WO 01/ 72697 PCT/ EPOL/ 02903 - 1 PROCESS FOR THE CARBONYLATI ON OF
PENTENENI TRI LE Background of the invention The invention relates to a

car bonyl avoon7wpocess of pentenenitrile to prepare 5-cyapovaberdizgosaci d or
its ester in the presence of a catal yst. gystemand to'a process to
prepare s-caprol actam wherein such a 5 carbonyl ation process is used. In
the field of preparing s-caprolactamthere is a great need for a new route

based on but adi ene prGRIRY GicH THN QUESRRR 1A IO FIEERATEENIT KO
s-caprol actam use either phenol or cyclohexane as starting conpounds. A 10

di sadvant age of these routes is that annDnlun1squhate is produced as an

unwant ed by- piRadyugh-o R LRI § REes8 orknown processes include nunerous
process steps‘—mhrch——nakes—rhe—prepararl on of E-caprol actam a | abori ous

and costly procedbe 1Bveptiesente lgdreentta it erabony la theradirore ssasdd
preparation Ofpe%t%ﬂ@hqltaﬁtl%mt'os HR3G rfgb%dc%%%laaefﬁrcstach Rgnignoate ester

is prepared by carbonylation o but adi ene inturn is reacted to
5- fornylvaler&ﬁéeresmeﬁhﬁnpéeﬁﬁ@ﬂ@f@ﬁn@l@@ﬁ@ﬂY§¢epySTﬁelEmﬁommybvalerate 20

ester is S“b$§?BE@%Eyt%OB¥%%%§% t.0.6: §ghngggﬁrohgraC|d oL, |ts ester in a

reductive am nation am nocap acidor rrs &s er %s subsequent |y
reactedl to 6ceabbﬁbaetaﬁhup&@cheatu&gus@dan aqueous nedium According to
US- A- 5693851, which describes a pall adi um 25 catal ysed carbonyl ati on of

but adi ene at 140 €7 tfRefpadd OéePé@P@&ﬂPﬁ ?oCﬁQFﬁgﬁcéamaHBeHepéﬁténoate

ester is aboul;,.93%, AGCeLdi Ng nteqv k_léu/éefi%%%@%lonwglu%@dqg%@' %%ﬁ]mac*l% Ium

cat al ysed hydrofornyl ation of nethyl pentenoate ester,

selectivity tQrWQEHVESSIbmrWWEV@k@pam@tesmepfls GQpSQQ@cAemoudenglther
EP- A- 729943 an V[)A 9837063, a 100% WD 12697 PCT/EPOl/O%gOB 2
conversi on of PREFRYI 5. F3F29P$598Faﬁg E&PELEEHr 6PTEPER s Pachi evabl e in

t he reelucti VedamaﬂabhtﬁagandfC)t(hlelsEEzatrloﬁll‘tiesShepihaBa&QﬁoﬁﬁubUts@ldipﬁﬁQet he
Overa!l SeleC%IVh% ehsaghg% unwa %go%ﬁoég%% T%hit e%%%r%h% e%%@bof the
starting

known processes include numerous process steps, which

makes the preparation of g-caprolactam a laborious and

costly process.

15 In recent patent literature a butadiene based
preparation of eg-caprolactam is described wherein first a
pentenocate ester is prepared by carbonylation of
butadiene, which in turn is reacted to 5-formylvalerate
ester in a hydroformylation step. The 5-formylvalerate

20 ester is subsequently converted to 6-aminocaproic acid or
its ester in a reductive amination step. 6-aminocaproic
acid or its ester is subsequently reacted to
g-caprolactam upon heating in an aqueous medium.
According to US-A-5693851, which describes a palladium

25 catalysed carbonylation of butadiene at 140 °C , the best
selectivity to methyl 3- and 4-pentenocate ester is about
93%. According to US-A-6018081, which describes a rhodium
catalysed hydroformylation of methyl pentenoate ester,
the best selectivity to methyl 5-formylvalerate ester is

30 81%. According to EP-A-729943 and WO-A-9837063 a 100%



5 butadiene is converted to by-products which have to be disposed off. It
wll be evidently clear that this overall selectivity will have to be
signi fi camoby726pnpr oved before a comercial application crar/Eeol/merscei ved.
10 DE- A-19840253 describes the possibility of a process to prepare
caprolactam starting from5-cyanovaleric acid and its esters. Through

hydr ogenat i on @ vEraTioR0eaP rith y138i-Go rhRSRAA 4 IeY 6 %%Qgeegéekﬁme%ef
and elimnation of the water or al cohol “caprol actam can be obtai ned. 15
DE- A- 19840253 afchieNeb leeliat oot ¢ edluyptdoes sntinaprioparad cyaidwatddre aci ds
or esters by reagling ARt enenithid; . thwater gn an,alkangl, and carbon
nonoxi de in the “presence of a catalyst system conmprising a paﬁladlum

(11) conpound, a& hicdénkedbatdi/plos Fhiise mead sa thadr €6 30fo 2@ hanistrest iy page 3,
i nes 29- 36, < A- 0253 L xtensj ve |ist. of  possibl

bidentéte dipg§§8ﬁ%%§élﬁ§aﬁ s?erﬁgﬁlﬁgﬁﬁéx%bP gfaﬁpwle% RS Be

1, 2- bi s(di - n- buspbpkds ptiifno)Yét wade, bel e3-ibientdiymetlleylrphasghitid)spr opane,

1, 3-bi s(di -isapropyl- asphin ropane _and 1, 2- bi s(di.-cycl ghexyl phosphi no)
25 et hane, aso&g Fxéss%?ﬁggﬁgﬁgﬁPW%gﬁ-%ﬁ??l6ﬁo§8hﬁﬁg }fﬁFﬁﬁ% ¢ "In addition
DE- A- 19840253 inpmbiveds bedob rpage cédmmelricied Sppllacé2ioa wael e ange of
possi bl e sources of. ni ons, of which weak organic acids wwth a pKa of 3.5
or nore, sucﬁoggeéy§%fhracenecarboxylic acid, are preferred. 30 Inits

exanplles DE- A- 19848253 1degoribesekhe i bpsepakaboeBibh 1ARYhYIE 3- gyrareywal erate
by reacting gkpentenenitril i th met hanol, and carbon nonoxi de in the
I

presence of P&Pl RAFEAEFI FAEECARE 8- ShPRTAEENEE AP IYREOVALSF i cCar@1d

1, 2- bi s(di cyckahexykpbesphisnoyet-bags 6fdaodenBitXbul € 0%-aminocaproic

1, 2-bi s(1, 5-cycl ooctyl enephosphi no) et hane and WO 01/ 72697 PCT/ EP01/ 02903 3
1,2-bis (1, 4- é‘?&PooEF?P@ﬁgﬁF‘fS%b’hi%é‘)“éf“ﬁ&ﬁé’r&tlCaesttéﬁpéflélt gldmdmnationc. At

conversions | yithgnenwhherr aRga1cbhem 48ot0190%agekant by bibesihed.he desired
met hyl 5-cyanovalerate in the range from70 to 72% were 5 obt ai ned.

h f
US- A- 4850778 descPFb8s!a8pPécesSurblprepartates- EpanoPaPerse &eoi @rspare
reacting 3-pepyenepkitiie WetiBs or esters by reacting pentenenitril

with water or an alkanol and carbon monoxide in the
presence of a catalyst system comprising a palladium
(I1)compound, a bidentate diphosphine and a source of

20 anions. On page 3, lines 29-36, DE-A-19840253 mentions an
extensive list of possible bidentate diphosphine ligands,
including for example 1,2-bis(di-n-butylphosphino)ethane,
1,3-bis(dimethylphosphino)propane, 1,3-bis(di-isopropyl-
phosphino)propane and 1,2-bis(di-cyclohexylphosphino) -

25 ethane, as well as 1,3-bis(di-tert-butylphosphino)-
propane. In addition DE-A-19840253 mentions, on page 4,
lines 55 to 62, a whole range of possible sources of
anions, of which weak organic acids with a pKa of 3.5 or
more, such as 9-anthracenecarboxylic acid, are preferred.

