WO 02/ 40452 PCT/ US01/ 47424 TI TLE PRODUCTI ON OF ALKYL 6- AM NOCAPRCATE 5
FI ELD OF THE | NVENTI ON The present invention concerns a process to produce
al kyl 6- and npe|pr oat e and/ or caprolactam 10 BACKGROUND BET/USH/47MMENTI ON
Commercially, caprolactamis nade by a process using cycl ohexane as the
starting material. Caprolactamis then polynerized to produce nyl on-6.
For cost reasons, it would be desirablrgrt.g produce 15 caprolactamwth

but adi ene, a four carbon starting nmaferral, rather than the six carbon
cycl ohexane starting FRPEPLELONUPFeALKYLUScAMINOCHRROATEal processes. |t
i's known 4 hat but adi ene can be reacted with HCN 20 to produce
3-pentenenitrile (3PN). One process for converting 3PN to caprol actam

i nvol ves converting 3PN to EiBdhiQF i'THE (IADMNTIEDN i s then partially

hydr ogenated to G-ﬁninocagr nLtriIg. which is then converted to
capr ol act am by hydrgl YEF§ PEIFBWEH bGP EORGEEPSafi BHOCEES £6r exanple, U. S.

Pat ent 6, 069p248uceThekpar tlahihydrpeenati andayeaCthprolbeguaes a
significant anmount of hexanet hyl enedi amine (HVD). A second process for
converting 3PN to caprolactam involves reductive am nation of

S5-fornylypl eronitrile 30 BR@&Gkéuﬂﬁrb¥69HEy§R¥gﬁﬁE8&”ylatio” of 3
pentenenitrile. The reduct f hen subjected to
hydrol ysis and cycbmzedcibl Sy, Pabepblabi848,i99Madesblosepracpeecess in
which a m xture containin and 4-pentenenitrile is reacted with 35

2-, - 3- ,
car bon nDnoxPﬁénﬁnHYﬁ}HhﬁﬁgﬁeiﬁstH@ep?E§EH&€90WaEeriai-

Caprolactam is then polymerized to produce nylon-6.

For cost reasons, it would be desirable to produce
15 caprolactam with butadiene, a four carbon starting
material, rather than the six carbon cyclohexane
starting material currently used in commercial
processes.
It is known that butadiene can be reacted with HCN
20 to produce 3-pentenenitrile (3PN). One process for
converting 3PN to caprolactam involves converting 3PN
to adiponitrile (ADN). ADN is then partially
hydrogenated to 6-aminocapronitrile, which is then
converted to caprolactam by hydrolysis followed by
25 cyclization. See for example, U.S. Patent 6,069,246.
The partial hydrogenation reaction produces a
significant amount of hexamethylenediamine (HMD) .
A second process for converting 3PN to caprolactam
involves reductive amination of 5-formylvaleronitrile
30 that is derived by hydroformylation of 3-
pentenenitrile. The reductively aminated product is
then subjected to hydrolysis and cyclized. U.S. Patent
6,048,997 discloses a process in which a mixture
containing 2-, 3-, and 4-pentenenitrile is reacted with

35 carbon monoxide and hydrogen in the presence of a



WO 02/ 40452 PCT/ USQOL/ 47424 catal yst containing at |east one Goup VIII
nmetal to produce a m xture conprising 3-, 4-, and 5- fornylvaleronitrile.
U S Patvean2/H4886, 126 teaches 5 that 5-fornyl val eronitriPeriusSowisg4abl e and

that the se araﬁion of 5-tonnélvalironitrile fromthe branched 3- and
4-f or nyl val eFBhPLYPFeSOREALApFHcRF caP2BECcaRSeCoP Py Vel d ME58éstPhat are

suffered in gdi-shiibbabi gRxthee a¥pbdikhhg Brobkem sHg 5- Patent 5,986,126
teaches that 10 the separation of the |inear product fromthe branched

i soners is péssmylEadewasikeahralt B FedBetPwe SafBRalRéntehchhre
formyl valier ODLLLT Les (4B AdUEEL, RV IONLLI LLES SLBUCH A rae he
-am nocaproni trilre)y an ifamnes. T'n this second process, a significant

amount 15 ofeplybatsopr edusedorioladérbhetinwbe3PNohashd pirranessas
descri bed above produce significant apounts of HWVD. It_is not always
desired to have?PRDAasCa™¢oVRLBUOREEFALES L8mBPERSF1Eapr BRGREERM Bfer ati on.

Thus, there {$.8529,088d £RLa,PLOCEEB1-A4! 1A0RYEEESI YA eng to
caprol actam w t hout the production of significant anounts of HVD. The

present inveavodd phowi desbsevh H. ProBatsnt25, BREEE2SUMNARNe OFCHAE

| NVENTI Th resent inventiop is,a 3PN based praocess, for. nmakjng al kyl
6 it noclbr o5PE ERREEAGSEnGE pPBGheBons: BRPAEEn LS ToGREs PETERBY The
present inVeﬂbb@@rsQ@@QF@bb§B@é tbwEsbyeamphoeessreatptigeng: 30 (a)
reacting 3-pentenenitrile with carbon nonoxi de and hydrogen in the

presence of AMAPAFPBr A BRPOACTEALYRYSTORSRBLISENgCaPEPEUESVI I | netal to
f;?ﬁ;fsaﬁerL%ﬁ?%?FZE%E%§§;Réﬁgﬂcés“@L8Hiﬁ889£k8ﬁ§t§11e9'ané”d 5-
diamines. In this second process, a significant amount
15 of HMD is produced.
Both of the two 3PN-based processes described
above produce significant amounts of HMD. It is not
always desired to have HMD as a co-product in a
commercial caprolactam operation. Thus, there is a
20 need for a process that converts butadiene to
caprolactam without the production of éignificant

amounts of HMD. The present invention provides such a

process.

25 BRIEF SUMMARY OF THE INVENTION

The present invention is a 3PN-based process for
making alkyl 6-aminocaproate that does not produce
significant amounts of HMD. The present invention
accomplishes this by a process comprising: |

30 (a) reacting 3-pentenenitrile with carbon monoxide
and hydrogen in the presence of a hydroformylation
catalyst comprising a Group VIII metal to produce a

first reaction product which comprises 3-, 4-, and 5-

formylvaleronitrile (FVN) ;



WO 02/ 40452 PCT/ USO01/ 47424 (b) isolating fromthe first reaction product a
FVN m xture consists essentially of 3-, 4-, and 5- fornylvaleronitrile; 5
(c) reactwog2/4@ds2 FVN m xture to produce a second reacti oRCPUS@T#24whi ch

conprises al kyl 3-,,4- nd . 5- anoval er.ate by either: (i), contacting the
PN i xtur o wth iR iFeaRGiie, RO LraF S6 Ry ERAEhIER A Re S and o 10
pal | adi um contRi MiRgueat abyst ster edsthi®asuif bei gnt, 4o 0xindi ze the FVN

m xture to produce the second reaction product, or (ii) oxidizing the FVN
mxture in tRErMBLEIERESNSETALIAYI ecul ar oxygen-contai ning gas for 15 a

time suffdclent tocpXigugeihhechdNrifXhitkeyta BEORUEALAR axidabhan product
conprising 3-, 4-, "and 5-cyanoval eric aC|3, and reacting the oxidation
product w t hraacalonhpiotiocpr ediuck theprseesndlkgadcBron4pr,odudt 5-20 (d)

isolating the alk¥l 5-§¥angvaleg te by distillation, and (e) reacting
al kyl 5-cyanoVarevrat&ra-enlKyr 8§ﬁ in the presence of a hydrogenation

catal yst to produce a(HmiEGnEQéeiaﬁﬂtﬁé0§Vﬂtmﬂﬂk@ﬂecwﬁﬁhi%ﬁs al kyl 6 25
am nocaproate, the al kyl group of ich contains the sane nunber of carbon

atoms as the al corbFORDETARLEDLBESERF PPKEBEOFCPRES L NVENTBER TRedpResent
e CnCST R BEOBRS R Ak 8 SO BIOMCHLANGOL RS L L,
al kyl groups. Prehécabligntheoabkytigeotpei EVNemlixkuee ebhplodibee
preferably, the aéﬁglsgéggg ggagﬁgg%lprgdugglogé40452 PCT/ USOL/ 47424
(ii) oxidizing the FVN mixture in the
presence of a molecular oxygen-containing gas for
15 a time sufficient to oxidize the FVN mixture to
produce an oxidation product comprising 3-, 4-,
and 5-cyanovaleric acid, and reacting the
oxidation product with an alcohol to produce the
second reaction product;
20 (d) isolating the alkyl 5-cyanovalerate by
distillation, and
(e) reacting alkyl 5-cyanovalerate with hydrogen
in the presence of a hydrogenation catalyst to prodﬁce
a third reaction product which comprises alkyl 6-

25 aminocaproate, the alkyl group of which contains the

same number of carbon atoms as the alcohol.

DETAILED DESCRIPTION OF THE INVENTION

The present invention concerns a process for the
30 production of alkyl 6-aminocaproate. Suitable alkyl
groups are C; to Cjp; linear or branched alkyl groups.
Preferably the alkyl group is methyl or ethyl. More
preferably, the alkyl group is methyl.



