" WWe3ej Fj C<4p(6°T. 6 0050/ 49386 y Coproduction of a cROGIAHAhart- R ces
am ne SpeOOBDd&19|3(8|6 5 The present invention éﬁﬁ p. f
coproducing a cyclic lactamand a cyclic am njm ¢ fl nbaz S?'{I p?ratl C

-al pha, omega-di am ne and an aliphatic al pha, anega-am nonitrile with water
in the gas phase in the presence of a heterogeneous 10 catal yst. The

preparation of m xtures conprising an aliphatic al pha, onega-di m\\wm‘\“
al i phati ¢ ebphaduatiegaodna noydlilc lachym patd icglcl by ddmigenat i on of mem
aliphatic al pha, onmega-dinitrile, for 15 exanple the preparation of , s

m Xt ures cgg‘g&iﬂ&% jagxanet hyl enedi am ne and 6-ami nocapronitrile by partial
hydr ogenat i on o I'ponitrile, is comon know edge. The wor kup of such

m xtures“to recover the diamne and the amnonitrile is possible only

t hrough defheyPEffens 1appretmizied ateehe chIPTPESBE r E¥5 COPHOBYEIRT & act anrs,
such as capyolactlkantaar ené nowycdtiar amige rigt eorabstingy arhelmphafiact ure of

i ndustri al ayph&pairietfal-dph@sid Ghdsdahadspiatien al1fNE) | dnedfii-aRSnosirt] 1@s

azepan, ar @Iz.%ds%&'erysi%dtﬁé §4Y ShARdI 2h esnd PreBERPATING RBRLIBGEMIGA! S,
agr oche 5 corrosion inhibitors for nonferrous netals,  vul cani zati on

accel er ants gaﬁyas ingredients of textile assistants and sizes, antistats
and finishes and al so crosslinking agents for resins. GB 1 358 862 (1974)
di scl oses fhe PreRamatiPpnCHimidargfsCPTRAE0Ispacriiridti¢ fIDRR, and nore
hi ghl y nenbeega-dizaciyel eatl kemes iphationalbhary pesgarahimanétrdverbysol i d
hydr ogenat paptcal alydrogehaitidie dfi @ui d1 phiasa cab1phd); MHiGa-binisrirporbed
that pi periedhiis ié"ZlQ{eNg% Br £ 13 Gt miﬁ’&ﬁfbé)fcognb)]@é.% Ehe&%la@ﬁ 1&id-0 about
\”7/ 45) %nX§ 111es aaf;[d 8 1r?ocaipﬁson1trilgt}%yr pfrglﬁRE ﬁ‘% rqgenag:g?glcgj ridone

[ as azepan
(" hexarret hfi‘fiéﬁ‘é?’rﬁ’?i‘é’e' 1 SIRESY KRSV PRGN SEei H°5k\‘z%ﬁfhtsur°8t RHXHTeE 16/ 9
converts aregevEr gvher dRamN’le iand thRl yniromsitatilehes terasridliecanluriduionabf 40
caprol act aﬂaphojnhau:@tfr sppoéciabieutsechixi trdesodrees ne used i s

hexanet lpg enedi am ne ("HVD'), the yield of caprolactamis at 10.7 even

l'ower thancirem alzaea)c% ang,henge ch &opsé%tla%el RAsS rét%'rltXnaerﬁ’éHeVﬁQlEeva
azepan 1 s %VI dgl[l]t lr&’ nu acguré O%ﬁ%gggg%gé g&:ggnt spla%%§§/ g\igcqp

Processes ari,ng azac azepan from
HVD, wit hoB¥1P e‘g dG{‘)H‘ 8F|%ZGF%Pd’t thEea‘P”e e el kﬁ%wl edge . 5
For inst ané@te@@%% 605 RkERATiPESPRHENAHWEEF3L BN AFTOANBNiGR S azepan over
cobal t &%dcoircé&slorcdnhlipsterg Roxt ppefarndbw setahs suppaang zstitén as Si 02,
A1203) in taheepsesaiicanafl aslzijrekdVOntl of kektile dSdisAROEsanfd 1s:22Qesbar- 10

