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FI ELD OF THE | NVENTI ON The present invention concerns a process to produce
6- am nocapoo/e4aci d and optionally caprol actam  BACKGROUNDI/OR01I48801

| NVENTI ON 10 6- Ami nocaproic acid is af..l &ernediate in the production of
caprol actam and/ or nyl on- 6. Cbnnercigﬁkgr caprolactamis made by a process

using cyclohexane as thropUertoRgoreteamMaocArprogtaagtamis then
pol ynmeri zed to produce nylon-6. For cost reasons, 15 it would be desirable
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am nocapronitrile, which is then converted to 25 caprol actam by hydrol ysi s
foll owed by cyclization. See for exanple, U S. Patent 6,069, 246. The
partial hydrogenation reaEﬁEEEEBEEBUEESIEESEﬁﬂﬁﬂEEQHt armount  of
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4-pent eneni t g, Lech8xERBCLEM MLt Bt SREPAY material. Caprolactam is

then polymerized to produce nylon-6. For cost reasons,

15 it would be desirable to produce caprolactam from
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 hydrocyanated to

20 produce 3-pentenenitrile (3PN), which can be converted
to caprolactam. 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

25 caprolactam by hydrolysis followed by 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

30 involves reductive amination of 5—formy1valeronitrilé,
which is derived by hydroformylation of 3-
pentenenitrile. The reductively aminated product is
then subjected to hydrolysis and cyclization. U.S.
Patent 6,048,997 discloses a process in which a mixture

35 of 2-, 3-, and 4-pentenenitrile is reacted with carbon
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amination of the formylvaleronitriles to produce
aminonitriles (such as 6-aminocapronitrile) and

15 diamines. 1In this second process, a significant amount
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 ag a co-product in a

20 commercial caprolactam operation. Thus, there is a
need for a process that converts butadiene to
caprolactam without the production of significant
amounts of HMD. The present invention provides such a
process.

25

BRIEF SUMMARY OF THE INVENTION

The present invention is a process for making 6-
aminocaproic acid that comprises: (a) reacting 3-
pentenenitrile with carbon monoxide and hydrogen in the

30 presence of a hydroformylation catalyst comprising a
Group VIII metal to produce a first reaction product
which comprises 3-, 4-, and 5-formylvaleronitrile
(FVN) ; (b) isolating from the first reaction product a
FVN mixture consisting essentially of 3-, 4-, and 5-

35 formylvaleronitrile; (c¢) contacting the FVN mixture



(FVN); (b) isolating fromthe first reaction product a FVN m xture
consisting essentially of 3-, 4-, and 5 35 fornylvaleronitrile; (c)
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the 6-aminocaproic acid can be converted directly to

15 nylon-6.

DETAILED DESCRIPTION OF THE INVENTION

Production of 3-Pentenenitrile

20 3-Pentenenitrile (3PN) is produced commercially as
an intermediate in the production of adiponitrile. The
synthesis of 3PN is well known in the art. See for
example, U. 8. Patents 3,496,215 and 5,821,378, the
disclosures of which are incorporated herein by

25 reference.

Hydroformylation of 3-Pentenenitrile

The hydroformylation of 3-pentenenitrile (i.e.,
the reaction of 3-pentenenitrile with carbon monoxide
30 and hydrogen) to produce a reaction product which
comprises 3-, 4-, and 5-formylvaleronitrile (FVN) can
be carried out in the presence of a catalyst comprising
a Group VIII element. The hydroformylation reaction
temperature can vary from room temperature to about

35 200°C, preferably between 50 and 150°C. The pressure



a Goup VIIl elenment. The hydrofornylation reaction tenperature can vary
fromroomtenperature to about 35 200C, preferably between 50 and 150C. The
pressure wo 084040 02/ 40440 PCT/ US01/ 48001 is preferably permsemsdil5 and
10 MPa and npre r.ef er abl .2 to 5 MPa. Preferred catal ysts are rhodium
compounds. S EXBRBFEEoBETSHELHRPE BotPoritde LonEPadE HnIEEEa( DY) . | [ DPM

t - CAH9- COCHCR-b£E4EBY v oRB €605 #phacac) , [acac = acetylacetonate] ;
Rh203; Rh4 (CO 12; 6 (CO 16; [Rh (OAc) 212, [QAc = acetate] ; and Rh
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2 (DPV 5 OrEk%g@%%f?ku%taioIQeégmﬁSEﬁh}ésEﬁciﬁﬁgbﬁp%ﬁ‘?é 1@0,”“ nati on

w th phosphorous-contai ning I'i gands®™such as nbnodent ate I dent at e
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triaryl phospﬁFﬁE¥,Ta EEﬁnﬁgeﬁ Fi Bhécﬁ’y'l &EQEHSWG Rgﬁzco_§16; o
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pol ydentate phosphite conpounds nmay be used as |igands. An exanple 20 of
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aroups, ¥ 1 sFa TV Sralr B drng oroup, and n is an integer
between 2 and 6. RiecssdcRZampytbecafubst ikatiedn Suebihbgasdswatr descri bed,
For exan_ple’phosphorous—containing ligands such as monodentate or

bidentate phosphines, phosphonites, phosgphinites, or

phosphite compounds. Examples of such ligands include

15 triarylphosphites, such as triphenylphosphite;

triarylphosphines, such as triphenylphosphine; and

bis (diarylphosphino)alkanes, such as

diphenylphosphinoethane. In addition, polydentate

phosphite compounds may be used as ligands. An éxample

20 of these includes compounds having a structural formula

as follows:

where R' and R? are the same or different mono-valent

25 aryl groups, X is an n-valent organic bridging group,
and n is an integer between 2 and 6. R' and R?® may be
substituted. Such ligands are described, for example,
in U. 8. Patent 5,710,344, the disclosure of which is
incorporated herein by reference.

30 The mole ratio of 3-pentenenitrile to catalyst is
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.

- 4 -



in U S Patent 5,710,344, the disclosure of which is incorporated herein
by reference. 30 The nole ratio of 3-pentenenitrile to catalyst is
gener al | ywa0Dam4d o 100, 000: 1, preferably 500:1 to 10, 000raT/USbuwesspml e rati o
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hydr of or nyl aghdncprbductenbhedsefeed. sBackabl e i nert sol vents include
aromati ¢ hydrocar hons drocar bops nitriles, ethers, apm des.and urea
ertvat fvos Coat hB: BUOKSPERATRDAGR ARACKAOONESY SonkeBRRABrde Bt
sui tabl e sol yrat presehydectobuspevesiy Gl obgxanBlelaobeazeseinyyhasae,
Texanol (r) (2,2,4-trinethyl-1,3- pentanedi ol nonoi sobutyrate),

di phenyl et he# ReTE eBPANGEEBT BF aR, SeyEPBhexanshetibgnebnibeile, N
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reaction can a conti1nuous or bat € reaction
can be perfeohednta anvandet yromateéachpdsocaubbnas hulibbearbohsm

reactors, contjnuously Eﬁirred tgak reactors, .trickle bed reactors, and

i qui d- over f POWF+ &8t oFERSTEnr 8REEER AYdr BEER, JEALKBR KBRoxi de,

3- pent eneni t 5t 8ra28d 3RPABBY¥a SBHMENt 2 HBYKBECHESOVEESHe 28dafStYS! 88 tO the
hydr of ormyl ati on reactor.
suitable solvents include toluene, cyclohexane,

15 benzene, xylene, Texanol® (2,2,4-trimethyl-1,3-
pentanediol monoisobutyrate), diphenylether,
tetrahydrofuran, cyclohexanone, benzonitrile, N-
methylpyrrolidinone, and N,N-dimethylethylurea.