Production of 3-Pentenenitrile 3-Pentenenitrile (3PN) is produced
commercially as 5 an internediate in the production of adiponitrile. The
synt hesi wWoD2/8RB2 i s well known in the art. See for exanpP€l/UBh1/43424Pat ent s
3,496, 215 and 5, 821, 378, the disclosures of which are incorporated herein
by reference. 10 Hydrofornylation of 3-Pentenenitrile The hydrofornyl ation
of 3-pentenenitrile (i.e.Prodheticactf oh-PénBepenienthetrile with carbon
nonoxi de and hydrogen) to produce a _reaction product which 15 conprises
3-, 4-, and 5-forﬁi%§3l8F§HﬂFFFﬁ§ 6@@N§i¥? PESMNES SRTST FRe 13t &Sence of
a catal yst caaphihskRtedia@eoul Yhkl pltRatonla RydrRippihal i orHeact i on
tenperature can vary fromroomtenperature to about "200C, preferably

bet ween 50 afUNEBGEiIsTRE pPEsdgr weld kaoprefier bley shdt.we&ee0 05 and 10 MPa
and nore pr y 0240 - Breferr catal r-e rhodi um
conmpounds. E%ghg?%é gf guiFggggigogﬁ%SEdgﬁ%nc ﬁgéxgﬁétgyg%Dﬁ -~  [DPM =

t - CAHO- COCHCOi beTédHBlres Bif (WBOLh? aacada)orpoaeded heiacelyl acet onate] ;
Rh203; Rho (CI% 12; Rh6 (CO 16; [Rh (OAc) 212, [OAc = acetate] ; and Rh
(et hyl hexano&dFefFr81<®preferably, the catal yst is Rh(CO 2(acac), Rh (CO 2
(DPM , ¢y [Rnh (OAc) 2] 2 . These catal ysts can be used in conbination with
30 phosphorous-containing |igands such as nonodentate or bidentate
phosphi ne, phosphoni t éiydypifxnmriation of 3 pPemipémeritoibeunds. Exanpl es. of
such ligands include ,triaryl phosphites uch_as tri,phenyl phosphite;
triarylphosphines?ng%ﬁdggfﬁrﬁgﬁgﬁﬁpﬁh8gp TR&P%gﬁﬁnégrlqe (1.e.,

bi s(di aryl phesghi-saralkanes, 3spehtasenit4ile with carbon monoxide

and hydrogen) to produce a reaction product which
15 comprises 3-, 4-, and 5-formylvaleronitrile (FVN) is
carried out in the presence of a catalyst comprising a
Group VIII element. The hydroformylation reaction
temperature can vary from room temperature to about
200°C, preferably between 50 and 150°C. The pressure
20 1is preferably between 0.15 and 10 MPa and more
preferably 0.2 to 5 MPa.
Preferred catalysts are rhodium compounds.
Examples of suitable compounds include Rh(CO),(DPM),
[DPM = t-C4Ho-COCHCO-t-CyHsl; Rh(CO),(acac), [acac =
25 acetylacetonate]; Rh;03; Rh, (CO)i15; Rhe (CO)i6;
[Rh(OAc) 2]z, [OAc = acetate]; and Rh(ethylhexanoate),.
Preferably, the catalyst is Rh(CO),(acac),
Rh (CO) . (DPM) , or [Rh(OAc).],.
These catalysts can be used in combination with
30 phosphorous—containing ligands such as monodentate or
bidentate phosphine, phosphonites, phosphinites, or
phosphite compounds. Examples of such ligands include
triarylphosphites, such as triphenylphosphite;
triarylphosphines, such asg triphenylphosphine; and
35 bis(diarylphosphino)alkanes, such as



WO 02/ 40452 PCT/ US01/ 47424 di phenyl phosphi noet hane. I n addition,

pol ydentate phosphite conpounds may be used as |igands. An exanple of

t hese i noVadzs4spnpounds having a structural fornula 5 aBCT/OB0GE24 Rio P O
X R20n where. Rl and R2.are the sanme_or dif.ferent na-val ent aryl
groups, X is éﬁhﬁPVEPgﬁﬁpéﬁaaﬁ%gaBFrdgFHga%?&&d?”xopgﬁa%ﬁnig%gn i nt eger

bet ween 2 anghbspRitaneoRBotmysbaaysbestiskdt e@. 13dehdsi.ganes exbapdescri bed,
for exanple, in U S. Patent 5,710,344, the disclosure of _whichis

i ncor por at edhefERfchy FétdrEnEeMPPHEFDNE VRS ¢ StrIcsaredndrirtiilpe to
catal yst 4s ;15¢gengeral.ly 100:1 to 100,000:1, preferably 500:1 to

10,000:1. The nole ratio of ligand to rhodiumis typically between 0.5:1

and 10:1. The nole ratio of hygio to carbon nonoxi de for

hydr of ormyl ati on'reactions is typigally in thg range of 20 100:1 to 1:10,
preferably in the range of 4.0:1 tq @-534—¢b xgases may al so be present
in the hydrogen and carbon nng@ ide feed stogks. The hydrofornyl ation
reaction may be perforned in esence of “ansol vent. Suitable solvents
include 25 inert solvents or a solvent consisting of the hydrofornylation
products thenselves. Suitable inert solvents include aromatic

hydr ocar bonswhakbphatigd A drecatRormmdidy id EFeRiemonAidesand urea
derivatives, saturated hydrocarbons, and ketones. Sonme 30 exanpl es of

sui tabl e sol #&hisIFAEPHdeXt bFueRel-Vayenshexdaeichbnzeaéngxgrens,
Texanol (19 (2nd 4~ 15" bAPGAYLsd 3pRENEARCY QL a™BNOT RODULY TR Gl pe
substituted. Such ligands are described, for example,
in U. 8. Patent 5,710,344, the disclosure of which is
incorporated herein by reference.
The mole ratio of 3-pentenenitrile to catalyst is
15 generally 100:1 to 100,000:1, preferably 500:1 to
10,000:1. The mole ratio of ligand to rhodium is
typically between 0.5:1 and 10:1.
The mole ratio of hydrogen to carbon monoxide for
hydroformylation reactions is typically in the range of
20 100:1 to 1:10, preferably in the range of 4.0:1 to
0.5:1. Inert gases may also be present in the hydrogen
and carbon monoxide feed stocks.
The hydroformylation reaction may be performed in
the presence of a solvent. Suitable solvents include
25 inert solvents or a solvent consisting of the
hydroformylation products themselves. Suitable inert
solvents include aromatic hydrocarbons, aliphatic
hydrocarbong, nitriles, ethers, amides and urea
derivatives, saturated hydrocarbonsg, and ketones. Some

30 examples of suitable solvents include toluene,

cyclohexane, benzene, xylene, Texanol® (2,2,4-
trimethyl-1,3-pentanediol monoisobutyrate),

diphenylether, tetrahydrofuran, cyclohexanone,

- 5 -



di phenyl et her, tetrahydrofuran, cycl ohexanone, 5 WO 02/40452

PCT/ US01/ 47424 benzonitrile, N-nethylpyrrolidinone, and N, N-

di mret hyl svoyt/een. The hydroformyl ati on reacti on can be pepetf/osomed4idn 5 a
conti nuous or, batch, node. The reacti on can_be erfog med in a variety of

reactors, suctPEOHILLHS JOTURMY 2R 67 51 Rt n 1IN tirred tank

reactors, trdokdenPedi &1s, and liquid-overflow reactors. Unreacted
hydrogen, carbon nonoxide, 3-pentenenitrile, 10 and any sol vent may be
recovered and recyBtediydrefrrmhal dormmaciion ¢adeerredhermed in

hydr of or myl atj o eaction ct. c [is 3-._4- n
5-fornyl C}él er%n??#ﬁﬁ%?g%s&m%%%% rgél]%e(:bn\?%rl erdeazgifi%r?,gaa%dbe

4- pent eneni t rpdeformddl Wsta ~aah diSy v PHhrdpit ers, Jileh sepasabplon of the FVN
m xture from the catalyst and high boilers can be effected by wutilizing
thermal |y gerffP e 8y IRAHT O tSUHM RS LY FoWreo tHYSSAGEPEH i n t he

art. Such Uechni ques pddickdec e Yssy of gl &t 0s, Hash suapor ators,

such 20 as rolling-filmevaporators, talling-filmevaporators, or
wi ped-fil m evaporattord higipdni |crsoandnaomtaldest 3 geparenatifriome t he FVN

m xture n be recycled back to .the hydrofo | ation reactor. .To avoid the
decomposihi orf bt e SHATRs (h P EVIF DL T THE, TeP LT Corthit t i e
during flash exapictm@nticn genesaddy preferred. The contact time can vary

between 1 second and 1 hour and preferably is between 1 and 5 m nutes. The
flash evaporati on The TR 2 i rr LRI R i RTPGIGA APBOBIRESAL | ng

om0, o0 ARSI SR RS0 gl o 9 2000 The
Pa, preferablun&mventteed6b. 5 Fa. and 4-pentenenitrile, catalyst, and .
15 high boilers. The separation of the FVN mixture from
the catalyst and high boilers can be effected by
utilizing thermally gentle evaporation techniques,
known to those skilled in the’art. Such techniques
include the use of single stage flash evaporators, such
20 as rolling-film evaporators, falling-film evaporators,
or wiped-film evaporators. High boilers and catalyst
separated from the FVN mixture can be recycled back to
the hydroformylation reactor.
To avoid the decomposition of the catalyst and FVN
25 mixture, a short contact time during flash evaporation
is generally preferred. The contact time can vary
between 1 second and 1 hour and preferably is between 1
and 5 minutes. The flash evaporation is carried out
under commercially viable operating conditions. The
30 temperature should be in the range of 75 to 200°C. The
preferred range is 100 to 130°C. The pressure can vary

from 13.3 to 1333 Pa, preferably 66.6 to 666.5 Pa.



- 6 WD 02/40452 PCT/US01/ 47424 Oxidative Esterification of
5-Fornylvaleronitrile Al kyl 5-cyanoval erate can be nmade by oxidative
esterifi cwoov#ndst 5-fornylvaleronitrile (5-FVN or 5 5FVN)PCT/uSe7824pr ocess,
5-FVN i s expose:xt:a-n alﬁohol fand an ox¥g QFgont d w%rlﬂ t he
presence of a § &6 3 7 Fe—s cont act ed
w th a nol ecul ar Amkygea egahavau@gagé3céﬁr ba iade byfbtx.quelﬁhv’eo oxi di ze

10 the FVN m xture to produce a reaction_product containing alkyl 3-, 4-,
and 5-cyanov§§E?5%§lFﬁEk@H OﬁcﬁyfOPW¥ﬁ¥?é§F9anﬁé1§X|éaFN@goFs perforned at
a pressue ghvi0 (enS0R0PEACElal EOrd: §SNB94;>o'sedt B8, opr a3eBEBIOf air.
Mor e preferably the pressure is 500 15 to 2000 psi g .4 to 13.8 MPa).

