as caprolactam, are likewise known.
45



10 1 4 MAR 2003 4 where nis 4, 5, 6 or 7, i.e., 1,4-diam nobutane,

"1, 5-di ami nopent ane, 1, 6-di am nohexane ("hexanet hyl enedi am ne", " HVD%)MARE03
1, 7-di am nohept ane, nost preferably 1, 6-di am nohexane, or m xtures of such
diamines (I). 5 The diam nes nmay bear one or nore substituents on the
-carbon, such as Cl- C6- aIkyI groups, ¢ cIoaIkyI groups, such as cyclopentyl,

cycl ohexyl or cl ohept gro g Pr ef er abl the diam nes are
unsubst i tuf*88°r gﬁ?% sBeipdiﬂ?oHe%sé eafr}(gr7 %ﬁelgyrﬁ ébgi"%?l‘iﬁt‘ &fe comon
know edge. rm@mchmght BXYIRD jundent Pbrcatalysisatoi ehtdis exrrebidangt inn t he

15 presencgieldsa dfekerpgime @thetatatysd aminek, mhowewers ehessate cat al ysts.

The het er ogeaeeith adkakyss Sadj%%@eﬂﬂ.% Foreiiabl Yrédase niqERee sing 20 (a) a
dehydr oggnati ng conponent an acidic and/or anphoteric

conmponen L11) S hyd enatl nent (I1) is a netal
sel ect ed ngfzi‘o?m(t%egé ﬂ?ﬁf §PsFP%g¢?ﬂ"e(§%l°ﬁg, N CYEFICRAmIRg, NP s and
' pr ef er ihe ycarIRPPEREIRG Gis LdansrctamPoPxEdat ien wijth &ohydePReF@xiEe
espeC| al | yifirgime tdresghoeipof anaestil nijoofcafialy€o. aTitk Restoyieidd ures t hereof.
ﬁodCOtWDOneBbI&iﬂdﬁleCGﬂﬁbettﬁféV%Bb@ggQUﬁ5/ Sf%echﬁeﬂyxfﬂdlﬁﬁeﬁédﬁ%nlt Ot(l de .
ydrate p es c r ites o e
met al s e %ﬁf&% e) S\P%f%tr arEl é&ﬁ,ﬁ%ckeﬁ.? Wérll—@l %(;ltgé g%o Sn, Bi, Th,
U or of thén 3% gégc‘isstﬁﬁ‘? "as La and Ce, preferably Si02, gamm- A1203,
Nb-, Ta-, Zr-oxides and also 35 phosphates of La, Nb, Zr, Al and B, or
m xt ur es t Reoeerses fowhoxidizdsg cheliaa:iaiiitnysototﬁme:owﬁpmmﬁ@gc&mct;tc
enhanced byacogma@swnthE@rIIANIcOmpoudLi=ar alekbyribed ganvs-acl 6200 asd
phosphorlscsfmda cHetimhH! | £8 AGio@sQr 158 0y dileC camph tsve 1yl ulEst {1 Hhctd@y The
dehydr ogen @Ogsﬁﬁgltlaagﬁ@%m k1 E08 /(AT Gha A t;a;weported

catal yst, or e rably as a
suppor t ed ‘8%]&"?% i glﬁ%%ﬁ %u%b%r?e%‘trlral aFX?%tJa?{’ |rﬁ(§,?'? terial, such as
C, steatite or alpha-Al1203, preferably an acidic and/or anphoteric
conponent , Thigalso aPHSI%rhyoﬁéﬁt°¥4~¢4§l°ne§péblJeﬂ’dcgﬁosﬁozengaiﬁWAh?QGB Nb- ,
Ta-, Zr20xideketarwthedrsn JdtasplRat ¢3983) L&D 13MB6.Zr, Al and B, or m xtures
thereof 1 4 MAR 2003 5 The m xing ratios of the dehydrogenati ng

conponent fbidovdd,t BE EITRAAGRA! o€! hdd d%rv%l'bﬁﬁghtl.é’ 4 8agI Ly Wt erm nabl e
by a skillg 9% &{Lﬁ:%'}.ogcgpréjégr}%lgg%:&ne %MD O}?ﬁgtﬂfa%'lsp%%ag{ 12neSYEL