30 In its examples DE-A-19840253 describes the
preparation of methyl 5-cyanovalerate by reacting
3-pentenenitril with methanol and carbon monoxide in the
presence of Palladium(II)acetate, 9-anthracenecarboxylic
acid, and 1,2-bis(dicyclohexylphosphino)ethane or a

35 mixture of 1,2-bis(1l,5-cyclooctylenephosphino)ethane and



wat er and carbon nonoxide in the presence of a cobalt catalyst at a
pressure of 136 bar and a tenperature of 10 200 C. At a conversion of 87.4%
the sel esw®vi/tap910 the undesired branched C6 acids was 9rpd¥ERMID2D@G t he
undesired valeronitril was 9.6% US A-5431290 describes a process to
prepare nethyl 5-cyanoval erate by reacting 3-pentenenitrile with 15

met hanol and qgrben sTONoXi-ds,d 1k ddie 11 Hind &R atCaf al yst at a
pressure of 200 bar and a tenperature o 160 C. At a conversion of 66%the
sel ectivity téemperadegio &f dethyl -5Atyanovakeiane hasngboot t8e%raAge

di sadvant age qf__t he ahaove Jar j.s.the high 20 qperati ressure

and/ or tenpergFﬁ%é%Ot%% ﬁ?@ %%5%%§ﬁ“hcdﬁ%%ﬁ¥}affbﬁfﬁﬁfﬁégﬁﬁﬁgl r bonyl
conpounds andfSercyehevalewadel dct ithiet yWasiget farorel7at itwel\2 %l essreonver si on.

US- A- 5679831 q%)%&5%%§ t he carbonyl ation of nethyl 3-pentenoate to

di mret hyl adi pate by réacting the nethyl- 25 3-pentenoate wi th nethanol and
car bon nonoxi de i BStRe 4P505818c eleafcrd beat al ystocepst em parpiaste ng of

pal |l adium 1,.1'-his(di,isopropyl phosphi_ng).f errocene and p-t.al uene
22 De and.p

sul phoni ¢ aci d &t °H°5FdSEde OdeGngF 478 CeRSersOerd T i3t At 99%

conversion a 83%esehect icéirbynt mcddxdideetihy It hadippatse nwas ogbtzaidagt 1 tAnot her

experinment perfornmed at 90 C il lustrat a selectivity of 84%to adipate
at a 71@600nv§?§?&¥sgfa%eﬁt@ﬁ&&ﬁ@FeAPI %gfp?FFnéﬁ?sawé?@pﬁéﬁﬁﬁﬁﬁéd”%tarting

wi th pentenoaveoand. witth apnaeirdite pa lsadisgmemel aeleatiiqief, akovwe 0. 35
Pentenenitrile i s nenti nedggz a _possi.bl e substrate WO 01/ 72697

PCT/ EP01/ 02905398 S1 RSt BAGNGIeFe e RGALE. "ASwever RRIpERt &hénimdasd ted used

i nst ead of neggﬁgzghg%gnqn%%ge9Q%%qg the sane |ligand and under the
conditions of the exanples no catalyst activity is observed. Another
di sadvant age i s t HatAbedadgélofleshe ibehi ghpacicd ssonhoeptreahirennichid yrleact i on

m Xxture i S COkrQsi re li .degr,adati.on resul.ts due.to
quartanizatio% 8§?K§H8§% Sg%h?Xer%%%gégﬁd3WPFHtFH§né§F&H§nHl%ﬁe olefinic
conpouhd. EP- Ac488548 desiccilesnt henoaibenyhathenpetspnepend by cob@lt

reacting Propen a%@%@ g%tQaQQEs%ﬂ?ec%%b96ongggxhgﬁ gnt%g%erature of
160 °C. At a conversion of 66% the selectivity to the
desired methyl 5-cyanovalerate was about 89%.
A disadvantage of the above processes is the high
20 operating pressure and/or temperature, the use of high
concentrations of cobalt carbonyl compounds and/or the
low selectivity’s at a relatively low conversion.
US-A-5679831 describes the carbonylation of methyl
3-pentenocate to dimethyl adipate by reacting the methyl-
25 3-pentenocate with methanol and carbon monoxide in the
presence of a catalyst system consisting of palladium,
1,1’ -bis(diisopropylphosphino) ferrocene and p-toluene
sulphonic acid at a pressure of 60 bar and a temperature
of 130 °C. At 99% conversion a 83% selectivity to
30 dimethyl adipate was obtained. Another experiment
performed at 90 °C illustrated a selectivity of 84% to
adipate at a 71% conversion of pentencate. All
experiments were performed starting with pentenoate and
with an acid to palladium molar ratio of above 10.

35 Pentenenitrile is mentioned as a possible substrate



presence of palladium 1,3-bis(di-tert.butylphosphino)- propane and

nmet hyl sul phonic acid at a pressure of 30 bar and a tenperature of 60 C
The sel esw0vi/tp91 0 the desired |inear nethyl butanoate waBCBE&P61/@2%03Sunmmary
of the invention The invention ains to prdvi-de a process for the
preparation of 5-cyanovaleric acid or its esters in a high yield and at
noder at e processteafdbti paatefBasedl Aol vaghievednb¥nkhe tkohkowsngsRpocess.
20 Process to prepare a 5-cyanovaleric acid or Its ester by carbonylatlon
of a pentenenifPtP8d Qhelsf YhERTBREAPEPALE UPdrPesbredadift Aigapponnd

nonoxi de and waker @heaBoahleehshs bi the Bkemgnes ab aa€a§9%xSBC%X%ﬁ%W
conprising (a) a netal of Goup VIII or a conpound thereof and 25 (b)

bi dent at e pho$phPRESTEREi nBngRALEr d4EPBVABLPEGaRE, thﬂﬁepépﬁuﬁﬁeoﬁlﬁéﬁtate

| i gandshas thﬁl?ﬁ”ﬁ&@ﬂ cEHE@Hk@aN&on RnB2yMicRi MR- R3RAuLe WhRepei-n M ,and M2
are i ndependent Sb, Ris 30 a divalent onganlc bridgi ng group,
whi ch brldgln@nﬁrGeﬁecéﬁﬁﬁpéegegréﬁthoafrSSPétﬁ aug OdHPééFPVlZééﬁ@@ctlng
the 2 phosphopystgtoBRosyhi B eeﬁpeuneom§tﬁt§hefa6§abgﬂdaE9€Bo§@§lnlc
optionally a nitrogen, oxygen or sul phur atomor a silano or
dlalkyI5|I|coﬁO@BOgﬂ6up, whi ch al kyl groups |ndependently conprlse fromWD
01/ 72697 PCT/ EP01£02803958451qL0,4 gggb - r he
same or different optionally SUBS%ItUtg t%ggﬁngT FE%PR%f E?ﬁgc?&an
aci d hﬁvung arpratiegsprhpAns, Wa§hn@é§bﬁédlaﬁnd50§8béhlmoanxaqaeéusthe

sol ution. u t h e o

i nvention a 5Bg§§§§§§ é?l@géégggum‘egfgrglgéag tes gt%?%g%ggﬁgghﬁﬁgﬁ yield
under processptonditi eng mhtbkilsatphanlid wtiH méespeptresouopepdt BAgbpressure

andfor 10 tenpghalutgyaLpayhew g BE A-19840233,LL Wes ynexpegLed that the
Renl e

carbonyl ati on of pente tri I'n the presénce
desired linear methylbutanoate was 86°

15 Summary of the invention

The invention aims to provide a process for the
preparation of 5-cyanovaleric acid or its esters in a
high yield and at moderate process conditions.

This aim is achieved by the following process.