Such reacti oandcandpkigas gpmeaanhnghgaenverShenprasencéh@freact|on may be
run as a contiiro#s ﬁro ess The oxkd?tlge esterification step of the
present invBAtTBH EERCBRC B BENEE tenperature of from 20 about 20C
to about 120C. Preherablymikherkeipetahtubetetiswifht Aembarg@1ef- about 40C to
about 80C. Since the oxidative esterification is exothermc, operating a
commerci al r @¥¥gOR- ﬁPnﬁﬁéGﬂngoeaSaﬁ@raBOVémel§Uf§#€ﬂ@ﬁﬁeﬁoa§xﬁéé?ereanaI
and assog at e Cagh Reg H§e2§Pe§geagbg Bogékgﬁ&éh'gQ% ybk 1S preferable to
choose a tenpeéerature’t at alTo € use of nornmaf, Towcost cooling

wat er. The atonhaliniingdailkyfihe-oxidat bud Bstenhbivedtirane rayxkeé any al cohol
that does not _ipterfer bsquent reaction ste %. Preferably, the

al cohol is 4CVineaf*s eBP%EXheH B1°%49RE2°R| ¢EhBFTEREFET Breferably, the

?Lcohol i's nﬁ&@§§9£e05fe&b@neb 5008 pkegclbon eansadwambagequskyebe run in
e presence of
P presence of air. More preferably, the pressure is 500

15 to 2000 psig (3.4 to 13.8 MPa). Such reaction
conditions give a high conversion rate. The reaction
may be run as a continuous process.

The oxidative esterification step of the present
" invention can be performed at a temperature of from

20 about 20°C to about 120°C. Preferably, the temperature
is in the range of about 40°C to about 80°C. Since the
oxidative esterification is exothermic, operating a
commercial reactor at about 50°C, and above, is
preferred as heat removal and associated cost become

25 economic considerations. It is preferable to choose a
temperature that allows the use of normal, low-cost
cooling water.

The alcohol used in the oxidative esterification
may be any alcohol that does not interfere with

30 subsequent reaction steps. Preferably, the alcohol is
a linear or branched C; to C;; alcohol. More
preferably, the alcohol is methanol or ethanol. The
reaction can advantageously be run in the presence of a

stochiometric excess of alcohol.



stochi ometric excess of alcohol. - 7 WD 02/40452 PCT/ USOL/ 47424 Suitable
solvents for the oxidative esterification can be selected fromthe group
consistin@ooﬂmasiphatic hydr ocar bons, aromatic hydrocarbﬂﬁypsmMUehbls and

5 esters. O partrcu npOort an cohol hat can o function as
the sol vent for tR& xr&g S&&Vegiﬁe Cri? Sﬁfaﬁﬁ§ﬁﬁrﬁﬁ59r CEFdeﬁyde
rati o rangescahr b selet®ed0 fioml @epah @leemeeekem. F Gatighwstidmay be

any 10 pall adi_.um cat al yst capabl e of catal yzi ng oxi atlv esterification
of *5-fornyl vAYEFBRRAEPPRE., Prefetdsl yydregar eeeryeﬂqoeodshérekogeneous

al I adi urg ba at i; by a

199530, Eian%gggr%f ?E¥?5§%§Cg§%§{ys?ngﬁgﬁud§E%5gﬁg%¥% AP g%d%$EZnPbB
and Pd4TeZn. the donhosliomelsodthef sodwmercifalr yhenpixedentiveg t he oxi dat i ve
esterification ess_ _accord es entign can be by any
ai r oxidatiofi® gﬁ atagn, genggglﬁgc?EB%n% aﬁﬁshage TR CudRRGEShy way of

20 exanpl e, bybmngtlbyolsalnatlon, batch reactor with or wthout stirring,
continuous reactor with g g flow or Dback-m xing, counter current reactor
and the Iike Al k¥hespayapgidinecansadannpe cabpavatedalr &m 8hF reaction

et o B Tpasihatah dapbnyhl LaBapfcoba08a ARy R oEY ARIAL L O O O

used to sepa ate e muc hano 'S preferred)
fromthe bul kstekifheaptoduot Erﬁmrmyﬂdaﬂeyeneskeﬂeflca&e@eraEhys

separation | d be cco |ished at a pressure_of 1.3 x 10-3 MPa to 6.5 X
10-2 MPa preFE?aﬁP?a Xsﬁngslé §eEP§°98n§9u§ Bailﬁél?mwbéseévaporator

tenperature wauhdybe getdeecr@%eal&nnga&ogegal@5eehena$%hleatqehhan0', 80
to 200C, nore prefera ly 100 to 150C. The nethanol rit

199530. Examples of suitable catalysts include
15 Pd,;TeZnPb, Pd,TeZnPbBi, and Pd,TeZn.

The actual method of commercially implementing the
oxidative esterification process according to the
present invention can be by any air oxidation method,
as generally known in the art, including, by way of

20" example, but not by limitation, batch reactor with or
without stirring, continuous reactor with plug flow or
back-mixing, counter current reactor and the like.

Alkyl 5-cyanovalerate can be separated from the
reaction mixture by fractional distillation. A stage

25 of evaporation would be used to separate the much lower
boiling alcohol (methanol is preferred) from the bulk
of the product from oxidative esterification. This
separation would be accomplished at a pressure of 1.3 x
107 MPa to 6.5 x 1072 MPa preferably, 6.5 x 10~° MPa to

30 3.5 x 107° MPa. Evaporator temperature would be set to
permit near complete removal of methanol, 80 to 200°C,
more preferably 100 to 150°C. The methanol rich
distillate stream would be recycled to the oxidative

esterification. The mixed ACV product, thermally



distillate stream woul d be recycled to the oxidative esterification. The
m xed ACV product, thermally - 8 WD 02/40452 PCT/ USQOLl/ 47424 stable
conpoundvoaomfssrze of methanol, would then be refined i nP@rus@di7gidonal
staged di sti n T ' A [ ure conpr|3|ng 5
al kyl - 5- cyan%kgﬁggafé%égggdgsggygﬁgﬁgd ?gg%Ers %H %Pﬁlgyééanovalerate and
al kyl - 3- cyanoedlieedt én EheradXtmbﬁalnayabeddd&bthﬂ&dt&bnac@&&&@ure of 1.3 x
10-3 MPa to 6.5 X 10- refer , .6.5 x,10-3 MPa to 3.5 x 10-2 Mra.

In one possible CEHF|@&F§9|3EV pre Bc%rééeésmlﬁﬁérﬁlE@Eprfélﬂgv streamis
fed to the ”h@ﬁk@ -geelhopvah c#afkshhll ationraolumn. i thachianghedmaterial s
are taken overhead and can be burned or converted to specialty” chemicals.
The refined BraFanowatlerigle,erintsatlkyl -Sokyanovebeirbee . afthec i xburted

I d | | h
gg[ﬁg;nylgg é% %%B%?ggngeraﬁgzghﬁgeﬁ§u§%o%f CXIﬁaﬁﬁgﬁ t W g{lomed by

Esterificatianihs® mpalgwefatiole t & ®<l>daﬂ10‘\%elvm§t6dsljlsak|p@: Mpg. 20 FVN
m xture can be oxidized in the absence of an alcohol and then esterified.
5- Cyanoval er 8 QBPdPR&A1OBE REBEIBYTEXIRt PSnthE BrPERFFlvaher BAKEA | e by a

process 55 m hag Ts‘BrEQ?ht ikagght tb”tg rcrlldaﬁ.‘[eeggct§oﬁ4gf9§9 wher e
met hyl -5-fornylvalerate is oxidized to 25 produce nononet hyl adi pate. The
FVN m xture dsstmhﬂatued woflbma . nolTeeubarncbrygenteonbdsnibmg gakehor a tine
sufficient to ox he Fvg nbxturg to groducg a [eaction groduct
cont ai ni ng 3°, eﬁ 8n§ E§an8YaPEFIE alr d = RYR & b8 §5S61RdF¥ed with or
wi t hout a cat:alemt:aaad atrhat pespheni tinehrehe¥akedipeassdr enel. S. Patents
4,537,987 and 4,931,590 teach that alkali netal oxides (such as
column reboiler and can be fed directly to
15  hydrogenation. Typically, the column temperatures are

between 100 and 250°C, preferably 140 to 200°C.

Oxidation of FVN Followed by Esterification

Ags an alternative to oxidative esterification, the
20 FVN mixture can be oxidized in the absence of an
alcohol and then esterified. 5-Cyanovaleric acid can
be made by oxidation of 5—formylva1eronitri1e‘by a
process similar to that taught in U. S. Patent
5,840,959, where methyl-5-formylvalerate ig oxidized to
25 produce monomethyladipate.

The FVN mixture is contacted with a molecular
oxygen-containing gas for a time sufficient to oxidize
the FVN mixture to produce a reaction product
containing 3-, 4-, and 5-cyanovaleric acid. FVN can be

30 ' oxidized with or without a catalyst and at atmospheric
or elevated pressure. U. S. Patents 4,537,987 and
4,931,590 teach that alkali metal oxides (such as
potassium hydroxide or sodium hydroxide in amounts of
0.001 to 0.5% by weight) and metal salts of cobalt or

35 manganese (such as cobalt acetate or manganese acetate



pot assi um hydr oxi de or sodi um hydroxi de in amounts of 0.001 to 0.5% by
wei ght) and netal salts of cobalt or 35 manganese (such as cobalt acetate
or mangamve@ez/emstate - 9 WO 02/40452 PCT/ USO1/ 47424 i np@mbeet<4mf 0. 0001

hese cat al ySPSORRRIEE GEcH-GPP FReUpT SoBRt VERVBRLI BT FE HEC0S ohr of erred.

to run the oxtdaleenteeanti oRitptiba 2bseneen.of whith eakakysts.
Preferably, the oxidation is perforned at el evated pressure in the
presence of SPE2LBEER FBBcPPoHSeEoWdrhi BAS BireecBRthigNeBEAPEr siibnifate. The

reactiongo ??éf@?ré&”tésréncggéiBEQHétEBECEééctIBnoﬁhakgehEBEe%BeverSi0”

and selectiv a pressure above atnospheric pressure (about MPa) and
preferably abbveudh bacsly&t®Pa) of air is required. Mre preferably, the

total pressure when using.air_15 shoul d,be about 20 bars (2 a) . or, hi gher.
wi e Thigher precearesathly chRoSHadabinh, 150 BorEo8mEAL) < eRhy SFipr ove
reactivity, pheysGas nAcersi pabsehtbgher ae@ui ppEBh €estriBhessures of from
about 20 to 40 bars (2 to 4 MPa) air represent a realistic and

commrer ci al | ycop@ihéerpt gbve pahyah TRBVEXPdAni sAtstepThe rRACpHieBent
inventiqﬂ)ca@?9e epgﬁLo%geg ﬁgn?iﬁﬁgggrgggggsgf fromabout 20C to as high
: ﬁP y, the i

as about” 120 ef erab enperature 1s in the range of about 40C to
about 80C. Since TheoBbabui Hagthooohseexbbheanticsehpetatsing, aacomrer ci al

reactor at about 50C,. and above,. is preferred a§ heat rennv?l gnd
associ at ed cBEESBBEBNBPE¥BNBRTESEBRELdePREPEHES I(BPOPE pr¥F8! aBPE to choose

a tenperat ur gybhataBhiousotBe1 oUsg el (10UBR) . cEOMs e0SE ceglipgavater. 30
The actual nethod of cCommercially inplenenting the
More preferably, the total pressure when using air

15 should be about 20 barg (2 MPa) or higher. While
higher pressures, e.g., 40 to 65 bars (4 to 6.5 MPa),
may improve reactivity, they can necessitate higher
equipment cost. Pressures of from about 20 to 40 bars
(2 to 4 MPa) air represent a realistic and commercially

20 acceptable range.

