1 JUN 2005 1 Method For The Carbonylation O Pentenoic Acid And Derivatives
Thereof 5 The present invention relates to a process for the carbony I .;UNO@IS
of n-pentenoic acid or its derivatives of the fornula (1) CAH7 - Rl (

where Rl is -CN or COOR2 where R2 is jhydrogen, alkyl or aryl by reaction of
a conpound of the formula (1) with car bon nonoxi de and a conpound (I1)
contai ning a hydroxyl group in the presence of a catalyst system wherein
the cat ahé_léﬂoé%tre@hé%%w%i&l &ép@ﬁté@@:&t AR g0hn@) Dk iSAUL 685 Or a netal
ion of appetads (11 of the 8th subgroup of the Periodic Table of the

El ements with D) a bi dentate phosphi ne |igand of the forrrula (rv) 20

R3R4R R R3,
(R4 RSEBC g@ggg%&) 1'33e}r rlslil%te é%%&éé% I n(c}l%gn en cfr{y\{)a]; * grgne
anot her %% BRPEREIRIC PEUT N Whsi ORTTYPHAER chsde r‘??ﬁ‘}l 8 &) carbon atom
via which the respective radical is linked to the relevant tertiary carbon

at om nentd;pped Rln fornula (1V); L1, L2 (iImdependently of one another are a
| ower al kyl ene group; X is an arylene group. 30 Processes for the

car bo [ i pept o It ' iV f th rmula (1) is
[sic] %dn?\?ﬁggflglr ey & fedord @i‘ﬁ&oﬁ%,ﬂ%@ﬁ%sﬁ% ' obedntbace0.

EP- A-373579, US 4933483, EP-A-450577, US 4257973, WD 2000/ 14055,

EP- A- 57720485t i) 506/ SBBYHINAEPE Atls ZpgTude (D) 26/ gevhon moRokjde

pr ocessesndeat commondst(La) givntaliaing ox Hydanghk dypupdiot she gpresebtai ned. 40
The straight- 6841y @gUeén, OihdrdenCed dathays oyt eROTBOMHKE ablet he
formul g5 @y ﬁehc@mﬁaq;fpl c-acid or its derivatives, are used to a large

| S)&t )e/g';n Idgs)t e gre(partatl onmgfae%n(étjs%::alsle)éﬁgngﬂ a%trﬁ)o g;gglgr u,bg(gﬁ}lgartl cul ar
quant i tatqgﬁf’ﬁ %?Wcﬂdﬁcnﬁam%rﬂfe hgsEemangso005 :

b) a bidentate phosphine ligand of the formula (IV)
20 -

(R3R4R5C) (R6R'R8C)P - Ll - X - L2 - P(CROR10R11l) (CRI2R13R14) (IV)

where
R3, R%, R5, R6, R7, R8, R%, RI10, R1l, R12  R13, R14 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);
11, 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-R-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 gquantitatively minor importance.

45



2 Ahighn/i ratio with a sinultaneously high yield is therefore desirable.
The n/i ratio is understood as neaning the ratio of the sel eCt'V'tYTOjIUnNZUUFJ
straight-chain products to the selectivity of the branched products
linearity mentioned in this connectippn 5 in the prior art designates the

perect via %igh me i8] g0Ls G | BEAEMELS nlb Yd1d @Js' | enbPeflleeul al od
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sel ecti vidryqG4¥R "fhee%‘?ﬁpﬁuo fhowaven 4 Brbm atd O iin2a®Rky 5-25 (84% of
| i near pr oduct [ eTai nder % of branched product). 20 The present invention

i s based or?oirﬁin%b ec he Fq 1f(l ng available a process for the carbonylation
of n-pentenoic aC|d or its derivatives of the fornmula (1) which avoids the
di sadvantrdgesathert ilomedrihy al ¥ ledhriil 8% ) y- diimgheitind *dcononi ¢ manner. 25

Accordimgly, the process defined at the outset has been found. According to

the i nVefﬁllt(Bna Qiﬂﬁgﬁﬁghslﬁ%&m&lbié defd Wi ¥&86io Oifn kthe pesdadss(!) 30
CAH7 - It)logég £l Queds e helg for t he pur poses of the present invention
m xtures of Such conmpoun 3°8Fe also understood hereunder. 35 A suitable
radical RLis -CN or COOR2, where R2 can be hydrogen, alkyl or aryl,

advant ageBWs| FCROBAHYEFO0PS af %33483pr eXaRRYS |6/ ﬁpdwgé%ﬁtlﬁepﬁym et hyl

n- propy% , (liineaopyy,96%)busyhchievnd wlith a-yoietlg oft efplyt yA0%.i n parti cul ar
~hydrogen, nethyl, ethyl, 40 particularly preferably hydrogen or nethyl. If