The hydroformylation reaction can be performed in

20 a continuous or batch mode. The reaction can be
performed in a variety of reactors, such as bubble
column reactors, continuously stirred tank reactors,
trickle bed reactors, and liquid-overflow reactors.
Unreacted hydrogen, carbon monoxide, 3-pentenenitrile,

25 and any solvent may be recovered and recycled to the
hydroformylation reactor.

The hydroformylation reaction product comprises
3-, 4-, and 5-formylvaleronitriles, as well as
unconverted 2-, 3-, and 4-pentenenitrile, catalyst, and

30 high boilers. The separation of the FVN mixture from
the catalyst and high boilers can be effected by
utilizing thermally gentle evaporation technigques,
known to those skilled in the art. Such techniques
include the use of single stage flash evaporators, such

35 as rolling-film evaporators, falling-film evaporators,



The hydrofornyl ation reaction product conprises 3-, 4-, and
5-fornylvaleronitriles, as well as wunconverted 2-, 3-, and
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preferred. The contact_tine can vary between 1 second and 1 hour and
preferably i 4SpheeneERLLY EﬁﬁfSrﬁ?ﬁute?heTﬁ@nFPEEhtévﬁpﬁﬁﬁtV%ﬁyls carried

out 10 under coiEEACH akbyoyhabha gPREEL QﬂdchgféJ:QBﬁ Thep tfupgrgture
shoul d be in the range of 75 to 200C. erred Tange Is 100 to 130C.
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15 &xid on _of Fornylval eronitri 5- Cyanpval eric.acid can made by

oxi dat | off) of UBSeF oP TIPS ar ErERY FirET s, SRV R DL ad SR Ao ot AR taught i
U  S. PatenttémB84PabPe WRAEHEINBENYA- Bhef paNYEVaEerat ol 800%d di 2@k t 0
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produce a reaghy o3 podycy 3350pLal Pl 0geRz11 4 563803 S¥aNLvVaLeric acid. FWN

can be

15 Oxidation of Formylvaleronitriles

5-Cyanovaleric acid can be made by oxidation of 5-
formylvaleronitrile by a process similar to that taught
in U. S. Patent 5,840,959, where methyl-5-
formylvalerate is oxidized to produce

20 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

25 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

30 manganese (such as cobalt acetate or manganese acetate
in amounts of 0.0001 to 0.1% by weight) can be used to
accelerate the oxidation reaction. While these
catalysts can be used with the present invention, it is
preferred to run the oxidation reaction in the absence

35 of such catalysts.



25 oxidized with or without a catal yst and at atnospheric or elevated
pressure. U S. Patents 4,537,987 and 4,931,590 teach that al kali netal
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pressure in the presence of air. Such reaction conditions give a high

conversion rate. Theobbathi bhgh5canyebeipunand aeteatimibys process. To
obtain high conversion and selectivity,_ a ressuyrge apoye_at nospheric
reasure (abBLtSauRRaTPaRe SEPErRPEEly RBSoB EE KaPetbalmedr orRar (s
requi red. Mprefprebeyabbyvet he batal (pressyrervhen Bsi peqakred) shoul d be

about 20 bars (2 MPa) or_higher. Wiile higher pressures, e.g., 40 to 65
bars (4 to 6M8r&rayeieraylynpEboetrbatt PreEyurehvleranshBgedsit ate hi gher

equi pmeniy Cogh,, fﬁeﬁéuéﬁéuﬁf2BrBQ}§P?EtM%g)t8r49i§§ #. (gni9ed MPa) air

represent a realistic and comercrally accept e range. The oxidation
step of the pigkentprassntesn eag. be4Opeof 66nbdrat (a4 tenpebavBag, of from

about 20C to_as ,high as about 120C. Preferably, the tenperature is in the
range of aboﬂ?y4ﬁﬁpg8vﬁbﬁﬁ?c§6%9t%inE£é¥hEa§0n%§?ﬁﬁ?FaEeiglaQﬁFhernic,

operating a €9auBnehe! cb88Ct ObredbupboUbE58ComalHoaboy e, thsaprghesred as
heat reanaI(z to 4 MPa) air represent a realistic and commercially

15 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

20 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. ‘

25 The actual method of commercially implementing 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

30 with or without stirring, continuous reactor with plug
flow or back-mixing, counter-current reactor and the
like. U. S. Patent 5,840,959 teaches that for
oxidation of alkyl 5-formylvalerate, realistic heat
removal considerations cause the preferred method of

35 reactor operation to be at less than optimum



and associ ated cost becone econom c considerations. It is preferable to
choose a tenperature that allows the use of normal, |ow cost cooling
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the present PnvSHYFOR, 1PPPi ¥15Pei&Pr 88°P51RrERYt AESELAEEAOR 5 reaction at
t he hi ghest peggibkgegepversion and selectivity. Such an operation avoids
the need to run a recycle loop with its associated distillation

requi renents. 10 Hydrogenati on of Cyanoval eric Aci ds Hydrogenation of the
nitrite gyoup 8’03é83'98n6bfa'-98878ﬁ8kf a‘Egd rom 5-cyanoval eric acid, can
be acconplished—Ththepresence—of—a hwetat—catal yst, and optionally in a
liquid solvent. SHiytlabbenaetah % catahysiksleagrbepotonprpdtiypes- The
catalyst is used in an anount effective to catalyze the reaction. For
exanpl e, spoRPeNRERRIOLSt &Fyst EroRorpgERBeYeLEEES] §6L€, C&RdPPeduced net al

oxi de and m xedoppiaknhe¥ 48 eakapyekencARYrbg need: SYPROLLEd HRHAl
catal ysts nay al so be
optionally in a liquid solvent. Suitable metal

15 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 also be

20 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 presenf invention. A sponge metal has an

25 extended “skeleton” or “sponge-like” structure of
metal, with dissolved aluminum, and optionally contains
promoters. The sponge metals may also contain surface
hydrous oxides, absorbed hydrous radicals, and hydrogen
bubbles in pores. Sponge metal catalysts can be made

30 by the process described in U. S. Patent 1,628,190, the
disclosure of which is incorporated herein by
reference.

Preferred sponge metals include nickel, cobalt,
iron, ruthenium, rhodium, iridium, palladium, and

'35 platinum. Sponge nickel or sponge cobalt are
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PCT/ USO01/ 48001 rtiecularly suitable as_catal ysts. The sponge petal nmay
be pronoted BY 18ﬁ B MprBRdp FBHSFE?§$SeVEE?ezmngﬁ?eFﬁe HREEHBbnsi sti ng” of

Goup I A (|léﬁauv11§0@h98h aegbéleotﬁeékenq,ruéhéﬁgﬁﬁerrhéaiu@r and gol d),
IVB (titaniumand zirconium vanadi um, VIB (chron1un1 mol ybdenum

and tungstenpall@dEM@naﬁgmheee lr humn)andapbanmnumllmehaleobﬁhe ni ckel ,
rutheni uy raediupL. BaLiag! yaLaoRm 4m GLoidiumLognd platipum metals. The

10 pronoter e used i n an anount “usé grve red results. For

exanpl e, thedasbust pésplosot Bor eﬁampeeanyhen@meﬁntees phamoSdfo by wei ght
of the sponge ngtal, preferably 0 to 10% by wei g nore preferably 1 to
5% by wei ght MY 5P8nahYe2HPERE| %%?a?9§¥s590n?élﬂehﬁﬁﬁl9an ReFPeRde

al um num  Thgeal um pUR¥LSAbYP 6aLbyY1h8 bieyd o5t Of nore preferably 1
to 5% by weight.