The oxidation step of the present invention can be
performed at a temperature of from about 20°C to as
high as about 120°C. Preferably, the temperature is in
the range of about 40°C to about 80°C. Since the

25 oxidation is exothermic, operating a commercial reactor
at about 50°C, and above, is preferred as heat removal
and associated cost become economic considerations. It
is preferable to choose a temperature that allows the
use of normal, low-cost cooling water.

30 The actual method of commercially impleménting the
oxidation process according to the present invention
can be by any non-catalytic, heterophase, air oxidation
method, as generally known in the art, including, by
way of example, but not by limitation, batch reactor

35 with or without stirring, continuous reactor with plug
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oxi dation process according to the present invention
non-catal ytic, heterophase, air oxidation nethod, as

can be by any
generally known in

the art, weotudsng, by way of exanple, but not by |imtaPCOUSOBEIZ

35 h i th Stirri tQ
S IR i ShG, | IR LTy oo

- 10 W

t
X CHg £ SEGuRTe” %ﬁrngﬁt%bgéctor and

the like. UliBe.Patent.5p846n85% B@@cbgs tthalchker thexi datd on of al kyl
5-fornylvalerate, realistic_ heat renpval. considerations cause the
preferred nmePkdlaBEon; escﬁékYépérépirawlﬁfalﬁefa&e | &8 14 Copeum

conver si E‘@wsvfsgsceﬂgla@rgegows%a*a%' i-pg %@ei@ergfed tRenda o+ and

5- cyanova er|c acl in the present I nventi o

s preferreg to run the

oxi dati on 10reaatbronparathenhtghbstapoégsbleha@nw@KsMMMIand selectivity.

Such an operation_avoi ds

Secocint e AL PR, HEeNEErerte tRotPen iR Beiddbahbehrt e pr oduct

can be 15 estgei BlLeds-Orgadi 6-eghabsataribeade by keecireredi the
appropriate carboxylic acid and al cohol in the presence of a honpbgeneous

or het er ogenéBUSNEACE) y3E. 1SCRESSETERE KOs EUBONREN OKFSABEE

®8ous catal ysts is

sul furi o qoi d.apdobhe, st gompmn.heterogsneaus 20 Garalyst s are
Rt SR GoEnanas® Beraie aararys

1 on- exchange resi ns. terog

cata S have proved to be

useful in naegleapmVutytlosscheaauspe@btubalavadﬁsvthﬁ,n&ebecblwuhy,

reusability, non- co& ivity and virtual absenc;

whi ch is assBcFEF¥ELRi tROPhELEE HEﬁnG&ﬁQG&?tEQt P§§ﬂ%
invention thessgstepthteati on process is conducted in
pri mary alcohols having from1 to 4 carbon atons. The
for operation ranfesléwdpng2sheooxidation, the product

ffluent t r eat ment
atdFhe present
the presence of

tenperature required
can be

15 esterified. Organic esters can be made by reaction of

the appropriate carboxylic acid and alcohol in the

presence of a homogeneous or heterogeneous catalyst.

One of the most common homogeneous catalysts is

sulfuric acid, and the most common heterogeneous

20 catalysts are ion-exchange resins. Heterogeneous

acidic catalysts have proved to be useful

in many

applications because of their activity, selectivity,

reusability, non-corrosivity and virtual absence of

effluent treatment which is associated with the

25 homogeneous catalysts. In the present invention the

esterification process is conducted in the presence of

primary alcohols having from 1 to 4 carbon atoms. The

temperature required for operation ranges

from 25 to

150°C with the preferred range being 70 to 120°C. In

30 order to achieve high yields of esters the reaction

between the acid and the ester is conducted in the

presence of excess alcohol. The preferred

catalysts

used are the sulfonic type cation exchange resins,

having a macroreticular structure. As the

name implies,

35 these are used in their acid form. These catalysts,

- 11 -



150C with t
yields of e
in the e
sulfonic ty
As the nane

preparation

he preferred range being 70 to 120C. In 30 order to achieve high
sters the reaction between the acid and the ester is conducted
spmue2 of excess al cohol. The preferred catal ysPeT/USged4Br e t he

cation exc e

i h ng a nmacr.oreticul ar ructure.
e B oRs e PR b kgl Y BBl Rt aoro e TRLSE ot ol vat s,
- 11 WO 02/ 49468 BPCOaYS08L47484 chhailfspsopekt besiansieet hod of

are taught _ in US 3,037,052. The catal ysts are avail abl

e

conmer ci al | yCaWeareasdydanAdare: Reler Ha6rar khs AKBEFIPEK. 15 (Rohm & Haas

Cb”pa”Y)-SThgmbééﬁg%eﬂlbs(RBE&rkeﬂaQHtcgﬂP%n 9?'3%H80¥%?%¥§%ﬁ”Hthe

reactants an

catalyst being substanti nhydrous. The reaction

carried out ebtrhéedi nubatichaononeatiurwoss sysaemer th&é0rkeactheatpr eadnt

i nvention,
a linear or

4-, and 5-cyapavBkerateichbeatpeetaeablin, phhenh akceBakihsolBt hanol or

et hanol . Al
fractiona

oxi dati ve, e
Fwdrogeégi

t he

1 xt f 3-,.4-, 5-
ORr e Bef hoos st apEaRai: SH RV aHaEE o THEY FaRE  oPhe &

yl

can be

valeri% acids is reacted with

3-,

kyl 5-cyanoval erate 15 is isolated fromthe reaction m xture by

BABRErl ati on as described in the preceding di scussion

vrrratl AL e |
Ster'f;ﬁg£h8?PFF%Q589§g@%gBSOB MRE éﬁ§§P§%?BQV§-erile 20

am noc¢aprodate from

on of ni rou roduce

of

al kyl 5-cyanaudl Brayenocanerhe acddsplieshedctadt hethr aseénaeaef og net al

catal yst,

and optiognally in a

iquid solvent. Suitable nmetal catalysts

|
can be of maRyeRGPee. CTHe CaraPysSPhrs GSeBTPAUSS anmaibunt effddkive to
catal yze thezreagli og,gFal oy 8X80RN Era8RONIACRE! Bhetal-aby$t StphoNDgeneous

catal ysts,

15

20

25

30

35

and reduced netal oxide and m xed netal oxidé catal ysts
alcohol is methanol or ethanol. Alkyl 5-cyanovalerate

is isolated from the reaction mixture by fractional
distillation as described in the preceding discussion

of oxidative esterification.

Hydrogenation of Methyl 5-Cyanovalerate

Hydrogenation of the nitrile group to produce
alkyl 6—aminocapfoate from alkyl 5-cyanovalerate, can
be accomplished in the presence of a metal catalyst,
and optionally in a ligquid solvent. Suitable metal -
catalysts can be of many types. The catalyst is used in
an amount effective to catalyze the reaction. For
example, sponge metal catalysts, homogeneous catalysts,
and reduced metal oxide and mixed metal oxide catalysts
may be used. Supported metal catalysts may be also
used. Suitable active metals include iron, ruthenium,
rhodium, iridium, palladium, cobalt, nickel, chromium,
osmium, and platinum.

Sponge metals are one class of catalysts useful
for the present invention. A sponge metal has an
extended “skeleton” or “sponge—like” structure of

metal, with dissolved aluminum, and optionally contains

- 12 -



may be used. Supported netal catal ysts may be al so used. Suitable active
nmetals include iron, ruthenium 30 rhodium iridium palladium cobalt,

ni ckel , oV0 oMM osniun1 and platinum Sponge netal s ar BCOUS0IG7dBIs oOf
catal ysts useful for pRresent invention aonge netal ha

ext ended " skBF8F8H=I5r "prndgoPgﬁemes?rucpﬁVe gg g HgséP S ?ﬁ08ISSO|Ved
al um num andyapbuenaklideeontbBkbgbed hdr¥@s02640452sPCAndSAYE44424
pronoters. The sEon ge netals na% al so contain surface hydrous oxides,
absor bed hydPBhBlpadinaPsTednd RyArggeRetBlbEREZIVRtFoFRE. PSpBAgE et al

catal yst & capybenageodoly hBEcPEBEESIndBeChl badrbhUs 8oalabet ¢1,0628, 190,
the disclosure o reF

I's 1 ncorporated herein by reference. Preferred
sponge net al disatbadeenpfkwhicbobal tnpcoikpomatedt hemedm byhodi um iri dium
pal | adium and_. 10 platinum Sponge nickel or sponge cobalt are
particul arly® ?E?Fﬁﬁgg as catal ysts. The sponge netal may be pronoted by

one or nore pronpbeesesebackpenfeomethhe gh@@ﬁdéOﬁ&bﬁéungc@Ea§EOUD I A
(l'ithium sodium and potassium, |B (copper, silver, gold) | VB 15

(titani um andreny csREhaRiuyB Fb@ﬁéémun}rl@FBm(cﬁﬁéﬁﬁdﬁvm mehgbdenum and
tungsteq} V%igtﬁﬂﬁﬁga” ggéhﬁgbﬁgl Ora?glggglcgbgggpﬁggbalt ni ckel ,

ruthenlun1 rum um osm um um an atinum) netals. The
pr onot er canpbetmeeﬂarmyaauanabme asebataﬂysgbve 2hedepbngd mesHlits. For
exanpl e, the anount of gng be any anmount | ess_than 50% by wei ght
of the spong’@ay FaProﬁ HI?nS 5 T69°bETRBPHRTS RABLECHPEF&FSBIy 1 to
5% by wei ght th§p§996pnbehghse§hgl ¥et 8reQ t@An E@tHhan' gkgk uandands

al umi num The alum numis typically int orn1o

potassium), IB (copper, 81lver, and gold), IVB

15 (titanium and zirconium), VB (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

20 desired results. For example, the amount of promoter
may be any amount less than 50% by weight of the sponge
metal, preferably 0 to 10% by weight, more preferably 1
to 5% by weight.