20 Process to prepare a S5-cyanovaleric acid or its ester by
carbonylation of a pentenenitrile, wherein pentenenitrile
is reacted with carbon monoxide and water or an alcohol
in the presence of a catalyst system, comprising
(a) a metal of Group VIII or a compound thereof and

25 (b) a bidentate phosphine, arsine and/or stibine ligand,

wherein the bidentate ligand has the general

formula (I):

RIRZ-M1-R-M2-R3R4 I
wherein M1 and M2 are independently P, As or Sb, R is

30 a divalent organic bridging group, which bridging

group comprises a chain of 3 to 5 atoms directly

connecting the 2 phosphorus atoms, which chain
consists of carbon atoms and optionally a nitrogen,
oxygen or sulphur atom or a silano or dialkylsilicon

35 group, which alkyl groups independently comprise from



pur posi ve sel ection of the bidentate di phoshines specified under b) in
conbination with the acid specified 15 under c¢) would result in such a high
yi el d of woneza697 product. Especially now the use of sone PET/ER@/2P@ent at e
di phosphi nes nentioned i n DE-A-19840253 4 s the process according to the
present invention give very poor results, as shown in the exanples to the
present 20 invention. In view of EP-A-495 it, was unexpected that
starting from pentlerrlke%il{]rcfa' A H gL S%Qggstq_\ﬁllt yrq%res'qrﬁ:eé}hepr%ad%t%r can
be obtained than wheffesiart iop foramly suys isivgde taxtecde dike propene as
illustrated in said 25 publication. In view of US-A-5679831 it is
unexpected that WéHRRI ng a compound, cited as one of the less preferred

starting compow)dsn adidghervirield gra akis nathn thamd heseswiselased in
said publication for dinmethyl adipate. 30 The process is especially
advant ageous becadde 4 Iaf? FAYRAFOrIREF EO rel ativel y | ow t enper at ur e.

A problem often encoy eyeth Wddhd heatseriafh aHAlpisdc SYstRIF r LQPI Si NG
pal I adi um phosphines and acids is that the catalyst stability becomes too
low for comerdiSaliBBEHENAN Gtd o a0 @ 1St ¢ Hehpdr alrds, casieial |y

above WO 01/ 72634 iRl ERO G293 yiel®l ukr CpBRreause-dms il Wi%}?‘s a

comercially acceptable activity at tenperatures of below 120 C an

especi al | y bel?g® I'ig-dCWidds waitRfGlstt widHe nee idshaurrstP UBe ants/ Pt ocess. 5 In
addi tijgn the QLRSS @EOrding to the invention can advantageously be used
in a process to prepare s-caprolactam s-Caprolactamcan be obtained with
a high selectivity ased adn et drifSfid253 d.t wischriexpaatedc ahare the epar ed
from but adi en%a‘ﬂ%o%;}l'a@lo%eloq?;de\ﬂttéﬁerﬁ%%ﬂeo @eGYAING 49, S f 5821378, 1t
has now been found that carbonylation of pentenenitrile to 5-cyanovaleric
acid or estepPur@? P padiaarddwiath thed%idseltedtd \ditphashirgscyanoval er at e

ester at 96% %%%\éﬁ(rfﬂe‘?ig u‘?TdeQe'H>?ri"r1' dgg&briin'aet-ic!ﬁ/‘éfioc%er@{é ML specified
6-am nocaprol c acl a, 1 respectively 6-am nocaprolc ester and a I m naﬁl on
of thdb under c¢) would result in such a high yield of linear
product. Especially now the use of some of the bidentate
diphosphines mentioned in DE-A-19840253 in the process
according to the present invention give very poor
results, as shown in the examples to the present

20 invention.

In view of EP-A-495548 it was unexpected that
starting from pentenenitrile a higher selectivity to
linear products can be obtained than when starting from a
more simple molecule like propene as illustrated in said

25 publication. In view of US-A-5679831 it is unexpected
that when using a compound, cited as one of the less
preferred starting compounds, a higher yield is obtained
than those disclosed in said publication for dimethyl
adipate.

30 The process is especially advantageous because it can
be performed at a relatively low temperature. A problem
often encountered with the use of catalyst systems
comprising palladium, phosphines and acids is that the
catalyst stability becomes too low for commercial

35 application at elevated temperatures, especially above



wat er or alcohol to obtain c-caprolactamare, with respect to their
chem stry, very conparable with the reductive am nation and cyclisations
steps as woenmedfied in EP-A-729943 and WO A-9837063. ThrCEERS102903
conpar abl e 20 selectivity of about 100%-re&y be assunmed for these steps.
Thus by using pentenenitrile, as obtained at a 95% selectivity from

but adi ene, i nihe Ry .eTAHaUYDABES HtalQ Hds Sl@finatiddk10fy about 90%
based on butadiene, to c-caprolactamis possible. 25 Detailed description
of the invent B&TeRFRY S REHBtid% df (G aunes &dhdralohilddel’C and

pal I adi um r h@@lpé@imqul&tudwmmvcba.e@.ntda%qqfst%imh%%q%dm Wy is
in particular preferred. As source of Goup VII'I netal, hereinafter
further exenpltibfe &Fo££S30 source of palladium netallic palladium or,
preferably, a paldadimGompewd gryehe used  dihPald i an2Raldadi um
salt. The pal |l adi um conpound used'in the process of the 1nvention may be
provi ded in tK&Nf GrAviadrt ag gpals ladingmuseshpinerd ¢fr ades ss recidfriead 18 gand

according to f.o 35_.1 c enie . g ated.ipn situ

by adding a V\% 8%%&%9%%‘/ EP%?%%b%éégn} gg%ugéceg%{;gﬁg%?a‘g?g}ﬁn ‘gan@l%gur ces

of the |igand stdetdtd virtgatiasen. oSuideailetesdurnrdas ,ofvhdald adi wrdmaaidee

Pd(0) (di benzyl aceton) 2, pal | adi um car hoxyl at.es, such as , palladi um acet at e,

pr opi onat e, b@trflpﬁlfgdzz)rfr%gh%%taé{?eéﬁd 3 Sal lé’%‘i lfrﬁljseéittls‘”ﬁzgf’m> g’rﬁal aci ds.

Furt han sour cesdoteliude tpald-adisynicompl exesasuchwdgeal Ifabdindmthat

acetyl acetonate, . tetrakis(triphenyl phaosphine)pal |l adiumand bis(tri -

ot ol yl phosphi FEFPAYAG e ddt &SE FepENtaditdm ey p&viaeyalisfiy acid or

het er ogeneous efs@le $46h 1S pefr@o rexanmlien loadad s@n ekl dny e exchange

resin. Preferably palladiumsalts of alkanoic acids are used, in

particul ar al RaTIPEHEES A% 17509 Tt 6 112 SCarbon S Taiois O Gende&Ppl e acetic

aci d, propioning +36i1& .0l ydiidgldnaeneaceld ¢-agiidockp Al d e ki dentate of

formula I, ML and M2 are preferably the sane and in particular they both

repredént ph&SERECEHS Vatlon®. - aFdmAseiPAg icasalties ehdhieddmiatrd ioworadi fdts on to

the water or alcohol to obtain g-caprolactam are, with
respect to their chemistry, very comparable with the
reductive amination and cyclisations steps as exemplified
in EP-A-729943 and WO-A-9837063. Therefore a comparable

20 selectivity of about 100% may be assumed for these steps.
Thus by using pentenenitrile, as obtained at a 95%
selectivity from butadiene, in the present process an
overall selectivity of about 90%, based on butadiene, to
g-caprolactam is possible.

25 Detailed description of the invention

Among the metals of Group VIII, cobalt, nickel,
palladium, rhodium and platinum may be mentioned. Of
these, palladium is in particular preferred. As source of
Group VIII metal, hereinafter further exemplified as

30 source of palladium, metallic palladium or, preferably, a
palladium compound may be used, in particular a palladium
salt. The palladium compound used in the process of the
invention may be provided in the form of a palladium
complex of the specified ligand according to formula (I).

