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Technical Field 5 The present invention relates to a process for the

pr epar at ivomoof7068 am nocapr oam de. The 6-am nocaproamn de PeT/WwSef09bsit 0
produce caprolactam which in turn is useful to produce nylon 6.
Background Art 10 6- Ami nocaproam de is a useful internediate that is
suitable for the nanufacturlng of ddpkBl actam U.S. Patent No. 4,119, 665

di scl oses a proces gﬁ%}ﬂgl No\ ﬁltl am de by the
reaction of ethyl- ? cyanova er ate 'w 6ammnpg—‘fﬁ‘6m§tjﬁcée)

5-cyanoval eram de, which is then hydrogenated in the presence of anmmonia
and a supported cobalt and/or ni C'E"BF %tl%eyst to produce the 6 15

am nocaproam de. Wile the proces [dpat ent No. 4,199, 665 provides
good gields ofpbp @gen@maﬁmmt@sto'at r6@8s R kY SpAraaoPYr §-ne generation of
one nol e of ethano per nole of product. Ethanol handllng i ncreases the
process capinscdmoamidst Fhe brapzinoeptoantide geyeful togrodicsaaprotestangtveiich | i mi t's
t he process far t%ﬁ manucjﬂactu ng of 6- am nocaproam de to the use of a
suppor t edBELF ESeHbiP o C8w¥°n At al yst obtained by a 20 specific process.
The catal yst is made by cal ci ni ng together an appropriate cobalt and/or
ni ckel- salt and an A12(OH) 16CO3 support, thereby formng a solid catal yst
whi ch has cobalt and/or nickel dlBschgI@umtadm hroughout it, not just on the

surf age of the6A§H1BQg%x?@d9&9¥&§ﬁﬂlﬁ£nﬁ t@MQHﬁﬁﬁﬂ%&Eﬁﬂtﬁé cyanocar boxyl i c

acid amdes to pro e correspondl ng am nocar boxylrc acid am des in
t he presemasufattuting ofigupocindten. [RSnl%a;emH\tokéjlleﬁﬁald;sstoseSa presessiftrettie i n

Chem sche Berj cht.e 9 2619 195 reacti pn, of _the bllca on occurs
T h o ovEHBMBgIRS bf St RarPHamedYaTe shon bR e OB BRLC b opi o
provi des amiHoaRab prdtute chyﬁmiérﬁﬁld@n\gh@{% #flén h ftﬁog'é?ﬁtéafm thd¥esence

cancer - suspect agent di oxane, woul desirab A process for the

pr epar at i ofanuhonia and aeopgmrtndmbalemorand@pcmlaetttarprthde the capr ol act am
N R e T
yi el d of Gields of 6-aminocaproamide, it can be hindered by the generation of one mole of
ethanol per mole of product. Ethanol handling increases the process costs for waste
treatment or recycling. Also, the patent limits the process for the manufacturing of 6-
aminocaproamide to the use of a supported cobalt and/or nickel catalyst obtained by a
20  specific process. The catalyst is made by calcining together an appropriate cobalt
and/or nickel salt and an Al,(OH);¢CO; support, thereby forming a solid catalyst
which has cobalt and/or nickel distributed throughout it, not just on the surface of the
support.
A process for the hydrogenation of cyanocarboxylic acid amides to produee
25  the corresponding aminocarboxylic acid amides in the presence of an unpromoted
Raney® nickel catalyst is described in Chemische Berichte 92,2619 (1959). The
reaction of the publication occurs in a dioxane solvent and in the presence of
ammonia. A process, which provides a higher rate of reaction and avoids the use of
the cancer-euspect agent, dioxane, would be desirable. |
30 A process for the preparation of an aqueous mixture of e-caprolactam and e-
caprolactam precursors, including 6-aminocaproamide is disclosed in published

international application WO 9835938. A process that provides a higher yield of 6-



WO 01/ 77068 PCT/ US01/ 09951 am nocaproam de woul d be desirable from an

i ndustrial point of viewto sinplify purification and provide | ower
anounts ofowastwes Di scl osure of Invention 5 There is a nerpdrasoi/avpsiove and
overcone deficiencies of the prior processes of preparing

6- am nocapr pam de such as_the geperation of ethanol as a byproduct, a |ow
rate of r&FOcERToap ‘Yf&’idg? g‘éﬁ“&ﬁ'&r’f@,m an pespnepaiaipivaenstq Hmplifind hi gh
amount s ofyrifi@SbE and ProdfeAhHBNGRoMt bF digse needs, there is provided
according to the present 10 invention a process for the production of

6- am nocaproam de conprising reacting 5- cyanoval eram de with hydrogen in
the presence of a netal catal yf?t zel ect ?d froom supported netal catalysts,
sponge metal catalysts, honogeRsOSBEAIPEEON 2nd [ educed metal oxi de,

hydr oxg de, or ‘I‘Hér@@sﬂ@h&dqathﬁgﬁtﬁ/%%ndW&E&h@déﬁci%r{é fs(b?fttl?é PSIr précedsedoppor ted
an

nmetal catalyst conprising cobalt or nickel, i he 'support 1s cal cined,

it is cal PicRadngGamétasaproamisici suah pothe genarpeomefeitisinobas abyrabduct,Adowr di ng to
t he prese i i O [S..a - QY| p e furthe conpri si ng
react| ng. o GEHhe e s 08 Bkl SR A LB ARERES welWAd8E ) ner 21 ng

t he caprolvasttamto forma pol yam de. Furthernore, there is provided 6-

am nocapr oam de, capyrol acta and pogyam' de produced according to the

processes 20 i acpﬂ@amee@%&%%%‘ﬁ t_ fre isrprayide accoreiae e BgingesENt process
for tfie PLREMESH PProbdss FortliE PFHH@A%&%‘P @%ﬁfnﬁ%proﬁﬂﬁ% _cﬂﬁﬁyﬁgﬁé %a%iiﬂ%@pl 1

conprising reactihg cyanoval eram de wt rogen in presence of a
met al cat eyapsvalerammdérerth bpfregersin the pteseres of amttta damtytsaspdectaf frome | nventi on

wi Il becone 5,a rent fromthe tai,l ed . description,that foll ows.
Vode( sy BIPPeAFs GRS COBb S HoPRR AT SRS HSPBEEros AL 87 BBt Ges o
process f pletal BRIdEI 1BWHSid) Br B4rbOnat@BAtAIPSHARYIRRETH GEthB ¥athBaCTk aQpSirted
5-cyanoval eram de with hydrogen in the presence of 30 a netal catalyst,

and opt i omgtal gatplystcompgising cobply enpicke, @dahthesnpparhistealcingd, this eleingdhed by
proc es i . r | e, 5-cyanoval eram de nay be obtained
by r gl;?:t i %%g%%gg%%ﬁﬁfﬁ%%cﬁtoﬁ%m%ﬁ%r in the presence of a supported
copper According to the present invention, there is also provided a process further

comprising reacting the 6-aminocaproamide to produce caprolactam, and

polymerizing the caprolactam to form a polyamide. Furthermore, there is provided 6-

aminocaproamide, caprolactam, and polyamide produced according to the processes
20  of the present invention.

There is also provided a process for the production of 6-aminocaproamide that
does not form ethanol, comprising reacting cyanovaleramide with hydrogen in the
presence of a metal catalyst.

Further objects, features, and advantages of the invention will become

25  apparent from the detailed description that follows.

Mode(s) for Carrying Out the Invention
The present invention provides a process for the production of 6-
aminocaproamide by reaction of 5-cyanovaleramide with hydrogen in the presence of
30 ametal catalyst, and optionally in a liquid solvent. 5-Cyanovaleramide may be
obtained by processes known in the art. For example, 5-cyanovaleramide may be
obtained by reaction of adiponitrile with water in the presence of a supported copper
catalyst. See, for example, U.S. Patent No. 5,347,033. 5-Cyanovaleramide can also

be made by the reaction of cyanovalerate with ammonia in the presence of an alcohol,
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catal yst. See, for exanple, U S. Patent No. 5,347,033. 5-Cyanoval eram de
can also be nade by the reaction of cyanovalerate wwth ammonia in the
presence vob ormroes cohol , 2 WD 01/ 77068 PCT/ US01/ 09951 byramuseioloydi s of
nylon 6,6, and by enzymatic process. See, for exanple, U S. Patent Nos.
5,302,756, 5,728,556, EP 178106B 1, and EP 576976 rgspectiv . Unlike
U.S. Pat et amgonolysis of gygn 6% 2 D ERZYAUE PEOLESS- 175° aawlﬁﬁjé-}é-