Sponge nickel catalysts contain mainly nickel and

25 aluminum. The aluminum is typically in the form of
metallic aluminum, aluminum oxides, and/or aluminum
hydroxides. Small amounts of other metals may also be
present either in their elemental or chemically bonded
form, such as iron and/or chromium, and may be added to

30 the sponge nickel to increase activity and selectivity
for the hydrogenation of certain groups of compounds.
It is particularly preferred to use chromium and/or
iron promoted sponge nickel as a catalyst.

Sponge cobalt catalysts also contain aluminum and

35 may contain promoters. Preferred promoters are nickel

- 13 -



metal lic al um num al um num oxi des, and/or alum num hydroxides. Snal
anounts of other netals may al so be present either in their elenental or
chem cal wobvsdezl form such as iron and/or chrom um anBCHE$IMT4Rdded to
30 t he sponge aic%el to_ingcrease aciithy and %ele%ti it for the

hydr ogenat i ofi"8f SCEPPAIR” gF BGp§*BFPEEnpBURBS U Ft Ofs 2Pt @l &¥1y preferred
to use chromyymyapndbakedi bANtREOWBEGHESPENGBeNEkAl yvaE .a catal yst- Sponge
cobalt catalysts also contain alum numand 35 nmay contain pronoters.
Preferred pronot eE32@Péchi ekeFuitalpie wprpIripesalpcriadysts7424 and

h i for le i b 2% b i gh d th i ght
of he ot al yar oaB, Bralal o Ritn 27 P bongb e SRnENE SRS °5 { nol ude’
De BLM X a ) i 000T™M d
vagsz?ace Ré%gy ?¥é§7¥§£g%§p§%?§g ﬂ%e%égpﬁyéﬁgggﬁg%fg% c af@i?é'are o

anot her ki nd of useppbrtatiahgsts hgpdropenptésentatiniyenti ame Such catal ysts

consist of a netal catalyst 10 gn_a solid support. Any such catalyst may be
used in catﬁ????%ﬁl? ngfP%c??@guénﬁaﬁﬁiysﬁﬁeEQFrEae tSPS§TEn  the

supported nmeialesatshyst shpal HdEalYERENEBALiBECKE! & meeRal barhn QR rhodium
iridium palladium and platinum”Rutheniumis especially preferred. Mre
15 t han léhe avtal sphydbeunpedt - ARpysehrld sappovett may bdoesedotini nterfere

with the react]j an u . . Preferre ol i.d _suppoarts include titanium
0 o do. | ooGhLENyERRL RO BeRec FUE] BRERA-RY| b BURREN RATLIR Ll L

| ant hanum oxtHe, sdppeodedmndt axi datadgbitvahelduds ehiaheaalim, ahtiaikaum
silicate, silicon dioxide, |anthanum  oxide, nmagnesi um oxi de, zinc oxide,

d 3 ] v

and zeoIites?Obﬁ%FpiEEPaylyhﬁgéFErréﬁlgéPWd Bapparismar 8neli t ani um di oxi de,
porous alun]ﬂﬂ&%?ﬁhﬂ?1 §h£h§ﬁﬂuﬂ'9§'g§pecially preferred. More

15 than one metal may be used. Any solid support that
does not interfere with the reactioﬁ can be used.
Preferred solid supports include titanium dioxide,
porous aluminum oxide, silicon dioxide, aluminum
gilicate, lanthanum oxide, zirconium dioxide, activated

20 charcoal, aluminum silicate, silicon dioxide, lanthanum
oxide, magnesium oxide, zinc oxide, and zeolites.

Particularly preferred solid supports are titanium
dioxide, porous aluminum oxide, silicon dioxide,
zirconium dioxide, and activated charcoal. Esgpecially

25 useful supported metal catalysts are supported
ruthenium catalysts, for example, ruthenium on titanium
dioxide. Also, it is acceptable to use a mixture of
more than one support and/or more than one catalyst
element.

30 Any method of placing the metal on the support may
be used. Several methods are known in the art. One
method uses vapor deposition of the metal onto the
support. Another method uses a flame spray technique
to apply the metal to the support. Another method

35 applies a solution of the metal salt or metal oxide to
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zi rconi um di oxi de, and activated charcoal. Especially 25 useful supported
nmetal catalysts are supported ruthenium catal ysts, for exanple, ruthenium
on titaniwen2/di46xi de. Al so, it is acceptable to use a m xpOar@saf474or e t han

one support d/or nore thap.one catalyst __elenent. 30 Any nethod of

pl aci ng the aFUBRY e suppdr S5y 1%30&51@ e @Ye%yﬁ?é%/rﬂfdéz%e known in
the art. Oneguppbhed akge s heaP HeWRNGY e <2f1 tt ke Mtidle ONta ey support.
Anot her net hod uses a flame spray technique to apply the nmetal to the

support. AnoffRéhodefRbd 135 applated #adél thiagn com s it &€ salt or net al
oxide to %9 éﬁermgﬁqgl?%%§%§EEEEU§%;Q é4%%ﬁpkgguigﬁggﬁ%&ﬂlp'eé%hep i~

fol | owed rying o upport and the e salt” or oxide.
Anot her et badtapphicéside retrdonsdl ort hgtdrdae easidlyexes D keremald vy

deconposed to the support. Suitable netal salts .include carbonyl or
hydri de corrpf“@%&sogf 1 f'?él_'ofﬂlc_bfﬁ?le_ Gplﬁaﬁfin, _rl"r’it@i?éﬁll}mboﬁ 1Yyt heni um
rhodi um  papbadbdfumdS BsiTund, " i 6DunR! 28R Munt NP Num, ! ybdenum
tungst en, nmanganese, rhenium copper, 10 silver, and gold. The netal is
typi cal | y appblyddenurhe tswdisdensuppogensgsed. Yhegi®m, pecgmsr, by wei ght
relativ oth total weight of the supported catalyst. Preferably, the
netal is %t ﬁ.lgvteg'SBf% O\%gi'ght, nore preferably 2 to 15 25% by wei ght.

Honogeneous cat al yaksmatalanet kephivseliyl apynecd tometrl seatial yst for the
present invention. Honogeneous catalysts_ are soluble _netal conpounds
i ncor por at i n§UBRE* Lo talednbrndli BFT6ENe LY ¥edgdlh &elafddicurre teheni um

20 TEEKSH o, B8l LA Ui Reteuyoend sk ARG bl
metal is at 0.5 to 50% by weight, more preferably 2 to
15 25% by weight.

Homogeneous catalysts are another useful type of
metal catalyst for the present invention. Homogeneous
catalysts are soluble metal compounds incorporating one
or a combination of metals such as rhodium, ruthenium,

20 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 type of useful hydrogenation catalyst is

25 derived from the reduction of at least one metal oxide,
a mixture of metal oxides, or a mixture of metal oxide,
hydroxide and/or carbonate. Such catalysts have

similar structures to sponge metal catalysts in their
extended “skeleton” metallic structure. However, they

30 typically would not contain dissolved aluminum or
silicon. Such catalysts can be prepared by the
reduction of bulk metal oxides such as iron oxide or
cobalt oxide. Alternately, the bulk metal oxide
precursor may be prepared as a mixture of metal oxides

35 including one or more of the oxides of iron, cobalt,
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atom bonded to the nmetal atom such as phosphorus, nitrogen, oxygen
carbon, and sul fur. Another type of useful hydrogenation catalyst is
derived wWonr4#@s2 reducti on of at |east one netal oxide, BCTUSRCM7¢240f et al

oxides, or a mxture of .metal oxide,. hydroxjde and/or carbopate, Such
a éjf%‘]r]i 1 dr T 629 Who e YL s R EHER

extended " skedeftoiiuneteatdlidh f Usd Ufifierianeaingdthay, Z8stypically would
not contain dissolved alum numor silicon. Such catal ysts can be prepared

catal ysts hav&

25

by the redudtidrgRrsisdul kKletdlitoiemesnahich fgdyewmidesiae metakobal t oxi de.

Al ternateLy,
of metal oxi
iridium pl
addi ti on,

8 Ml e 19X 4R 1 R EE U S G

b8 prepared as a mxture

es 35 1 ncludi'ng one or nore of}% e oxidesof "iron, cobalt,
WO 02/ 40452 ReF UStE@#Avat2idbnall dkelgntr Wpdreini aag igrhath g/ ped1mdindgn osm um

i hu chrom um _nol ybdenum. tungsten, and nanganese.
%; 'h;P& %llﬁrca%?orﬂﬁ TR i ncl uded in the

538 8 or® it

In

15

met al oxi de nMinddi#drate Hdharaly) aradeRatent Application WO 98/ 04515 and

U S. Patent

No. 6,005,145, the | atter being incorporated herein by

reference. The hydiwsydisinagenaddett oredas inoy e Irwmrm}r]flcyr rxlﬁrfogﬁmi iSOO _
ressure, gf 0t Si : to o _Pa) er to psi
?2. lto ig 3 éE) %rgegso r%%r eOf( gLrog)fgé:roabﬁ%;bOS@ngt o(’ol'(%i)q:posiﬁ??%/ﬁ 6.9 MPa).