35 It may also conveniently be generated in situ by adding a



preferred palladiumatom the bidentate di phosphine 20 |igands of the

catal yst system should be free of substituents offering stearic hindrance
to a bi deamoat/@e9Toor di nati on node. In particular, the di veCERPOINRPE@GYI Ng
group R should be free of substituents offering stearic hindrance. The
bridging group Ris preferably an organic 25 divalent group conprising 3 to

20 atoms. Pref VLef ing t
atoms. Prefgnally 3 1cnal M0 fadd Wi, cUnest ing 1&9%%%}%'@@?%8‘4‘”‘15

atons does not contain’'termnal heteroatons. Mre pre bri dgi ng
group consi st RGBT Ao ka ormur®damd e ldfadipossimtluds i dgi ng gr oups
are substitut g sistittad, 30, diyval e r tg}rkrple

di xylyl. Anot herw)p(;at}f erreyld groupI%o%' barll dlgé{]%]lglﬂ%réoaurggs reat(%é-)’cg%g y %Tne

groups: tri metdalllens unt eldearetdly | eng ahth pentargiimlens: vnWHtd) and
tri rretr%l ene is]%[%s . preferred._ The bridging group may optionally be
substitUted by? or2 ot €5 dbts ttle S d9r JHTEE | RALEIRS suskudauent s

WO 01/ 72697 PGH1BRQLARR Hbhp Bexadd itdh off glaisteanine dddwdfanes i dde
bi dentate |igand oor di nati on node. Exanpl es of possible substituents are

al kyl groups, €HFakds FHPheodmiarriicii Pald adidinhradxkb Misyediti cation t he
al kyl groups %tcapneseyd ) Rl ti R i ide Ce it Sty el 8% Repnd

R2 and/or R3 and R4 may formone cyclic structure, optionally containing
het er oat oms. NBY @ P& Caine RE L™ R Gndisor IRY Sl aepgidasiast £

bi val ent radi ¢al ithatexdRGRiNere W h the phosphorus atomto which it is
attached 10 is an al kyl substituted 2-phosphatricyclo[3.3.1.1{3,7}]- decyl

group or a deri vatfingd eedrleo a1 aghigh serdd soro fngrlkanstia lve ickr bore at ons are

repl aced by hetgroat;o) Rreferabl . the d i IS t I
substituted 2- phosﬁhg-%tarritclycl %{3@3. 1&1 1?3é 7#?3%03{1@9?{0 pr{l%s 1ra}ecc(;%rrlg%)gt?nd 15

according to F&OmIl-a fior, axaamdion aRB tdrce aglildy| promussniof aclids agar bon at ons,

preferably ”ert'}wf-lug)@%'e%%co“acﬁ%.h | i gands and their preparation are
described in nore detail in WO A-9842717. RP ..P RS RS

15 In the bidentate of formula I, Ml and M2 are
preferably the same and in particular they both represent
phosphorus atoms.

For being capable of bidentate coordination to the
preferred palladium atom, the bidentate diphosphine

20 ligands of the catalysf system should be free of
substituents offering stearic hindrance to a bidentate
coordination mode. In particular, the divalent bridging
group R should be free of substituents offering stearic
hindrance. The bridging group R is preferably an organic

25 divalent group comprising 3 to 20 atoms. Preferably the
chain of atoms connecting the two phosphorus atoms does
not contain terminal heterocatoms. More preferably the
bridging group consists only of carbon atoms. Examples of
possible bridging groups are substituted or unsubstituted

30 divalent aryl groups, for example dixylyl. Another
preferred group of bridging groups are C3_Cg alkylene

groups: trimethylene, tetramethylene and pentamethylene
of which trimethylene is most preferred.
The bridging group may optionally be substituted by

35 one or more substituents, provided that the substituents



RS RS RS RSO R5R5 (Il) Preferably the tert.alkyl groups are non-cyclic
tert. 20 al kyl groups. Exanples of suitable non-cyclic tertiary alkyl
groups ameoveriesbary butyl, 2-(2-nethyl)butyl, 2-(2-ethyl PODVEROL02903
2-(2-met hyl )pentyl and 2-(2-ethyl)- pentyB groups. Preferably the groups Rl
to R4 represent WO 01/72697 PCT/EP01/02903 9 the sanme tertiary alkyl
groups, nost aaeaseagkxe&stt%aﬁéc ﬁaﬁd&g%eb%ykhgr BYPSn XM 5 nof
possible ligands are 1,4-bis(di-tertiary- butyl phosphi no)butane,

1, 5- bi s(di-t e?PPéﬁyBéttyIOHSmﬁﬁ’Gspﬁlxﬁél}’ééﬁt afiepossibies (sdiiosz—l(cgen@tshwr)ebut yl -
phosphlno)pro i sQdi- 2-(E2ethyly) h i;no) - propane,

1,3-P, P -di (2ggﬁg%p%§°%p§ (97lgt et ﬁ‘ca%ettg ) BUrEbRNABR

6, 9, 10- trloxatrlc?elébs Bresefs. $PFdeéyb§pngpahbe(@PA8ﬂ groups

1,4-P, P -di(2- hosgha 1,3,5, 74tetrane

trioxaPricycl GFBFSSENEEY, ?V]Hecﬁp)ﬁutéﬁﬁ uﬁeZCBFééﬁlSﬁru€§uﬁéﬁhyﬁf and

but yl phosphi ngpe e ae ar u y | i gands are:
1, 3- bIS(dI-tegtlégé é?y phgggh?no&h§oggéé 8ﬁé &?E?E? ?EQ%BE%E%
tertiarybutyl ppesphanogethythbanagnaestwhebebist heols E&b@gkeglgr QUp @y be
optionally further substltuted as described above. e acid having a pKa
bel ow 3.0 preRérabflyoha’ aanan4c©@pdenantngaahuanleby whd¢hails tiveant t hat
little or no t e t p yeen th paII 0 and
the ani on. Tybraar Ebaiithe OF EOSRbARFERENEPE PRGYRTRy,PE PoneRfatfyd
Ci1MH- 10Preferledaacamkyareubemiemaanlé phsaphenrmcgcﬂd$3ald1a¢ud$7nnat can
be forned, p035|bgy sbtu B% Lntgrgctkgg hemﬁs such as,

exanpl e BF3 géBEg PF8, “TAFE5F YRbERSGFP énBW éﬁ t8Bea8de?§esuch
as, for exanpbé, thehydrbbal agenscaaei depilacepabli avkarobkEomkl uor osul fonic
aCId’ phOSphOﬁlegggglgrthe ligand comprising the alkyl substituted

Z2-phospha-tricyclo[3.3.1.1{3,7}]decyl group is a compound
15 according to Formula II, wherein R are alkyl groups of

1-6 carbon atoms, preferably methyl. Examples of such

ligands and their preparation are described in more

detail in WO-A-9842717.

/R
p
. p o RS RS
RS K
o O
RS K

(IT)
Preferably the tert.alkyl groups are non-cyclic tert.
20 alkyl groups. Examples of suitable non-cyclic tertiary
alkyl groups are tertiary butyl, 2-(2-methyl)butyl,
-(2-ethyl)butyl, 2-(2-methyl)pentyl and 2-(2-ethyl)-

pentyl groups. Preferably the groups Rl to R4 represent



sulfuric acid. Specific exanples of acids of the latter type are
fluorosilicic acid, HBF3, HPF6 and HSbF6. Exanples of suitable sulfonic
acids aravébumsesul fonic 30 acid and chl orosul foni c aci dranapPelne903
hereinafter specified sulfonic acids. A preferred group of acids having a
pKa bel ow 3.0 has the general formula Il WO 01/72697 PCT/ EPO1/ 02903 - 10

0 11 R6-X- I : r.gi, X sents.a_sul r.4Qr hl qr4 ne
atomand, if OE|)}2(er esszmeesg?tr(selg\wﬁlagr){}r%e dg%g{ﬁ%’R%O%gp Zr;éef%{};ébal (%%}ygceon% atom
and, if X represeiestabsulydhyrcatrem R6 represents an OH group or a

hydr ocar bon groupg_f anp alkyl, . ry.aryl graoup,. i.ch can either
be substituted orEXﬁln?l}%)sét i%}t%u gggl@laéyrrpll%g%o sa)lﬂ:iet gbﬁe%ég’y@sl gcfe%%ﬁeard'eneral
formula |1l abatgéphblsphinocabudansyl flySi-biadidd,-tertiarybutyl-

2- hydr gxypropane-2-sul foni ¢ _acid,, p-tal uenesul fonic agid, . tert.butyl

sul foni%c aci dp%r?gpﬁ;}lno%ﬁle %r?ince’acli’%. tbfﬁg(dnciszd (fomt?]&htyﬁé%élé;ﬁ@'r al formula Il
can al so be amphosphaxeh@rgerneomnt, Bi-hiirky ddH2-ari-e tasild byrodphossithas, for
exanple, AMBERLITE 252 H ("AVBERLI,TE' is a trade nane). In that case, the
hydr ocar bon gP&l?Baﬁ@’rg[pEe éﬁts%éHﬁoIWﬂh@ h?d%d?agg)&’fa&e&bﬁ’ Subst i t ut ed
wi th sul foni c 636i,d ogiteupxatTisyen ogs3,. 3f.ar. 1gsanpl]ele cd 10 @lrysiaree N FN0UP.