15 Sponge nickel catalysts contain mainly nickel and
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

20 form, such as iron and/or chromium, and may be added to
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.

25 Sponge cobalt catalysts also contain aluminum and
may contain promoters. Preferred promoters are nickel
and chromium, for example in amounts of about 2% by
weight based on the weight of the catalyst.

Examples of suitable sponge metal catalysts
30 include Degussa BLM 112W, W.R. Grace Raney® 2400,

Activated Metals A-4000™, and W.R. Grace Raney® 2724.
Supported metal hydrogenation catalysts are

another kind of useful catalysts for the present t

invention. Such catalysts consist of a metal catalyst

35 on a solid support. Any such catalyst may be used in



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 IwObwsded 20 form such as iron and/or, chrom um PROUUREYy48b@E added

to the sponge n'cgel # in ease activit% ang sglectivit¥ for_the
hydrogenatio%agﬁ € %Fﬁ'ﬁyg?gtﬁg o¥ScalpBtihGs. FrPEeFEePalEralfarfy preferred
to use chrontue angpertetr aacpl oaBRt @Uyspongel niekelitasnaukat ak ¥gel , 25

Sponge cobalt catal ysts also contain alum numand_ may contain pronoters.
Preferred pr6RbRéFs arenni ERefiugndishidriunPat bpdéR@mpredi n anounts of

about 2%4dy i bas ; i - Ex es of
suitableogpoﬁggtgg%gf cgggﬁgg%gﬁ %% ?%@?8%%i?ggggéggﬁf%?112@§? R G ace
Raney( 9) 2400hanActevattdl Mebgl be Aud080TMinmndoWLR. sGproret Rahey(r) 2724.

S t ed | _hyd ti t th ind of ful
caralysts 1 oPCERo A oLBhE s ERG oL Br PeuERSGATAySEE FOnGPSL- of o metal

cat al yst 35 pReBefoblidssUPROElppARYsSURBlGabaLtYBANTBY QEoksqd, in - 9 WO
02/ 40440 PCT/US01/ 48001 catalytlcallﬁ_effectlve anounts. Preferred netals
d

in the suppBPtedsnaiunisamapysee; nefbdecrughenidm alerénum cobalt, iron,

rhodi um 44 ri di g I ag] d 5.plat] henl Um.L s i y
preferreg? %ggb?ggh %%%Eﬁ%?gﬁ %§§8%é %ggg;ngg@ gg?#ga§Up%§?§8%ﬁé§ does
not interferehartbhal healteathimnstancheeyusetllicPnefitoredesoladtsapparts

i nclude titani um di oxi de, , porous al um num oxi de, éilic n di oxi de, al um num
10 silicate,oFéH%haﬂﬁﬂ?%ﬁFH , O31ER onF T dPBkPae, 2BEt 792t 2HSS char coal |

al unmi num si | i cat ePa:?i:!LEﬁﬂ?.Qrﬂ%%i:QEechéHt B8N sOXbBr s TROBEE! LK Phde, zinc
oxi de, and zeolites. Particularly preferred solid supports are titanium
dioxide, porous aluminum oxide, silicon dioxide,

15 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
more than one support and/or more than one catalyst

20 element.

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

25 to apply the metal to the support. Another method
applies a solution of the metal salt or metal oxide to
the support. This step is followed by drying of the
support and then reducing the salt or oxide. Another
method applies a metal salt that can easily be

30 thermally decomposed to the support. Suitable metal
salts include carbonyl or hydride complexes of one or
more of iron, nickel, cobalt, ruthenium, rhodium,
palladium, osmium, iridium, platinum, chromium,
molybdenum, tungsten, manganese, rheniﬁm, copper,

35 silver, and gold.

- 10 -



di oxi de, porous al um num oxi de, silicon dioxide, 15 zirconium di oxi de, and
activated charcoal. Especially wuseful supported netal catalysts are
support eavo pusdeni um cat al ysts, for exanpl e, rutheni um onPCTASM/43001
dioxide. Also, it _is acceptable tq u m xture of nore_than one support

a
and/or nore than SHE FSLaly<E 20Peradent 2PRAy SRetRodlst SPdci ng the netal

on the suppoktppByt Be ysgdtosgweﬁé&caﬁkhggswéﬁghkngﬁnakav%h%oa&he One
met hod uses vapor deposition of the netal onto the support. Another method
uses a flanetoppayveeohhi glietRs suprapplyect ketmdyslt .t Erefersbppor theAnot her

met hod pl | | yt.i gn-of the.neta or t [ o] e
support. hi?gzggpigsg%oﬁrgwég g§°g§ ih&igkkfhgogguggggé&gﬁgbiﬁe%greducing
the salt or askdey seagher. nethod applies a netal salt that can easily be

30 thermally deconposed to the suggprt. Sui t abl e net al alts include
carbonyl or hydri HeMEgRPFERESs CBF20KHE LS aTRoPECSTEE SRetNLck¥Pe ©bbal t,

rutheni um rhadbumMearRaLLadEBR tae8MUELehE! dhyahtRLALT NuBnogBHaRLEM
nol ybdenum tungsten, nanganese, rhenium copper, 35 silver, and gold. - 10

WO 02/ 40440 PetaAUBeLr48061soThnbleetakailscopppualky iappirbedaténghensol i d
support 0.1 to 90.percent by weight-.relative to the tot wei ght of the
supportegécanl?sF?mBEQF§%88I§¥ ?hgggglnsPSh g ggog?gm?or gb§8§uabight,
nmore preferabbypa2tt onidk¥byiwehghballlagegenesusptatahyst s aageaanot her
useful type of —netal catalyst for the present invention. Honbgeneous

catal ysts ar BYSsPGBFECRefartedRpBanddIrAcorpérht MAY 8AEC1008EaANconbi nat i on

of a metal spefgag £ROHLEMeEHENERE N atom such as phosphorus,

nitrogen, oxygen, carbon, and sulfur.

15 Another type of useful hydrogenation catalyst is
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

20 extended “skeleton” metallic structure. However, they
typically would not contain dissolved aluminum or
silicon. Such catalysts can be prepared by the
reduction of bulk metal oxides such asg iron oxide or
cobalt oxide. Alternately, the bulk metal oxide

25 precursor may be prepared as a mixture of metal oxides
including one or more of the oxides of iron, cobalt,
nickel, ruthenium, rhodium, palladium, osmium, iridium,
platinum, chromium, molybdenum, tungsten, and
manganese. In addition, metal hydroxides or metal

30 carbonates may be included in the metal oxide mixture.
See WO 98/04515 and U.S. Patent No. 6,005,145, the
latter being incorporated herein by reference.