roduct rat ans rel | nar
gxperl ment% LRORH: 56#8 %e"t 1t Iaafll %’gl’b"{ a@&ﬁﬁéﬁéhjte (I"%th'e) c‘br?ﬁfc?hp £ (111) Y
are genéFa?‘F?i‘%%%llﬁcﬁh‘él‘feénéérf R EormdggoHKR HU'*"SGaPﬁ?%@"é'ra&bl ¥D&i t hi n
t he range pPaxmial hyd9ogenarits: 85. HMttwr ACY aseédHN cehegpyvecrisse oftt hke
i nventi on, pacthartt agparstion Btigea t®|fractdbne wiodehendspet neudilficatign eat er
than I, pretefétKHvté bP-Brdflcdfs, I 8bt Cetdmpiat @etishflirvaizeginé) pfesehem 3:1 to
25:1, espe&iﬁéic}ﬁlftﬁt@g‘ o L 1%0 Locdde {o‘ia%h@&&‘ When "BYoddant ageousl'y
have 20850cteLiondn hog L llg,a%m G012 ol 5089§411y Eggagl 248, HE hane,

prefera

100: 1, in Wc"ﬁ’%&g F? %vﬁh?ﬁb%bﬂ’st% Rat {P‘ﬁ 51(% PYRS* S0l ar ratl o of
water to diamne-(Il), the | ower the nolar ratio of inert gas to diamne (1)
whi ch can be ised ob®e¢t afs tdenpresént dawentageousipropodsi diprdcesst heri nert
gas whi ch ecawywdrximdden dDighaticealphdHn daa'agtaumartmé)etnhydaogpﬂ,i_d/\/amhef rom
experi eggeat® éj%ty%lﬁésléé\?an?flfneﬁt +&&n P 1999E D i @nanatsfamddime of the
het er ogeneg %ﬁ} ta yst, the nolar ratio of "hydrogen to 25 diamne (I) being
preferably w Fi'n the range from0.01:1 to 10:1, especially within the
range from0.01:1 to 5:1. In this connection it is to be noted that, by

rai sing thée avd fpapdotisft Wpdsogeiedto idi afnaeved PYesPECPEPFSAS de€haedase
of very hyal ogendeigennamdd ve conmponents (I1), especially Ni, Pt or Pd, it
30 is pessible to shift the product ratio of cyclic am ne to cyclic Iactam

in favor ofnd hg0%Ghhom@ABA%1s used in the process of the invention are
preferably aliphatic alpha, omega-diamines of the general formula

(1)

4s
HaN-(CHz)n-NHz ()



The process of the invention can be carried out at from 150 to 600C,
“advant ageously at from 150 to 400C, preferably at from 175 35 to SpQFM
especially at from 180 to 300C, and pressures fromO0.1 to 2 bar, pre e$§@?
fromO0.75 to 1.5 bar, especially 0.9 to 1.1 bar, in a custonmary reactor
sui table for the purpose, such as a fjxed bed reactor or a fluidized bed

reactor. 40 The vvork f roduct tyre ¢ be eff e a
convent i on&tehfafnée, o? eé e &5§ ‘r'ag‘t’?vgr"ﬁmh?fg}?%‘anﬁreie{’ cgﬁ?‘lno'
di still at i RRIISANEThA, ﬁr%ﬁwo@ﬁxme { ‘MesmesRY perRdigad ng " ¢y MR )| a8€am

pr ef er abl yl1 Ab-dH agyiobheptact,amost phefdmbiyl &, 6+dh)aminbhéxdR 203 6 ( CH2 )

Nn-1 NH ( IpMigtureS0ofOs@éh Qilrainpihgge of. such | actanms, together with a cyclic
am ne, pgeferably a cycllc ani ne o% the formula (V) 10 15 (CHZ)n NH (V) or

a mxture f such ,am nes in the fornul ae ninteger
having a v 1gmipesgmay b&‘“?‘m?h%ﬁ mege FHP% ﬁ”&ﬁ‘\"& F(‘? g t he

| act ans (I%C@@Saﬁmf%ﬂ'rﬁékbfﬁegl(mmspylcb’ﬁﬂ?ﬁ%‘ﬁ\@ grogammsm ﬁsol act am')

azi xan- 2- oryec YSpeinpgl | deye hexgl, of vatalioblept ¥ Andyqupsz epanh@lagea .

("caprol ackedferabdFACyké iGaned- &F€ un®bktptefei.abl y caprol actam or
mxture pof such lactans (IV) and in the case of t he am nes (V) azol an

(" pyrro ), azi xan, p| I.di ne} hexanet h | enei m ne"

"HM "), %"bcsb d&&ﬁ‘t‘ﬁﬁ% I% 5? 8% atfl’y té?éﬁ r(aﬁlgf’u?lés SF™fch ani nes
(V). The eA@gF - obt ai ned |n t he process of t he i nvention, as well as

bei ng usef ul for the industrial applications already 30 nentioned, may with
advant age Ascoxaiver tedthentimveheion) reeperdehion aict @ Lef, oytr eéhethbel y by

recycling pidseniceeopr 8crsser@lehbsud 2Alye8, oL SiEGiidkbyes Nof stickt ure with
the correspandiaggal i phatic al pha, onega-diamne (1). 35 The conversion may

wi t h advant age be carried out in the presence of the heterogeneous catal yst
nmenti oned ynder the reaction and process condi t% ons _nmentioned for the

process of TAh&SERTBAETIAPS CRAAPY RS MFelx aRB| RrafeAFPIY  EBRRE SOMBEASARS HWVD

(25~ by weight) was evaporated and passed downwardly at 300C t hrough 100 m
of Ru/ TRO2({)3 andellydertenatairas componer X 10 and cmin | ength, internal
di aneter of reactor 29 mm together with 10 1/h of H2 (100 1/1 of

catal yst~N)p) an acidic and/or amphoteric component (III).

