.;e3e[ X\ 68T:ga50/ ¥ Hl 974 Process for the carbonyl ati on of pentenoic acid
and its derivatives 5 The present invention relates to a process for the

car bonyl ati on of n-pentenoic aci dmmmmﬂmmmmmmgatl ves of the formula (1) -
-R1 (1) 10 where Rl is -CN or i hydr ogen, al kyl or aryl by
reaction of a conpound of the formnul a:iflsp» Wi t h .car bon nonoxi de and a
conpound (I1) contai ni r;lg a _hydroxyl group in the presence of a catalyst
system whéFrerase heex &thgl g3TbeRstaddrnsobrenteasie asidbyndedtsion of a) a
source for dergeabiveson of a nmetal (I11) of the 8th subgroup of the Periodic
Table of the Elements with b) a bidentate phosphine |ligand of the fornula

(1V) 20 (RIRERBEALEARTRICUE o0 Heratds thZa procERIRIGR dhil 9@5354;&1?%)0 (1V)
where R3, RA%, Ni én@ﬁoi@7ac5§’orR9"t jogr.g{]?l].leZ R%g. f%ldfn i, N gfe ent Iny of
25 one anothef P& an or gani c PaditaChATRH Y BAchie &¥™WaAt &ths a carbon
atom via which the respective radical is linked to the relevant tertiary
carbon at offsfrent iRdned in fornula (1V); LXI)L2 independently of one anot her
are a lower al kylene group; X is an arylene group. 30 Processes for the

car bonyl gg ivperef rRN-igentRNEF CCoR2dwRérd tRe derhpdidgeas eikyhed argula (1) is
[sic] known, for exanple from GB-1497046, DE-A-2541640, US 4508660,

EP- A- 373579, US 4933483, EP- A- 450577, . US 4257973, . \WD 2000/ 14055 .
EP- A- 5772087 382 %0%/ %6%%‘%?“%15‘?&%6‘65%6?%‘39\0‘Ebdb‘iztg’z?ﬁ?’mi‘ fiqnexide

by
processes @At PoRPROWG ATLht CUHALRIBE drivmdesdlpfERiRti® she BEASANGed. 40
The strai gnf- ehadralsddgysteni whegednr blomydatiilyat ofystempaendst ainabiie
formul a X8 )by reectish pifc acid or its derivatives, are used to a |arge
extent in tdieapsoRPEAlfioRNa0het{1AUSH bal & YndtBRON E2H] HOlHEEEBER ddbdRdupi cul ar

pol yam des, { r.a C no i nportance or only a
quantitati fé}i’;h%n%\%%eﬂdﬁﬁogggﬁ%e& }gg Efﬁﬁ%’\ét%ﬂgm 2 Ahighn/i ratiowth a

si mul t aneodsiy hi gh yield is therefore desirable. The n/i ratio is

under st ood Pds 2nRifHGtenBPPSR ROl 10ARD S &dei FPERutF ¥ai ght - chain
products2@ o the selectivity of the branched products. The linearity

ment i oned i(R3RFR5E)CRFRI®REC) PN 5.1i A X he IP8r 0P (ERAR1OES ) gemi2BE3R1IAe sBRb)ectivity
of the straight-chain products. The n/i ratio is calculated fromthe
linearity 3ggeeding to the equation

R3, R4, R5, R6, R7, RS, R9, R10, RI11l, R12 RI13, R4 independently of

25 one another is an organic radical which in each case contains a
carbon atom, via which the respective radical is linked to the
relevant tertiary carbon atom mentioned in formula (IV);
Ll, L? independently of one another are a lower alkylene group;
X is an arylene group.

30
Processes for the carbonylation of n-pentenoic acid or its
derivatives of the formula (I) is [sic] known, for example from
GB-1497046, DE-A-2541640, US 4508660, EP-A-373579, US 4933483,
EP-A-450577, US 4257973, WO 2000/14055, EP-A-577204,

35 WO 2000/56695, EP-A-662467 or WO 2000/42717.

In the processes mentioned, straight-chain or branched products
are obtained.

40 The straight-chain products of the carbonylation of compounds of
the formula (I), i.e. adipic acid or its derivatives, are used to
a large extent in the preparation of industrially important
polymers, in particular polyamides, while the branched products
have no importance or only a quantitatively minor importance.
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*G00002*



N/ ratio posoysagstay [94 / (10099 - linearity [9 10 Wth a sinultaneously
"hi gh yield, the n/i ratio in the processes mentioned is unsatisfactory.