The hydr ogemyedietriaddl yorRess Wee 1isnd yriicald v 50 1w 40Mp4)Si ardd 4 0 27.6

MPa), preferably 100 to 1000 psi (0.69 to 15 6.9 MPa), and nore preferably

250 to 750 pRATSEETRRlY O tgpah0o0TRS Inol3at t&t i% %
cyanoval er at J&-dodd Gl A bARLAY L

The hydrogenationreaction teffperature i s

i5

20

25

30

(0.34 to 27.6 MPa), preferably 100 to 1000 psi (0.69 to

6.9 MPa), and more preferably 250 to 750 psi (1.7 to
5.2 MPa). The molar ratio of hydrogen to alkyl 5-
cyanovalerate is typically 2:1 to 200:1, more
preferably, 2:1 to 100:1.

The hydrogenation reaction temperature is 40 to
220°C, preferably 70 to 150° C, more preferably 80 to
120°C.

The reaction is preferably carried out in the
absence of air.

The hydrogenation reaction may optionally be
performed in the presence of a solvent. Any solvent
that does not interfere with the reaction may be used
and can be used in an amount to increase the yield of
the reaction and/or to remove heat from the reaction.
Suitable solvents include water, alcohols, esters,
hydrocarbons, tetrahydrofuran (THF), dioxane, ammonia,
and ammonium hydroxide. Preferred solvents are
ammonia, methanol, water, and mixtures of these
solvents. Typically when a solvent is used, the mole

ratio of solvent to alkyl 5-cyanovalerate is 1:1 to

- 16 -
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20 220C, preferably 70 to 150 C, nore preferably 80 to 1200C. The reaction
is preferably carried out in the absence of air. The hydrogenation
reacti on way2/¢psi onal ly be 25 perforned in the presence PETESGMNENL. Any

solvent that. does not interfere with the reaction e used _and can be
used in an anmoUht®t cP?#c? thet Vil ofr THES r%%%r?‘%/%#]éﬁd]f%‘rlt‘boremve
heat fromthegeaction. Suitable solvents include water, alcohols, esters,

30 hydrocarbons, tetrahydrofuran (THF), dioxane, ammonia, and ammoni um
hydr oxi de. Pref er feflEqgsait omreagming dlayrgehdprt foxpg@rin sl mi xt ur es

of these .solyei Tyl cal e sol I g?e ﬁlﬁ tio of
sol vent tg al%é%ma?lc?/a%églgeér/a%%s&f: 1 %@Eqﬂﬁ%@%% 4 déta

PCT/ USO01/ 47428 xdD dld ypaeftesmalind Bludtny Medetomr e preiesdlided 10: 1 to
20: 1. Hydrogenation reactions maﬁ be perforned in any, 5 sujitable type of

reactor. Sui tHREFedtdDrad gl ¥ 95 W%e%eﬂae%%/jcﬁna‘?ﬁj @rry reactor.
A fixed bed J&AGtal: hasmAhRAMANAGE-Gf ©ASYoSePRfal | osnf-the reactants

and products fromthe catalyst. Slurry reactors include batch, a
cont i nuous| y mtdatyask tiamkd ude redctior \a aeh bl budbd by oo urred gaotlor . I n

slurry reactors, the catalyst .may renmoved fromt eerlgactl on mxture by

b
filtration orrecaednttor]?’f uagna Hction, ﬁogl%tﬁﬁa%ﬁoﬁydr tioh catal yst used

will depend manddtrd yphfcdteasisy mBethe Rgm&tad rirdd tleactsd s idhe
catalyst will make up 0.1 to about 30% by weight of the reactor contents.

Preferably, tHeBsumiy ofl el omiqante fudal m%% I8P wei ght, nore
preferably 5 to %%@téha%ﬂéﬂgf hydrogenation catalyst used will

depend on the type of reactor used. For slurry
15 reactors, the catalyst will make up 0.1 to about 30% by
weight of the reactor contents. Preferably, the amount
of catalyst will be 1 to 15% by weight, more preferably
5 to 10% by weight.
For a fixed bed reactor, the weight hourly space
20 velocity will typically fall in the range of 0.05 to
100 hr*, preferably 0.1 to 10 hr™?, more preferably 1.0
to 5.0 hr™.

Cyclization of Alkyl 6-Aminocaproate

25 ' to Produce g-Caprolactam

U.S. Patent 4,730,040, incorporate herein by
reference, describes a process where alkyl 6-

aminocaproate can be hydrolyzed to 6-aminocaproic acid

which can be cyclized to e-caprolactam at elevated
30 temperatures (specifically 150 to 370°C).

U.S. Patent 5,877,314, incorporated herein by

reference, discloses a process where an alkyl 6-

aminocaproate is converted to caprolactam and

caprolactam precursors by reaction of alkyl 6-

35 aminocaproate with hydrogen and excess ammonia in the
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For a fixed bed reactor, the weight hourly space 20 velocity wll
typically fall in the range of 0.05 to 100 hr-1, preferably 0.1 to 10
hr-1, nomeopr¢fsrably 1.0 to 5.0 hr-1. Cyclization of Al RgT/US01/47424

6- Am nocaproate 25 to_Produ s- Caprol act am U. Pat en , 730, 040,

i ncor por at e BE?E?ﬂc%yOfrgf5V§ﬁ85}uﬁe§8%9g¥§ta pi&ge gcﬁhgﬁé al kyl 6-
am nocapr oat eypasabeyhydehbyzed te ceasivadc&poal ¢hacrdactiionh can be
cyclized to c-caprolactamat el evated 30 tenperatures (specifically 150 to
3700). U.S.MpEEERE BT89Y, §94CYFhdEPbdPRted herein by reference, discloses
a process; where an al kyl 6- am nocaproate is converted to caprol actam and
caprol actam precursors by reaction of alkyl 6 35 am nocaproate with
hydrogen and excess amonia in the EXAMPLESD 02/ 40452 PCT/ USOL/ 47424

presence of a rutheniumcatal yst. The_ al.cohal typi cal | t hanol , is
removed from the EgﬁcPF8ﬁen§i¥ E?EtbPPoﬁstSXEVPFFﬁéFgohyyggEXANPLES The
present invenbldswisgexeAphimiedngyekhfpleel.l owi ng non-1imting exanples.
10 Exanple 1 Oxidative Esterification of Fornylvaleronitriles to Methyl
cyanoval erates This exanple shows that fornylvaleronitriles can be
convert in one step to nmethyl cya ates (MCV) 15 while the
selecti?ﬁ%y towards |inear isoners pladple &. A sanple of a solution
containing 2.3 g of fornyl oalidabiver EséerificétdobFYl, 3.7 % 4FVN and 11.8

0
%of 3FWN), 10 g Bgrgg ggggLogggrglgsgtngethyl cyanovalerates

This example shows that formylvaleronitriles can
be converted in one step to methyl cyanovalerates (MCV)
15 while the selectivity towards linear isomers increases.

A sample of a solution containing 2.3 g of

X

formylvaleronitriles (84.4 % 5FVN, 3.7 % 4FVN and 11.8
% of 3FVN), 10 g of methanol and 0.5 g of
orthodichlorcbenzene (GC internal standard) was heated

20 at 50°C under 500 psig of air for 1 hour in the
presence of 10% by weight of a solid catalyst (shown in
Table 1) . The products were analyzed by Gas
Chromatography with a Restex -5 Amine column (15m x
0.25mm) . The conversions are shown in Table 1. In

25 this table FVN linearity = 100*5FVN/ (3FVN+4FVN+5FVN) .
MCV‘ linearity = 100*M5CV/ (M3CV+M4CV+M5CV) .-
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ort hodi chl orobenzene (GC i nternal standard) was heated 20 at 50C under 500
prig of air for 1 hour in the presence of 10% by weight of a solid

catal yst W@ho¥msin Table 1). The products were anal yzed PGT/G861/47424

Chr omat ography with a Restex(r)-5 Amne colum (15mx 0.25m). The
conversions are shown in Table 1. In 25 this table FVYNlinearity =
100*5FVN ( SFVN+4FVN+5FVN) . MCV | i neari tyBes 100* MSCV/ ( MBCV+MACV+MBCV) . - 18
WO 02/ 40452 "PCTT OSUIT 472724 TARd, T4z eZn B P2 Tea N rezl VIV

P B
(ol e% 5.7W5L7, ot Lﬁ@mwws
MBCV (rmole% 0.3 0.2°0; MACV (mol'e% 1.0 0.7 0.9 MCV (nple% ~56.6 37.0
10. 4 Conver si4fVp)(meBe%® 35.1 49.53.7FVN linearity.82.5 84.0 84.21.3LV
linearity 97. &R (mIfesy 5 Exanplg 2 Separationggf,Linear and JBranched
Met hyl Cyanoval er atzléls gI'F1)i s exanpl’e shows t hat thg br anched isoner%s'%can be
renoved in a B@Verl®pPbe%l feasibl €-distillation 102rocess (head0p?essure
10 torr). 300 g gneicdy xed net hyl jcyanoval erat gs were used as,fged to a
batch, 20 plates 1 :fnnceh O dershaw still with a 500 mM pot. The conposition
of the feed M i(BPLYS anal yzedb®dy¥ GC was found7t® be 14.3% MIGV4 15 7. 7%
MBCV and 75: ' ] ' '

and 5FVN. The 8?s?|ﬁ31°a (i/° n began "@at total refl ux°at 10 torr (1. 10- 3
MPa) with a OfVN linearity 82.5 84.0 84.2
MCV linearity 97.8 97.7 97.7

5 Examgle 2

Separation of Linear and

Branched Methyl Cyanovalerates

This example shows that the branched isomers can

be removed in a commercially feasible distillation
10 process (head pressure 10 torr).