Azepan sel %ﬁtthg{:ééﬁsan% fEHléﬂésat&Wdt a?go @fc%sql}hﬁiﬂ&dad@nttg ngof@fffse
conversions (up to ). By- pro ucts fornmed are predom nantly

bi shexanet hyl enetri am ne_and am nes. According to US-A 3,830, 800, HWD
in a sol velf® $uth® £0%ildR4nk ‘E &S RER /REPPE B YR i é‘§t3m§o’§ﬁfmazepan

sel ect i A% yPefibicaldy yide- |3 doReehigbhs nerbergd pRcxcAgaikangy ofescri bes
HVD corfdemsdiaminesyend medtars oyekrestobifl fhydmpgeeatgicougatehgsss iimgtbe N,
, Fe, M 1i4gid Ghadad a20186-40@°cve conponents, with or w thout supports
such as A1203 or Si 02, i n a hi gh boi l i ng sol vent at 200C wi t h si nul t aneous

cont i nuous i gLi H ded e‘%ﬂd&ﬁ&/é %S/‘& @Hh{;ﬂo’f‘* 0% ?9&@&% 139C

at at nos oare

her| sure
reporte %EPAF 8‘?1'1 4I75'§é:’§ f%mf?fé C(?ﬁt ghﬁ&? VEEnRRHL it |P5r480?n
in an i nerﬁuébﬂ-xféntlnéve?lﬂﬁlrléf’n%m% t¥H-edAswpf HRUNSL BPEr 13 fél?cﬁ°8§s%1203
or Si02, abf8R-150@rst.hénfoommastn ekepin gd-hexaueplaylenaimésebei ng prevent ed
by conti NUGMSh YHIEMBN | DikdwiSead RP&Nwd igh® rheidlof Qb 9ncohvenyse aby
azeot r opi C Hgiosd 'clde%t RQONY 4t HBQ1 y USy 4553 0208n0 76heli,2k 0aesakaniensi ng HVD
by usi nqlfd-llg%p{;@ ah 43 2R (,:']Zi %} gtf gsﬁ 400C over zeolites, |loaded with