5-Cyanovg¢£&ﬁmﬂd§.€5 ¥2,856,B1 28838, Ehats il hid EP 586906 RERAtedly amake! . such

as et han 5 Metal catalysts useful in the present i nvention can be of
many typed.S. Phient Nat4l 185665, & isisetchecessany tapoduce thefSeeanoealeramidet byl ze t he

reaction. For ex | .. sponge ., netal catal ysts onbgenous catal ysts,
reduced nPY Ss%?%uﬁﬁwég@fiugﬁﬁf%oﬁ&ﬂ& %eettﬂmnogxi de catal ysts may be
used. sAl so, suRRe taslysEusfulialih pbént MREnhieh et of thy tefdsl Vienet al can be
selected from for exanple, iron, ruthenium rhodiu iridium 10

pal | adi unsatalyist iphsed imampmeupsiiecior osptalyze dhrareastione Fog 8XHNRI8LSPORES al so be
used if th . Lak. . exanpl e, that
e BT R R R RefleaHRBA b BBLARN R anBHNEA TP P ) S

Pat ent Nometh] d:dide 64&blysts taydel usediaAisonsuppontet metal caalyste mnagdienged.n€heobal t or

nickel. It js advant ggecius ‘{ﬁ first calcine th sug}g%, sa .Ehat the active
metal is Ve meta gan ¢ eelente ems SERMPIEaiten. Futhenu WO M eadi |y

avai | gpl epfipafiat ahd pEathif. 'RBEsHI eobINBhEHRKE calahBsEmaPals®be (B Wast e of
active tal since’'it is avallable on the surface for use. Also, if a

pr ef or medthsy pprordded & aprefrmed lsapporcaaterial. for examplesthatds, ibthesappartise si ze.

Mo . ] . i.cal | f d , Si
A singl e el GRtagea e rebREar U et LR M eardRRgy 01 e

desired sgQugepritriahsdif@heRObaS 6fnickels B gévantigabustagirarakiieaheed
"skel eton" or "sponge-l1ke" structure of netal, with djssolved al um num

and/ Fr si support, scethat thpestivieanstyl is onthe swsfape ohtbe syrportrand hene demptst a
t 1 ) | i h ' :
cat a f . ,Sregﬁ%y \;/aZIr?aBl;égﬁ tc%h@%? ﬁllérrgfc(fl{t?)ﬂ ﬂéﬁ%eﬂﬁ%&g ?not ArPRE @é@fl%’ S

radi c es In e pores. escription of sponge netal
cat al yst smand sinbeitlis prafipile ahitlsut e fue WbauAbbol i a p2&otihedSsuppatt éngsehp.

1,628, 190. Preferred sponge tal s include nickel, cobalt, iron, ruthenium
- hodi um  therq i R QORP LA PasiRle pEat MATRAYCrFbaa b AGenaribally PRl

pronoted fy £PYefdPned support, since a single support can be used to support numerous
active metals.

20 Any desired sponge metals can be used. A sponge metal has an extended
"skeleton" or "sponge-like" structure of metal, with dissolved aluminum and/or silicon
and optionally contains promoters. The sponge metal catalysts may also contain
surface hydrous oxides, adsorbed hydrous radicals, and hydrogen bubbles in the
pores. A description of sponge metal catalysts and their preparation can be found in

25 U.S. Patent No. 1,628,190.

Preferred sponge metals include nickel, cobalt, iron, ruthenium, rhodium,
iridium, palladium, and platinum. The sponge metal may be promoted by one or
more promoters selected from the group of Group IA (lithium, sodium, and
potassium), IB (copper, silver, and gold), IVB (titanium and zirconium), VB

30 (vanadium), VIB (chromium, molybdenum, and tungsten), VIIB (manganese,
rhenium), and VIII (iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,
iridium, and platinum) metals. The promoter can be used in an amount useful to give

desired results. For example, the amount of promoter may be any amount less than



nore pronoters selected fromthe group of Goup IA (lithium sodium and
potassium, |IB (copper, silver, and gold), VB (titaniumand zirconium, VB
30 (vanadwanm)/7708 B (chrom um nol ybdenum and tungsten), RCT/BS¢umapgianese,
rhenium, and VIIl (iron, cobalt, nickel, ruthenium rhodium palladium

osm um ridi and num rret al The be used in an
anount us@lomléj%&i”\)\‘?lg%ég HO’F%?srBPtngr 1& tﬂ]ﬁ‘ﬁ’%‘“ lt%%b » of pronoter

may be a%oﬁ'ﬂ%&aﬂlf?%oﬁ%ad}@elm 01/ 77068 PCT/ US01/ 09951 about 100% by
wei ght of t sponge netal,” preferably 0 to about Q;)LO% by wei ght, nore

%r ef ezag)l y 1 t&ptﬁiﬁemyckﬂb@rgpon&mbl glél(aistbmwrofrsb I@p@mgeatalfwa) are(al so knovvnkais
aney(r) ca t e partjicyar Ui t as _cata ge ni cke
cat al yst sP ?‘Hlé? ‘%ﬁ‘haﬁ R‘ig{yﬁg Qﬂagéllg(’léqlﬁgﬁ hatﬁ]co?tﬁgnp ?ICIFﬁ e f or m of
net al 15 ¢ glmivuithe RbteiinAhe TR dieﬁetalﬁé aRImifiA Wfiinoxtides or Smal | armount s

of other nmetals in el errentaéﬁ; in chemcally bound form such as iron
and/ or chaleminym hydipxides. a¥m ameurttrr.ef @tbérn‘@étalﬁll@ Rlsmeptiry prigrchgmicallpe

activity @g{%ﬁggﬁ%wg& p;o,[)a{d/m < Qe fo thE eﬁ(ﬂfg@n iQHRs of

conpounds nent 1 oned ove ese ai s ar y called
pr onot er sinci@santhe laetitityeandatlabtysty ﬁost}maiyldmgepatmmtfedn&pcgng@srmrf ckel. It is

particularly preferred to and/ I ron. pr t ed sponge ni ckel
as a cat a?%ﬁoung oftgBreatipnadia %8}5‘? gﬁl‘i?gla dgaete@ﬁf%ﬁl%a%f&fﬁ{%MIaﬂﬁf%y contain
Pr OMOLT Syhilf f}ﬁfc%fali}%glsnﬂ’aﬁéﬁ)ﬁx%hﬁt&f $oRpckidkelands 95&&1@%#1??@1"@1%@%@%@' e, in
amounts of abou by weight based on the wei ght of e catalyst. 15

Exanpl es diromponged/oetren pmat(md/mogg‘t nigkelas e Cgial}'ls'abl e include the nickel

type Degussa-Hul s G,ace ctivated
VoL al s(r) A apreeskblrndls fle o SRR IR 0 cSdler BP0 e

Met al s(r) pR&Q}A, prEetessae niditbisdnd)chBrM¥m? :Edraa&ampré W SoGtasabioanzy 2724. As
ment i oned above, another useful type of netal catalyst is the supported 20

et al cathy@tgéltb?ﬁeéQmﬂ@ﬁW@ahtrﬁftth‘FC%&lﬁ’ﬁ} yst is a netal catalyst on a solid
Suppofsf . Any %lg?ﬁﬂp\éﬁ R egalge at Qre%ﬁft%l¥§dcﬂﬁ1 ﬁlfcf(aqg g€ anounts.

Preferred rreta cat al yst |ncueruth I um
ni ckel , cDnghs‘sa—Hmﬁ’rBLmndiWJ,rW R. rGﬂcmRaneyBéZMD@,mndmctmmddMaals Am

Especi al XO(P . eIsteerﬁEl%gorllgse croggl? gzﬁélll)]'gt]s 1nch? ee étﬁ%te%l?\/lelatglsé BQ&% tDegussa
Huls® BLMX 2113Z and W.R. Grace Raney® 2724.
As mentioned above, another useful type of metal catalyst is the supported
20  metal catalysts. A supported metal catalyst is a metal catalyst on a solid support. Any
such catalyst may be used in catalytically effective amounts. Preferred metals in the
supported metal catalyst include ruthenium, nickel, cobalt, iron, rhodium, iridium,
palladium, and platinum. Especially preferred is ruthenium. Preferred solid supports
include titanium dioxide, porous aluminum oxide, silicon dioxide, aluminum siliciate,
25  lanthanum oxide, zirconium dioxide, magnesium oxide, zinc oxide, zeolites, and
activated charcoal. Particularly preferred solid supports are titanium dioxide, porous
aluminum oxide, silicon dioxide, zirconium dioxide, and activated charcoal.
Especially useful supported metal catalysts are supported ruthenium catalysts, for
example, ruthenium on titanium dioxide. Also, it is acceptable to use a mixture of
30  more than one support and/or more than one catalyst element.
The supported catalysts can be prepared by a variety of ways known in the art.
Preferably, a preformed (e.g., already calcined) support is used. For example, if the
support material is a solid oxide such as titania, alumina, silica, zirconia and others,

the support material would preferably be calcined before application of the metallic
4



i ncl ude titani um di oxi de, porous al um num oxi de, silicon dioxide, alum num

siliciate, 25 | ant hanum oxi de, zirconium di oxi de, nagnesi um oxi de, zinc

oxi de, zewbot/emes and activated charcoal. Particularly pre¢eusadsslid

supports are titanium di oxi de, porous alum num oxide, silicon dioxide,

zi rconi um di oxi de, and acti vated chzrcoal .. Esgqeci al ly useful sufpported
1819 &0

, y
netal cat SAMRANENEGHO Bparbenaterigh Jh themetat Itor nigkel, thgghaieesot 1 ut heni um
on titani LLOX] ki d | f, 30 nore
than one STAp T bRl Hise WhigrniGERpR I uliig Baftitl heh &a 0V e
cat al yst saleady balcinedpaided by a variety of ways known in the art.