R2 is an l%'/49'71ﬁlr<i’1sc£§i'€>@.ls!91a e'idC%@ §@% roeotvBstidenos, such as
funct | onal ALoUs.pradd)’ WALl A7 nBLUlCDRRUPR, L FLAIR 30! ¥y 141 Jshe case
of an al K}i .0
Y 4% of lynear product, remalnder 16% of branched product).
20
The present invention is based on the object of making available
a process for the carbonylation of n-pentenoic acid or its
derivatives of the formula (I) which avoids the disadvantages
mentioned in a technically simple and economic manner.
25
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! (I)

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 COOR2, where R2 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 R?2 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, R? carries no substituents.
45



- 1 JUN 2005 3 A suitable n-pentenoic acid or its derivatives of the
formula (1) are basically all isoners, such as cis-2-, trans-2-, CIS}@UNZDDS
trans-3- and 4-isonmer, and their mxtures. Such m xtures can contain the
same or different radicals RL. Thosegm xtures are 5 pref erred whi ch contain

the same gasq; g{,lgﬂn rfs%qx\éé% geagngi 36?1: §pg &'éxelv%ftl%é ttheb %?m%.hoséf)m WL

tl’l

trans- 3-
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trans- 3- panttenenthersaene o diffextendr radieatsadoushesmodixtenes ate use of

Ci s-2-,5 prefeyrdd, wkich TonthiRnthe3sade fa@bddlemdic acid and their m xtures
15 is suitabl e Those m xtures are preferred here which contain at | east 80%
by wei ght ent gcrhacrgl é 5 tg n;rg)sf ci 8:3 yentenor c,acid and
trans- ‘{aé’n § 85F4 %her a(/an ag eoué Shbodi ment St he Use of
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m xt ures dxe preifeabed hePeowbieh xaant@dnant easfteBO&dbhevasialtti ofi contai n at

| east 80984penvenghitoilgyetihgl Bheaninep@at ts-3-pentebhenstimilef anget hyl

ci s- 3- pentefpatie pandemdiiftyh 161 ans- 3- pent enoate. 25 Pentenoic acid and its
derivatives as |n formula (1) can be obtained according to processes known

per se, for e b addi tion of carbon noxi de_and, a conpound

cont ai ni n§® rfslg%ﬁ IXdVg’F’&GBeBVs o?mt’r%?d'F‘SQ‘én%farﬁsﬁe ’rﬁftzadr ene in the
presence E*alhs 2cat 8#?3%- 3gapecdt G -PenteROIREAL] é‘ﬁd theigoBAdtyEs) of
the foldBuia gditabde. rBastee thivkthes arieo prabemediderbnwhinls qunaedéssat car bon
( monoxi de 1&adt [BD2eBP| woRfhtasfa3 PHerchOIROHNEId Ori.led the fumeegnce of gases

whi ch essgntizldehtdfoOtad i Bﬁe%ﬂ-%a%ﬁ@é@&@%h& the process 35
according to the iavention, in parti cu ar behave. Suitable inert substances

of this tgge are, for exarrpl e, nitro hydr.ogen, carbon di oxi de, net hane

and the raRe? JAEdberz3dYARI@IEPYS embog HFagféEﬁré’is? of ethilafifatto of
conpourR@ (‘-I?n‘-’c-r?-oaﬁbeﬁ-ﬂo trmﬁéxﬁdeorcérTPBetaPOérféa@@dlthellbr*‘eﬁéﬂaQSylfat | east
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25 Pentenoic acid and its derivatives as in formula (I) can be
obtained according to processes known per se, for example by
addition of carbon monoxide and a compound containing a hydroxyl
group or of hydrogen cyanide to butadiene in the presence of a
catalyst.

30
"According to the invention, compound [sic] of the formula (I) is
reacted with carbon monoxide. In this process, carbon monoxide
can be employed as a pure compound or in the presence of gases
which essentially do not influence disadvantageously the process

35 according to the invention, in particular behave. Suitable inert
substances of this type are, for example, nitrogen, hydrogen,
carbon dioxide, methane and the rare gases, such as argon.