The hydrogenation reaction is normally performed

at a pressure of 100 to 5000 psi (0.69 to 34.5 MPa),

35 preferably 300 to 1500 psi (2.1 to 10.3 MPa), and more

- 11 -



cobalt, nickel, iron, palladium or platinum and a hydrocarbon-contai ning
| i gand which may al so contain bonded to the netal atom an atom such as
phosphor ve0 02/#mi480 ogen, oxygen, carbon, and sul fur. 15 AnoP@®USt1y4sa010f

usef ul hydrogen%ékog%gigabygt igogagrlv?gesrgn1ghg &g ECtI@ of at |east

one net al ure-of e oXi or°a’mxtlure of cmetal oxi de,

hydr oxi de ant{eroganbppateursuth egbabysly Baveo sbnnlpslsuousnutes to

sponge net al catalg gs in theiy_ 20 extended "skeleton" netallic structure.
g

However, theg’ F 1 rREEFaPhst 1e8nEQi O BPSEEFvéB aPuRPnéinPor silicon.

Such cat af ysmas:anaﬂs RbeRapedrbyabhe 25@0'!3'8“796‘ %Elbl@ikvn%ak gxi des such
as iron oxide or cobalt oxide. Altefnately, the bulk metal oxide 25

precursor medPbe- préparedlas aahnﬂtgfehﬁﬂrﬂgealt@xEdesanDnaﬂanLﬂg one or

nore of the es _of_iron,-,cobalt r ut heni od| al | adi um
osm um |r|d$un1 lﬁlg Callghr0%1uﬁ]ggglybd@ﬁuﬁ]pfﬁﬁéé?%ﬂ nganese.

In addition,1petal hydroxides or netal 30 carbonates nay be |ncluded in the
metal oxide m xture. = See WD 98/04515 and U.S. Patent No. 6, 005,145, the
| atter being |nco?B%rBY@HOﬁépéFhOByr?éFE%@HCEemHﬁéaﬁ?H?o@éné@|Bﬁ reaction

i's nornajdy @gbﬁpr r o qué#% 9.t0 34.5 MPa),
35 preferably 300 to E%? ﬁ§§H£$gﬂ%6;3 a ?9%%39%%9 ?gle)V[)02/40440
PCT/USCH/480®20(breferably 500 to 1000 psi (3.4 to 6.9 MPa). The hydrogen

1000 psi (0. 65t oTBEbTEARPATE ARABRBFEBPLr crabr 42958 b 7Eb Bl (17 to
5.2 WMPa). Thee8Btarotagie. of hydrogen to 5-cyanovaleric acid is typically

2:1 to 200:1, nore preferably, 2:1 to
The hydrogenation reaction may optionally be

15 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,

20 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 5-cyanovaleric acid is 1:1 to

25 100:1, preferably 5:1 to 40:1, more preferably 10:1 to
20:1.

Hydrogenation reactions may be performed in any
suitable type of reactor. Suitable reactors include a
fixed bed reactor and slurry reactor. A fixed bed

30 reactor has an advantage of easy separation of the
reactants and products from the catalyst. Slurry
reactors include batch, a continuously stirred tank
reactor, and a bubble column reactor. In slurry
reactors, the catalyst may be removed from the reaction

35 mixture by filtration or centrifugal action.

- 12 -



100: 1. The hydrogenation reaction tenperature is 40 to 10 220C, preferably
70 to 150C, nore preferably 80 to 120C. The reaction is preferably carried
out in twveooabeence of air. The hydrogenation reacti on mapCoDpséiosedl y be

15 perforned in tgﬁ presenﬁeﬁgfha soIvenE“ An§ ﬁohve t tgat. pes not
interfere with the FedCPHD yPBETEgER2 ARE £3RAh¥ShsBESFnYahlamount to
increase theqypehd 6h thBet{paCcCbEOReaBEdLOr ukedl enpye Beakryrom t he
reaction. Suitable solvents include water, alcohols, esters, 20

hydr ocar bonsTe2eEPaRydFBEUFaRLYHF) wiailomk@, uBnfiohi &Y 2BAUC aAfBNPYm
hydroxi des Pﬁ@&ﬁﬁ£eg§59h¥e?%§cé £ CSHHBﬁtéa n?%@f@?ébl$atgﬁe ahdufLxtures
sol vent's. y , th

of these ypl ca en a solvent Is use e nole ratro of
sol vent to S5efyaavudieti widtibei§ tollb® Bp ®60Oght, pmeferpmbeyebakhliyo 40: 1,

nmore preferaply 10:1 to 20: 1  Hydrogenation reactions may be perfornmed in
any suitablg ¥9p806f£Yegﬁf%%F'Suitable reactors include a fixed bed

reactor and S|UrrFofeactledAbéBXEQaBEQrSOthéaﬁéQ@hhaﬁoﬁflﬁdggﬁéége of easy
separation of the reactants and groducts fromthe catalyst. Slurry

reactors incvedechbycwild eppirabsusfglstinrbbet sargereficPofS BAd a bubble

col um 1 gact oho -iS! Whidke Leaqt 65, (he ccabal ysiomp e Lefmived, fy om the

reaction 35 mxture tration ‘or centrifugal acti‘on. 02/ 40440
PCT/ US01/ 48004 sThehannunt of hydrogenati on catal yst used will depend on
the type of reactor used. For slurry reactors, the catalyst wll nmake up
0.1 to about 3096%9 the present invéntion, the 5-cyanovaléric acid

reactant may also contain 3- and 4-cyanovaleric acid,

and, in such a situation, the product of the

15 hydrogenation will contain 5-amino-4-methylvaleric
acid, and 4-amino-3-ethylbutyric acid, in addition to
the desired 6-aminocaproic acid and caprolactam

products.

20 Isolation of 6-Aminocaproic Acid

Separation of 6-aminocaproic acid from its
branched isomers can be easily accomplished by
precipitation of the crude reaction mixture and/or
crystallization in a solvent. Such techniques are well

25 known by those skilled in the art. Isolated 6-
aminocaproic acid can be purified by recrystallization.
Recrystallization is a commonly used procedure for the
purification of a compound, and consists of dissolving
the crude (i.e., impure) compound in the minimum amount

30 of solvent at an elevated temperature. Slow cooling of
the resulting solution allows the preferential
crystallization of the desired compound while leaving
most of the impurities in solution. For 6-aminocaproic
acid, the impurities that need to be removed are the