Preferably, a prefornmed . g.,.,already cal cined) su ret i sed, For
exanpl o, 11 ¢ nBAY SR rstisy b8 pRRSmER] i Sieoad <R Bk vses Ve

al um ma, SklhbARareXinb®ATh thetd Old¥aESod ifvdBres ‘d?;ﬂ?fn"g A RLRIh I syt d
preferably be cal ci ned before application of e netallic 4 WO 01/77068

PCT/ US01/ @99&to the suimerte Aryingnthe sepperts aibden reducingithg salt dr oxide. rfgtagheri s cobal t
or nickel . ' . C lLyst:.. LS. rapl i ch_enploy a
pref or med™ %‘F&‘ggé‘?‘?’%%? gﬁl&g}gﬁa%a&éﬁactéssé%l@glﬁ@g déécao |§§ddw(?>% & Any met hod

of pl aci ngtdlhgcatigtastiysspeoies.aSuiibleosabis ppdude rirdte shlarkiefacets @acétyl, 5 net hods
are known in the ai)t. One t hod i nvaol ves applying a solufion of salt or
oxi de to 3KENiEnFR 9?5y1%tma?%nyh%r hydgige cemplexes iR oF ase PhgrawrdAsal t or

oxi de.g An og 4 Oq; ty i iy thermal |
decoerrlé)os e@fﬂ{ﬁg{nf géar%nﬁlg’ Q%:daéb E%Waﬁog"g%ét}i Svlgleg’%gg iggfg@’ Vslit]?isﬁcagl elmshél ts incl ﬁde
nitrate, mblybdenien, addurgsten), 3088 yinangaacet deatum), aad VOX (irat, eobatar bonyl  or
hydri de conpl exes of ope,.or .of Goup lA. 10 (Lithiu odi um and
ot s uryheksl Ehea e Rodfin, Blladiudy o, HGRER bH AR RRE b tenum and
tungsten) AdM'tibﬁal(ﬂ%ﬁlﬁ@ﬁléﬁg{, active et candbtchpilibd told §1%Bort ®oRapdr, nickel,

adi

rut heni um rhodi um pal um osmum iridium and platinum elenents.
Addi t i onadleppsitioatoa by flamgispsayacti ve netal s can be applied to a support by

gonard 1y appl ¢ SlsPEe s ERRAM Bl PBhR bh ok BB OTRT,

wei ght  of aidue 90 peenthyppsglited tieaoal ygiportpd ehtalysh pieferablaaoatioud03 tbo  about
50% by wei ght, nore preferably 2 to 25% by weight. Honpbgenous catal ysts are

anot her Lt POYyyeveightyior Preferably 3do 23isrygusishts
Homogenous catalysts are another useful type of metal catalyst. Homogenous
catalysts are soluble metal compounds incorporating one or a combination of a metal
20  such as rhodium, ruthenium, cobalt, nickel, iron, palladium, or platinum, and a
hydrocarbon containing ligand which may also contain an atom bonded to the metal
atom such as phosphorus, nitrogen, oxygen, carbon, and sulfur.
Another useful type of catalyst is the reduced version of a metal oxide,
hydroxide, or carbonate. Such catalysts have an extended skeleton-like metallic
25  structure similar to sponge metal catalysts. However, unlike sponge metal catalysts,
these catalysts do not necessarily contain dissolved aluminum or silicon. These
catalysts can be prepared by the reduction of bulk metal oxides such as iron oxide or
cobalt oxide. The bulk metal oxides may also be prepared as a mixture of metal
oxides, or as something other than metal oxides such as carbonates and/or hydroxides
30 optionally mixed with oxides of metals. Preferred oxides, carbonates and/or
hydroxides of metals for reduction include one or more of iron, cobalt, nickel,
ruthenium, rhodium, palladium, osmium, iridium, platinum, chromium, molybdenum,
tungsten, manganese, vanadium, titanium, zirconium, aluminum, silicon, lithium,

sodium, potassium, magnesium, calcium, or barium. See WO 98/04515 and U.S.
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catal ysts are soluble nmetal conpounds incorporating one or a conbination of
a netal 20 such as rhodium ruthenium cobalt, nickel, iron, palladium or
pl at i numwand7mehydr ocar bon contai ning |igand whi ch may abPeDUs@naiin an
atom bonded to the nmetal atom such as phosphorus, nitrogen, oxygen,
carbon, and sulfur Anot her useful type of catalyst is the reduced version
of a net aPatgiNe 6.0y f5exi de, or carbonate. Such catal ysts have an extended

siel et on-|i ke #5L fiblon GFs SHEUGHEG 8] Fdh faloRe? BANRS,IRHAL) SEKD! V5L .

However, unli ke sponge ne 0 no necessarily
cont ai n ddsied vemperhturd andmressurei [Floc evrampTé;estetal patsairtysf abouad.7he apsiepar ed by

but k. et at® Shalaboitafoe 5w S00f B pricaty aomg: Dot hed 305 kplios. or as
somet h§j ng3@ ﬁ%ohhmorp%t)alno%réf%&bw@m@% PR P8R 1851080 P5i§ bar W Ryl des 30

optionally mxed wth oxides of netals. Preferred oxides, carbonates and/or
hydr oxi deHydfogem pressuré oan beghout $&to dhouot 409 pshéabout (WD teeabwiut 28 dFPa)cobal t

ke PSR P SR 22 SR con ur

al um num 1 itb 5QONIPal(23hiolTB0 psHOdhel Mol @htas 6f hrodBAGH S Uydidvatdhides oOf
barium See WD 98/ 04515 and U.'S.. 5 WO 01/ 77068 PCT/ US01/09951 Patent No.
6, 005, 145typigaly eaual e engisrtesthay abriy A le PERIPTEBLYGDERE T 0 Bhpsh2@Qih Bereper f or med

at a k benpefgatur € and pressure. For exanple, a total pressure of
abou?M)O 7&% errgcg% B z?%h}Pa (about 100 to about 5000 psi), preferably about

2.1 to about 1Reébtivﬁaex(11ad:mtmte &n3eabout 4o ubodt20° @ girgferatbyr #bopt 26 &r ably 3. 4

to 6.8 MPg (500 to 1000 JMsed. Hydrogen pressure can be about
50 to abo Oﬂlﬁgg%cggiorﬁﬁ’ﬁ? glb%g EE% out 28 MPa), preferably about 0.7 to

about 6.8 MPa {TabalsbtidPR p&éfe@gﬁ%n%tﬂ?ﬂk BRnee Bf sferably 1.7 to 5.2 MPa
(250 to 750 psi). The nolar ratio of hydrogen to 5-cyanoval eramde is

typi cal | y equaBolventsmayrbsatsed, buham nabugeessaryl, Apy éefsacdibd)lyelat@ambe 2sed t o about
200: 11, Ok AR 5T 8P b e R PR a0 B, 0V
120C. Theh¢aefohi @8 rédetibh.cPRf@RdsobanfsiiRdudddmindnia R embsaANwEteRlandi I .
mixtures. Most preferred is ammonia. It is also useful to not use a solvent, thereby
reducing costs. But, it is likely that the yield without solvent would be reduced.
Typically a mole ratio of about 1:1 to about 100:1 of solvent to 5-
20  cyanovaleramide can be used, preferably about 5:1 to about 40:1, more preferably
10:1 to 20:1. Other solvents, in addition to or in the alternative to the above
mentioned solvents, may be used. These include alcohols, esters, hydrocarbons,
tetrahydrofuran (THF), dioxane, and ammonium hydroxide. Of these additional
solvents, lower alcohols such as methanol and ethanol are preferred. But, unlike some
25  prior art methods, dioxane is not essential in the present method and need not be used.
The reaction of 5-cyanovaleramide with hydrogen may be performed in any
type of reactor. For example, a fixed bed reactor in which the hydrogenation catalyst
is present can be used. An advantage to the fixed bed reactor is that the separation of
reactants and products from the catalyst is simple. Alternatively, the reaction may be
30 carried out in a slurry reactor (such as a batch, a continuously stirred tank reactor, or a
bubble column reactor) where the catalyst is present as a slurry during hydrogenation.
In this mode the catalyst may be removed by using centrifugal action or filtration.
A wide range of suitable catalyst concentrations may be used. The amount of

catalyst is generally dependent on the reactor type. For a fixed bed reactor, the
6