ec i

0.3-7~ I'oNs se Pom t e group consi sting of Cu, Pd, M,
N or
When the diamine used is hexamethylenediamine (”HMD”), the vield
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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35 Cr, .in se in a fixed bed or fluidized bed reactor to obtain
azepan in &:aglog?§3%%:round 75~. US-A 470,900 describes the gas phase
condensati on of diam nes to azacycl oal kanes, including HVD to azepan, at
.100- 250C over Ni, 40 Co, Fe or copper catalysts on supports w thout the use
of NH3. An HVMD/H2 ratio of 1:20, 150CZ%nd a space velocity of 0.2 gave
azepan yi elpdece$séX)foaverephydiesghgubioalitanes dnomzéipamingsel suck &35~ was
obt ai ned atazapaiiM¥di® uudt, | witHouk 20e d&Pfodidianspaceyaldlcochtyamd drel over
Cu/ ki esel gBhmof Xxnowladd@50/ 49386 5 3 EP-A 372 492 discl oses preparing
azepan from HVD at 160-260C in the pr esence of water vapor and hydrogen
over Pd/ A1203 in the gas phags t a wei ratio of HVD to ter of 20:80
Lo 00: 1. nI8patngiIes OR-52000,08 GBEGTIRGF TPOCERYTER 100 OF oiibr ARG
cyclic am B@8Pan IRYPrasOoRRepatnd |W@5€éy%ﬁ%lyls§@t &4R8 tYRRC R8s aLaPront act am
are | i kew sepkoovs.sukbcesdEnp,t alePeOminBehe p.ﬂgse(nt@m; By G- BRD/Byr= ol i di ne
can be 10 neactef wdl2s0xygam underpd. catal ysis to obtain pyrrolidone in
yi el ds of 60~; for other cycl i c am nes, however, the sane reaction leads to
an utterl Aconfu5| rod ct.m turg L{éotﬁ‘c%qm 3 deescrlbeg t he
conver si on Sfep%ncyc lgh fie® i it 0P15%t R correspon N A FEHR act am by
oxi dati on WPEAMRL$KR] F(?&EFB?%‘E!‘?—P i(¥Pt K8 HF B RYePEPAUCHRITA™EEn2%%t al yst . The
best yi el dpregemnimardly mﬁhelsdrﬁeg‘-hﬁﬁ@aeS%lqﬂllSles apfl polyamiskesdone from
pyrrolidine), however, are conpletely unsatisfactory for industrial
pr Ofess?es A%@o?&@x@@sb'iﬁfﬁlsf-ﬂw%361'82)'039H1@NCJE§ G @asltl)aslﬁtt@dhhasceiéﬁﬁﬁondl ng
cyclic QiReungds an
t h. C%C%%@ %@6 g‘g ‘Hs % gre c%fr%l %’?g% ﬁnséaﬁlﬁggtgfﬁ%tﬁ%egard
the yi elP aR% 75 Vk?lré PFCT h regard to the 25 workup and disposal of
the mercurial reaction residues. This also applies to the oxidation with
i odosobenz®BeAdescls P38 dasqeiheshédieolMD cgandengatioggvegoretads 30
Processes fselleptépafdong thyCyioup avhaistisycit ad,capr deacMam Agr o alidphat i ¢
al pha, Omega, a8t PR doipbBEnt S HGH t3S o8- R KARARLBPbEES | fachak8 Aljgwbse
known. US- 4,9, 35, 48 vgﬁ‘sﬁé 8% fsB?vﬁx?E‘Vaetr 2l0@Fc JTt@x ThAPCARIRRI trile 35

I I
The spate. ?C a”%%#sdsdlgﬁeimﬁdver SREVRY 00k 100 SPRUBCS € CRPaly KR M of

catal yst/h POEPtAl?L%G 2Y5ALIRFANSTAC PHIAE S AF SR | Yie r@&ﬁ*v’ré??u‘?ﬂd‘ture
ami noni tri Vdelde ¢htup dpcPie arsctraperaed200 to 400C in the presence of
catal yt 25 The starting m xture contains only up to 4~ of amnonitrile. WO- A

96/ 22974 deschi bes3i gy 1CRBYSESE Ad @hebcaift MMGART BBhASHd £ iloRt B CiaND Glnact am
gthorzg?l }SE%%O%Q grsc&lyg%ltw&ié Y o H§X'Av§f‘t‘_}x r 8}8@ g)gé%dégx% bl PESs L?-C;h \é%r%yOOG
di scl oses c&ﬁv%rl n 29f nc?§ rlclsjﬁ%{]rl Il'.18 : foatclé) rg ??8;1 ?EBA}%&%‘SE

the presen®§igf H’é‘f‘é?‘lf&é‘n@&u °Ib%ftnéll°§}§f'¥ rel‘?%’lé‘&t ﬁP?stqiﬁ'é‘d hGe TBfhge from
0.1 to 134 reRcréartmitiye bY zacHrppirhdistillation with H,O.