35 Dbranched isomers. Because of the high solubilities of

- 13 -



5 weight of the reactor contents. Preferably, the amount of catalyst wll
be 1 to 15% by weight, nore preferably 5 to 10% by weight. For a fixed bed
react or, woexamight hourly space velocity will typicallyP€nUBoi/430daithe range
of 0.05 to 10 100 hr-1, Erefengblﬁ 0.1 tg 10 Hr-lh nore preferably 1.0 to
5.0 hr-1. | n°T A PPEERAPLFNGEN BRY thE BFePahtdal8PPETSci8 YRESEt ant may
al so contai No3- agRdndukyapayakents 8RkdpredBfcel BESHCRi&rsEHAL I ON, the
product of the 15 hydrogenation wll contain_5-am no-4-nethylvaleric acid,
and 4-anino-8ObVﬁ9Fbaﬂ§?P€ gembinphigadPEi salventehésdasieealéyani nocapr oi ¢
acid and caprolactam PLadusLs. A0 a0k atLonoplofiz AThaaceRrale,Aeld
Separ ati on of 6-am nocaprol c aci fromts “Branched™ I Sorers can be easily
acconpl i shedpbhgsept egopilt mt.sohbolithewtthdeateachhdfion atmmbaiamnd/ or

crystallizatjon in,g solvent._ Such_techniques are well 25 known by those
Sk Tl od i n thedaptide o) BRRtoRSE GRE notahr SPeVaRrd EXR BECRUPLPTed by

recrystal | i zat EpmesRestysl-al | k2abhos, i sagpeeyenl ¥youged presedure for the
purification of a conpound, and consists of dissolving the crude (i.e.,

i mpure) conpabhdesn shéfaknfiranradooarb@oabéssoPveferaedapodienased
tenperatygye. _Slo L ing the r fing._solutiopn_allows_.the

preferen |ala§%r§%§§$??gatggﬁa% fthgé%égP%gﬁlg%hp%ﬁﬁ a&%ﬁFnggggfng nost
of the inpurdimeshiyDsadFukios, &ad 8iAsthotaprahtidaci dThehembipyrities
that need to be renpved are the 35 branched jsonmers. Because of the high
sol ubi | i ti esObf 6-aminOCYPro2Fr4n948 ped/ PoorriedoisoBesfi RechprBFedaci d and

I'ts branched;} spaefy=t81Y8b8Fion is determined by the solubility of
the compound at the desired recrystallization

15 temperature.

Cyclization of 6-Aminocaproic Acid to Produce g-

Caprolactam

6~-Aminocaproic acid can by cyclized to g-
20 caprolactam at elevated temperatures. U.S. Patent
4,730,040, which is incorporated herein by reference,
describes a process where 6-aminocaproic acid, formed

by hydrolysis of methyl 5-formylvalerate, is heated to

a temperature between 150 and 370°C to produce g-

25 caprolactam. U. S. Patent 5,973,143 discloses a
process where 6-aminocaproic acid is converted to
caprolactam by cyclizing the 6-aminocaproic acid in the
presence of a golid acid/metal oxide catalyst and is
incorporated herein by reference.

30

Polymerization of 6-Aminocaproic Acid to Produce Nylon-

6 Polymer
Nylon-6 polymer can be produced by heating 6-
aminocaproic .acid. For example, Ullmann’s Encyclopedia

35 of Industrial Chemistry (Vol. A10 (1987), p572) reports

- 14 -



or amoni um hydr oxi de, the presence of a different solvent and/or

conbi nation of solvents is generally 5 required. The nobst appropriate

sol vent s a0 @2/4d3ese whi ch present good miscibility wth waCEUSansi@r
anmmoni um hygéo§ide. Exanples of such solvents are %Icoholg nitriles,
ethers, ketoh88- GAPBOxYPi & aEFHECSREPEFs2 1 Hnfdes, CEUPFERIHES Rhd
carbonates. Prefersasheedy et Seddi Biler igh haneturet b in et ambit i | e,
tetrahydrofuran,  dinethylsul foxide, and dinethyl formanm de. The amount  of
6- am nocapr oB@%atiBeARdPBLHABRES | §oREr S2PEObECHIBd 2P PelPy3B&PPFzation
is determg ned. | ubipd i Ly e he _desi red
recrystalnslizgtl?%n‘rmli‘%dtégr'n:)eFiz'al%L%r‘Ié.gf%?{gl@i‘ivgtginIg%H(%?mEtjgl ﬁiﬁgcggroic Acid to
Produce s- Cagnbdiratenm 8oApphpoapr prodaced bgncbydeyebiied b s-20

caprol actam at_el evated tepperatures. U.S__Patent .4,730,040, which is
inporporatedcﬁgrgiﬁcgﬁmrefg?eﬁce?agﬁﬁgcﬁrggg’gggroéﬁggrﬁﬁﬁ?gé%-aninocaproic
acid, fOrnEdheb&iﬁyE%Ok¥§é§eﬁEeUeamﬁbléségrHybYQEGEQt@heké beated to a
tenperature between 150 and 370C to produce 6 25 caprolactam U. S. Patent

5,973, 143 di 3@fipeesrroipr aeédsighbratedantndElpEei 80AF dE9s adnivested to
capr ol acj@m Ry gyggi;Fn ohhe 9538288888r8¥i gcid in the presence of a solid
st ‘and I's of at 1

acid/ netal oxide cataly Incorporated herein by reference. 30
Pol yneri zati on of 6-Am nocaproic Acid to Produce Nylon- 6 Polynmer Nylon-6
pol ymer can be produced by heating 6-_am nocaproic. acid. For exanple,
U | mann's Encycl opedia 35 of Indusﬁ?gﬂﬂﬂﬂﬁ%nistry (Vol . A10 (1987), p572)

reports - 14 The present invention is exemplified by the
following non-limiting examples.

15
Example 1

Air Oxidation of Formylvaleronitriles to Cyanovaleric

Acids

This example shows that formylvaleronitriles can

20 Dbe oxidized to cyanovaleric acids.

5 grams of a mixture of formylvaleronitriles
containing 96.9% of 5-formyl valeronitrile was heated
at 80°C under 1000 psi (6.9MPa) of air for 1 hour.
Orthodichlorobenzene was added as the internal standard

25 and the mixture analyzed by gas chromatography with a
Restex -5 Amine column (15mx0.25mm). The composition
of the reaction mixture (mole %) after the oxidation
was: 2.5% 5-formylvaleronitrile (5FVN), 0.1 % 4-
formylvaleronitrile (4FVN), 0.3% 3-formylvaleronitrile

30 (3FVN), 94.1% 5-cyanovaleric acid (5CVA), and 1.3% 3-

cyanovaleric acid (3CvAa).

- 15 -



WO 02/ 40440 PCT/ USO1/ 48001 that exposing 6-am nocaproic acid to a
tenperature of 250C produces an equilibrium m xture contai ning about 89%
| i near pov@arwmide) 8.5% caprol actam and 2.5% | arger 5 ri npCEUS@@S001Thi s

pol ymer was determ ned to be equivalent to polymer produced by
condensation of e- caprolactam U. S. Patent 5,597,888, incorporated
herein by reference, discloses a pragespleh2re 6- am nocaproic acid is
heated at 160 to ZOOCfor a tlne 10 of, 5 to 70 hours to produce nyl on- 6.