300 grams of mixed methyl cyanovalerates were used
as feed to a batch, 20 plates 1 inch Oldershaw gtill
with a 500 ml pot. The composition of the feed
material as analyzed by GC was found to be 14.3% MACV,

15 7.7% M3CV and 75.9% M5CV, with the remainder primarily
acetals from methanol and 5FVN. The distillation began
at total reflux at 10 torr (1.3 x 107 MPa) with a 0°C
condenser. The low boilers left the column primarily
through the condenser at total reflux. At total

20 reflux, the column reached a steady condition with
150°C pot and 102°C at the head. Distillate was then
removed in 5 ml cuts at 100:1 reflux ratio using a
vapor splitting head. Over the course of 13 cuts, the
head temperature rose from 102 to 122°C. The

25 composition of the first 3 cuts showed no M5CV and

between 50 and 70% M4CV, 5 to 8% M3CV with the
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condenser. The low boilers left the colum primarily through the condenser
at total reflux. At total 20 reflux, the colum reached a steady condition
with 150 pwso4and 102C at the head. Distillate was then PEBUSMAH434n 5 ml
cuts at 100: 1 refl ux r?tLo using_a vzpor S Iittin% heaq,.CNe t he course
of 13 cuts, Fﬁgalﬁéﬁa Srper F&%E PSP M ™Y3 HEd 22 P ite S98WEGposi ti on
of the firsttBagUtheshewRdhead MECWeaiadhaket weebn2ddardblYVHVEEr 5 to 8%
MBCV with the - 19 WD 02/40452 PCT/ US01/ 47424 remai nder being | ower

boi | i ng i mpuVPPPESPTEREETEhGHEE thRatl R8T hLAERYA eEEkers FRfe a

consi der abl y 5hi.gh 0 r L an e-Lipear | er,ate. The 5
distiIIa??ondagggggﬁf¥%ﬁé§?%a§§ %éﬁgggfrg%Pi%%g@%zgrgéﬁggﬁééggﬁ) of MSCV
wer e taken overheadakat erfi N5CHe weren twkehn grveaherdt Ramne®9.i5%chienearity.

The final pot _sanple (which s 26 grang . of the starting,h30 ramns)
showed 0.14%¥Hﬁcwgghdg%Saﬁgfeggﬁﬂl§9W§C$il?ﬁ3rﬁ§§h lgkﬁogﬁgﬁqp%Sguction in
this 48 hour sdhptkl (@hienh was 0Bl Yyrak¥ of the kbkikahgVbod. gThashead
tenperature of the still leveled at 123C at 10 torr, which agrees with

literature ré&herefc8slftdr MERY fagornopfessgeabdr NBEV. Thieshigpresents a

greater an g iffterence in_15,bailing.poi t Cv and
The MeOVS - PSR L REEo Pk BC 060 el 2 Bl 8188 T APT WO ER BRINEY
Cobal t Cat al $8t 0c20thki $nexdapl Msskiows Theaherdt hgmpbrayamevalfecakte can be
hydr ogenated t Teﬁh | _6-.am nocaproate_in the presence of Rane§ Cobalt. A
100 ni stai nfF&ddls @&FlﬁﬁgﬁtpﬁéésﬁrétsﬂprF@Hr'r@Q&Fﬁra@PSF? Wé&8tor) was

E?argsd W th126e0,8uet Zereebhanal randcBeSvapel BargkuCrbalt v3é4 (W R
ace) .
This represents a greater than 20 degree difference in

15  boiling point between the M4CV and the M5CV.

Example 3

Synthesis of Methyl 6-aminocaproate

using,Raney® Cobalt Catalyst

20 This example shows that methyl 5-cyanovalerate can
be hydrogenated to methyl 6-aminocaproate in the
presence of Raney®Cobalt.

A 100 mL stainless steel high pressure stirred
reactor (Parr reactor) was charged with 26.0 g of .

25 methanol and 0.5 g of Raney@ Cobalt 2724 (W. R. Grace).
The reactor was then assembled by securing the cup to
the head, pressure tested with 100 psig of nitrogen,
and purged with hydrogen. It was then pressurized to
250 psig with hydrogen and heated up to the reaction

30 temperature (75°C) under constant stirring. 10.23 g of
methyl-5-cyanovalerate (M5CV), 0.5 g of l-methyl-2-
pyrrolidinone (internal standard), and 5.0 g of
methanol were added from a pre-charged addition
cylinder to the reactor by pressurizing the addition

35 cylinder with hydrogen. The pressure in the reactor
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The reactor was then assenbl ed by securing the cup to the head, pressure
tested wwth 100 psig of nitrogen, and purged with hydrogen. It was then
pressuri 20 0/e45250 psig with hydrogen and heat ed up to tPeT/US@Ct7THIN 30

tenperature (75C).und r.capstant st .10..2 f .
nethyl-5-cya%8§a%g E%)upotg SﬁgFﬁyﬁ?%?gp¢F98IFﬁ?ﬁbné'@interna
standard), amgab. 8ng mblnﬁa&haa% wehatad@eélf EORcRghbetC Rakgedtadd tion
cylinder to the reactor ﬁ pressur|2|ng the addition 35 cylinder with

hydr ogen. Th8YsrEdenr efj khen&uredét ér hT) -20Pupbng2 thgasoupes oS0 ther424
was then bro toqt I g

naintainég a?g?%gFBPevé m?h?%&%%%%t%g % g%??ggg%g ngﬁgglggghﬁg%gﬁw (1.2
hr). During the Eeacserothrbegﬁ peaetmpdr, pdril coampltsdwepe awdtibdr awn
periodically.from t Egactor hrouag a sa e port connecte n%P adp
leg inside th&9r&BEL F ReT§aFHPEs weFE ﬁﬁ 2816y GRE-¢RFEmR¥ogr aphy
with a ResteyasS5cARLRAELEEHHAR (&5tha ﬁeaégﬁ 5 TRRi §ONVETShON (05m MaCV,
selectivities and 10 yields o¥ 6- met am nocaproate (6MAC) and

caprol act am O¢@bnmis Fheurenpverssdpnt P%Mépglsﬁ@aﬁctnvmbﬁé andTABLE 2 MbCV

(9% (ol 8 CL{/%FO% B SPEpEhoL oRugfoBabl Rty (EMAC) “§hg hhgkptagtghd, 1"
89.5 35.0 9. 9CB) 9as0a6f8Ac0iB4. 3df74iBelartelsbowh. 2n89%a$18320 82.5 9.3 9.2

15 Exanpl e 4 Synt hesi s of Methyl 6-am nocaproate using Raney(r) N ckel
Cat al yst The purpose of this exanple is to show that nethyl

TABLE 2
M5CV 6MAC 6MAC CL CL
Time Conversion Selectivity Yield Selectivity Yield
(hr) %) (mole%) (mole%) (mole%) (mole%)
0.0 6.1 66.6 4.1 0.0 0.0
0.2 39.1 89.5 35.0 9.9 3.9
0.6 89.0 84.2 74.9 1.7 1.6
1.2 89.4 83.0 82.5 9.3 9.2
15 Example 4

Synthesis of Methyl 6-aminocaproate

using Raney® Nickel Catalyst

The purpose of this example is to show that methyl -

5-cyanovalerate can be hydrogenated to methyl
20 6-aminocaproate in the presence of RanejaNickel.

A 100 mL stainless steel high pressure stirred
reactor (Parr reactor) was charged 26.0 g of methanol
and 0.25 g of Raney® Ni 2400 (W. R. Grace). The
reactor was then assembled by securing the cup to the

25 head, pressure tested with 100 psig (0.7 MPa) of
nitrogen, and purged with hydrogen. It was then
pressurized to 250 psig (1.75 MPa) with hydrogen and

heated up to the reaction temperature (70°C) under
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5-cyanoval erate can be hydrogenated to nethyl 20 6-am nocaproate in the
presence of Raney N ckel. A 100 niL stainless steel high pressure stirred
react or (WRapr4msmctor) was charged 26.0 g of methanol anBCOUS® /45423
Raney(r) N 2400 R_.Gace). . Th reacto s_then _assenbl ed by securing
the cup to tﬁgnfggﬁ£a8F16Fé§§Urégtgs?eS%mFF%h§g05ﬁFV8nPU§ eﬁﬁgf of

ni trogen, andmpuvgedowstlh Bydnogenhylitovwagri-Bendipbassuytiveed to 250 psig
(1.75 MPa) with hydrogen and_ heated up to the reaction tenperature (700
under - 21 ‘Wpteyrabd45saperdbol1pa#a240 gopst methappdr vege 2ddedg of net hyl
5-cyanoval er h z ralidipo , 1 Nt ernal
standard?% a%ggg.%Nggg%cﬁggaggoghﬁéFgggdggé%§B¥%0%Faggge?%ﬁgyggdbgddition
cylinder to phesseatkongbyhepeddiuipbni nglthdeaddithohydybgerder Wheh -

hydr ogen. The ressure | n the reactor t hen brought the desired
'evel %(500 pEFGECS28 \PafantoRErAEalAEdREn PRAREFEVEP ERr biGhout ¢ ho

entire duratyenietqat heveun (880(3s9ghr 3. sDMPENgahReme9HESEnal hRe reaction,
sanples (1.0 nL) were withdrawn periodically fromthe reactor through a

sanpl e port, thahnéeved tbraughpukefhensnbéret Aurpeaenort The sunpl es were
anal yzed by SoC ma . aph i est-ex{r)-5_Am: o 15m x 15
0. 25mm) fjld])'hngéﬁvgrEgi' Oing?ﬁ%B)&}w ég g%?l \§/)Ikt ﬂé% ggéc%ggrdggﬁﬂ%ignet hyl
am nocapr oat é1( 6MAC) wadecapthtaatvanpéClipdasaaliufebmonhef rébhdeoar e shown
in Table 3. Table 3 MSCV 6MAC 6MAC CL CL. Tine Conversion Selectivity
Yield SelectFUFPVgWi@IﬂamPH?)P?@§'(ﬁBP@@&tFﬁDF€W$ @ﬁﬁlé@@ LhEle%) 0.0 1.6

59.3 1.0 0-Otﬁeore9c§0z33Tﬁ@-@a%p@eg-ﬁegelanalyzed by gas

chromatography with a Restex -5 Amine column (15m x
15 0.25mm) . The conversion of M5CV, selectivities and
vields of 6-methyl aminocaproate (6MAC) and caprolactam

(CL) as a function of time are shown in Table 3.