US-A 3,903,079 discloses condensing HMD by using HMD/NH; = 1:15-30
(1:>2) at 250~-400°C over zeolites, loaded with 0.3-7% of metal
cations selected from the group consisting of Cu, Pd, Mn, Ni or

35 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 NH3. 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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5 1t is anopiogalgs@fe t he present invention to provide a process for
coconverting an aliphatic al pha, onega-di am ne and an ali phatic al pha,
onega-am nonitrile into a cyclic amne and a cyclic lactamin a technically
.sinpl e and econom cal manner. 10 we hayve found that this object is achieved

by the process defined at the beginning. The starting materials used in the
process of EEnd 3w eAtd dAsatesas n3eereiad| d2enanphaeR cHMR fiva 168ne@ACdiani nes
of the gend&hal pfesendea of| yatN YaPle2) andiHRydriogeR0o2&r vittbiAd 203 i iy 4hebSga$ or

7, i.e., lphadéaat nobutighe, rdt o difaaMDOPENaRe, of, H6 fBAHoNObeXxarnkzepan

("hexanet hyl;gnggi 4MdP_" werEMhoaigied, 1, 7- di am nohept ane, nost preferably
1, 6- di amghohexane, or m xtures of such diamnes (1). The di am nes may bear

one or nore_substituents on the carbon, such as Cl-C6-al kyl groups,

cycl oal kyl gPGBHEeS 5h°8§"%’§/'%]t”(9pé’ﬁf:$f‘? PNESHeIYFD 75 AFEPBReptYI° gr oups,
or hal ogenCYPLEF ekaghaps ¢ RBCR| afmcaesobetalhs @St Likewkse ¥povueh di ami nes
and processes for their preparation are common know edge. Useful aliphatic
al pha, onegecasinenido ichefi. f®ér I heopy ogess 3073271 heydrvlaati he@ncad de

P e 20 48880t ot lydr B 6oL £ AT G Lodh ther m
6- am nocaplyéﬁﬁg?i?fe%(a%ACﬁgf %%Har?}é %Tﬁoo%%léfﬁtshoﬁ?j FiT%e, ,%rrrlﬁsfa%? ef erably

6- ani nocaprEAFEFPT eteaGF KPP xR rEEeGLY sGIM Wi o RF PR F e It e - 45

0050/ 49386 5 The am nonitriles may bear one or nore substituents on the

carbon, sudis-as3H340648l Rgbcgimspshecyohwatsddyn gf oalpsyclsiec Amase cirdcopent yl
cycl ohexns toe 6yftsdiRpidihgOt RN 1abthnl WPXidBeebe ALY a hge_r@gm'ﬁmhteri les
Q unsubst;it U&fdpréeﬁlé%hofm& YT i bESe g@rt‘?c@ﬁé?eétoé,&[e gLr preparation
d C.OmmnC)lt(J@Olna d&e i %Rmrr%calslsy ?%/.agl O%l 8'— by eO eir OlIl g‘IXI%UI’ es .
conprising a |am,new?I and: an cam-noni rlﬁe 1 Yf;?;are Phos2" for which n
= mrl. AdvEXTRGEHIDSN x POVEEe TraAd Ca CABP L ES LYt MESBFLSFASTORYt £PFe (11) to
di am ne (| \ngpst¥iah Processes. 00 . 10, preferably of from10 . 90 to 80 .
20, espexially from30 . 70 to 60 . 40. 15 According to the invention, the
reaction i pregessed fdt okildi HEnglgsenecamined kot eroyaa@Eporal & Wsic19e Of
m xtures of;,8ughs Q?éi@gYﬁb%II?g;om%uhﬁé eé@%%?ﬂﬁe&%@'d@&é?ﬂi?@, 9ea3d
preferably gL hoRe ORI, S189 {403 1950YSH odanaLhRg. LOPNRIL 1 LH 1o
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.



“(b) an.aci §ogs/ulsye anphot eri c conponent (1V). 25 A suitable
dehydr ogenating conponent (I111) is a netal selected fromthe group