Thus accor di ng to US 4933483, exanple 6, an n/i ratio of 24 15 (linearity
-96% is achieved with a yield of only ,7/0% WD 98/42717 discloses a yield of
'84%(conversr on 100% selectivity 84%" in exan‘gl e 7; however the n/i ratio
is only 5. 25highop/ok Natigayith GuFdmultangquedyr high, wiels afcRRAF§HBGuct) . 20
The presentdeppyeaipte oFfhies nhiseat ion ishendgy stoodofis npgamigpavhe| vt @fprocess
for the carthenyébécmm& of petraaighitecheind produtss des inhet seescofvitdye ofor nul a

(1) which awei gsatdirddibsadyatl ades TEREAONSd meAt BorRERR €8kl Yesddgoand
economi ¢ gT{ANehHe d%C%&‘ da&gi atkBet P& Osfeel%%t%&kf %et Qﬁr H#Iﬁ:etc nagg Peen

found. Accardi,n on, e vatives of
the fornul & ("P)’g%‘b 7n/lﬂaﬂ'(lq i 5?@:% g&gam“ eré‘lf‘SP H‘Pé pur poses of
the presenfCFRTSHRY &P FhRt 8FWRLISM such conpounds are al so under st ood
hereunder. 35 A suitable radical RL is -CN or COOR2, where R2 can be

hydr ogen, al/kyta®io ar Rlineadirant[@agegusligodydr Q@ﬁéaﬁ:ttyal[lﬂsy]l, preferably
hydr ogen,g net hyl , ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl,

t-butyl, 'wﬁr% ﬂr@ftagggugﬂm ;regpgid eth@vr/l‘lpa&aor&sc%g nglyoc%rs%fesrab'y

hydrogen or i's ca
substltuentm§n§ ‘?‘fﬁai‘sg Pﬂﬁﬁ?’r%’?’?ﬁt%%ups or further aI kyI or aryl groups.
Preferably, in the case of an al kyl or aryl group, R2 carries no

subst i t uentTbus4accoBlBQ/ 56 973! 4P 38480di t eckdmple- penderoiic ratid of 44t s

deri vat inseq 19hebhryf oBRYl os (ddhirkedbastgal lyweadlof SSHIBr Fossuch as ci s-2-,
traps-2-, cis-3-, traps 3- and 4-isoner, and their m xtures. Such m xtures

;f‘gf g?[‘teg' % tgﬁ/fﬁﬁ‘ﬁ g}'rééeesr %”Suegg & eéfm(ga@‘é%fsel o %P% es are 5

g ;3\ eou t he use_of

cis-2-, tr& eﬁtlv’c‘iyss %) IONGYEENERT t 414 éaﬁﬁa %%e‘?"rlyrrﬁx?ﬁres
i s suitabl é84?h@§ehrﬂe>@ﬁ-'u?§%d‘wte EP@PEWF%‘H 16dr ef vipranehednPaPduch) < east 80%
by wei ngO of 10 3-pentenenitrile, i.e. the sumof cis-3-pentenenitrile and

traps- 3- pemhenppéddrt @nventiod Wst baseadmhag6byece B0 aaRENG , addigalse Of
Cis-2-, t r%F)Ergcesé?'i%r?’thetéa?n‘b%n%ﬂ_aeio& PN BBRLENAH Gc@RUof heid m xtures

ég%'rs b;“:Nte;%% ‘E?Va NPSE o RUT ESnf 18 R ?f&{:ﬁ%d abgi&as"% '&1\%883;?;%{1}?%} C' ggfé

and traps ngEh?% %9 AcEgeh nica ly 51mp1e and economlc manne

Accordingly, the process defined at the outset has been found.

According to the invention, n-pentenoic acid or its derivatives
of the formula (I)

30
C4H7 - R! (1)

are employed, where for the purposes of the present invention
mixtures of such compounds are also understood hereunder.

35
A suitable radical R! is -CN or COORZ2, where R? can be hydrogen,
alkyl or aryl, advantageously hydrogen or alkyl, preferably
hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-butyl, t-butyl, in particular hydrogen, methyl, ethyl,

40 particularly preferably hydrogen or methyl.

If R2 is an alkyl or aryl group, this can carry substituents, such

as functional groups or further alkyl or aryl groups. Preferably,

in the case of an alkyl or aryl group, R2 carries no substituents.
45



I'n a furthegyosghgaygageous enbodi nent, the use of nethyl cis-2-, 20
traps-2-, cis-3-, traps-3- or 4-pentenoate and their mxtures is suitable.
Those m xtures are preferred here which contain at |east 80% by wei ght of
-net hyl 3-pentenoate, i.e. the sum of npt hyl cis-3-pentenoate and net hyl
traps-3-pentengate., 25 Pentenopic acjd “and i’éf’s derivatives as _in formula (1)
can be obt dt FEFTARLD ARG EEBOHT AL S KD IPPEATIRes (O tRahpFRutRy (1)

addi ti on ofar@aPB8BhCHbkibRilde lapmeLs c GHEBURY GidiT2ai nthgRe-drydedRy3-group or
of hydrogertraparBdeand 4Hisaterneand thkér pnessnes .ofuch qaitxayes . cad