Anot her possihle acid is according to.the follown eneral formula IV 0
11 R7-P-OH (ﬁ\'/)4"&'1p \Kﬁér(gi'ﬁ%ﬁ‘f’p T lpe ﬁ7-_(§9t§t‘38\?gh(¥a_%'ﬁy(}rodcar bon group,
for exanpl e amrabkykracyanyl[3gpaup.l (shi7gh deay1eibiitenehe 130 -gukstdit-ut-ed or

unsubsti t ut ed. Exan*gl es are phospharic acid, nethyl phosphonic acid,
phenyl phosphdRi Be&&Vd) LU RDORE PHECEIE B 3 PE"€EA ed aci ds are used in the

process accordi ngphettika1bRYentirete tRe andensa@k 1hgands are:
1,3-bis{(di-tertiarybutylphosphino)propane and 1,2-bis(di-
tertiarybutylphosphinomethyl)benzene, wherein the
15 bridging group may be optionally further substituted as
described above.
The acid having a pKa below 3.0 preferably has a non-
coordinating anion, by which is meant that little or no
covalent interaction takes place between the palladium

20 and the anion. Typical examples of such anions are PFg-,
SbFg-, BFy4- and ClO4-. Preferred acids are for example,

sulfonic acids and acids that can be formed, possibly in
situ, by interacting a Lewis acid such as, for example

BF3, AsFg, SbFg, PFg, TaFg or NbFg with a Broensted acid

25 such as, for example, a hydrohalogenic acid, in
particular HF, fluorosulfonic acid, phosphoric acid or
sulfuric acid. Specific examples of acids of the latter

type are fluorosilicic acid, HBF3, HPFg and HSbFg.

Examples of suitable sulfonic acids are fluorosulfonic
30 acid and chlorosulfonic acid and the hereinafter
specified sulfonic acids. A preferred group of acids

having a pKa below 3.0 has the general formula III



acids can be considered to be non-coordinating. The nolar WO 01/ 72697

PCT/ EP01/ 02903 - 11 ratio of acid and netal (a) is preferably between 1:1
and 10: wand7were preferably between 1:1 and 5:1. Since hal/Ede/i2e03s can be
corrosive, the source of palladiumin théOcatal yst systens of the
invention is 5 preferably not a halide or a conpound generating halide
ions. Small anounts of halide however may be advantageously present.
Optionally other pronoters nay be present. Conveniently the catalyst
system of the invention Ts 10 obtained by conmbining in a separate step,
precedi ng the carbonylation reaction, the source of palladiumand the

bi dentate |igand of fRP+AH@H | . Suitably the palladi um conpound, &3%II)
exenplified hereinbefore| is dissolved in a suitable solvent, and
subsequent |y adm xed wi th the 15 bidentate. The nolar ratio between the

bi dentate ligand and the netal (a) is preferably in the range of 1:1 to

5:1 and, nore preferahly, in the range of 1:1 to 3:1. The ossi bility_of
appl yi ng t hese eo]ﬁln%lt&arrer%ﬁ%%n?ss aa%g?ﬁ%@_e%ﬁsf ﬁé?lfl%%o‘&@“t%dmif of
an excess of 20 hidenates |4 gand, angk henge, Mol ses dhes CONSHIPLLON of

t hese usual |y expensive conpounds. The anount of ‘catal yst used 1n the
process i s notatwuidridalif Gootepesidiitss ar eswhiaimest ode R @ hes proswt ¢ of

G VIl netal js in th f 10-7 to 10-1 25 at le of
penteneni tri 16" SPLIEU 1 Hf SRROUREDTS T3P e 1nge 61 10- 51 121 67 10- 2

gat persnol e. df dhe cardanylwiiien qarocesshd s wardies otdtdéd dhe presence
of water, theyproguct,obng%ne wil] be _5-cyanovaleric acid. By-products

will be mainl § P CRfount B L 5 aie HeY AW . OB Rt e 1 ¢
acid is prefefabylobta net bye fyerot ysiscaf, the fArcyanavaderate ester as
obtai ned by the process according to the invention. In the process
according to theYHEMRARP NS & Yt 15 e R URie el s et d,
directly, if tihe W QY/1726017F RGIE BROM 02@03yr sk fonic acid. The acid

10 of the general formula III can also be an ion exchanger
containing sulfonic acid groups, such as, for example,

AMBERLITE 252 H ("AMBERLITE" is a trade name). In that

case, the hydrocarbon group RO represents a polymeric
hydrocarbon group substituted with sulfonic acid groups
15 such as, for example, a polystyrene group.
Another possible acid is according to the following

general formula IV

OH

wherein R’ can be an -OH group or a hydrocarbon group,
for example an alkyl or aryl group, which can either be
20 substituted or unsubstituted. Examples are phosphoric
acid, methyl phosphonic acid, phenyl phosphonic acid.
When the hereinbefore stated acids are used in the
process according to the invention, the anions of the

acids can be considered to be non-coordinating. The molar



carbonylation is carried out in the presence of an alcohol. Suitable

al cohol s include aliphatic nono alcohols, in particular those having from
1-6 carbovoortwes per nol ecul e such as net hanol, ethanol , peT/@pam2bo3 5

but anol , isopropanol, phenol and di hydr+clal eohols such as ethyl ene glycol
and 1, 3-propane diol. Methanol is in particular preferred. Wen a

5-cyanoval er atr@test @f heildhanddesitaad RNHOoduct,r e J16S RG> Watieryd$
preferably avaqided. Mre preferablé_the process is pérformed in the 10
presence of alRatefnsciperg@reirgabdyaksitésen fetthynd drttho formate. The

anount of al cohol sehcwahan ilde AehsCiahi Rl cothesivRl, kaki oWl i al cohol
to pentenitrile _may range from about equinolar to an excess of water or

al cohol . 15 OPFilRELIMN: tRe thIec FRER Ly tnatysit sy ofeithe 48 veaddonori s sol vent

as wells, al t heugherhbldesioted, naghRakale %OE%%?b%ndnﬁﬁn%E§Qi%_'ﬁ%%}d
Addi ti onal solvents, if present, are preferably comnmpounds iC meékly

co-ordi nate WPRSthempall aHCUMC20 odompddne. hRxavsiredast beui t abl e sol vents
are acetoni trbhgantalbanay peekent. apelyhaaalonenciobigne.ay alane and
e g , i phe

ethers, for exanple dinmethyl ether of diethyle yco ani sol e nyl
et her. The caPB6&&¢hati on reaction according to the invention 25 is carried

out at noderate tgggg@g&g5@§ya@qepgggéﬁ§g§.Sygggkag%eth?agé%%gggégp$ratures

are in the range of 50-250 C pref y in € range o e
react ilén pressbteinsdubyvakbybanihgasn at sepplreriec stefui pakkedpngssivees are

in the range a .pr.ef blLy in t ran of 5 to bar .
The carbon nn%%%%géggéggfgeéeﬁggl?hé ?é§c§¥gﬁ%ﬁae%bg%l?%gﬁﬁﬁeénﬁn%%e
subst anti al | ybpdeathteml igandoptfafomatiéd Wi.t Buiitabdenehal paildediamunt s of

i nert comnpoun h.,as__nitr n,..hydrogen and the like., WD.01/.72697
PCT/EPOl/OZQOggmigﬁgd'Tﬁg S%chgéfﬁgé ESQEéP?FESISutanEBSFS%VSSe%EtFon or
conti nuousl y. shintebbedsntrnest; ebatli agbteqoentilyuadsixedewathomhef the

Process, ProdiihnheconNEM8IblY rat §8' BLENLEROTHEE; G2HALYE! 1 1Y3LYM BY
and the metal (a) is preferably in the range of 1:1 to
5:1 and, more preferably, in the range of 1:1 to 3:1. The
possibility of applying these low molar ratios is
advantageous, as it avoids the use of an excess of
20 bidentate ligand and hence minimises the consumption of
these usually expensive compounds.