A suitable dehydrogenating component (II) is a metal selected

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

30 Component (III) can be advantageously selected from oxides, oxide
hydrates, silicates, phosphates, heteropolyacids or acidic
zeolites of the metals Mg, Al, B, Ti, 2r, Hf, Vv, Nb, Ta, Mo, W,
Fe, Cr, Ge, 2Zn, Sn, Bi, Th, U or of the lanthanides such as La
and Ce, preferably Si0O;, gamma-Al,0;, Nb-, Ta-, Zr-oxides and also

35 phosphates of La, Nb, 2r, 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 halohydric acids, if desired.

40 The dehydrogenating component (II) 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 material, such as C, steatite or alpha-Al,;0s,
preferably an acidic and/or amphoteric component, such as a

45 component (III), especially SiO,, gamma-Al,0;3, Nb-, Ta-, Zr-oxides
and also phosphates of La, Nb, Zr, Al and B, or mixtures thereof.



1 4 MAR 2003 and 40 1/h of N2 (400 1/1 of catalyst~h) at a | oading of 100
".9/1 of catalyst~h (corresponding to 25 g of HVD per liter per hour).; Bkre7003
ef fl'uent condensed in cold traps was anal yzed by GC and was 5 found to
contain caprolactam corresponding to a selectivity of 50.2% and azepan

» corresponding to a selectivity of 33.4% froma conversion rate of 88.1%
Exanple 2 10 An aqueous sol ution of g500/ ght%x was_ evapor at ed and
passed dowi\RaPdFiNGTarise PR bR HeNYSrReeRRt RPQ‘Q neat fhxtPutBt es, from
0.5 to 1.5asponant eti, arat ceaddlyianderasily dedgamonable hy) at shetlad with
10 1/ h of gé£sphOlcddridinly eat thySde‘éi)re]ﬁrahcﬁldro@dtrageﬂérél.,o&ugbla@f

ggﬁlglexthbﬂg&%mwld}g& a |19 Py 9:5 a8 B?Lahf&f)smimél ef fl uent
Copr ol act AR LALAaLY A bhids ﬁeﬁ“c‘? yﬁ"ﬂii&. g %ﬁ%iggﬁfj heefahe! (o)

cor r espondich§OPBOR %%I‘été IRE§ Hneigl %W FaRee e 550?1 -FExanpl e
3 25 An adge 955§o|man@rxabiymf(lm%iﬁyrm@rﬁr)ow\/QSSe?x%pi)rt@t é8:8hd passed
dovvnvvardly at 300C through 100 m of Ru/Ti02 (3 mmextrudates, fromO0.5 to
1.5 cmin g4t bs lhé'gc?rliﬁalthé|@f@&é¥s Qf t@aC£wen%90Hmaam&ta@ebum§ 80 1/h
of H2 (f9Q }plapfy %g}oa't%sk 9" At gealcQQ 9 %?Eﬁgﬁﬁly in

d t
Condensed 3 h%?ardrmo?)@‘%maeg%aw fé&m&beer daEnt Bk ntai n

capr ol act #FPEEEREEHIFAEMG *Lotd ilectivity of 67.1% and azepan
corresponding to a selectivity of 22.8% froma 35 conversion rate of
59. 6% 40 The react¥orchdixfurd MahiRkvad@3dgdousiie havecesdsed o dapanditairtg a
cyclic 18cfaM 30&h das ¥akir6gan] r&c}b‘ﬁ r achi NEktMandl, | phatdarayPha. a

onega-di ar ri%rsf—&é‘fé E‘o‘% fBQPU QJ l&@.a 9@&' &ty R ﬁirox?r i 1d't%”1166’bi’t ane,
1,5-diamn

pent an
thereof W ?’h \%a aésré in tlﬁe ‘é Eﬁ%?soé’slﬁ ?F}ed‘ﬁﬁ gé‘@ﬁ%’é Blfe d"ﬂ@fef%éle%egﬁs
catal yst PPZi FY SLafingr (fht i thorloNgterne J"AE ZRELRAT drgrphaas to
omega- di afiigaige ebl erwhilhncan ke tusederature within the range from 150 to
600C armkb a het er ogeneous catal yst conprising (a) a dehydrogenating
conponent 1ands(PimIhAg dusarufusafpposeinie cfeﬂfp@m@r&nex(tc)gag hghich