Advantageously, the molar ratio of compound (I) to carbon

40 monoxide can be at least 1:1, preferably at least 3:1, in
particular at least 5:1, preferably in the range from 5:1 to
50:1, particularly preferably in the range from 7:1 to 15:1. If
the process according to the invention is carried out at molar
ratios of compound (I) to carbon monoxide of less than 5:1, in

45 particular less than 3:1, especially less than 1l:1, this may lead
to a rapid worsening of the properties of the catalyst system.



rati os of conpound (1) to carbon nonoxide of less than 5:1, in 45 particul ar
| ess than 3:1, especially less than 1:1, this may lead to a rapid \Aqrﬁmgggg
of the properties of the catalyst system 1 JUN 2005 4 According to t
i nvention, conmpound of the fornula (4) is reacted with a conmpound (11)
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wat er i s reguliogetindiyiduedpoomppynds) (Ifheandmisspondi ofy waiiguss obt ai ned,
wher eass wwaipohfidseisofhghdis aypehol , such as an al kanol, the corresponding
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. advant agepstapaindl} he-propaaolf romuta00l; 1itisutkddd1] sobdtelol, The process
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25 The molar ratio of compound (I) to compound (II) is not critical
per se and can lie in a wide range, advantageously in the range
from 0.001:1 to 100:1 mol/mol.

The process according to the invention is carried out in the

30 presence of a catalyst system which is obtainable by reaction of
a source of a metal ion of a metal (III) with a bidentate
phosphine ligand of the formula (IV).

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

35 Perijiodic 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;-Cj;-carboxylic acid,

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



salts of such nmetals with, or conpounds in which such a netal is weakly
coordi natively bonded to, an anion which is derived from mneral aci{dgN 2005
such as nitric acid, sulfuric acid, phosphoric acid, carboxylic acids,
advant ageously Cl-Cl2-carboxylic aci 8, 45 preferably acetic acid, propionic
acid, butyehferEud fofiiit fQAid naghéhaﬁéf@%uaioﬁﬂ hedies Uk boBége S0l fdnic
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conpounds E’éﬁa%}lﬁ}’é' Sﬁé}'ﬁus?’vi G@réﬁﬁbxﬁegd tlhﬁrﬁﬁ CI"PISJE‘ﬁlr mhﬁ%ﬁeﬁ s present
in zerdOalent formwth readily renovable |igands, such as, for exanple,

tris(di beniyewianezoepourds qaal kddantageously be employed in which such
tetraki s(&r hebgnyippespsanedpaeradiiientl ¥orm with readlly removable
bi s(tri - gi&ﬂé?h%ﬁﬁﬂaﬁg) zl%‘i'aﬂﬁle:rh@n@'d@f:eﬁ ilQie a€E£g+ efd 1) to

d 1) t
compoung #RFLr1PHe CEhRESE R fondanfierg) ga g T o
10- 2: 1,15 s}!)F’é’d‘é?Tt?éYéHb%?R}@@@dﬁé lag¥¥®di ng to the invention, the conpound

(1'V) enployed is a bidentate phosphine ligand of the fornmula 25

(RBRAREC) (TReRA&RBL) Ratiblof métall 2 IIT P(€RIMPBIAY ( QRLIARLABE4¢rididal where R3,
R4, R5, RBerRée. BB ad?ar Ribio Rllmekd2, (ﬁJI3) h&éommﬁﬂﬁnd@’nihkﬁ rafgeé

another | Segll 200901 cor ol AR pRreachy Sope iBlal T prdfloddron atom

vi a whi [es Ive ra e releV ary carbon
atom a(Slr‘f 8R4 ‘?‘if‘r mula (1V); L1, L2 independently of one another are a

| ower al kyl ene group; X is an arylene group. 35 The radicals R3, R4, R5,

R6, R7, R3ccRgdimi(zo Rbhe, imientiRh3, thd campeundn(Epeeiwivlypdois ane anot her be
chosen i nHdentete PHPpephinerPisgind of the formula

25 (R3RYR5C) (R6R7R8C)P - Ll - X - L2 - P(CRORIOR11) (CR12RI3R14) (IV)

where ,

R3, R4, RS, RS, R7, RS, R9, RI10, R11, R12, R13, R4 independently of

one another is an organic radical which in each case contains a
30 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;

X is an arylene group.