D jd.'_.--f- HISH HSHW ng
hon-limt3ng exanplss Ru,lﬁ@wﬂaq L tAiaks OB 194 @zfyfz%r:maleval eronitriles
to Cyanovaleric m—gml‘%mm—rmmmm% can 20
be oxidized to cydhowaetmpiplacebewssthatng-ofanovpkeyie afid can be
fornyl val eropj t.riles nt ai in . 96. 9% of 5-f or leronitrile was heated
2t B0C under O660E8ReER bRrRy A RGrRerg e BT th ERerBAaPERIER cBbnzene. vias
added as thesinbgrwaligstapdehdn2bmasd theaniwhudeornatyzedpbyt gas

chromat ography with a Restex -5 Am ne colum (15nx0.25m). The_conposition
of the reaction ntxiBPecfnbFaivgeast eicehe (Baraatreantornsstrsed

5--f | t 6 |y F 0. 3%
3- fo?:ryn}l{/%?egég?{lr%‘lﬁkSCi%%ﬂ\?%\/ls\l) u;%%( J?9/0 tt'fggan%q\i/ #%:E%%ﬁd&€5%\/% and

1. 3% 3- cyanoyahevateatcda¢3@VAPCVA) 15n mograﬁaneepﬁjr/ BB0RuABO0L Exanpl e
2 catalyst. 10.0 g of 5CVA mixture (92.8% 5CVA, 3.1

o\°

3CVA, and 3.4% 4-cyanovaleric acid (4CvA)), 1.0 g of 1-
methyl-2-pyrrolidinone (NMP, internal standard), 40.0 g

15 of ammonium hydroxide solution, and 1.0 g of 5% Ru/TiO,
were added in the reactor cup. The reactor was then
assembled by securing the cup to the head, pressure
tested with 100 psig (0.69 MPa) of nitrogen, and purged
with nitrogen, followed by hydrogen. The reactor was

20 then pressurized to 250 psig (1.8 MPa) with hydrogen
and heated up to the reaction temperature (110°C),
under constant stirring. The pressure in the reactor
was then brought up to the desired level (900 psig (6.3
MPa)) and maintained at that level throughout the

25 entire duration of the run (4 hr). During the course of
the reaction, samples (0.2 cc) were withdrawn
periodically from the reactor through a sample port,
connected to a dip leg inside the reactor, and analyzed
by Hewlett-Packard 6890 gas chromatograph after

30 derivatizing the sample with a mixture of
bis-trimethylsilyl trifluoro acetamide (BSTFA) and
trimethylchlorosilane. The conversgion of 5CVA and
selectivities and yields of 6-aminocaproic acid (6ACA)
and caprolactam (CL) as a function of reaction time

35 Thave been presented in Table 1.
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Synt hesis of 6-Am nocaproic Acid using 5 5% Ru/Ti 02 Catal yst and Amoni um
Hydr oxi de This exanpl e shows that 5-cyanovaleric acid can be hydrogenated
to 6-am vooapsdisc acid in the presence of 5% by wei ght rRCHERILMSI@N
titani um di oxi de support. A 100 cc s?ggﬂﬁeis steel (Parr reactor) stirred
10 batch autocl ave was used for the hydrogenation of 5- cyanovaleric acid

(SCVA) in the presence ol 5% RBH1HMZviEeRl AeIa. ogo.UsW
(92.8% 5CVA,_3.1 %_3CVA, ,and 3.4% 4-cyanoval eric acid (4CvA)), 1.0 g of 1-
net hyl - 2- pyry8€i di fORESFRM? it SATRI st arf®id), 40.9F F115 of amfoRfum
hydr oxi de sofuyti onorasdvd. 0 g @fo12%) Ru/ Ti OZolees e addssidy) the r@ackegy cup.
The reactor—uas.then asseohled hy socuring the cun to the bead _pressure
tested with 100 psig 00069 MPa) of0 nitrogen, Gnd purged® wWth nitPoefen,
fol |l owed by hydrogen., The reacto s 20 then_.pressurized to 25 sig (1.8
MPa) with hydr]ggen g’r?‘dgheat ed u{])B\ng t he reggt'?on terrpe(?'a?ure (1?0%),

under constant2stirriagpg.s The pressuge in thesrgactor v@s2then bopogght up
to the desired | evel qg900 psig (6.3 MPa)) and maintained at that |evel

t hroughout the3 25 entPPeldurati oB®of the ruf®¢d hr). Ditihg the Lodrse of
the reaction, ganpl e§o§902 cc) wggeaW thdraypg ,periodically fromythe
reactor through a sanple port, connected to a dip |leg inside the reactor,
and anal yzed by Hew ett-Packard 6890 gas chromat ograph after 30
derivatizing the sanple with a m xture of bis-trinmethylsilyl trifluoro
acet ani de (BSTFA) and trinethyl chl BEX8@1i@nd The conversion of 5CVA and
sel ectivigies aggnyhebds gt §-amingcapraic Acid (E4GH) sandugapeg! actam (CL)

as a function o 1, - 16

Catalyst and Ammonia

This example shows that 5-cyanovaleric acid can be
hydrogenated to 6-aminocaproic acid in the presence of
5% Ru/TiO,; using ligquid ammonia as solvent.
10 A 300 cc stainless steel (Autoclave Engineers)
stirred batch autoclave was used for the hydrogenation
of 5-cyanovaleric acid (5CVA) in the presence of 5%
Ru/Ti0, catalyst. 40.0 g of S5CVA mixture and 4.0 g of
5% Ru/TiO; were added in the reactor cup. The reactor
15 was then assembled by securing the cup to the head,
pressure tested with 100 psig (0.69 MPa) of nitrogen,
and purged with hydrogen. After purging the reactor
with hydrogen, 80 g of ammonia was added to the
reactor. It was then pressurized to 300 psig (2.2 MPa)
20 with hydrogen and heated up to the reaction temperature
(110°C), under constant stirring. The pressure in the
reactor was then brought up to the desired level (1300
psig (9.1 MPa)) by adding hydrogen and maintained at
that level throughout the entire duration of the run (5
25 hr). After 5 hours, the reactor was cooled down to
50°C and the pressure was slowly released down to 100

psig (0.69 MPa). The product was then separated from
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WO 02/ 40440 PCT/ US01/48001 TABLE 1 Selectivity Yield of Selectivity Yield
Ti me Conversion of 6ACA 6ACA of CL of CL (h) of 5CVA (nole% (nole%

(rmol e WObzr44© 0.0 0 0 0.0 0.0 1 34.2 78.3 26.7 0.0 OrOT/UR01280@ 85. 8
85.6 0.2 0.2 .3 100.0 86.3 86.3 0.3 0,3 4 100,0 86,4 86.4,0.4 0.4 Exanple
3 5 synt hesigh%fC%té\ﬂyﬁacégr bpcapdathe ﬁam%%g%?%za gawﬁgflsand Amoni a
Thi s exanpl ersheus &bahebteyaneval @ipclagi dnsafebehehydregepat gad to

6- am nocaproic acid in the presence of 5% Ru/Ti02 using liquid ammnia as
sol vent. 10 #m3bd 2wovnhi Af esBesprefiuchures| avelEAgRNEEr B¢wistkrred batch
aut ocl ave; wa f he_ by ' of =b-cy i Le..ACLf . (SCVA) in
t he presg%ceﬁ%?ﬁggg gﬁ?%i@igcg%ggﬁg?gbgg?B éfg?95§%§¥ﬁ%§§5?33ak €4.0 g of
5% Ru/ Ti O 2 sempladdedhi a hhetueacobrbitaptrIhethgasidyllbrnésubhen
assenbl ed by securi he_cup to.the, head, essure_tested with 100 psig
(560 Vpay  oREerahben BERAP eRg e R HreRky GRogER. R EEE - pur oi ng the
reactor W tRop¥k0P880:180 go9f apaTRNI 23 Wascaddedrt eatheanpeagtor. It was
then pressurized to 300 psig (2.2 MPa) 20 with hydrogen and heated up to

t he reacti onreepperavaty, veIeCrchipaved ebnsPAnt convershgn TheSEVAssure in
the reagjor was then brought up to the desired level (1300 psig (9.1
MPa) ) by addi ng hydrogen and nmaintained at that |evel throughout the
entire duration of the run (5 25 hrgx%?éler45 hours, the reactor was cool ed

down to 50C and the pressure was slo ]y rel eased down to 100
Separation of Linear and Branched Aminocaproic Acids