The amount of catalyst used in the process is not

critical. Good results are obtained when the amount of

Group VIII metal is in the range of 10-7 to 10°1 gram

25 atom per mole of pentenenitrile. Preferably this amount

is in the range of 1072 to 5.10°2 gat per mole.

If the carbonylation process is carried out in the
presence of water, the product obtained will be
5-cyanovaleric acid. By-products will be mainly small

30 amounts of branched cyano acids. 5-cyanovaleric acid is
preferably obtained by hydrolysis of the 5-cyanovalerate
ester as obtained by the process according to the
invention.

In the process according to the invention,

35 S5-cyanovaleric esters may be obtained directly, if the



5 distillation, preferably in a wiped fil mevaporator. Alternatively the
products can be stripped fromthe reaction mxture with the aid of a gas.
The startweagi/mspt enenitrile nmay be a 2-, 3- or 4-pent enePCT/EPOI2003 t hei r

m xtures. It has been found 10 that from akl -t hese starting conpounds a

hi gh selectivity to linear products is obtained with the process according

to the inventicxbdBNtANRN tid | & fByedeo@dvantagequsd seha: obtained by a
process as described in for exanple US-A-4,298 546 and US-A-5, 821, 378
starting fromaifielflenduifIR HheRIRYeh iaidfe.a liRhatis aival eri ¢ aci d

or ester can he dsRA AS @ pd MFTEM alie 40 HYBRAY & A Pits acl b its
ester. Adipic acid can be obtained by esterfication of the cyano group.
Adi pi c acid i ST & LY |1 BH6.5° MR agiHer L antEourmmranel,

Nyl on-6 6 is khudfs1CyanopyQRant, whigh £an o ke PriRar’d Sr@Aols such
pentenenitrile. The present process therefore provides a manufacturer of
Nyl on-6. 6 or &S ethrvdeans ¢rly @ avslirlabl wranane 4 ddi plet hegial fromm

precursor whi 6y dts Rlrsady dised 4P, RiRRATE écﬁ,a%%ieﬁryaa&org&wgfs }}}ge

S5-cyanoval eric acid or ester prepared according to the process
i nvention can dagitdest dyedugivarithgyevissdanasad iwe te pricc e fargirlgpar e

s- caprol act am_Thi:SyJd NV i0 ir}]tésr oV r.0 t : e
s- capr ol act am%@&%épﬁn%feenﬁlﬁl e,aaAcl?nptE{es;ﬁnrgfcse% I)[lscgfebor?y aet?i?olﬁ{ g@)ag

pent edéhi tri | @nepeBagy afovalwartiar swivkrgewstiar aceomdiand timdthey Jpr ocess
descri bed her e&ﬁhoatk% eatld 1) reduction of 5-cyanovaleric acid or ester as
35 obtained in step :i) to 6-am nocaproic acid or ester, WO 01/ 72697

PCT/ EPO1/ 02903 - Th& afriouint eyfclalsathadn cof wiatie r6-igmnodc apridiiceadcl oy est er

to s-caprolactagm__The 5-cyanoval eri ci.d or ester as obtained in _step
(i) can be se%lgr at'éa 1r or%qi Te ror?glgceogleogustocﬁeéjl vt t e S S8 ) 9% r T el e
distillation, atutaciguimolphage separatdsen off wartest ald iadatdherl,. of whi ch

di sti I1|5at on io%ti%rn%fleiryr %q{e -Ie_ﬁec o%ac‘)tlalalrs twascyesrt Ef‘nrgyi Sseal':%\{ea%tsaq:%%ucstl iyonr e- used
solvent as well, although, if desired, separate solvents
may also be used.

Additional solvents, if present, are preferably
compounds which weakly co-ordinate with the palladium
20 compound. Examples of suitable solvents are acetonitrile,
ethanol, acetone, acetylacetone, toluene, sulfolane, and
ethers, for example dimethyl ether of diethylene glycol,
anisole diphenyl ether.
The carbonylation reaction according to the invention
25 is carried out at moderate temperatures and pressures.
Suitable reaction temperatures are in the range of
50-250 °C, preferably in the range of 80-125 °C. The
reaction pressure is usually at least atmospheric.
Suitable pressures are in the range of 1 to 100 bar,
30 preferably in the range of 5 to 50 bar.
The carbon monoxide required for the reaction may be
supplied in substantially pure form, or contaminated with
in general minor amounts of inert compounds such as

nitrogen, hydrogen and the like.



in the carbonyl ation reaction. Even though a high selectivity is achieved
in 10 step (i) sone by-products are formed. These by-products can for
exanpl e wosepmpated fromthe 5-cyanoval eric acid or estpeT/BRomRass of
distillation or by one of the above nentiioned techni ques. A problem
however, can be that it «can be difficult to separate the desired |inear

product 15 from t g branched MA0WS MYy g fiof md @5 e hrediet, . by

means of distillation. In an advantageous enbodi ment therefore a mxture
of branched afPnGimarrusdat-bdry|sidash megytiod i ls i btaigm dmiastep (i) is
used in step (Jdoraandn i inaldy also | iddq - fesh r 20
advant ageousl y Ejr erducesn t he am)lEJnt of dur%ﬁ@t)ti%néfs% ecpos ez}ltéé}glgep (i).
Because after istad@i(dd ifiram rihgorcad Lysuy i v et dry afea@rscaph ol act am wi | |
take pleace it j;s+;advantage 49 5aNpi; dqf ' s wth the
separation of tlhe lby- pr chg'c S ofe t%ervéalr o%?ﬁiﬁaghgl%cﬁ}h%pg}ia?%gpeci ally
possi bl e wi t h Alhe yvadsiersl yortdee $rodvedamusent e comtigmebff dym prieduct s i s

| ow when corrparref;i%th.-Ltoq1 tn{}&t%t%t e.:qf the ally ro%usaﬁz%atso 6- caprol actam The

enbodi ment is further especially advant ageous 5-cyanovaleric acid is
t he product obtai Aé¢ istegttepg iPent3®am briidw ofayt bed ra d-9s8-baid i ng points
it is not sinplze S rat.e the hranched .canpounds .fromthe desired

5- cyanoval er r@ %@%&.eﬁgﬂ%&qlseeﬁgr at?‘;leﬁg'} t lexsteuracsi 'dsqdcl r%lass{Beepen( iﬁo,urbc{n

i nstedd furt hethapr dorssialg tthemeas tarting wreengaurstseps Hiigh srickdtivita

nore sinple process is 35 optained. aratjng .the . 6-caprol actamfromthe
resul ti % VDp6f/ %%@f/oégﬁ%soﬁof%ec%%d ﬁgati?cﬁcé}? PA e 1S StED
(iii) can be giomlhe perfeortied . [Penftemesxarnylle craystal lddaintiyausly be

di stillation. t.ioggllyythe honogeneous catal yst ed in step (i) is
separat ed frofYHe e 6h BR%t e 24F C&61° s O%/ijﬂ. °I; °%3EP-G i) can be
performeg by \ﬁresl—lﬁ—lqr}@m,rsel@@inmg Udst—e\g—hsr)imgsaml rSﬂah:it(S_n)EEj eitdit%dﬁﬁ%ﬂérﬁe f
contacted with t cyano conpqound obtained in step (i) in the presence o
a reducing c&S $§’td GFY A EFor a Goup VI11 netal as for exanple Pt,

Pd, Ni, Co, Ru, orrhke.s5-Byasickatlalnist acan 13 ket homgereassLalalayst, for
exanpl e the C%%%!%ﬂédfg%l to prepare adipic acid or its ester. Adipic
acid can be obtained by esterfication of the cyano group.
Adipic acid is a precursor to Nylon-6.6. The other
20 precursor to Nylon-6.6 is 1,3 di-cyanopropane which can
be prepared from pentenenitrile. The present process
therefore provides a manufacturer of Nylon-6.6 or its
precursors a favourable route to adipic acid from a
precursor which is already used to prepare 1,3 di-
25 cyanopropane.