Accor di ng tdontheéni fiveddmen or COMPRIRGL] sh@lcfs /e Fr¥dBlimaxthred Sadecact ed

wi th car o aoxbdes ddh bBhEali A4ESSand S RPLATOREXI de can be enployed as a
pure conpound or In the presence of gases ich essentially do not

i nfl uence di sadvant ageously the process_35 according fo the invention, in
particul ar Wﬁ&&é?e%ﬁ]tyabfcéei P26 tofs GBEranc L adE-Ehi sCi§peratEans vt~ &anpl e,
ni trogen, Hyteogenenityridenandothiale, mutheer iEngutihabler Fhgseenixtunss as
argon. Advareageefistined theeenwhioh rcanitainfat drqastindos Dy weigatben 40

nonoxi deig ALdedtahen Basiliel: 1. e Prefeicahl ¥¢ aéié-faa-gsbnééﬁenilt'}i@ér bhgul ar at

| east 5:1, n‘}ra%fs%é}?éﬁ’tén’é tilggigg_nge fromb5:1 to 50:1, particularly

preferably 1n the range from7/:1 to 15:1. If the process according to the
invention is carried out_at nolar ratios of conpound (1) to_carbon nonoxide
of less thd® & furthemndyaptpgepus embedifenty Fhe uge RicdSry-t ess than 1:1,
this may | dxdnsela, reisi-d-wotsams i of #hpenpranpdct fesd gfnd lrbetntmixtsires
system 15 (i35@h3t85Ye 4 Thoser dixghres the profitrednhecd®fiehdcohtdie dtor mul a
(1) is rea?te%%tweb@ @y%ﬂ@ﬁh‘n?f (3Jpentehb fé rucﬁgiliibadr@dsylsugregp- For the
pur poses of_.t.heg_ : : U - i erstood as neani ng
i ndi vi dual ccltgngogéﬁéeqﬁﬁ% gé%@ émlpd;tttf%ggpg%at%noug gc%wo'rrpounds of this type.
The nature of conpound (I1) at |east partially determnes the final product
of the preséhf prbekass advenfagesus embriimgda ddecusp b dethyy, cise-/
correspo?@itmgngeld, isisoB¥tai heansvihergad-perrenb@tgsand theixl vdbkolresudsh as
an al kanol ,suilebter reEsEentirguesd arel prebémiateler&uirtiiadd eocakadhdt i s
primry, secRRdapys Wy WRibhar ¥ ntaher §b15ynﬁ¥do'§%é?/1i?é.cctm9| Sum of
advant ageoyal oy, ¢le (07 lekaanb Sre WHA RefR) ARANGLbYnEAId Y sUDSL it uent s,

I rile, carbonyl, al

such as one or “nore hal’ogen, nit oxy or aryl groups. 15
Advant ageously, suitabl e al kanol is nethanol, ethanol, n-propanol,

i - pr opan®? PeRtBaPAROICid Apdt ARD|derdVBLiEeDIas inpfeERbta (FIhexamks

n- oct anol , abtednadoiccarddnbytheprnvsissesykhaire penobe, by pixampteHut |

phenyl et hyladali€abnl of efdipoantogdyiciel and, 2-dsnpeanddtontaihildgpa oppdieskyal |
neopentyl dAw@l or 29¢ tHydreLbx| &} HiGlkane, bpediageyiArind drékehee RYefaer ably
nmet hanol , eéat{zgqggt n- propanol , 1-propanol, n-butanol, i-butanol, s-butanol,
t - but ano!‘o parifcularly preferably nethanol or ethanol, in particular

met hanol 7~ 25 The nolar rati o of conmpound (I) tq compound (I1)_is not
critical pdicCOEAaRY tukhe anyentiqh d&orBARa [ééﬁénggg"e’%ﬁ%/’m%at‘ﬁe) ifnge
from 0. 001:reacted(@ith marban| morikider oERsthisc yrdeag, tanrbea nenesrideon i s
carried outcannbehem@lbywdeaenaepwfe aoppbahd dr Ipsthen pldselncesodbjadazabl e by
reaction ofymchodsséntifalaynBbahot G feheAcd®iidadvhhtdgeddslyatht dFicalsg
phosphi ngs |aad R éc;gthf O4 YL ddn) 40 Pht AR TPhBNaYd | Ioh i o Ml Of
the 8th subgro of t 9 r|0|c;"be such as.Jjron, ¢ t, nickel,
rut heni um (%gﬂﬁ?s g 1FRdPu p%sarﬁeugﬁofr?’&ﬁnw e’pf’éﬁ‘?ﬁﬁﬁ’ B?’ Fe9sthl v

pal | adi um GATRCPnERP*¥dfodmaRpare iafiduiPei PR daSear aFUnIdSa8F 8RR - and t heir
m xtures. 40 The source of a netal ion of such a netal can advantageously
be salts ofadianhagedwd 1y, withh, melac aapadnos dampsndh(Budde aampdml s weakly

coor di naie \iRnbxRa80desh tfe adn1884©ON Wi phefsrdiall ¥ediddamamineial acids,
such as nit %rci:i%ﬁih.%ﬁ AUk Cs AL g!r.egggalg MirC +RE! ancijlearf*}%ykkf ids,
advant ageo ) Gl tz-c]% oxg |%: ¢4, referab % E‘.LII% a%_, RIL0Pi oni ¢
aci d, butyr ¢ tacPar Tt RS AY cPERTH 2Py c AP s Fré R ST dfilc *8ef ot L
chl or osul f difiec PAEFESS faqFOre3ne f ehitdeadPEEN | QT 1§oF BFRtath RS Ut PR l@Taci d,
ratios of compound (I) to carbon monoxide of less than 5:1, in
45 particular less than 3:1, especially less than 1:1, this may lead
to a rapid worsening of the properties of the catalyst system.