Sol vents may be used, but are not necessary. Any desired sol vent can be
used 15 and can be used in an anmount to increase the yield of the reaction
and/ or towoenowes heat fromthe reaction. Preferred sol vertwUSOIOI9ORIE
ammoni a, methanol, water, and mxtures. Mst preferred is ammonia. It is
al so useful to not use a_ solvent, thereby reducing costs. But, it is
likely th¥elumseyrearior will ke bighs JVhidsmwithe sluarysacter theaelumre pilkhe | y a ol e

rati o of t ol T} 100. . ram de can be
used, pre ergblTép %%1%{05}%% 0] g%érdf[ﬂ{ 64%?%}\/&%1#%%5?8% %Pg%t@f)%l :%T{ato 20: 1.
Ot her sol 9@¥thy, weéiphtasfdhd feactot coments, prdftrablyl dbennbto absut D5% b vaddghte

menti oned sol Ve?tsﬁl gag B& used. These i nclude al cohols, esters,
hydr ocar bBRE Prefergtly pdd8¥eur an (THF), di oxane, and ammoni um hydroxi de. O

these sddi ti ongbr o QLY RactbO VR wabKHOAHS sBHERRR PRI AR al hanol are
preferred. But, rua;ll i ke sorr%c 25 prvivo? art ?ng hodg a%aﬁ%}gias@%ltlﬁ{essenti al

in the prtsanngernbohtol0s taiabmaed0hit', prsfersty aboutikl toegbott Hhhiof more
5- cyanoval er.am,d i th, hydrogen may be performed in any type of reactor.
For exanpprgferr%lyﬁx%\%’ %lérd'react or in which the hydrogenation catalyst is

present can beTHs gtbduéie-asiitibmeamide nidyebe redB@rddethdReigic@by ahuhibat t he
separation_of reactants and products fromthe cat acln%/st is sinple.

Al t er nat i 9emgthodpwell kgewn dnthess skyldedsin thesart.i These methodsandydg by arengit or  (such
as a fat g S y . ctor, or a bubble colum

r eactg?) i\}ﬂlétr%g?fﬁ%h@%{% %/))s/}{a%lms)ﬁ %@g%rgﬁgmggstﬁgl slurry during hydrogenation.

In this node t Rarrentiylcypiolactayn Berepanmiviesn ipliendd iimg nodtivstep fpugraks, adiichon or

filtration. A wide range of suitable catalyst tconcen.trati may be used.
The anpunBHaleLUgRfigat and ofjepundeeisplc apaiilien el BRTEREM SUBIRY t ype. For
fixed bedpfoda! Mowdie s8cMR16 HAFERGRVLIRY O9%GHlcutOhim, per T eact or

will be high. Wile w urry reactor, the volume wl’l be |ower.
Typi cal | ysynthesized idireetly fremdi-aminocdproanaide, thas awgidihg theleenmupninmoutfa@. 1 to

about , 30% b i ght, of the reagtor contents. prefer.gbly about to about
5% bl wePyREoRelbsS bl G SR irime Bl RS o BEit bedhey o “The
wei ght ho%fekéht?ﬂﬂfégs Mmplifibd the Ghprblabtafi wamlfictighgd ploBess! 4R dvagenhaabout 0. 05
to about 100 htl, preferably about 0.1 to about 10 hr-1, nore preferably

1.0 to 5 Arffiquit serobpwifing Gemmpsrnseamidant Herasaljing caprelastaet way #1¢8 purif i ed
by a nurbgy purified after its synthesis, since caprolactam is much easier to purify than 6-
aminocaproamide.

20 6-Aminocaproamide prepared according to the invention, can be reacted, with
or without isolation or purification, to produce caprolactam by methods known in the
art, such as reacting it in the presence of one or more solid acid catalysts. Solid acid
catalysts include materials that have protons or coordinately unsaturated cationic
centers on their surface (Catalysis of Organic Reactions by Supported Inorganic

25  Reagents by James H. Clark, VCH Publishers, Inc., N.Y., 1994). Based on the above
definition, solid acid catalysts are broadly classified into two catagories namely, Solid
Bronstead Acids and Solid Lewis Acids. The former tends to donate a proton while
the latter shows the tendency to accept an electron pair (New Solid Acids and Bases
Their Catalytic Properties, by Tanabe, K., Misono, M., Ono, Y., and Hattori, H.,

30 Elsevier, 1989). Any desired type of such catalysts can be used. There are different
types of solid Bronstead Acids, viz.

1. Simple oxides (silica, alumina, etc.)
2. Mixed oxides (silica-alumina, zeolites, etc.)

3. Natural and synthetic clay minerals (montmorillonite, etc.)
7



of methods well known to those skilled in the art. These nethods include
but are not 10 limted to distillation, extraction and crystallization.
Current| woorpmnes actam i s prepared from phenol in a mnultiPeT/@popmesiess,
whi ch generates significant and often undesirable quantities of anmoni um
sul fate by- product. However, according to the present invention,

capr ol act am naf- b&tioR §¥ghangs reigs trerilearpyated gr{opicasidissinpratain de, t hus

avoi ding the a i - by-preduct . Al so, reacting crude,
unpurified 6- amggggﬁ%;gﬁi%g&gﬁl&%g%ﬁg% t&{%g present process sinplifies

t he caprol act afm Sahd$ autfaininggciivargiesater mnktcaleo(lgdrdtébsuliekfétedl t st ep of

purifying 6-am.nogcaproam de. The resulting caprol actam nmay then be
purified afte;rblnttﬁe E{bﬁ’?ﬂ%& Yttriup griidate, %’?’&E’t‘gﬂ?ri‘ MRS EF sPCpurify
than 65 apfihecRRhPRELESIIA WS ATH BeBRIsoam de prepared according to the
invention, can be reacted, with or without isolation or purification, to

produce capr ol &ee Hr. Bptank Neo§5&ftsior an exkeplagy procsssdhr preparggcting it in

t he prese e i i lysts. .Sol.id aci. catal ysts
i ncl ude ngfpg?l?‘gﬁagl' t%‘gg"@%’%%@%@% u%%‘(s)l%ﬁlyai)ésg &Y aﬂﬁgla(ﬁﬁ’flg?'ed cationic
centers on theAltemativelgethe GadntihySipsoaafiddXpedd isolRedahd pasHidy avdifear t ed

I norgani ¢ 25 Reagents by Janes_H. C ark, VCH Publishers, Inc., NY., 1994).
Based on P#fd tafepmthegapiolaciany nTheseapralaciem gar he apsitieds forexamplsabyy cl assifi ed

into {0 calRUGKI &yt ﬁﬁﬁlo\ﬁ’an%lridgtillﬁmnswad Acids and Solid Lew s Acids.
an, .

The fornmer tends to donate a proton Ile the latter shows the tendency to
accept an el ecCapmolgstam cqrNeawms8dlin the ArindfacamhgBdsesthetidyeilym&atsatlyad ¢

P ti by. T be, K., , M, Onp, Y., d Hattori.,, H, .30
EIr gg\e/ir elr ,eg‘il%‘é)qeg’%ﬁ G%QYIPE%' ?\%‘g‘ o fgﬁ’&?‘liol&ya?’ég 9@@%%”%8‘@%‘88 fThere are
di f f er ent thelcdp@tactdm a6thj thHAKhERA iRk A, Qébifmac%amlfﬁ; AT €se@%h ﬂé)%‘(ﬁle( silica,

alumna, etc.) 2. Mxed oxides (silica-alumna, zeolites, etc.) 3. Natural
and synt hetiffeners, fYm gpaténesl synthetinleather.|pan iveliclestaross-linkingdo01/ 77068

osi ns obavyregates, o4 e SYRRARITIERLT 61 o o7 Toa, etc.) 6. Solids
cont ai ni ng act i vat eGhwaiventiowiseldustratd by yh filiedistiéfaaipds, th@tsould not
be considered limiting.
Unless otherwise indicated, the catalysts used in the examples are
commercially available, or were obtained using common methods of making
20  supported catalysts as described in Catalyst Manufacture by Koch, T.A., and Stiles,
A.B., Dekker, New York, 1995. The S-cyanovaleramide was prepared by methods

known in the art and described in the previously listed patents.