consisting of Cu, Ag, N, Co, Pd, Pt, Rh, Ru, Ir, Os and Re, preferably
.fromthe group consisting of Cu, Ag, N, Co, Pd, Pt, Rh and Ru, especially
fromthe group consisting of Cu, Co and Ru, or mxtures thereof. 30 ‘
Conponent (D;ng eAnt P 004y dhsAtRIASS [OpNYRr ERY & A BARBROTY 116X L@k hydr at es,
sili cat es, cpbueophctas,ath@keropai8fadndsherprasetice réocheteaogehebhe netal s M,
Al, B, Ti, cétalktsV,THdbcatalydd,1040ihgs £ingeCErodno.Hrvo Bi g &8, U or of
the | ant hani.gdesastifhh &% kat3pyand, Ce, preferably Si 02, gamma-A1203, No-,
Ta-, Zr-qxides and al so phosphates of La, Nb, Zr, Al and B, or m xtures

t hereof, 1n which case the_acidity of these conmpounds can be enhanced by
dopi ng wi t Hor-§ah? o1 8F et ibIRF SSRBF Y RSO SREN € ShBERRYTT CO4ci d,
sul furi c acCgOBVeRY DR PEipRAWS alphdeserean-diemine anchydr adépkating
conponent (albhp, camedre-amiednitrilee ihtona ofydncuasiippoanidc cgtaliysigctfaor
exanpl e as iRageyedhreiRl119" s BagRy @bakbnoRicdl abhahaply as a supported

catal ystyg A useful support material is an inert material, such as C,

steatite or, al pha- A1203, .4 ref er abl n agi.dic d/ gr anphoteric..
conponent , Wéautk:lﬁvgsfa‘ ‘_md?’,i*;&}%g/ g@%%é’b@egﬁnb%n%%\le(?%agy eqbee(ﬁryéf’faﬁs é%%le,ned
gama- A1203t kBe, begglnnipg.oxi des and al so phosphates of La, No, Zr, Al and
B, or mxtures thereof. The m xing ratios of the dehydrogenating conponent
(1'1'1) to timheSstanpimemtateriglainsededdi tye gprbeeasi by et emvenabde dne a
ski |l | ed yepyefcassDf H1Iphheit NEIEIRS| bAgS SRiGini9Bs DAL MR cher§YUCFordfla

duct rat(iIg or catalyst activity, by neans of a few sinple prelimnary

erinments. Suitable weight ratios of conponent (l111) to conponent (IV)
are generally within the range from 10 0.1:99.9 to 50:50, preferably within
the range fromO0.5:99.5 to 3D t is used in the,process of the
i nvention, advantageously ir%%ﬁh@'ﬁ”%gw?o to the sumeq)ot al of diamne (1)
and ammmitrile 15 (I1) of greater than 1, preferably in a nolar ratio of
water to tRmesdnhtod al, af digrine (k) , anfsaniaenbbhtdge (11) of from3 . 1
to 25 . 1, 1£30ahAldholidmb 1, ékdidntonedane O nEEARLIAN ekl LhEndY
advant ageou,rsﬁ%1 ,have ed.to. 1t an inert t#%% sgf s_gf.troge'}g}%‘ﬁ ar gon,
CO or net hahe®” pr &P radF PR ICHHTERSr AF9D TREAP 1Yy F S eRETR A Sral  of
di ani ne (I )°CTafd*arFsomt PRFR 433Mi06F {fdm5 . 1 to 100 . 1, in which case
it is adkBantageous that the higher the nolar ratio of water to the sum
total of diThel déafinesamdyabeaomirter iorembté )suldste thomes drhehepkarb@b, rati o of
inert gas tsachhasseynd;0kaky0fgrdupsi néydlda1apd aréuy)i sukheag! ) which can
be used. |tcycIoBLAY AT | 3NN PIROUSLY PGS DIeohBE, 1AIE HaABEEn gas whi ch
mey be addeg g, LAFy I eqel hennilad Ure L R. s Mydrggen. which from 30
experience to date Yas theteft'ect 6F prolongi ng the onstreamtinme of the
het er oge"ffbous catalyst, the nolar ratio of hydrogen to diamne (1) being
Ef er abl y SHchhihanines angePFeenfs®@s0fol theilp rrepaspekimiarg GPRAPH t he
range fromkho®ledgéo 5:1. In this connection it is to be noted that, by
raising the nolar ratio of 35 hydrogen to diamne (I) especially in the