.0050/ 51974 gpsrsagyasul foni ¢ aci d, napht hal enesul foni c acid,

tol uenesul fonic acid, in particular p-toluenesulfonic acid, t-butylsulfonic
aci d, 2-hydroxypropanesul fonic acid, sulfonated ion exchangers,

-hal operaci ds, such as perchloric acid,, perfluorinated carboxylic 5 acids,
such as trifl uor pacetic acid, nonafl uorobut anesul fonic acid,

trichl or oalSCPEILRY O FhEs pREFR i §SMPRYRdh ofs the nsePifod phok? ¢ aci d,

aci ds whi clreactedevitie@ £PORPEME (I3)erantaioringf al bydeoxstli dsowbt F®Br ddast ed
aci ds, ani gugposeshofashieeprapdrenyinyenaien armbngenndatiMesist bederdétodar akheir
m xtures. HeahlikeW sEivigQaposafifounadd RdYANRUMAUELhYedbERRFQYEd i n which

such a ng %ombéuﬂ&@s&é“th'le @%‘9 valent formw th readily renovabl e |igands,
such as, for exanple, tris(dibenzylideneacetone)pall adi um

t et r aki s(t ri phenf\é h()m;ghane) pal | adi u "};‘ 15 . i

bi s(tri-o- ("&eyPp \bg"p EPpRPYRdi R FhelepitaParsipblbideherRinegs the o
conpound (|f)1nla§: poedugat pifchhe rreseat proegss. A4t voterd isetempbleyed )ast o
conpound ( Icompbubhde(TYngehéreorrkdpondihg ddidlis, opte&imydgbliie2Oab wheno

10-2:1, dﬂ(ﬁ%s&h@VEﬁI gﬁo@qd,\xa%@&ecassan%s;psrmlng the é@ﬁrééﬁ‘b%ﬂ&h&”esﬁé’ie is
conmpoun

a qnhln Ia 25
( R3R4R50) ( ;ﬁ%ﬁf ﬁ‘qf‘aglg}i 1 EE ”é’m g% %‘Pi‘ "where R3,
R4, R5, R6PIRFSTRRLY RFIMATY: RLP 15, F& vad’lfgeﬁ N * anot her
is an or gamhécbaﬂ?%é?m\?oﬁf‘éﬁii’ Fa&dh SRS Bl sMtEr nSUeh 3 ©BPLOR BAM Vi a
whi ch t he rhedpeeri veltridecatarhonyilnk adkoxy tdye argl egroupst.erti ary carbon atom
ment i onelb indvhat ageausllyy) suitable? alRdapEnike mekyiandl preenanether are a | ower
al kyl ene grnal;mo dné B, BlpRbYheSE, H-BURansP, Theutadbralaiankt, RS, R6, R7,
/8, R, ®Q LD RS o i Gan, eggsyegﬁ%@@axow P18 3AqLDeE pe chosen in

-"3

a wide ran B#: err owWer al kyl
groups, g‘fyé’ﬁ Bﬂ‘/‘%ﬁqn REngYL 7160004 Eie'l’l'?ll ggi@l ag‘f‘lﬂ?gs SER¥IENS net hyl
ethyl, n- prgdﬁﬁplrllrg?r‘t?ﬁypanﬁd%ﬂhryll 3rpEeRafediolp rsepentyBuglycolso

Parti cul 20 [tyipethelolagoproapspeRBacRIthREQl RBicR7, pR&er@dlyRi€thaiel], R12,
R13 Rl14 ar ethhast, whipropahoyet hgropahbl | he-Bueahbay yi-Gaitaaslat bdwanehi ch

they are dig@gthiol] Pe@dichPaF 2 HeuPaty GlathAn68CdYy A%EnBRs A | east one

steric spa&, rﬁ:?gﬁ'iéfrﬁ%@hanét'(:h as 45 t-butyl. For the purposes of the
present in entl on, the steric space requirenent is understood as neaning

the termof "steric hindrance", discussed in: Honpbgeneous Transition Metal
Cat al ysi25 Theomelay Fatig of cqunaung AF) "to [spmeonadt e, 1§uBPT stiidigpl
Chapman andeHabe, anid&Bn pageins mdﬁhearg;e)upsivamt@gmbu_@ycan teiepegdent | y
of one anotfitem beo@l dlower 160 al mdigmelgr oup, preferably Cl-C4-al kyl ene
group, such as methylene, ethylene, n-propylene, n-butylene group, which

can be SUbSIIh'tHLc?geh aWa3nlehs Ll Gele blvdifid oh?; grsamr | gL aL yedar ef erably

h f
exanpl © 30 PRERTIENC D oL BT I EAR bt Sihde, PHESIPALe, R ERRT T RE

Parti cul ar 13 SprEFRr¢fed &P?P%n’é”b%uﬁsmﬁ‘éﬁ'% (G2 ) t Wb § RigRPEAteE 1 and L2 are
| i nked t o Xhesahieg dcieandcaf bdre fogmylal (E¥he case of a substitution on X,
sui tabl e substituents are al kyl groups, in particular Cl-C4-alkyl

Suitable metal (III) is a metal of the 8th subgroup of the

35 Periodic Table, such as iron, cobalt, nickel, ruthenium, rhodium,
palladium, osmium, iridium, platinum, preferably palladium,
platinum, rhodium, iridium, in particular palladium, and their
mixtures.