Example 1

25 To a 100 cc Parr Mini Pressure Reactor were added 1.06 g Raney® Ni 2800
slurry (WR Grace) (0.53 g dry weight), 4.0 g water, 20.06 g 5-cyanovaleramide (5-
CVAM), and 1.01 g N-methylpyrollidinone (NMP) as internal standard. The reactor
was purged with H, and evacuated. Liquid ammonia (30.0 g) was charged to the
reactor, which was heated to 75°C, while being mechanically stirred at 700 rpm. The

30 reactor was pressurized to 900 psig (6.2 MPa) with hydrogen to commence the
reaction. After 420 min, gas chromatographic analysis revealed that the reaction had
proceeded to 83% conversion of 5-CVAM with 81% yield of 6-aminocaproamide (6-
ACAM).



On the other hand, yttriumtriflate, alum numchloride on silica, etc. are
sone 5 of the exanples of solid Lewis acid catalysts. See U S. Patent No.
3,658, 81yohor70e$n exenpl ary process for preparing caprol Bctr/asermdesiexanpl e
of a particularly useful catalyst is titaniumdioxide. Aternatively, the
6- am noca roa ge can be isolated and purified, and then used to formthe
capr ol act caprol actam can be purified, for exanple, by 10

extracti on, CrE%E&xﬁbﬂe'zZ@&é%dé& E)?Hnﬁ;léllle p%at%afgénfﬁgﬁl@p@ f@gn be used in

t he manuf acturing of synthetic ymsrs suc such as nyl on
6. Nyl on promtébwithd- mFﬁlang le’%ﬂélﬁrm@}%gldymelgha)twmsed as theeatabyst aldact am

usi ng net i,n the rt. r Iactam al so used in.textil

sti ffenerggg?ﬁllgx%ﬁ%?a etr- Inéﬁ’tg‘?érc OB%ﬂt?ﬁr I\L’}Eﬁml%sés reyea) ‘g l'i nki ng
for 15 pothatihetreanion ha@ﬂfbcbweawasw%fwﬁv&s@ﬁ of $TVERM WALR algIVERkidon is
illTustrated by the foll ow ng exanples that should not be considered

limting. of priA€sAMbt her wi se i ndi cated, the catal ysts used in the exanpl es
are commercially available, or were obtained using common net hods of
maki ng 20 supported catal ysts as described in Catal yst Manufacture by Koch,
T A, andEEmhpb§ A.B., Dekker, New York, 1995. The 5-cyanoval erani de was

db t h t dd t heg |
DL epa e by e RN S A, 300 SeSL PR e RSPl Y
added) (. Oguﬂy@ng Ny weR8R), 39y 8. ?\KA\W ﬁMﬁﬁ,ealo)(tee5§hcﬂ) feyoYeht) . 4.0 g

wat er, 20.06° g cyanova er am ,
N- met hyI pm’c@‘mﬂl stiindarde "J(h’dl\@actwasmuegada«mtlsHaanthvmtedr heiqnidsamiroonia a8 pur ged

Wt o oao Bl SRHE0 e et M b Reale £t 0 PR Rt ©700° o he

30 react omedRmidA19SEHED ZETD0 PmI Othelt8dcBor(Wasdhrdanizad 6.0 MBI gsig © commence
the reaction. After 420 mn, gas chronatographi c anal ysis reveal ed that

the react With hdeogep foeurmerretthe BaoHubniierH08mios ga-cxomatogrephig 1% yi el d of

6- am f?cagﬁa?}?srg g@ee‘lgd thA%MeacﬁoX\Qacp ;}x/oZJe(&Qﬁ topg% lé§1(1)\;gr9181? g% 5-CVAM with

a 91% yield of 6-ACAM.

Example 4
To a 100 cc Parr Mini Pressure Reactor were added 2.57 g 0.05% Ru 25% Co/

20  alumina (a supported metal catalyst), 10.0 g water, 20.10 g 5-CVAM, and 1.03 g

NMP as internal standard. The reactor was purged with H; and vented. Liquid

ammonia (30.0 g) was charged to the reactor, which was then heated to 75°C while

being mechanically stirred at 700 rpm. The reactor was pressurized to 6.2 MPa (900

psig) with hydrogen to commence the reaction. After 125 min, gas chromatographic
25  analysis revealed that the reaction had proceeded to 100% conversion of 5-CVAM

with a 99% yield of 6-ACAM.

Example 5
To a 100 cc Parr Mini Pressure Reactor were added 1.00 g Raney® Ni
30  promoted with 1-2% Fe and 1-2% Cr (0.50 g dry weight), 4.2 g water, 30.19 g
methanol, 20.0 g 5-CVAM, and 1.05 g NMP as internal standard. The reactor was
purged with Hy, vented and then heated to 75°C while being mechanically stirred at
700 rpm. The reactor was pressurized to 6.2 MPa (900 psig) with hydrogen to

commence the reaction. After 110 min, gas chomatograhic analysis revealed that the
9



Exanpl e 2 Exanple 2 was conducted as Exanple 1 except that 1.04 g of Raney
Ni pronmoted with 1-2% Fe and 1-2% Cr (0.52 g dry weight) was used as the
cat al yst vemd1/7268 37 g 5- CVAM was reacted. After 150 m n, BEBUS01/09951
chromat ogr aphi ¢ anal ysis revealed 5 that the reacti on had pr oceeded to a
100% conver 5| on A th a 99%vyield of 6-A nple 3 To a 100
cc Parr MSFUP} E%‘iﬁff’%eeﬂ@%ﬁmiﬂov%‘?‘%’e e DCYN Vﬂﬁh%§/2%|ylei€9f)6' 10 slurry
(0.18 g dpyamwgi ght), 3.21 g 5-CVAM 50 nL di oxane, and 0.165 g NWP as
internal standard. The reactor was purged with H2 and vented. Liquid
amonia (4.0 g) was charged to the reactor, which was then heated to 75C
whi | e bei gg nlg anl cally stirred at 700 rpm The reactor was pressurized
6.2 MPa ( wi th hydrogen to commence the reaction. After 360 mn,
gas chy omat ogr rﬂafalmolc@ Aanadlmﬁlgﬁ@éﬁsabreskuiéméact&&vér@a@deuqns gr proceeded to

96% conver si on of 5-CVAM with 91 %yield of 6-ACAM Exanple 4 To a 100
cc Parr MIHITY pf Basey cCrermased w&h@%ﬁumﬂ P (§.79 .c0ByoRigE IO 08/ 20

103 g NPLERE gl 30308 el 9 MFATP s e oy "™

as 1 nterna
vent ed L Theitedctoa mam piazed 3Gth(Hg) Theasadtdrawgedaled uhdie hydrgen bt smlgh vvas t hen

heated to ein rrechanlc IIy irred at 700 rpm The reactor was
pressuri z%‘Hjs}t‘e@V%lt?%l\s/ﬁg tirgag a1 deshingdhisdpmpseraire, fhe 1 eact i on.

Afterigl25 e reaction
had pr ocereeldxllci,\tgr tv‘%§I Be%%}gr%g%s(ggg?\gﬁé @082) @JI{/I%SHV}\’F {Jrgéa Qg%yxﬁé&?%nk 6- ACAM

Exanpl e 5stifoing spgd ioere@gd to MG rpPr tesommeenie detroactiver &\ fedd4@min,Gasg Raney(r)

3019 g APRARSF S5 sl M opion o bielod Btith boneintofl 0 The

react or V\@ﬁs VK pewithvk 8BhoHReldwEat £&daand t hen heated to 75C whil e being
mechani cally stirred at 00 rpm The reactor was pressurized to 6.2 MPa

(900 psig) with hydrogen to conmence the reaction. After 110 mi n, gas
chonalt5ogrg%ﬁplgn,al ysis reveal ed that the

Example 6 was repeated except that a slurry of 1.54 g Raney® Co promoted
with 2% Ni and 2% Cr (0.77 g dry weight), 1.49 g NMP, 92.00 g water, and no
methanol was used. After 40 min, gas chromatographic analysis revealed that the
reaction had proceeded to 98% conversion of S-CVAM with a 74% yield of 6-

20 ACAM.

Example 8
To a 100 cc Parr Mini Pressure Reactor were added 2.00 g of a slurry of a
catalyst made by the activation of an alloy of 60% Al, 30% Fe, 9% Co, and 1% Ni
25  through treatment with sodium hydroxide to leech out the aluminum (sponge type
catalyst, 1.0 g dry weight; this catalyst may be made by the process of U.S. Serial No.
09/186,839 filed November 5, 1998), 30.00 g methanol, 10.00 g 5S-CVAM, and 0.5 g
NMP as internal standard. The reactor was purged with H; and then vented. The
reactor was sealed under hydrogen at 50 psig and then heated to 75°C while being
30  mechanically stirred at 150 rpm. The reactor was pressurized to 3.45 MPa (500 psig)
with hydrogen and mechanical stirring speed increased to 700 rpm to commence the
reaction. After 481 min, gas chromatographic a.nalysis revealed that the reaction had

proceeded to 87% conversion of 5-CVAM with a 60% yield of 6-ACAM.