The 5-cyanovaleric acid or ester prepared according
to the process of the invention can further be
advantageously used in a process to prepare g-caprolactam

This invention thus also provides a process to

30 prepare g-caprolactam from pentenenitrile, comprising:
(1) carbonylation of pentenenitrile to S5-cyanovaleric
acid or ester according to the process described herein
above;

(ii) reduction of 5-cyanovaleric acid or ester as

35 obtained in step (i) to 6-aminocaproic acid or ester,



in step (i). Preferably a heterogeneous catalyst is used. Exanples of
reduci ng catalysts are Raney NI, Raney Cobalt, and Co/Cu catal ysts. Step
(i) iswobt/adsby performed in a suitable 15 sol vent at arCEEeMARE
tenperature. Suitable solvents are water l4htgh boiling hydrocarbons and
al cohol s, preferably the correspondi ng al cohol of the 6-am nocaproate

ester. Prefer@hliy \Btar sa% iused A H e -solivRyttapaitd B-AMdr @Ol ¢ Aci d
is used as the starting conmpound in 20 step (iii) as for exanple described
in US A 5780623CaPReLaFEARPerature is preferably between 280 and 400 C. If a

5-cyanoval erate eghgr i%ﬁ@to%q%dﬁqﬂ@ 8P di Jedile 1B JIEE eidpe .
advant ageous to flrst hydrol yse this conpound to its correspondi ng acid
prior to the rsddwctiidn 28 repRanated themrydle daricgrenstiars (ddtiglyst _
A t er n%t ' vel y s[);s %nmf)q; %‘*}n%t}gaqn reoq}icgtiqla ti%%[,( Ie'x)t’r 'c:nta.con,G_ 6hn;glsneocapr o1 c
acid or its ester may "be reacted to s-caprolactam nat € presence of super
heat ed st eam ateparattdmpecat ey sofa Netsedeirom 7@ fandh i3%0 dG stnidl la tpreessivr e of

30 between 5 e lifd.ed jn. WO.A-9837063. The inventiop is
illustrated b@’r}%géqf%l 'o%%r?g)&ﬁa(r%lﬁtm%)isnr{geme%asnﬁl e BE SZLSY 1-9 Hitt

conpar ati ve exanmghes carbong{atplas redt@mth.conpar ati ve exanples A-D were 35
carried out in a lgaf%rgle I %%I I yasthiir rhedsez_!LS%tTV.Aut ocl ave WO 01/.72697

PCT/ EP01/ 02903 - ?:ﬁastg& Poy" " F°AFE Y. 1Thé Ao a%hve was char ged
wi t h Irfet hanolsteand ian sopte @yalp alwery aden fidreneaind Uiess egibsemrodanrat 20 m

of 3-pentenenitrile, 0. 25 ?mlb§pal | adi L{Wg lf) a'CFﬁ]t ate, the selected .
phosphi ne and e '8& F5H e B &S S5t Fer™ TE PaYadiqnaleric acid
acet at e/ phosphirmne swerre byC aaged amders ta INidtiege n ratyosphersr tAfd etbBiosur e
of the autoclave it evacuat ed, whereuypon 60 bar of CO was . suppli ed.
The aut ocl ave“\ﬁé‘glﬁélﬁ\tgggetc D SPes ity é’(fo%i e?]é]f”’t?r"«?.r'ﬂ?é‘ri m& ittt dite of
car bonyl ati on cwas b0 adetrerctilted d r{paltae Press e i3y aase f3epAddr-tuni t

during the first hour of reactjon. After a total reaction tine of 10 hours
t he aa‘éocl ave TkeE 581& J 206 ESo M AT A &%¢ dIodlIe depres Rt

thereafter. Th§ means of distillation. In an advantageous embodiment
therefore a mixture of branched and linear carbonylation
products as obtained in step (i) is used in step (ii) and
optionally also in step (iii). This further

20 advantageously reduces the amount of purification steps
after step (i). Because after step (iii) a rigorous
purification of €-caprolactam will take place it is
advantageous to combine these purification steps with the
separation of the by-products of the carbonylation.

25 This is especially possible with the present process
because the content of by-products is low when compared
to the state of the art routes to g-caprolactam. The
embodiment is further especially advantageous when
S5-cyanovaleric acid is the product obtained in step (i).

30 In view of their close boiling points it is not simple to
separate the branched compounds from the desired
5-cyanovaleric acid. By not separating these acids in
step (i), but instead further processing them as a
mixture in steps (ii) and (iii) a more simple process is

35 obtained. Separating the g-caprolactam from the resulting



selectivities, linearity of cyano-ester products and 15 conversion were
determ ned by gas liquid chromatographic analysis of the reaction
product sw@er7ibabl e 1 for solvents, anounts, conditions POUEP&2bA3S.
Exanpl e 10 Exanple 1 was repeated except ihat 0.6 mol of 20

1, 3-P, P -di (2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-

trlOxatrlCyC|BE@n@h@dlﬂ%clbﬂgcﬁkkB&oB%@% (@PQS)CW%Sb%S%Qme% g@ & flolrggid 1N

t he presence of 0.5 mmol CH3SGBH, 10 M pentenenitrile an nmet hanol
at 115 C. TheP¥nifpraexapele GﬁﬂﬁﬁﬁéﬂﬁﬁﬁFlW@sOIOGlSTHél@GH@@rS|on was 70%

after 25 10 hoursg I%ngqll@cttw hpmbgeh¥dNa- eakan S s\Was s83%i nThe ol iRgarity
was 88% Exanpl e 15 was repeated except “that the auto Pave was

charged with 16 ﬁﬁpﬁéﬁﬁ&ﬁoﬁromotﬁ? aRpStien paxpuref afhe2- sésperdnitril e,

0.25 mapl pal | adi yethl ) i3getahepe Be@fggﬂgdlb? well gnowP reducin
bis(di-tert- butylphosphlno)propane and tert-buty sulphonlg aci d.
The Pal | adi untegabeiauesphdsphinae wEee blidrgednuadercoataictedgen thattirespher e.

After closureg, h a (o r r _of CO
was suppl i ed. %EBVEP%%%g%EQ$%Eé% EPOl?Ofgég QQB g gﬁ%o gggnggs%%eated to

125 C. The inFefaFipat eateryistrobuhtpbhas C200r Fhéroopy¥idilomewas 4% af ter
W0 01/ 72697 POTT ERGT B2805 - 06 T} S8° FB7olh AF Henet BPTLEST E T M M
- | all0al 6l b& ad4homogpngols0c8thlygsd, €dy 4xampie( ther chtalyst used
in step (i). Preferably a heterogeneous catalyst is used.
Examples of reducing catalysts are Raney Ni, Raney
Cobalt, and Co/Cu catalysts.
Step (iii) 1is suitably performed in a suitable
15 solvent at an elevated temperature. Suitable solvents are
water, high boiling hydrocarbons and alcohols, preferably
the corresponding alcohol of the 6-aminocaproate ester.
Preferably water is used as the solvent and 6-amino-
caproic acid is used as the starting compound in
20 step (iii) as for example described in US-A-5780623. The
temperature is preferably between 280 and 400 °C. If a
S5-cyanovalerate ester is obtained in step (i) it may
therefore be advantageous to first hydrolyse this
compound to its corresponding acid prior to the reduction
25 step (ii) or the cyclisation step (iii). Alternatively
the hydrogenated product of step (ii), i.e.
6-aminocaproic acid or its ester may be reacted to
g¢-caprolactam in the presence of super heated steam at a
temperature of between 270 and 350 °C and a pressure of
30 between 5 and 20 bar as exemplified in WO-2-9837063.
The invention is illustrated by the following non-
limiting examples.