40 The source of a metal ion of such a metal can advantageously be
salts of such metals with, or compounds in which such a metal is
weakly coordinatively bonded to, an anion which is derived from
mineral acids, such as nitric acid, sulfuric acid, phosphoric
acid, carboxylic acids, advantageously C;-Ci;-carboxylic acid,

45 preferably acetic acid, propionic acid, butyric acid, sulfonic
acid, such as methanesulfonic acid, chlorosulfonic acid,
fluorosulfonic acid, trifluoromethanesulfonic acid,



.15 groups, gosysan et hyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl,
s-butyl, t-butyl, alkoxy, carbal koxy, hal ogen, nitro, trihal onethyl or
cyano groups. Furthernore, X can be a constituent of a saturated or

-unsat urated pol ycyclic system such as naphthal ene, tetralin, biphenylene,

i ndene. 20 Advantageously, t{he conpound ed can be

bi s(di -t - beP Fﬁﬂ%%%rﬁ%f 8Sx éﬁ@h(thilﬁn%ﬁ‘&fdﬁnlf %b%'pmﬂa)eaéﬁ%ﬁfg’l)c

bi s(di -t - n@Gpent i PassEisuAaY - p=bolluenesahfpnic acid, t-butylsulfonic acid,

1, 2- bi s(di -2-hgHosyyprupanaphl fadienacid) swlfdmtedr éon skdhabgerspnpound (1V)
are those lhlad.aﬁéﬁi@ldlﬂo%ﬂbhn% pitichhoai e wiedet 016 MERES, cRFedgnakl y via

the groug ’c1lﬂ; OéuzlLt? Q9§flJﬂoa%>é§[ﬂpl§cJ[d9' %QQEfiuMMtBQQﬁQDf&@c o-xyl ene
can be bon ed to str% g Vi algbt 380 ene ro?g I n.suc 30 case, a

het er ogeneous (:a‘f r $95% 850f 1 gand (1V)
to metal (PEPFeRERP %’@h@%geﬁc’r% ei‘c\?vfjﬁew?la‘?{béreAﬂ?éh‘f%&Fﬁg‘l'ﬁ aratio in
the range fmdmr@csxqrb oo Leprefarigs yioh Braenzpedpagidpuleaipps prafdy asly 0.5
to 10, in 3etpaphényilbmratet and darlivabliyes thmtiebdbl @ Hheizx pietweresd

enbodi meyyg, the catalyst systemis obtainable in the presence of an ani on

source (V) p;4Q,0 adym%%uﬁﬁé”{a% ‘%’E%RX cﬁﬁﬁfﬁe QWQS 1 A1

contain the an rel eas an anl on

by cheni cal® P&%\E?lbsh prfﬁgﬂtaén i?eerr& 3? ?’i‘ "dw& féa‘fﬁfé’g‘ YehBTroVAUY S sic]. 45
Sui t abl e arilgANdBurish afe kPOVIKAMPAE, ehiakfdiddbepzphidemeacabonely

0050/ 51 974 paltadfemartiedrak b el phenytphosrhaaet pgdbakiup, be corrpounds whi ch
are abl e15 Wikhttespmallydbhaspidnd)palladiummke avail abl e an ani on, such as
nitric acid, sulfuric acid, phosphoric aci d, carboxylic aci ds,

advant ageog%eym&ﬁ%r B?Xr)(ééacl ?Eg 1;;553-{1“\% fscnég eréJ%rlop' oni ¢
acid, 2,4 zol C. aC|

9- ant hr ace®8&aPBo yI"?o aﬁcirat ? §°‘B%‘?‘|‘ﬂ§inégr)| £ rkyiPPge aci d,
1,2, 3- benzéﬁ@@ri?:ar*ﬁo??l}% 1, preferably 10-631"to 10-2:1, has proven

aci d- 1, 2Uiagyaptagemtshoxy- 1- napht hal enecar boxyl ic acid,

2, 6- dinethoxybenzoic acid, 5-cyanovaleric acid, sulfonic acid, 10 such as

met hanesul faRBbeadsd tho Qlalaom&é&lél%l ctﬁ&l&mg‘duuar P8v) r@.@bp@aeﬂ@wl fonic
acid, tol u;:'bqﬁgHnggﬁ %ghg elfll qlrdt bgul__ﬁ% Poks ;nghgenesu onic acid

t- butyIsuI I C acl r oXypr opanesu fonic acid, sulfonated ion
exchangers, 15 hal ogera |ds such as perchloric_aci d lglerfl uor i nat ed

car boxy|3% (BRISC) EREBTREQ) R 1 il uorbardfi c BREGRIR TRAaf FRIGROBRIE Anes UITVani ¢

acid, trichloroacetic acid, phosphonic acids, such as benzenephosphonic
aci d, aci dwhettech are derived fromthe reaction of Lewis aci ds, such as

BF3, PF5, AsF5gr4 SlmE5 Rél' alr%, ofs JNRES, ri t R11g A2 Brwsnailedlﬁgé&ndggghyaéf HF