10



9 WD 01/ 77068 PCT/ US01/ 09951 reaction had proceeded to 100% conver si on of
5-CVAMwith a 82%yield of 6- ACAM Exanple 6 5 To a 300 cc Autocl ave

Engi neer sv®@oe3®es e Reactor were added 1.50 g of a sl urryprof/uRamwyiir) Co
promoted with 2% N and 2% C (0.75 g dry weight), 10.00 g water, 82.05 g
met hanol , _30. 10 5-CVAM and 1.51 g NWMP as internal standard. The reactor
was pur ge8X#PK H2. The reactor was seal ed under hydrogen at 50 psig and
heated to 75C, i tp LN Q I A€o/ rature,
the 10 reactor %slOgrce%s?ggl}/[zﬁgg@%sg&gg{faﬁ/g}aw%%cygd%g?g)%\?\ngtnﬁa@lg%@gg% and the
mechani cabuppotted miete) caplyst), 1htd g a9eMAM 41@0Watepand & 5@@NivEhasinteeal r eact i on.

After 140 m g chr omat ogr aphi. nal,ysi s veal ed that .t reaction had
ot oceededsREATE B B Mo Patsrl B Gy i aledo dag e R EARKES 15
Exampl ® 7clafgéiloahéresatr, vaeiatvasithey heatd tha° Cawhlld béivg Aecllanséhlly Raney(r) Co
pronmoted with 2% N and 2% C (0.77 g dry weight), 149 g NWP; 92.00 g

wat er, an8tinRs at 0P wpmo Thaaeactps evps prgsswized o Ai2iVIPy £200aqsig) vatholayidaggeine

anal ysis e g i h . 8% conver si on of

5 it wi | Rl feab . ASEIn R B REGRASHER® Boalfe EOCHEI Bl
Pressur e Beaedwionhad pravdelded 1@ 80% @noérsian oif 3rCYAM with 8024 gikMsdf grade by t he
activatio f an alloy of 60% A, 3 0% Fe, 9% Co, and 1 % N 25 through

t r eat ment 26AM- sodi um hydroxi de to | eech out the al um num (sponge type
catalygt, 1.0 g dry weight; this catal yst nmay be nmade by the process of

U S Serial No. 09/186,839 filed Novenmber 5, 1998), 30.00 g nethanol,

10. 00 g SEguaple 18nd 0.5 g NWP as internal standard. The reactor was purged

ith H2 and th t . t |.ed . t 50 psi
and 't hon heat o30Ad OsE barm M BEAGe HseiBondhsdrs 438 e o aiohegt  pm PThe
react or Wagpeftes fietdl 2edlyko, . #bg NR@VAEQQO(%S&&& antll .90 PXVIP A€ Tht& A&t

mechani cal stirring speed increased to 700 rpmto commence the reaction.
Aft er 481stapdard.gdBe raetonsias gt vithdhang svacupede dliqud amatonih@0zd awsi on had

15 charged to the reactor, which was then heated to 75°C, while being mechanically

stirred at 700 rpm. The reactor was pressurized to 6.2 MPa (900 psig) with hydrogen
to commence the reaction. After 390 min, gas chromatographic analysis revealed that
the reaction had proceeded to 75% conversion of 5-CVAM with 73% yield of 6-
ACAM.

20

Example 11

To a 100 cc Parr Mini Pressure Reactor were added 1.09 g Raney® Ni 2400
slurry (0.55 g dry weight), 25.0 g water, 20.24 g 5-CVAM and 1.01 g NMP as internal
standard. The reactor was purged with H, and evacuated. Liquid ammonia (5.0 g)

25  was charged to the reactor, which was heated to 75°C, while being mechanically
stirred at 700 rpm. The reactor was pressurized to 900 psig (6.2 MPa) with hydrogen
to commence the reaction. After 90 min, gas chromatographic analysis revealed that
the reaction had proceeded to 100% conversion of 5-CVAM with 90% yield of 6-
ACAM.

30
Example 12

To a 100 cc Parr Mini Pressure Reactor were added 1.01 g Raney® Ni 2400
slurry (0.51 g dry weight), 4.0 g water, 20.00 g 5-CVAM and 1.00 g NMP as internal

standard. The reactor was purged with H; and evacuated. Liquid ammonia (31.0 g)
11



proceeded to 87% conversion of 5-CVAMwith a 60%yield of 6-ACAM 10 WO
01/ 77068 PCT/ US01/ 09951 Exanple 9 To a 100 cc Parr M ni Pressure Reactor
wer e addawo 81/586¢8 15%Co/ al umi na (a supported netal catal yBCl/USaineddl g
5-CVAM 4.0Qg water and 0.50g NWP as internal standard. The reactor was

purged with H2 and evacuated. Liquid ammnia (30 was 5 charged to the
reactor, WA ehrggsktothereasientvdich WaW]&étedvEﬁﬂIS& b@lk&)mmama@@m stirred at
700 rpm drogen
700 o ] 900 S TR ERR W R MR RO 5 G el 9 ©
reveal ed tommmeérve theemattionn Afbat lpﬁma@edhtmﬂ@@;dﬂﬂuﬂiﬁsmﬁvadle&th@s/AM with

80% vyi el d of 6 ACAl 10 To a 0 alr Pressure Reactor
wer e addetheseasgion hy %Q%Fﬁﬁ?”ﬁg °(°8nv§§}658%g§d‘9M‘éﬂtL8g4t/ igldiof 6-20. 11 ¢
5-CVAM 4pepamater and 0.90 g NWP as internal standard. The reactor was
purged with H2 and evacuated. Liquid ammonia (30 g) was 15 charged to the
reactor, which was then heated to 75C, while being nechanically stirred at
700 rpm iél'he [eq tor was pressurized to 6.2 MPa (900 psig) wi th hydrogen
to comen éar{l% eacti on. After 390 mn, gas chromatographic analysis

reveal ed that Tblaqooe:a@tanqmrhaehswr@ke@a@dwé@ ad886 £.09 ¢ RamePhCoN724 CVAM Wi t h
73%vyield of 6 ACAM nmple 11 To a 100 cc Parr M ni Pressure Reactor

wer & addeHUy 60 54 SR BgiE0, 3000 & SEYAN bl 98 gd\IMPyaSvmieg}@ﬂ standmd.0 g wat er |
20. 24 . g
wth H2 an%eva@ggagagﬁgng%%e&%gfa@ &%ﬁ%&%&na har@ tgrt\ﬁgs puree

react or, vlargdd toalke i‘weﬁ)ﬂdvhldl Washeavddi tb § SH&iwiglerteidpamedahicylly stiired#ad at 700
rpm The act or_was ressurl zed, to 9 [ 6.2 MPa) with hydrogen to
commence 5(&%5@‘? 5AC tO%\WP%Pre%rW‘ﬁtO éggf%{ggérﬁflgb}”&gl)@’erogﬁ%ﬁ/5| s reveal ed
that t hec&ﬁﬁ@ﬁdec’cﬂe hadtion. oK REME® hi, A SRRV Efphie Andl sis 1Al wid h 90%

yield of 6-
the reaction had proceeded to 100% conversion of 5-CVAM with 99% yield of 6-
15 ACAM.
Example 14

To a 100 cc Parr Mini Pressure Reactor were added 0.51 g Raney® Ni

promoted by 1-2% Fe and 1-2% Cr, 10.02 g 5-CVAM, 10.0 g methanol, and 0.50 g
20  NMP as internal standard. The reactor was purged with H, and evacuated. Liquid

ammonia (30 g) was charged to the reactor, which was then heated to 75°C, while

being mechanically stirred at 700 rpm. The reactor was pressurized to 900 psig (6.2

MPa) with hydrogen to commence the reaction. After 323 min, gas chromatographic

analysis revealed that the reaction had proceeded to 94% conversion of 5-CVAM with
25  93% yield of 6-ACAM.