Table 3
M5CV 6MAC 6MAC CL CL
Time Conversion Selectivity Yield Selectivity Yield
(hr) %) (mole%) (mole%) (mole%) (mole%)
0.0 1.6 59.3 1.0 0.0 0.0
0.3 7.3 96.6 7.0 0.8 0.1
1.1 16.4 94.1 15.4 1.0 0.2
2.1 26.4 87.7 23.1 2.0 0.5
3.4 31.8 85.0 27.0 3.3 1.0
3.9 43.2 78.4 33.9 6.6 2.8

20
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6.4 94.1 15.41.00.2 2.1 26.4 87.7 23.12.00.5 3.431.885.027.0

1.11

3.3 1.0 3.9 43.278.433.96.6 2.8 20 -
VWHAT | S V@D NMVEBRS2 1. A process for nmaking al kyl 6-am nocapPOBRUS01/45424
reacting 3-pentenenitrile with carbon nonoxi de and
catal yst conprising a G oup

conprising: (a)

hydrogen in the presence of a hydrofornyl ation

VI11 netal twaprodscerAIMEDESt reaction product which conprises 3-,

5- 10 fornylvaleronitrile (EVN);

N); (Db) .
product a FUN ni &t BFeCB8fsLeti Rgéageat il ¢ -amigocaproassd 5-

fornylvahﬁroggk?

reacti on produc

either: (i) contadt)ngetheiRyYN3rprtiteeenitimide wakbokalrboa mohecildar
ﬁ gas and_a_. pal | adi um co taigig% %atagﬁs%.for atime 20
AT RIFRe 1BV REGPELES BrodubEdTPh8TEY & d Peact i on -

oxygen- cont ai ni,n
sufficient t3"0x

Q&E%%ﬁg) reacting the FVN m xture to produce a second

conprises alkyl 3-, 4-, and 5- cyanoval erate

4-1

isolating fromthe first reaction

by

22 WD 02/ 40452 PCT/ USO1/ 47424

and

15

product, or Ehtx19xtdesnpgikhegFYNerbxpuverrtnmbhal pbepedercefl sa nol ecul ar
oxygen-containing gas for a time sufficient to oxidize the FVN m xture to
25 produce ahlisRFdaesrehipRroBbeduebnphishngoBrriges 3gnd45-cyafdoval eric

aci d, aq% r698£&8?g%§§%98?E?Q?EOQFQﬁﬁd“Ct wi th an al cohol to produce the

second reaction

sol'ati ng the al kyl 5-cyanoval erate by
(b) isolating from the first reaction product a

FVN mixture consisting essentially of 3-, 4-, and 5-

formylvaleronitrile;

(c) reacting the FVN mixture to produce a second

15 reaction product which comprises alkyl 3-, 4-, and 5-

cyanovalerate by either:

20

25

(i) contacting the FVN mixture with an
alcohol, a molecular oxygen-containing gas, and a
palladium-containing catalyst for a time
sufficient to oxidize the FVN mixture to produce
the second reaction product, or

(i1) oxidizing the FVN mixture in the
presence of a molecular oxygen-containing gas for
a time sufficient to oxidize the FVN mixture to
produce an oxidation product comprising 3-, 4-,
and 5-cyanovaleric acid, and reacting the
oxidation product with an alcohol to produce the
second reaction product;

(d) isolating the alkyl 5-cyanovalerate by

30 distillation; and

(e) reacting alkyl 5-cyanovalerate with hydrogen

in the presence of a hydrogenation catalyst to produce

a third reaction product which comprises alkyl 6-

aminocaproate, in which the alkyl group contains the

35 same

number of carbon atoms as the alcohol.
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30 distillation; and (e) reacting al kyl 5-cyanovalerate with hydrogen in
the presence of a hydrogenation catalyst to produce a third reaction
product whoet4@enpri ses al kyl 6 am nocaproate, in which tReT/a@RKkyd742r oup
contains the 35 sanme nunber of carbon atoms as the alcohol. - 23 WO

02/ 40452 PCT/ US01/ 47424 2. The process of claim1l in which the alcohol is
a linear orz2branchedpcbckesCdz allkyh al aahehich 3heThe cpheaess ef claim 2
in which the_al cohol 1s nethanol or ethanol. 4. The _process of claim3 in
whi ch the 10lhparsf BEnpPrafcdsdcst af9stia s1kvithedicokrdonpound. 5. The
process of claim4 in which the hydrofornylation catalyst further
conprises a ligand selected fromthe group consisting of phosphine, 15
phosphoni t es3.pho%hki pirbesssphdsphbties2 andwpdlchdéheatd coplodsplsi t es. 6. The
process of cla%g15 &n mhigﬁ step (a) is perfornmed at 50 to 150C, a
pressure of BSt82F8-16°M&, ™26 a nole ratio of hydrogen to carbon nonoxi de
of 100:1 to 1:10, and a nole ratio of 3-pentenenitrile to catalyst of
500:1 to 10,000:1. 7. The process_of claim6 wherein a single stage 25

fl ash evaporétor Theupsecessi o8| alaimhé FuNwiilghutée fromthe first

oxygen- it o Hergtormy I8egoA EaRaglal T Bt RGO eh step

(c) is conducted at a tenperature from20 to 120C and at a pressure in

excess of 105pars &%ewg%obess of claim 4 in which the
hydroformylation catalyst further comprises a ligand
selected from the group consisting of phosphine,

15 phosphonites, phosphinites, phosphites, and polydentate

phosphites.

6. The process of claim 5 in which gstep (a) is

performed at 50 to 150°C, a pressure of 0.15 to 10 MPa,
20 a mole ratio of hydrogen to carbon monoxide of 100:1 to

1:10, and a mole ratio of 3-pentenenitrile to catalyst

of 500:1 to 10,000:1.

7. The process of claim 6 wherein a single stage
25 flash evaporator is used to isolate the FVN mixture

from the first reaction product.

8. The process of claim 7 in which the molecular
oxygen-containing gas is air.

30
9. The process of claim 8 in which step (¢) is
conducted at a temperature from 20 to 120°C and at a

pressure in excess of 10 bars (1 MPa).
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- 24 WD 02/40452 PCT/ US01/ 47424 10. The process of claim9 in which the
step (c) is carried out at a tenperature from40 to 80C and at--a
pressur e vod 02450 40 bars (2 to 4 MPa). 5 11. The processPOT/USIZiI7#2410 i n

whi ch al kyl 54 cy % 1. | .at gd.Lr e C r tiqn product
by fractiona?odls?ﬂg t|o%%%18%1?§8#ﬁe§pr%nggEgTtc%a%%g 1??2 ich step
(d) is carrcedroatt QUtaapresSamgehatuEenfto&x&O 80aR0°6. &md0a2- aMPa and at
a tenperature between %Og g %30 3.,.The proce§s of claim12 in which
step (d). isPISSEHFFi 84 60t t2 gﬁ€§sd?etﬁeémggﬁ 6. 5x10-3 and 3.5x102 MrPa
and the tenperature is betmeen 140 and 200C. 14. The process of claim13 in
whi ch the hydrogenation catalyst conprises at |east one el enent selected
from 20 theldgroupheorspserrgosf cilpam, 1Puthewhieh pRbYlum iridi um

paladum cobahlaPLekel, SCPLOmUTLOST U 20 AL LOURL B The pr ocess

of claim 14 | rogenati Is’se ed fromthe
group consi sproguet bgpamgetdohalt dispadgathbakel , and rut henium netal on a
solid support. 16. The process of claim 15 wherein the sponge cobalt 30 or
sponge ni ckel catalyst contains at |east one pronoter selected fromthe

group caonsi sibng ohel b-BidBE o30didMy, ROt aasw%hceeagr (a3! huer, gold,
titanium zirconi um vanadi um chrom um nol y enum ungst en, manganese,

rheni um iroparcobdl butnatksl preasheai batwasnr hodkiif> @ﬂdzﬁﬂ&nﬁofsn1un]
iridium and

| al 02/ 40452 PCT/ USOL/ 47424, .wh oh
promoter is %?%iah?“% S‘ntSWBﬁﬁ?tgaﬁage?geen hY¥501L47428- wherein the
13. The process of claim 12 in which step (d) 1is

15 carried out at a pressure between 6.5x107° and 3.5x1072

MPa and the temperature is between 140 and 200°C.

14. The process of claim 13 in which the hydrogenation

catalyst comprises at least one element selected from
20 the group consisting of iron, ruthenium, rhodium,

iridium, palladium, cobalt, nickel, chromium, osmium,

and platinum.

15. The process of claim 14 in which the hydrogenation
25 catalyst is selected from the group consisting of
sponge cobalt, sponge nickel, and ruthenium metal on a

gsolid support.

16. The process of claim 15 wherein the sponge cobalt
30 or sponge nickel catalyst contains at least one
promoter selected from the group consisting of lithium,
sodium, potassium, copper, silver, gold, titanium
zirconium, wvanadium, chromium, molybdenum, tungsten,
manganese, rhenium, iron, cobalt, nickel, ruthenium,

35 rhodium, palladium, osmium, iridium, and platinum,
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or less than 100 by wei ght of the sponge catalyst. 5 17. The process of
claim 16 wherein the step (e) is performed at a hydrogen pressure of 1.7
to 5.2 MWOo0z404apl| ar rati o of hydrogen to al kyl 5-cyanovaP€r/ate/48242: 1 to

100: 1, and in.,the.pr n f.a_sol vent aprising _ a ni a hanol ,
water. or m YTTEATt RoFeSr OTE5Ts S oTRE S5 Stoet 6T AMLI1S R Witch t he

hydr ogenat i obr Gakal yshn 3 orRUbReReighiebdl the aprselged catppast .sel ect ed
fromthe group consisting of titaniumdioxide, alum num oxide, zirconium
di oxi de, and activated charcoal. 15 19. The process of claim 18 wherein the

sol i d support 7 i s hist RRLEELA @f 8841801 6THRREAGLE O elAl (@)1 sfur t her
conprising: 20 (f) cyclizing alkyl 6-am nocaproate to forma fourth
reacti on protecttocorpr bti pghydprokacaresame ©F) li.Joltat iSn@ &@®pr,okact am from
the fourth r%%ﬁgkogatggog%ckyd}o%gn to alkyl 5-cyanovalerate of 2:1
to 100:1, and in the presence of a solvent comprising
ammonia, methanol, water, or mixtures thereof.
10
18. The process of claim 15 in which the hydrogenation
catalyst is ruthenium metal on a solid support selected
from the group consisting of titanium dioxide, aluminum
oxide, zirconium dioxide, and activated charcoal.
15
19. The process of claim 18 wherein the solid support

is titanium dioxide.

20. The process of claim 1 further comprising:
20 (f) cyclizing alkyl 6-aminocaproate to form a
fourth reaction product comprising caprolactam, and
(g) isolating caprolactam from the fourth reaction

product.
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