(for exanpleg,f LHOL 11Chti BE aqucHﬁﬁém&PEﬁu HSBA G diPhaBNERL RG] 6 ac d
S ereo elr mhlch

and deriyativ u

Sre abi OGRS AR R EHTR B FERPSTTIYEaR BZEAY | L LARARE SR GHE ¢ hose
are pref er FEACYATE ORI ETY FAEPBY aspmppaitionsd iR fppmulay(&Y) at nost 2. The
mol ar rati &'ef Lt dmdepand¢nyly ofnerelandthey axze rptlowert atkylener gzeup;

Advant ageouslig, ah heryiener graipo of conmpound (V) to netal 30 (I11) can lie
in the range fromO0.5 to 100, preferably 1 to 20 nol/nol. The catal yst

system cgh e PESP@std ngeflg;e yseRd n tyheRdor ggesfgoaclggr dhpg Ez‘ri?t haai vent| on

or in the pr cessS . ac i nvention if e cata

O ot 1 BAEesRafayl Hedod GrliRedont MO0y £ SR rbhat e s°§|g1an¥?he
use has pr &Fé’ﬁpadv%’?ﬂf&@é68506ga"c%§é°‘6%p?ﬁ?n&5’“’6? MYl IEPYPS. which are
sol ubl e i npriederabky ildmead of hnanched Eh€sesiknt arieapst heychcas fethyln

active cat athyl, syspmpydl, t b-pilepydt, harbeeyiporsbtisyl Thse-buaal ystbhwyyit.em
enpl oyedgg n the process according to the invention can be enployed in

honogeneous, .94 ; D & RISREREFred Yy BLEE CRAPIRY, NHTOGENERUS gaPNRASeR10, R11,
R12, R13, R4 are those which, together with the tertiary carbon
atom to which they are directly linked, form a group which in
each case has at least one steric space requirement, such as
45 t-butyl. For the purposes of the present invention, the steric
space requirement is understood as meaning the term of “steric
hindrance”, discussed in: Homogeneous Transition Metal Catalysis




.0050/ 51 974 gdsUYs xas4al yst system can advant ageously be obtained in liquid
phase. The liquid phase can in this case be fornmed by one or nore of the
conponents from which the catal yst systemis obtainabl e or was obt ai ned.
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boi | i ng po't'}tlhgioﬂé\ﬁ\yrle§>995§'éﬁ/c9 g%agyctpﬂbér@rmegebyx t&% Béogess according

to the inv h e
remai ni ng ‘r%gactl 0 § gg?‘ﬂs g ‘eba u §E| I?%fycé’ﬁ lgahyfbtem’ SuCh
facilitated® 33911{}@[?&”8%‘5% ’é@(ﬁ'ﬁ‘rd ”5 Y ed'@'l AOEFRS on can advant ageously
be carri®¥t out at a tenperature in the range from 20 to 250C, preferably 40
to 200C, padvaotagaduslyrefke addmporfdt 0IV)/ @Bplopegardn del ar 80 to 140C. 40
The proces®ia¢ad+ehgyllphbsshinvest-kplewar “agyapi ageiousbiobeh oy ed out at
a total presaubgeof, M&Qéﬂeﬁé&&@ 15Kos ﬁ%gtabi 1entldngt 0 70x105 Pa, in
particul ar 6>§1g§s _?tO }goggﬁlrﬁ{a} g) thaPOR0/ 51974 9 The process according to
c

the i nvens idén can rei pahtisus| y, batchw se or
sem cont1huousl y. The process product can be separated fromthe ot her

conponent s FHF tBE PR Ges SBS L RtAMFOPEPUBE, (BlicArastheqs Rideshat® distillation.
As a resul tphofphimeshiwphich/ are didndedf to hepljymeces spreizomthlpgvia tthee group

i nvention, xt,hel saths8queinis puolrf egahpiy) eXpeadidibeyil phossied) ol 2eLkRd,
since fewercaunge%rﬁﬁdbxbpg eﬁéevPQtiﬁien%dxy]l&leA‘gfr'éﬁ hefn %dl\é%n%age of
the proofPeadccol Hdil:haehddud utdhy C%%hsggs&ggéﬂ% fact that -t

resi dual” conpohent's al n em can be fed back into

the process according to the |nvent| on At the sane tine, if desired, new
cat al yst Cgﬁeb@oafyéﬁﬁméa ofy%&ﬁﬂngs(IV) to metal (III) can be chosen in a

wide range. Advantageously, a ratio in the range from 0.5 to 50,
preferably 0.5 to 20, particularly preferably 0.5 to 10, in
35 particular 1 to 5 mol/mol, is suitable.

In a preferred embodiment, the catalyst system is obtainable in
the presence of an anion source (V).

40 The anion source employed can be compounds which already contain
the anion, such as salts, or compounds which can release an anion
by chemical reaction, such as heterolytic bond cleavage, employed
[sic].