Example 15
To a 100 cc Parr Mini Pressure Reactor were added 0.50 g Raney® Co
promoted by 2% Ni and 2% Cr, 10.00 g 5-CVAM, 10.0 g methanol and 0.52g NMP
30 as internal standard. The reactor was purged with H, and evacuated. Liquid ammonia
(30 g) was charged to the reactor, which was then heated to 75°C, while being
mechanically stirred at 700 rpm. The reactor was pressurized to 6.2 MPa (900 psig)

with hydrogen to commence the reaction. After 150 min, gas chromatographic

12



ACAM 30 Exanple 12 To a 100 cc Parr M ni Pressure Reactor were added 1.01
g Raney Ni 2400 slurry (0.51 g dry weight), 4.0 g water, 20.00 g 5- CVAM
and 1. 00wobhMP0es i nternal standard. The reactor was purpBetused9if2 and
evacuated. Liquid ammonia (31.0 g) 11 WO 01/77068 PCT/ US01/ 09951 was
charged to the reactor, which was heated to 75C, while being nechanically
stirred agnatpds reypdledrinat thezeacyen hiadpioeeaded tq 9¥6 conveagsion RPA-QOAM wishg) wi t h
hydr ogen ; [o reaction. After 100 mi n, gas chronat ographic
anal ysi s ?Z%@gagg??té?gﬂfhe reacti on had proceeded to 98% conversi on of
5-CVAMwith 98%yield of 6 5 ACAM Exanple 13 To a 100 cc Parr M ni
Pressure geactor were added 1.09 g Raney Co 2724 slurry (0.51 g dry

wei ght), 2828Bed05 cyaAM and 1.01 g NMP as internal standard. 10 The
reacto§ was pumgedonickdibclAIERNReHASEEd Iirbguf@k@ézqu&ge scﬁfédQ.@Lg was

charged to the reactor, which was heated to 75C, while being nechanically
stirred ab”%RubiO:favailzble fromadehmsomdatthedsupparteddnetal GitadytP.4 800 psig) with

hydr ogen he ian. After 210 mn s _chromat ggr aphi c
anal ysi s %n%&hgglﬁf;%%[%;ég ?tge\?‘g@acﬁfeorﬁaﬁ%%{d” %Srpég%egl]d‘g%h?% aﬂgﬁ‘ff'&cg‘%ﬁﬁg'er si on of
5- CVAM wi Ltqu%&ﬁmoﬁiaotso%) 6vad BhaAEhMo thdreasmpt, vhich Was thed BBatéEtoPANPCM ni
Pressure Reactor were added 0.51 gq) Raney NI pronoted by 1-2% Fe and 1-2%

Cr, 10. 02%ailsbeampechaninlly stisted ah 5000 ppy Theggacior wes purAsugzed tat er nal

) “viakd chaPResPERAY s WER (U0SRFa Tk, oty NARNAR e rbfblh LARIE" 2,

mechani call2 Yir,3hé reaettbnawas/iéppegmGad hiromatgtraphioramlysisaseealédzthat the 900 psi g
(6.2 MPa) wit drogen.to mence the r tion. After 3 i n, gas

chr omat og%eaﬁ%?@ha%a?ﬁ%g?%tor%ﬂ%a%wr %«e&-ﬁ%ﬁa&ﬂ} %ﬁﬁ’ d B%g'é&ﬂ% to 94%
conver si 0gnP4%3iGY AV Yrblctage 93% yi el d of 6- ACAM

15 Examples 17-19 demonstrate the production of caprolactam using 6-ACAM

produced according to the invention.

Example 17
6-ACAM made according to Example 13, underwent cylization to form

20  caprolactam (CL). This process was performed in a continuous fixed-bed reactor.
The reactor comprised a 0.9525 cm (0.375 inch) OD x 0.7747 cm (0.305 inch) ID x
6.985 cm (2.75 inch) long stainless steel tubing, placed in a height-adjustable sand
bath. The reaction was carried out in the vapor phase under atmospheric pressure.
An ISCO pump (260 ml capacity) was used to feed a 20 wt% solution of 6-ACAM in

25  distilled water (8.0 g of 6-ACAM, 31.6 g of water, and 0.4 g of NMP as an internal
standard) into the reactor at the rate of 5 ml/hr. The solution was fed to the reactor via
a preheated line followed by a vaporizer. The preheater and the vaporizer were
designed to minimize the hold-up time of the reactants in these two sections to
prevent polymerization of 6-ACAM. Nitrogen was used as the carrier gas (25

30  cc/min). The reaction was carried out at a temperature of 325°C in the absence of a
catalyst. The reactor bed was packed with 2 mm diameter inert quartz beads. The
product stream containing caprolactam, ammonia, unreacted 6-ACAM, and steam
were condensed in two traps. The temperatures of the traps were maintained at a level

to ensure complete condensation of the caprolactam, and most of the water and
13



Exanple 15 To a 100 cc Parr Mni Pressure Reactor were added 0.50 g Raney
Co pronoted by 2% Ni and 2% Cr, 10.00 g 5-CVvVAM 10.0 g nethanol and 0. 52g
NMP 30 asoontmssral standard. The reactor was purged w t hpé&iRvasdessacuat ed.
Liquid ammonia (30 g) was charged to the reactor, which was then heated to
75C, whil e being . nmechanical Ig]i stirred at, 700 rpm The reactor was

pressur i z8@Mis Theyen-qogdenssBiepprmiepgatand amsarmenia sxspreended torbe r eact i on.
After 150, S r i R 3 5 anal ysi s
eveal od ha IS TR R ek e G s R P ot A
97% yi el dandly®dAgmHewetrRsickarddVadel 6820 gB3hoomaograph sovdetEmnghaither s Sti rred
Pressure React or ed 4.02 . SURU/ TL i | ab from |

Johnson- MiPTHERS™ éﬁ%mqg’d%@glselg%"éﬁyf&g ,YI%F’&&E%WE‘#SHS COLKEIYL 08 g

5- CVAM  ThéedtRagt 1d yield aB dIfaRdioni df fintdoratdat e 1pbRel in Tdiii d ammoni a (80
g) was charged to the reactor, which was then heated to 110C, while being
mechanically stirred at 1000 rpm The reactor was pressurized to 10

appr oxi mﬁﬁgﬁplt@'l% MPa (1000 psig) with hydrogen to conmence the reaction.
After 12 hr, e reaction was stopped. Gas chromatographi c anal ysis
reveal ed that Elsmpleddovasanpdunet] p300%2det at20 WO sslanvesS6-aC A fifgVAM wi t h
91% vyield of 6-ACAM. and 4% yiel d of caprolaciam _15 Exanples 17-19
denmonst r at & AHAO0p FHAEY G Gﬁu# @g@@?’&@?é‘ﬂf %gﬁérdv%-u@ﬁvlﬂ’ﬁrré%@éﬁi accor di ng
to they i NYERld AFabkanpl e 17 6- ACAM nade according to Exanple 13, underwent
cylization to form 20 caprolactam (CL). This process was perfornmed in a
continuous fixed-bed reactor. The reactor conprised a 0.9525 cm (0. 375
inch) OD x 0.7747 c¢cm (0.305 inch) IDx 6.985 cm (2.75 inch) long stainless
steel tubing, placed in a height-adjustable sand bath. The reacti on was
carried ogkaﬁlﬂetﬂge vapor phase under atnospheric pressure. An |SCO punp
(260 M capacity) was used to feed a 20 wt % sol ution of 6-ACAMin 25
distilled wat eEX@Bplg 1g wis repeatsaivt 321°Gwith 620welesolutieriofp-ACGAMfusiigP as an

inter fﬁal 1 g of TiO, (Degussa AG, Titan Dioxide P25®, No. 7708) catalyst. The results are

shown in Table 3.

14



standard) into the reactor at the rate of 5 m/hr. The solution was fed to
the reactor via a preheated |line followed by a vaporizer. The preheater
and the weporimes were designed to mnimze the hol d-up pCTES@f09pIIE
reactants in these two sections to prevent polynerization of 6-ACAM

Ni trogen was used as the carrier gas é25 30 cc/mn). The reaction was
carried out at a tenperature of 32 e absence of a catalyst. The
react or bed was packed with 2 mm dianmeter inert quartz beads. The product
stream cont ai ni ng caprol actam anmnoni a, unreacted 6- ACAM and steam were
conden Tt —————— + e $

o

a

0= N 7

| evel o hime e donfieed RatenndensSionwersion  hel cSelestisity am | and ¥iedld of tlhe
wat er gnd 1o 01/ 776t/ S01/ 096%)  ammohia. €#9 non-konder$abl e
carrier S
wer e cc!!ectovd at—H—e-—ht-erv S—ShHoWR—-R Iabl_%m, and] : !
Hewl et t|- Pack#r d Mjdel 5890 gad chronB4.dgraph fo depedm ne fhe cme/ersi gn
of 6- AGAM——amgHthg—sctectvriy—ant—yhegt—ot—gt—Foret—HheconverSHof;

sel ect iprit vct’g:l..d et ;?.3 a—tet unsf‘? He—ehn st:"l:'um € rczcrzt"gd A
Tabl e EXdhpl e |18 Exhbpl e 17 was PRAeated lat 30000with |a 20 wo-% sol utli on
of 6- AQAMT3IgT0 g 0144102 gqatar ySgjDeguSsS| AG, 34 gt arm Of OXT ug7Re5(T )]
No. 77 n } T o= T T it > ms
repeatdd-at 325C With a 20 w%solution of A JACAM using 15 1 g of TiQ2

(Degussa AG Titan Di oxide P25(r),

No. 7708) catalyst.