dehydroger&g‘fyl Bg E@éHH)Q%mthé nréeﬂ?u%%t ﬁx&%@f@q}!ﬁ b%alh rpe'wﬂgcﬁ‘ FRSel

sel ected fr gencgr OU% gonﬁ:l st e%fe é on tr N and
Re. 2. The rocess 0 er ei ngﬁexa ChyP Fsoused s

al i phat i ¢ i SRS, % e&Faﬁ? e 43 Y5t af Pe d%ﬁ %Ef'%{?n PPE“I%CI:t am and
azepan #% dipmine ghi meing poepkeratddeydthin hs mam?evxﬁéﬂ?nmon Odmé ¥l ar ratio
of water tlf:lheespeqirdtiycwatipira,thenwgagei Grame .04 : Wi tdidr t-hdnralmge from 3
to 25. 4. cbheeptoeesis dé ebabenrhteshenet n hheadsbydragenatliangraoipatent in
t he het er agRRreges wtdalamhel BI P dBPeRlia3®y enl atiel EQSR tdE v@YQUP consi sting of
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The process of the invention can be carried out at from 150 to
600°C, advantageously at from 150 to 400°C, preferably at from 175
35 to 350°C, especially at from 180 to 300°C, and 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 reactor.

40 The workup of the product mixture can be effected in a
conventional manner, for example extractively and/or preferably
distillatively.

The process of the invention provides a cyclic lactam, preferably
45 a cyclic lactam of the formula (IV)
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or a mixture of such amines,

n in the formulae (IV) and (V) being an integer having a value of
4, 5, 6 or 7; that is, this means in the case of the lactams (IV)

20 azolan-2-one (”2-pyrrolidone”, ”"gamma-butyrolactam”),
azixan-2-one (”"piperidin-2-one”, “valerolactam”), azepan-2-one
("caprolactam”), azacyclooctan-2-one, most preferably
caprolactam, or mixtures of such lactams (IV) and in the case of
the amines (V) azolan ("pyrrolidine”), azixan (”piperidine”),

25 azepan (”hexamethyleneimine”, "HMI”), azacyclooctane, most
preferably azepan, or mixtures of such amines (V).

The amine (V) obtained in the process of the invention, as well
as being useful for the industrial applications already

30 mentioned, may with advantage be converted into the corresponding
lactam (IV), preferably by recycling into the process of the
invention, especially in a mixture with the corresponding
aliphatic alpha, omega-~diamine (I).

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

Examples
40
Example 1

An aqueous solution of HMD (25% by weight) was evaporated and
passed downwardly at 300°C through 100 ml of Ru/TiO; (3 mm

45 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)
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An aqgueous solution of HMD (50% by weight) was evaporated 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)

15 at a loading of 100 g/l of catalysth (corresponding to 50 g of
HMD per liter per hour).

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

20 32.2% and azepan corresponding to a selectivity of 56.3%, from
complete conversion.

Example 3

25 An aqueous solution of HMD (10% by weight) was evaporated and
passed downwardly at 300°C through 100 ml of Ru/TiO; (3 mm
extrudates, from 0.5 to 1.5 cm in length, internal diameter of
reactor 29 mm) together with 80 1/h of H; (B00 1/1 of catalyst'h)
at a loading of 100 g/l of catalyst (corresponding to 10 g of HMD

30 per liter per hour).

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

67.1% and azepan corresponding to a selectivity of 22.8%, from a
35 conversion rate of 59.6%.

40

45
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I $/£é1 1nohe>{za0n]é2,345g7dlamfnc?l?e%‘sé%%gzg%d mixtures thereof with water in
the gas phase in the presence of a heterogeneous catalyst by using a
molar ratio of water to the aliphatic alpha, omega-diamine greater
than 1, a temperature within the range from 150 to 600°C and a

heterogeneous catalyst comprising

(a) a dehydrogenating component and
(b) an acidic and/or amphoteric component,
(c) the dehydrogenating component in the heterogeneous catalyst being

a metal selected from the group consisting of Cu, Ag, Ni, Co, Rh,

Ru, Ir, Os and Re.

2. The process of claim 1, wherein hexamethylenediamine is used as
aliphatic alpha, omega-diamine to obtain caprolactam as cyclic lactam

and azepan as cyclic amine.

3. The process of claim 1, wherein the molar ratio of water to the

aliphatic alpha, omega-diamine is within the range from 3 to 25.

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

consisting of Cu, Co and Ru.

5. The process of claim 1, wherein the cyclic amine obtained as

product is mixed into the aliphatic alpha, omega-diamine.