45 Suitable anion sources are known, for example, from EP-A-495 547.



Exanple 1 g0500P5a9740. 31 mmvol ) of pall adium acetate, 244 ng (0.62 nmmol) of
bi s(di -t-butyl phosphi no)-o-xylene ("ligand 1"), 590 ng (3.1 mmol) of

p-tol uenesul fonic acid, 80 nol (830 mml) of 3-pentenenitrile ("3-PN') and
34 m of nethanol were fi Iled into a 400 m glass 25 autoclave havi ng an
‘aerating sthrrer after ﬂ;i ng_car.bon rmnoxgde was |p§%egt to a
pressure of ﬁxiwnPéoﬁﬁ‘det £ 0B AL AREOUREAL RY B atBurse of
this, the ebia "ﬁfté‘s§9¥‘%""’3/9as°faé}‘u§'f P o LOxARe pyailpple %@nrleactweﬁht. e
as in tabl eslpittie agidel swidunds sobd eprasphohec radct,i oprhdxitlice andads 30
anal yzed bydgast &feicRsy OCf-ARhYcarbidkyl &6 Uadid,apriEe 5881y facemitad £,1.
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i nst ead of ggerg %%ﬂk%&éil%ajr% m%é 40 L)aPf r’g%tllayl pentenoate
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acet one wal %fa dl%to F% O GG od‘"?nr? 4 ? reaCV\l/as S ?ar %Foom
t enper at ur 8~ ’F‘b}uef'q%‘&immﬁle’q;é’su rP‘ﬁbY]pf‘éﬁ °9é?|%%dsol id was filtered off
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The result 5c28, be 1$89BrbsRialkeal prRAdpHBRRE A0, | WachhiLonversion [ -]
benzenephosphonic acid, acids which are derived from the reaction
of Lewis acids, such as BF3, PFg;, AsFs5, SbFs, TaFs or NbFs, with a
20 Broensted acid, such as HF (for example fluorosilicic acid, HBF4,
HPFg, HSbFg, tetraphenylboric acid and derivatives thereof) or
their mixtures.

Among the compounds (V) which are able, with removal of an H+
25 ion, to make available an anion, those are preferred which have a
pKa of at most 3.5, in particular at most 2.

The molar ratio of compound (V) to metal (III) is not critical

per se. Advantageously, the molar ratio of compound (V) to metal
30 (III) can lie in the range from 0.5 to 100, preferably 1 to

20 mol/mol.

The catalyst system can be prepared before use in the process
according to the invention or in the process according to the
35 invention itself.

If the catalyst system is prepared in the process according to
the invention itself, the use has proven advantageous of those
compounds of metal (III) which are soluble in the reaction

40 mixture to the extent that they can form an active catalyst
system with the other components.

The catalyst system employed in the process according to the
invention can be employed in homogeneous or heterogeneous,
45 preferably homogeneous, phase.



.3- PN 3- PSE005d /5197 ar bonyl ati on selectivityn/i ratiol1902 400>

9965. 72521922 500> 9961. 531> 992 650> 9970. 441> 992 700> 9965.7 Table 1 30
TOF:. (Starting material conversion (3-PN 3-PSE) in noles per hour) /
‘(catal yst anmount in noles) 35 40 45 ¢050/51974 , 11 we claim 1. A

‘process for,th nyl.ation_ of n-pentenoi | d its. 5 derivatives of
the fornul grr:%%a%%{-g&sﬁfttfﬁ c%eardé’%%gsgéq%fo%re &%f—ﬂ'ev%elrnegﬁémri
hydr ogen, &M&§P-oferiAquid B%’asl‘%af'tf‘tr’i dh bRig ‘%?(f‘ﬁpBEnﬁO’H‘feﬁ R¥ PBE A &FR)
wi t h car borpinshexfemrenants Eoapoiridh( £he evrrlyisti AYStemhyigr okyhiggtolep orn t he
presence ofwazs obtaiysi. fykbeise whigr dsnpodeilelst abyptresarsd amei 3ighidi nabl e by
reacti on ®fphbaeaby sy ©€ ARIirbriRindk bProfardcheppérdrably 8fqgadw:,8th

subgroup of; . Pgri.adi;,c Table of the Elements with b) a bidentate
phosphi ne Illléhalgg gp'?%etc'f ormula (1V) 20 (R3RAR5C) (R6R7ReC)P - L1 - X - L2 -

P(CROR10R11) (CR12R13R14) (IV) where R3, R4, R5, R6, R7, R3, RO, RO Rl1
R12, R13, KP4tARdepeidsh Ajleentods aAvenerdqaisdy epeRiic liqdidal which in
each case 2B luentai rsuch ear sbhera oforveranwie idiehby} esthest i démetdiilcal i s
| i nked t10 tdtherel @imestthytlepthar Yo @thghend oFysant, i aneskyhl fleioyl éeHdrVps L1,
L2 i ndependgrichy18he QN cRIPt beEr ARArachPNRS pRINELREEs 'R ionalized
polyethers, anisole, 2,5,8-trioxanonane, diisopropyl ether,
diphenyl ether, such as aromatics, including halogenated
aromatics, for example benzene, toluene, o-xylene, m-xylene,
15 p-xylene, chlorobenzene, o-dichlorobenzene, m-dichlorobenzene,
p-dichlorobenzene, such as alkanes, including halogenated
alkanes, for example hexane, heptane, 2,2,3-trimethylpentane,
methylene dichloride, tetrachloromethane, such as nitriles, for
example benzonitrile, acetonitrile, such as esters, for example
20 methyl benzoate, methyl acetate, dimethyl phthalate,
butyrolactone, such as sulfones, for example diethyl sulfone,
diisopropyl sulfone, tetrahydrothiophene 1,1l-dioxide
(“sulfolane”), 2-methylsulfolane, 3-methylsulfolane,
2-methyl-4-butylsulfolane, such as sulfoxides, for example
25 dimethyl sulfoxide, such as amides, including halogenated amides,
for example dimethylformamide, dimethylacetamide,
N-methylpyrrolidone, such as ketones, for example acetone, methyl
ethyl ketone, methyl isobutyl ketone, and their mixtures.