This example shows that 6-aminocaproic acid (ACA)

can be separated from the hydrogenation product mixture

15 Dby crystallization.

A 100 mL Parr autoclave was charged with 32.03 g

of cyanovaleric acids (2.12% 3;cyanova1eric acid, 1.44%
4-cyanovaleric acid and 96.44% 5-cyanovaleric acid), 36
mL of NH,OH, 2.51 g of l-methyl-2-pyrrolidinone (GC

20 internal standard) and 1.6 é of 5%Ru/TiO,. The
autoclave was evacuated and pressurized with hydrogen.
After adding 16.2 mL of liguid ammonia with a syringe
pump the reactor was brought to 110°C and a total
pressure of 950 psig (6.7 MPa) with hydrogen. Samples

25 were removed periodically from the autoclave and |
analyzed by gas chromatography after derivatizing the
sample with a mixture of bis-trimethylsilyl trifluoro
acetamide (BSTFA) and trimethylchlorosilane. The
results are shown in Table 2. The content from the

30 autoclave was removed and crystals were formed upon
standing at room temperature. The solid was filtered,
rinsed with ethanol and dried under vacuum. A small
sample was dissolved in water, and reacted with BSTFA
and then analyzed by gas chromatography. The sample

35 contained: 1.61% 5ACA, 97.25% 6ACA and 1.14%
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psig (0.69 MPa). The product was then separated from - 17 WD 02/40440
PCT/ USOL/ 48001 the catalyst by forcing the same through a 5 m crons
filter conoevymmdoto a dip leg inside the reactor. A snal PCrESUNMSBOI@f t he

product was anal yzed by Hew ett .5 P d 6890 gas.chromatograph after
derivati zi nglF‘ﬁﬁgééﬁHﬁ%@nﬁﬂFhaﬁlai %?EF@ of %}g‘g g?ﬁﬁét H§#Psilyl trifluoro
acetam de (BpdEfysandltbeAEERYICEl RERLEFEABE. acApBhOXIFIBEELYd 80% and 11. 4%
yields of 6ACA and CL, respectively, were achieved at 100% conversion of
5CVA. 10 ExHppPE-4 BepavatisatopnLivathr BARHABEahéRWaAARY n888proi ¢ Aci ds
Thi s exanpl e ,an [ [ Agﬁ% apsbe_separated from
t he hydrc;rgggengg?gﬁgﬁéggéggym%ggrgQEEB?SEB%EC??gt f”z:gt pgn.g A 100 mL Parr
aut ocl ave wasmthacgpdowrct hc3d. #8sg9908 &yanoval eric acids (2.12%
3-cyanoval eric acid, 1.44% 4-cyanovaleric acid and 96.44% 5-cyanoval eric
acid), 36 nL of NHAOH, 2.51 g of 1-nethyl-2-pyrrolidinone (GC 20 internal
standard) and 1.6 g of 5%Ru/ Ti Q2. Theapagt acl ave was evacuated and
pressurized W ith hvdrogen After adding 16 . Q iguid ammppia with a
syringe puffpm¢ he BPEEct or4G¥s bratyght t4RC210C5a88 a tafml pEBEsur e6xfa 950
ltOrS]I g (?- 7| Meah) W the hydr @gen) Saipkes AdDsYer Gl oViGd Peri QRksal lyfeigom
e autoclave.and _analyzed hy gas chronptography after derjvatizing the
sanple with & m xtare0 of bisBtrPaethyl .00 t Pi.PPuord.0dcet@m@de (BITFA)
and trimethyl chlorpsilane. _The esul t r.e sho in.Tahle 2., The_content
fromthe 30 g%t ocIJlé;\/"!;egwagl 'r%rmv%%'gﬁd ?r'%gt al g&@r equo‘(r%%d ﬁp% %gaﬁ i ng
21.80 0.45 22.03

at roomtenpsoature,7d4he salg d was28il tesed, 0.00

60 1.46 0.89 58.40 0.00 .00 40.04

90 .21 0.67 41.19

0 1.22 40.50

1 0 0 2

125 0.99 0.48 28.34 0.58 0.08 66.67 2.86 67.11
0 0 0 3

0 0 0 4

.00 .00 54.92 .00 56.44

182 .65 0.23 11.9%9° .00 .08 83.26 .79 85.32

240 .36 0 3.57 .00 .09 091.78 .19 950.93
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rinsed with ethanol and dried under vacuum A small sanple was dissol ved
in water, and reacted with BSTFA and then anal yzed by gas chromat ography.
The sanplveo 854m@aent ai ned: 1. 61% 5ACA, 97. 25% 6ACA and 1. 14PE€TAISWLB800AD

02/ 40440 PCT/ US01/ 48001 i m nobi shexanoic acid (IBHA). The solid was
recrystallized froma m xture of acetonitrile and water. Derivatization
wi th BSTFA fwlkhowed byagmep? chronmat ography indicated that the purity of 6-
am nocaproic acid was 99.8 % TABLE 2 Tinme K 3CVA 4CVA SCVA 4ACA SACA 6ACA

| BHA 6ACA (fkin) PwProFeEdt foF Takivg Cup™IROCHIPTIHC (LY (w9 Yield O
2.10 1.48;96.42 0,00,,0;80,3.00 0.00 0.00 15 1.89 1.30 84.04 0.53 0.00
12.05 0.20 12.22 30°1.74 1.15 74.28 0.60 0.00 21.80 0.45 22.03 60 1.46
0.89 58.40 0.00 0.80 40c84ting234peb60en@0itr2leOwsThidatbon. 00 0. 00 54. 92
2.00 56.44 125 0.89 0.é8 28.34 0.58 Q 08 66.67 2.8? 67.11 182 0.65 0.23
11.99 0.00 0M58°8395623978Y85°95" 240 B°3B-6°5789 8500 0.09 91.78 4.19

90.93 19 V&,Q26484401RETEHSEAL48088 bFikEn&lAl &EBup lviATprocess for
maki ng 6-am nocaproic acid_5 conprising: (a) reacting 3-pentenenitrile
wi th carbon ShBHBRFdJECaRHCAYEF0BeR1FALt AeapE eeBneECANCEH WRdRof or nyl ati on
catal yst{go0 | Sk r oup _VI | s fi [eaction
product uziggéﬁékg%ﬁ%rgiése31,géé,gaggF@%%gg%g%ggFg?%%?t§F?%)(FVN); (b)

i solating'fromthébjirstoileathgofirpmotdhet fanst reaction product an

FVN mixture that consists essentially of 3-, 4-, and 5-
formylvaleronitrile;
(c¢) contacting the FVN mixture with a molecular
15 oxygen-containing gas for a time sufficient to oxidize
the FVN mixture to produce a second reaction product
which comprises 3-, 4-, and 5-cyanovaleric acid; and
(d) reacting the second reaction product with
hydrogen in the presence of a hydrogenation catalyst to
20 produce a third reaction product that comprises
6-aminocaproic acid, 5-amino-4-methylvaleric acid, and

4-amino-3-ethylbutyric acid.