The results are

shown in Table 3. 14 WO 01/ 77068 PCT/US01/ 09951 TABLE 1 Tine Feed Rate

Conversion Selectivity Yield (hr) .000.00.00.0 0.9584.1091.1
S ThBLE 2
Time Feed Rate Conversion Selectivity Yield
(hr) (cc/hr) () (») (o)
0 0 0.0 0.0 0.0
2 5 100.0 84.4 84.4
3 5 100.0 78.1 78.1
4 5 100.0 75.2 75.2
TABLE 3
Time Feed Rate Conversion Selectivity Yield
(hr) (cc/hr) (%) (%) ()
0.0 0 0.0 0.0 0.0
1.0 5 100.0 70.4 70.4
2.3 S 100.0 70.1 70.1
2.9 5 100.0 68.1 68.1
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1.9534.811.5 4.0 2.9 4.8 29.4 21.06.2 3.6 4.8 51.0 34.8 17.8 TABLE 2
Ti me Feed Rate Conversion Selectivity Yield (hr) cc/hr 00 0.0 0.0 0.0 2
5 100.0 84041/868f 3 5 100.0 78.1 78.1 4 5 100.0 75.2 75PCT/USABIBES13 Ti e
Feed Rate Conversion Selectivity Yield (hr) cc/hr 0.0 0 0.0 0.0 0.0 1.0 5
100.0 70.4 70.4 2.3 5 100.0 70.1 7 .9 5 100.0 68.1 68.1 15 WO
01/ 77068 PCT/US01/ 09951 CLAIMS Wh i lainmed: 5 1. A process for the
production of 6-am nocaproani de conprising reacting 5- cyanoval eram de with
hydrogen, and in the presence of a netal catalyst selected from supported
met al cat AYhasisclaispdnge netal catal ysts, honogenous catal ysts, and reduced
net al oxi de, hydroxide, or carbonate catal ysts, wherein if the catalyst is
a supported netal catalyst conprising cobalt or nickel, and if the support
is cal®ined, ifA procésliedtheprolilcthrl shearnRbtizadnidl cohplitifg Rackt sor cobal t
2. A process of claiml erein the netal catalyst Is a supported netal
catal yst cyaneyplesinkde withwdrogem/apd imfhelnsesense of anetbeatalyst soleetad Swpport . 15
3. A proc j i i ort ed, net al
cat al yst 9@%&%&? ge?]dé @%té{yﬁ%%ﬁ%@mteﬁ? cé@l&@ljs, }Fo%oaée}{gl}s ca?al}%tss, 4RI duEsa

metal oxide, hydroxide, or carbonate catalysts, wherein if the catalyst is a supported

metal catalyst comprising cobalt or nickel, and if the support is calcined, it is calcined

10 before application of the nickel or cobalt

2. A process of claim 1, wherein the metal catalyst is a supported metal catalyst

comprising cobalt and/or nickel on a preformed solid support.

15 3. A process of claim 1, wherein the metal catalyst is a supported metal catalyst

comprising ruthenium.

4. A process of claim 3 wherein the metal catalyst is ruthenium supported on

titanium dioxide.

20
5. A process of claim 1, wherein the reacting occurs at a temperature between
about 40 to about 220°C.
6. A process of claim 1, wherein the reacting occurs at a pressure between about

25 0.7 — about 34 MPa.

7. A process of claim 1, wherein the metal catalyst is a sponge metal catalyst
comprising one or more of nickel, cobalt, iron, ruthenium, rhodium, cobalt, iridium,
palladium, and platinum.

30
8. A process of claim 1, wherein the catalyst is a sponge metal catalyst and the

sponge metal catalyst is promoted by at least one promoter.

16



4. A process of claim3 wherein the nmetal catalyst is ruthenium supported
on titaniumdioxide. 20 5. A process of claiml, wherein the reacting
occurs atwaot/gmwper at ure between about 40 to about 220C BCT/ES@wmedss of
claim1l, wherei n the reacting occurs at a pressure between about 25 0.7 -
about 34 MPa. 7. A process of claim1l, wherein the netal catalyst is a
sponge nefal cétHPﬂ}‘“s‘ﬁ of elaip Bi wWherginshepromaierrie sdected frmithe giobnl t, iron,

r ut heni ugk I{Crgglgh]%fb erétVIBI gy %Vlﬁ%étﬁgl um and platinum 30 8. A

process inthe?¢ 'yst 1S a sponge netal catal yst and the
sponge netal cat aI yst is prompted by at |east one pronoter. 16 WO 01/77068
PCT/ US01/ 09951 oces {l}cl a m 8, wherein the pronoter is selected
fromthe 8 oupAQIBFFsS?Q Flﬁ’éngfw T qgefal/pegalyﬁlpgsp%ﬂg@ mgtalicatalyst s, 10. A

process Oforfp ﬁéng% Rick¥h@r %ébrpﬂl%té?'%pﬁ’ibn%tﬁla %% tnorS o PR HRAGE aﬁ?{r@% catal yst

5 conpri sing ni and the pronoter conprises one or nore chrom um and
iron. 11. A process of claim1, wherein the netal catal yst IS a sponge
met al cat @] yst ri i.n ickel. cobal t.. 12. A pr of claim1l,
Wherei n t b e lroRy of bath Lofiieriodte 5008 s s sentte MRS 15
process Oéoxﬁb@glﬂgﬁ@kelvd‘ﬂwam t he supported met al cat al yst corrprl ses a et al
and a solid support, wherein the netal is selected fromthe group

consisting of one or 15 nore of nickel, cobalt, iron, ruthenium rhodium

LT PR S RO M N e O RERR STl LAl o lBERL L,

wherein tboaalgstli d support is selected fromthe group consisting of one or
nore of titanium di oxide, porous alum num oxide, silicon 20 di oxi de,
al um num silicate, |anthanum oxi de, zirconium di oxi de, magnesi um oxi de,

zinc oxidey ze@l hrb&sis oPOGIn?E2, I WREEH QPO metal catalyst comprises a metal

and a solid support, wherein the metal is selected from the group consisting of one or

15  more of nickel, cobalt, iron, ruthenium, rhodium, iridium, palladium, and platinum.

14. A process of claim 1, wherein the supported metal catalyst comprises a metal
catalyst and a solid support, wherein the solid support is selected from the group
consisting of one or more of titanium dioxide, porous aluminum oxide, silicon

20  dioxide, aluminum silicate, lanthanum oxide, zirconium dioxide, magnesium oxide,

zinc oxide, zeolites, and activated charcoal.

15. A process of claim 1, wherein said liquid solvent is present and comprises one
or more of ammonia, water, an alcohol, an ester, a hydrocarbon, tetrahdrofuran,

25  dioxane, and ammonium hydroxide.

16. A process of claim 1, further comprising reacting the 6-aminocaproamide to

produce caprolactam.

30 17. A process of claim 16, wherein the 6-aminocaproamide is not purified or
isolated.
18. A process of claim 16, further comprising polymerizing the caprolactam to

form a polyamide.

17



15. A process of claim1, wherein said liquid solvent is present and
conprises one or nore of ammonia, water, an al cohol, an ester, a

hydr ocar wop1/t@ts ahdr of ur an, 25 di oxane, and amoni um hydrPOrUS®/0936G. A
process of claim1, further conprising reacting the 6-anm nocaproam de to
produce caprolactam 30 17. A process of claim 16, wherein the

6- am nocaproam de is not purified or isolated. 18. A process of claim16,
further c ri glAd; 4l . g pol yam de. 17 WO
01/ 77068 P UG BB T R R ™ bt mg Lo the
process of claim1. 20. Caprol actam produced according to the process of
claim16.,,5 21. Pol yam d roduced according to the. process of claim18.
22. A protdss ¢8Pr°§)ar%a%m9§ﬂ§etdio%ﬁor§fng§9gl?ﬁ W88%5P88]mnaégt hat does not form
ethand conprising reacting cyanoval eram de with hydrogen in the presence

of a metal 10 catalyst. 23. A process of claim1l, wherein no dioxone is
present. 218 Polyamide produced according to the process of claim 18.

22. A process for the production of 6-aminocaproamide that does not form ethanol
comprising reacting cyanovaleramide with hydrogen in the presence of a metal

10 catalyst.

23. A process of claim 1, wherein no dioxone is present.
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