30 particularly preferred liquid diluents are those whose boiling
point is higher than the boiling point of the respective product
obtained by the process according to the invention. By this means
the removal of the product from the remaining reaction mixture,
for example by distillation, can be facilitated.

35
The process according to the invention can advantageously be
carried out at a temperature in the range from 20 to 250°cC,
preferably 40 to 200°C, particularly preferably 70 to 170°C, in
particular 80 to 140°C.

40
The process according to the invention can advantageously be
carried out at a total pressure of 1X105 to 200x105 Pa,
preferably 5x 103 to 70X 103 Pa, in particular 6X105 to
20X 105 Pa.

45



30 X is anopsp/s1e7 oup. 2. A process as clainmed in claiml, where R2 is
sel ected fromthe group consisting of hydrogen, nethyl, ethyl, n-propyl,

i -propyl, n-butyl, i-butyl, s-butyl, t-butyl. 35 3. A process as clained in
claim1l or 2, where the conpound of thRe formula (1) enployed is to at |east
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the metals Erbbes&aPived BeL Nk PalukadhsiRxthachiBhOsESHisA31¢hedispd i n clainms
1to 6, where R3, R4, R5, R6, 5 R7, R8, R9, RO, RI11, R12, RI3, R14

i ndependent |y of one another in each_case | ower al kyl radicals. 8. A
br ocbss a0 A8 &) FRPT o kprehidh 75 =GREF S foe, Biedha, 4esofine ue e "
R8, R9, R1GrvRRtiom) rhepsybseguent; pyeifigatiionhexperdicurer ip pgrkesion at om
to whi ch t rejduged, diinget fgwer nkeigsifred nv-ppoduptanish obtaéned. case has at
| east ormgp steric space requirenment, such as t-butyl. 9. A process as
claimed inClaifBer dd¥aBtaybesf tht BRGcdes iacb2dlisd Clo itheCfPefadm 2
met hyl ene g:ro?ggsté'oi ’%hBr ?%?ésthaasc &hE! Pgéjidu%lctz nelnésow%icl){mc%’n% Lhe
catalyst system|] s onbtalna e In.th Qres n(;_eo n ani on source_, .
11. A procd¥s SREEHEBYSERR 2l fe16od iIRETGh ShurRieceer enTyed being a
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ani on. 25 3dda8.40 45
. Al UF. AYy. AAY. AAY. Al hY. AUFe. A{ FR. AAF. AAFe. AYF. Al FI . AFYy
01RTcj kt u} xsapled call cal] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] ca
U] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] c<al] ca] ca
Example 1
20
70 mg (0.31 mmol) of palladium acetate, 244 mg (0.62 mmol) of
bis(di-t-butylphosphino)-o-xylene (“ligand 1”), 590 mg (3.1 mmol)
of p-toluenesulfonic acid, 80 mol (830 mmol) of 3-pentenenitrile
(“3-PN”) and 34 ml of methanol were filled into a 400 ml glass
25 autoclave having an aerating stirrer, after sealing carbon
monoxide was injected up to a pressure of 4% 103 Pa and the
autoclave was heated to 90°C. In the course of this, the total
pressure was adjusted to 7X 105 Pa. After the reaction time as in
table 1, the autoclave was cooled and the reaction mixture was
30 analyzed by gas chromatography. The result can be seen from
table 1.

Example 2

35 The procedure was as in example 1 with the difference that
instead of 3-pentenenitrile 102 ml (840 mmol) of methyl
3-pentencate (“3-PSE”) were employed.

The result can be seen from table 1.
40
Example 3

The procedure was as in example 1, but instead of palladium
acetate and ligand 1 192 mg (0.31 mmol) of palladium
45 acetate-ligand 1 complex were employed.
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where

R3, R4, R3, R6, R7, R8, R?, RI0, RI11l, R12, R13, Rl4 independently
of one another is an organic radical which in each case

25 contains a carbon atom, via which the respective radical is
linked to the relevant tertiary carbon atom mentioned in
formula (IV);
L1, L2 independently of one another are a lower alkylene
group;

30 X is an arylene group.

2. A process as claimed in claim 1, where R? is selected from
the group consisting of hydrogen, methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl, t-butyl.
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3. A process as claimed in claim 1 or 2, where the compound of
the formula (I) employed is to at least 80% by weight
3-pentenenitrile.

40 4. A process as claimed in claim 1 or 2, where the compound of
the formula (I) employed is to at least 80% by weight methyl
3-pentenocate.

5. A process as claimed in claims 1 to 4, metal (III) being
45 selected from the group consisting of palladium, platinum,
rhodium and iridium.
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