2. The process of claim 1 further comprising
25 isolating 6-aminocaproic acid from the third reaction

product.

3. The process of claim 2 in which the
hydroformylation catalyst is a rhodium compound.
30
4. The process of claim 3 in which the
hydroformylation catalyst further comprises a ligand
selected from the group consisting of phosphines,
phosphonites, phosphinites, phosphites, and polydentate
35 phosphites.

- 20 -



FVN m xture that consists essentially of 3-, 4-, and 5-

fornylval eronitrile; (c) contacting the FVN m xture with a nolecular 15
oxygen- como at/mi4m@ gas for a tinme sufficient to oxidize tPReT/BYN/M4sDature to
produce a second reaction product which conprises 3-, 4-, and

5-cyanoval eric acid; and (d) reacting the second reaction product with
hydrogen i n the presepeeceksacliydiadgenat innwhatal gsept da)2@sproduce a third
reaction produc% t ha congrises 6-@nino%%§£oic acig,

5- ami no- 4- mePARYFIEPER @tacPdtCahd® - iRt ST hyPbul yH? cEQActU.MBR! The
process of chapgid £H£EBebfcﬁgﬁkbﬁéﬂgt85ch§gbﬁthBﬁp§iaE!B@CQQBQthéC'd from
the third reaction product. 3. The process of claim2 in which the

hydr of or nyl ati A, candl §stols zaphedpPtndcpapbananitgdle. tPheapproyess of
claim3 in “@kcﬁobhf tgygboggbnylation catal yst further conprises a |ligand
selected fromthe groap cohsisting of phosphines, phosphonites,

phosphi nites, phosphites, and polydentate 35 phosphites. - 20 WD 02/40440
PCT/ US01/ 48001 5. The process of _claim4 in which steE (ag is perfornmed
at 50 to 150€; a pPresBhPecsf of15lpem1b wpgresnaangiedilst #6288 hydrogen to
carbon mpnoXedee! o30folatly 1sl0scandod;BBlgeeathe ehrdpepbeneshtrile to
catalyst of 500:1 to 10,000:1. 6. The process of claim5 wherein a single
stage 10 fl aphoduaporator is used to isolate the first reaction product.

7. The process of claim2 in which the nol ecul ar

7. The process of claim 2 in which the molecular

oxygen-containing gas is air.

15
8. The process of claim 7 in which step (c¢) is
conducted at a temperature from 20 to 120°C and at a
pressure in excess of atmospheric pressure.

20 9. The process of claim 8 in which step (c¢) is

carried out at a temperature from 40 to 80°C and a

pressure is in excess of 1 MPa.

10. The process of claim 9 in which the step (c) is
25 carried out at a temperature from 40 to 80°C and at a

pressure of 2 to 4 MPa.

11. The process of claim 2 in which the hydrogenation

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

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

and platinum.

12. The process of claim 11 in which the hydrogenation

35 catalyst is selected from the group consisting of

- 21 -



oxygen-containing gas is air. 15 8. The process of claim7 in which step
(c) is conducted at a tenperature from20 to 120C and at a pressure in
excess ofwavmwspheric pressure. 20 9. The process of cl ai rRCBUSew/4bICh st ep
(c) is carried out a ture 40 gt e and a egsure isin
excess. of 1 MPa o910 %ﬁetprgg % oPlcFa|ﬁ1 |n mﬁggﬁluﬁemngg ?ﬁ is 25
carried out sbladtenpebature from40 to 80C and at a pressure of 2 to 4
MPa. 11. The process of claim2 in which the hydrogenation catalyst
conprises at |east one elenent selected from 30 the group consisting of
iron, rutfienyym &H@deBEeb%'QEUGHa9%|thWHgkegﬁb%hE st%@%'coBQi@”‘Unl
osmum and platinum 12. The process of claim1l in

hydr ogenat i oar SEOOQEahygkeﬂsCséhévsédCbnbﬁnnheagréapscongest|ng of - 21
WO 02/ 40440 PCT/U 01/48? i apgrg ggbal% LSpange E%n 2 Luthenium
metal on a Sofid ?upﬁg 5 Th Srgcg ¥ 5P gﬁﬁ ?2 %E A The sponge
cobalt or speagémni pbebs@atml y&bppemt asnsvat, Igasti,maetamqmoter sel ected
fromthe group consisting of lithium  sodiu ot assi um copper, S|Iver
gol d, titani BAECONLEBNI UANAGAHEAI GRECEARBA mg}ty ?9H%nﬁhﬁngﬁgﬁ§sten
TRnganesgy . ' RERLHAkEL! OBneBORA! t i rBHCkBLpal Ul NERLKE) &ﬂe%mmpa"ad' am
osmum 1Iridiu anﬁ | at 1 num mﬁere|n the pronoter i s present

anount equal rhodiaom, Ipailadanmlo%smyumelghudmﬁmthandppmgeluamalyst 15 14.

The process of chalm i3 shereln the gtep (e 1o, PeLiRLT=d gL, o vdr ogen

or less than 10% by weight of the sponge catalyst.

15 14. The process of claim 13 wherein the step (d) is
-performed at a hydrogen pressure of 1.7 to 5.2 MPa, a
molar ratio of hydrogen to 5-cyanovaleric acid of 2:1
to 100:1, and in the presence of a solvent comprising

ammonia, methanol, water, or mixtures thereof.

20
15. The process of claim 14 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.

25

16. The process of claim 15 wherein the solid support

is titanium dioxide.

17. The process of claim 2 in which é-aminocaproic
30 acid is separated from the third reaction product by

crystallization.

18. The process of claim 17 in which the separated 6-
aminocaproic acid is purified by recrystallization from

35' a solvent selected from the group consisting of
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nolar ratio of hydrogen to 5-cyanovaleric acid of 2:1 to 100:1, and in the
presence of a solvent conprising amonia, nethanol, water, or m xtures
t her eof . W0 04%0440The process of claim 14 in which the hydr PgEU& /43001

I I d d. f h
Conci 311 ng. oFEEARLGnBBa%P 46, SEEARP RGN 26t BECT31 7 CERFHERAT oxi e, and

activated chaimeahyl2bl1i6xidbe ahacameahymfamaﬂqidmer ein the solid
support is titaniumdioxide. 17. The process of claim2 in which

6-am nocaproic 30 acid is separated fromthe third reaction product by
crystalligathgn. i8p-dBechracess oiachahmiol newbiobot Beppepaiabed 6

am nocaproic acid is purified by recrystallization ron1 35 a sofvent

sel ected froaythézgngup- @mmsbsapngiofaeiQZtovtbﬁmlAOﬂdﬁrEﬁTt650ii48001
met hanol , ethana btacetonltrlle tet %dro uﬂg % 9 gethylsquOX|de and
di net hyl f or rRAPHECE5CPEPT ASPE E]RTY aF 28 aP'1 8P 2 *Flr t her conprising:
cyclizing 6-asppetaptamcrasmdche Fensn f@aetmoheggbagat product conprising
caprolactam and isolating caprolactamfromthe fourth reaction product.
10 20. A process as in claim1 or 2, further conprising heating

6-am ncapy oi gpaci g £90E85g13¥|9ﬂ'§189hyﬂeér 2,2§urther comprising

heating 6-amincaproic acid to form nylon-6 polymer.
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