case of verjhydlr QUENAiONaBEhd V OreQARAREN Sitllilbs BENIRS phloce&d & Pd, it
| S poss'il.{echteoiﬁpésiéiénh%rerggl R kR0 & %{h;?gggﬁm%rgaﬁt L ey GL! frdactamin

favor of the cyclrcamnée. € Process o i‘on"~can be carried
out advant ageously at from 200 to 600C, preferably at from 240 to 350C and

at pressures fromO0.1to 2 b ferahly from0.75 tq,.1.5 bar, especially
0.9to 1.1 bar, in a custona%NFZg@?)@r"a@ﬂitabl e for th I)pur pose, such as a

fixed bed reactor or a fluidized bed 45 reactor. 0050/ 49386
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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7 The. wor Kigps /4d¥s@r oduct mi xture can be effected in a conventional
manner, for exanple extractively and/or preferably distillatively. 5 The
process of the invention sinultaneously provides a cyclic |actam

.preferably a cyclic lactam of the forr&:la (vVa) or (Vb) 10 ( CH2 ) n-1 NH (
Va ) G~ 15 (CHZ)m NH (Vb) 20 or a mxture of such |lactans, together with a

cyclic am ride f}méfl%ﬁnafm:ylea BO¥| bRary AnReOBf MXR SUbBhEFAERNA HP &he( VI b)

(CH2) n NH (cdir®pn25s@th 'asNg: (G-l kyCHRY omds .38 yoloalky X taroepef sumth a@mi nes, n
in the formylcaepéveyl angcl¥haxybaimgyaloh8pegergrionps) 4ot taloged. m i n the

formul ae (\fpkeraRdb{y) Dnd@nifoRlt#iNleBIg e f i AMLEtiQubeq40 Particul arly
preferred;l actams (Va) are those in which n has a value 4, 5 6 or 7,

especi al I'y 6 and IaCIa Vb) .those in which mhas a value of 3, 4, 5 or
6; that is,SUghoPRiRONYTL eg 3B RTAGEISRE" LOF JRTE- BEERRAHO aAFF, common

azi xan- 2- od@wlsfiﬁ‘érﬁltﬁ foprgretally, Avaidphte ant' ), azepan- 2- one
("caprolactant) 45 and azacycl ooctan-2-one, nost preferably caprolactam or
m Xt ures ofpx%&@hréa%m:(evaazoms(l\h) a difRby 4&385nd§’adxt issdihankyr pref erred
\(/?Lgia?rfe 1 yI grQrt}Yosé’"‘zyo?chwmmsn a marhgeA&Jar( ag}éthQlﬁﬂl\}ﬂﬁe)sahgth@ e5| ]
whi ch n had®. aé‘séag} qta a%pmohltrlle ztllf V? cj:ltaﬁnlne (f?égf ﬁ)og é 65?%:

azol an n (Y pet mwee%eraé?}@pa £5q0 1P an%l a"z‘h&%l 068t a‘??é’ecﬁ‘ééf‘ypf’é‘?"érabl y

such ami nes30(VI ay s@dbq vl ¥P. On using starting conmpounds where n = m#l,
which is preferred, the lactams (Va) and (Vb) are advantageously identi cal,

as are 1fs tpt&o&amg&& M) iaen€d) théheeadt it (kViaPPidad R LA the
mcess of ﬁ&%ehegegf'aprhet@§o§5xlnéo@s ek Rgs USKf ng R@.&t&% Ig3dugLh i @l

| i cations allre dy nmentione may be converted into t correspondi ng
| actam (V), afg}g erably by recycling it into the process of the
i nvention, especially in a mxture with corresponding aliphatic al pha,
onega- di aniThe hpjerpgengaushgatelygshasedndip-ruaiesably i thoseTkemenhsarsi on
may wi t h2@dvant age be carried out in the presence 20 of the heterogeneous