Examples 1-9 and comparative examples A-D

Examples 1-9 and comparative examples A-D were

35 carried out in a magnetically stirred 250 ml Autoclave



rih ro+J 00>1>1U EabODco 00 U I ~Ua A 0 (7) 00 SI1 (1) 1~0
o000 OH- LU(NAV ~t LU UU OOVO0 a 0) ro Sa4) a) HU-H+) 0 HQ
ro Q) O vogrefD EO0O C Sa C Lf) Ln -r1 S - EN-I1-) RMNMEROI®2Y03LT) i)

OC O a) O0r-1r-1 OOO -I-1 Hr~rdAI®IFr 1 C CODC C O O-ri 4)
l x 0000 U-rl O0+) 4] -1-J +J roM-1--) 4] 4-) +J a) a) x -H-H-H
-rl S

| E U I’(SH&:§téBloj7 ¢ N:reQié\l rNai\kH 1'T'he fu%clm%fa% %h%ﬁ@d Mitf} J
4-) 4 rI |v|4 +J 4- 4 S1--
0Sa0 ) sfzﬁ* *éa%‘?% and f)rﬁ* OP%ﬁo‘@l ?ltf‘-nt (4} ‘éle gmqunys . va,-n
-HQ +J H | Gardd 20 Iml GofJ3- ~-péntéhenitrile, 0.25 mmol palladium(II)

acetate, the selected phosphine and the acid in the

5 amounts given. The Palladium acetate/phosphine were
charged under a nitrogen atmosphere. After closure of the
autoclave it was evacuated, whereupon 60 bar of CO was
supplied. The autoclave was heated to the desired
temperature. The initial rate of carbonylation was

10 determined from the pressure decrease per time unit
during the first hour of reaction. After a total reaction
time of 10 hours the autoclave was cooled to room
temperature and slowly depressurized thereafter. The
selectivities, linearity of cyano-ester products and

15 conversion were determined by gas liquid chromatographic
analysis of the reaction products. See Table 1 for
solvents, amounts, conditions and results.

Example 10

Example 1 was repeated except that 0.6 mmol of

20 1,3-P,P’'-di(2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo[3.3.1.1{3.7}decyl)propane (DPA3) was used
as the ligand in the presence of 0.5 mmol CH3SO3H, 10 ml

pentenenitrile and 40 ml methanol at 115 °C. The initial
rate (mol/mol/hr) was 100. The conversion was 70% after

25 10 hours. The selectivity to cyano-esters was 98%. The
linearity was 88%.

Example 11

Example 1 was repeated except that the autoclave was
charged with 10 ml methanol, 40 ml anisole, 20 ml of
30 2-pentenenitrile, 0.25 mmol palladium(II) acetate,
0.6 mmol 1,3 bis(di-tert-butylphosphino)propane and
2 mmol tert-butylsulphonic acid. The Palladium
acetate/phosphine were charged under a nitrogen
atmosphere. After closure of the autoclave it was

35 evacuated, whereupon 60 bar of CO was supplied. The
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U >1a) 0,0a CCP>2 -404-1U $I Cri JI arl Ti ,Q0-- -r{ I
r-1 (1) -HI r)y a) H-) m&s~101 > : 101 U U bi r-1 O-HN a--I
a--1 -H ovoaoree) C) Q C pa) a) a) Il r I r~r | 04 --PerEPIKY30. |. C
w4l O rI CC H a) (aWOIl- 4) I U->c=l ON WUcCaZi ~r W
01/ 72697 PCT/EP01/02903 - 21 CL Al MS 1. Process to prepare a
5-cyanoval eric acid or its ester by carbonylation of a pentenenitrile,
wherein pentene- nitrile is reacted W tthacar o nonoxi de and water or an
al cohol in the presence of a catal yst system conprising 5 (a) a netal of
G oup VIII or a conpound thereof and (b) a bidentate phosphine, arsine
and/ or stibine, |'@§B@ess”ﬂ%%k@p‘é'§% Bi @e@y@h%vaua%n@ hasqt Be 9 @%%5
formula (1) : R R2- M- whefein ML and M2 are independently
P, As or Sh, RYi sarjoaitartasn @ﬁgénP@nﬁﬁp@@ﬂﬁgléﬁ@uyheWﬁﬂ@hpﬁﬂﬁ@@ﬁng gr oup
conprises a chaipi9k 3st QeBcRbAMyidh eethbn ﬁ%@%&hbngnhh@,a%th%p@%rUS
atons, which chain consists of carbon atons and optionally a nitrogen, 15
oxygen or sul phGphatlomnothg pirearscer odi al kyltsillistorys§emup Compirdls ialoky|
gr oupss i ndependentl ¥eEQIPEI:Se-bLoMy k1t 8-42CBLNRRLALOTR 8BE RhiRA
represent the sane or different optlona y subStitute tertlary al kyl
groups, 20 (dk)an héPdnhavenghaspkankessrshan 3nddorne&shied atigand,C in
an aqueous sol uti o] I [ | aj ein the

q Afergin A REOBESEARALE ;agﬂ;ﬂd fa! ggg]d&enmﬁ

bidentate ligand of fornula | is |sp I ne
formula (I):

RIRZ-M1-R-M2-R3R4 I
10 wherein Ml and M2 are independently P, As or Sb, R is
a divalent organic bridging group, which bridging
group comprises a chain of 3 to 5 atoms directly
connecting the 2 phosphorus atoms, which chain
consists of carbon atoms and optionally a nitrogen,
15 oxygen or sulphur atom or a silano or dialkylsilicon

group, which alkyl groups independently comprise from

1l to 4 carbon atoms, and rR1-r4 represent the same or
different optionally substituted tertiary alkyl
groups,
20 (c) an acid having a pKa less than 3, as measured at
18 °C in an aqueous solution.
2. A process as claimed in claim 1, wherein the

bidentate ligand of formula I is a bisphosphine ligand
and R1-r4 represent the same tertiary alkyl groups.

25 3. A process as claimed in claim 1 or 2, wherein R1-R4
represent tertiary butyl groups.
4. Process according to any one of claims 1-3, wherein R

is a C3-Cg alkylene group.



and R1-R4 represent the sane tertiary al kyl groups. 25 3. A process as
claimed in claiml or 2, wherein RI-R4 represent tertiary butyl groups. 4.
Process aveoor/dieng to any one of clainms 1-3, wherein R isprar/€Bei@aa kyl ene
group. WO 01/ 72697 PCT/ EP01/02903 - 22- 32 A process as clainmed in claim
4, wherein the bidentate ligand is 1,3-bis(di--tert. butyl phosphi no)-
propane or 1, 2-bis(di-tert. butyl phosphi nonet hyl)benzene. 6. A process as

clainmed in one or Mpre@fsClaa M8 dinked 3 nvkarain 4, heaeum MHd netal is
pal l adium 7. A Erocess as clainmed in one or nore of clains 1-6, wherein

the mol ar rat iPd I5&tNEE 118809 gahdt (B P I E e trdtuhlY RDOSRP iR he range

of 1:1 to 5 1ppaMe0cass ,acqirdlidig- ted i tiNS s gH 18 ok thryh ) WIS & 10
the tenperature is between 80 and 125 C. 9. Process according to any one of
clains 1-7, wfer en PHOsEsSHolad GRlimebfiradng dmpedivd Qi) leidnset= (a) i s
betwees 1:1 aptheFelin ke QRSN RKHARAM & H1:ANR A6t am from

pentenenitrile, 15 conprising: (i) carbonylation of pentenenitrile to
5-cyanoval eri d - aéi ®TOCeESt & gdcdmfichg t ®rgnpromersf ofl filesimes Ar6.(i i)

reduction of Jreyanevally o136 4411 EHAWRS AR aiingdd ”(bét e d ighd O
6- am nocaproic acid or ester, 20 (iii) cyclisation of the 6-am nocaproic
acid or ester megalE-(@dpridl dét dhe FRnger odeds ladeordilng to claim 10

obtained in step (TS aeed in St ap G SBsaray gy G
10 the temperature is between 80 and 125 °C.
9. Process according to any one of claims 1-7, wherein
the molar ratio of acid compound (c) and metal (a) is
between 1:1 and 5:1.
10. Process to prepare g-caprolactam from pentenenitrile,
15 comprising:
(1) carbonylation of pentenenitrile to 5-cyanovaleric
acid or ester according to any one of claims 1-11;
(ii) reduction of 5-cyanovaleric acid or ester as
obtained in step (i) to 6-aminocaproic acid or ester,
20 (iii) cyclisation of the 6-aminocaproic acid or ester to
g-caprolactam.
11. Process according to claim 10 , wherein a mixture of
branched and linear carbonylation products as obtained in

step (i) is used in step (ii) and/or (iii).