cat al yst nep) ene@nhyadegerddig ngeasmpsrierand iprocgss conditions nentioned for
the process of the invention. Exanple 25 An aqueous sol ution conprising 50~

by wei htof ureof |nam)lar oof19.1vvas
vgpori ged a d passeédﬁc v mglt‘%%’ﬁ 1-10(8t " of Cu/ A1203 (3 mm
extrudates from0.5 to 1.5 cmln | engt h, |nternal di anmeter of reactor 29
m) toge?her swiithble dghydsbgappatirgn CPI“POWn'@:a(tIéEIIystLﬁm ratad lsedecved of 30
100 g/ 1 of fomtrakyret groy @onespoinl rf Ca, 58gg Nif, Coe BAMEint &h, oRu HMX ,and
ACN per |it®y apar REPUSDefetas1¢f f1dieheCgReep sathsiiBteng ot IS ayasyanal yzed
by GC and fQn@qt 0p€LONiRIRaCRR! A &AM §QT EAHPAN BIohP Sr28ls@thiVédy 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, Vv, Nb, Ta, Mo, W,
Fe, Cr, Ge, Zn, Sn, Bi, Th, U or of the lanthanides such as La
35 and Ce, preferably S$i0,, 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 material, such as C, steatite or alpha-Al,0,,
45 preferably an acidic and/or amphoteric component, such as a
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total of t%g%??%??isgsg materials, fromconversions of 91.2 for HVD and 93.9
for ACN. 40 45 0050/ 49386 9 W claim 1. The process for coproducing a
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onega-amn gl_gglfe to al’Tphatic al pha, 25 onega- lamne is wthin the range
from5 . 95°t6°90 . 10. 6. The process of any of clains 1 to 5, wherein the
tenperature is within the range from 200 to 600C. 30 7. The process of any
of clains Water6is wradeiln the proacessgeficthss inyeakjer, casvantsgeoysdy an
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The reaction mixture may advantageously have added to it an inert

20 gas, such as nitrogen, argon, 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.



-in the. het catalyst is a netal selected fromthe group consisting
of Cu, Co gﬁ’ga%%%?%lo. The process of any of clains 1 to 9, wherein the
cyclic am ne obtained as product is recycled into a process as clained in
.any of clainms 1 to 9. 10 15 20 25 30 35 40 45
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20 or a mixture of such lactams, together with a cyclic amine,
preferably a cyclic amine of the formula (VIa) or (VIb)

(VIa)
25

30 I 1}
(CHz )me1 NH (VIb)

. L )

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 azacyclooctan-2-one, most preferably caprolactam, or mixtures
of such lactams (Va) and (Vb).
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zepan, xtures o such amines (VIa) and (VIb).

On using starting compounds where n = m+l, which is preferred,
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/1 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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respectlvely, to obtain aZepan as the cycllc amine and
caprolactam as the cyclic lactam.

15 3. The process of claim 1 or 2, wherein the molar ratio of water
. to the sum total of aliphatic alpha, omega-diamine and
aliphatic alpha, omega-aminonitrile is greater than 1.

4. The process of claim 3, wherein the molar ratio of water to
20 the sum total of aliphatic alpha, omega-diamine and aliphatic
alpha, omega-aminonitrile is within the range from 3 to 25.

5. The process of any of claims 1 to 4, wherein the molar ratio
of aliphatic alpha, omega-aminonitrile to aliphatic alpha,

25 omega-diamine is within the range from 5 : 95 to 90 : 10.

6. The process of any of claims 1 to 5, wherein the temperature
is within the range from 200 to 600°C.

30 7. The process of any of claims 1 to 6, wherein the
‘ heterogeneous catalyst comprises

(a) a dehydrogenating component and
35 (b) an acidic and/or amphoteric component.
8. The process of claim 7, wherein the dehydrogenating component
in the heterogeneous catalyst is a metal selected from the

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

45
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