35 The radicals R3, R4, R5, R6, R7, R8, R9, R10, R1l, R12, R13, R1l4 can
independently of one another be chosen in a wide range of organic
groups. Preferred organic groups are lower alkyl groups,
preferably linear or branched C;-C4-alkyl groups, such as methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl.

40
Particularly preferred groups R3, R4, R5, R6, R7, R8, R9, R10, RI1,
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



groups. Preferred organic groups are |lower al kyl groups, preferably |inear
or branched Cl-C4-al kyl groups, such as nmethyl, ethyl, n-propyl, i-pgrjnNyios
n-butyl, i-butyl, s-butyl, t-butyl. 40 Particularly preferred groups R3,

R4, R5, R6, R7, R8, RO, R10, Rl11, HRi2, R13, Rl14 are those which, together
Wi th the 1 er GeatYe Gard?Qnbyat amadtenshi piblhshednsy dhapedd yard aked, forma
group whigdgii Np aﬁgcﬁ Ggse has at |east one steric space requirenment, such as
45 t-butyl. For fhe purposes of the present invention, the steric space
requi rement is understoqQd as meanin termof "steric i ndrance",
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The groupsetbilene, L&:hydenendeperaierieng , oh-loney lznet beoupe vénikcbwean Be al kyl ene
group, praftabhyeflorCAmaubyt enecdi.oup, asual? ase pEttiduaaelyet hyl ene,

n- propyl fegagy%,yine%%cgr gggee*m vidfe &r Ibstituted or unsubstituted.

L1 and L are particularly pr y I'n each case a nethyl ene group. 10
Suitable as, X is an aryl ene group, for exanple a phenyl ene group, which can
be subd®ifHitEB1l6r 2%k Uifs @Rt BF BHENPHOURY| EPT \eXATRLEr f cRhenylPPen8r bups here
ar e t hosewhirhnioaphbe Isubsd itAted eot iunsabist btuted i Ragdjiacktlycarbbersdns. | n
t he case @fyl@neubséupditiedd abe Xthosdliinabhecis ublsbntiuehtayeal €ntdédkWo @roups, in
particul ahaclad%céﬁkyéar&ngaeaﬁ& ﬁy%eaéag@t&yla S%Evituﬂow eayk, i -propyl,

n-butyl, gst:’."c%n‘ts apgtéllltlweal 8@{5 C“a}lr %%%lé?élylar @ Qhtro,

trihal orre?lh or g nst it udeln Lot a

sat ur ailédg’b‘{uﬂf‘nsél’é aﬁ%g“eﬁgg cy%T'W:l 'S)?sPéﬂPstuéh Pragyﬂadh't%lyéne tetralin,
( bi phenyl elrebutivddefebuatl AdvRHt Bl e UHOKY - t BRI RBIISFIndhglagerenpioyed can be
bi s(di -t -txihdlpmeshyl ) -ayanyl eneugs'.l FarbheXmbre,- Bhosphver@ - benzene"),

bi s(di-t- éﬁﬁ#ﬁ%&hﬁhﬂh@ﬁpi"dﬂihrété&'éﬁ“ﬁn&@durated polycyclic system, such

1,2-bis(digt RARDLAO) %@}t&@%en@lpheg@lgﬂ%t hg{d@yee. suitable conpound (IV)

are th T)I entate phosphi nes which are bonded to pol yners, preferably via
t he group X, L1 or L2. Thus, for (ﬁxa l e, bls(dl-t butyI phosphi no) - o- xyl ene

can be boﬁﬂl\éﬂ‘tta@eglﬂﬂ/%t yien EOPguR Dx§ie %Yegjr&?ﬁ ben’such a
bis(di-t-butylphosphino)-o-xylene (“1,2-bis(di-t-phosphino)-

benzene”), bis(di-t-neopentylphosphino)-o-xylene and
1,2-bis(di—t—phosphino)naphthalene.

25 _
Furthermore, suitable compound (IV) are those bidentate
phosphines which are bonded to polymers, preferably via the group
X, L! or L2. Thus, for example, bis(di-t-butylphosphino)-o-xylene
can be bonded to polystyfene via the o-xylene group. In such a

30 case, a heterogeneous catalyst system is obtained.

( The molar ratio of ligand (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.



30 case, a heterogeneous catalyst systemis obtained. The nolar ratio of
ligand (1V) to netal (lI11) can be chosen in a w de range. Advantageouslie{
ratio in the range from0.5 to 50, preferably 0.5 to 20, particul ar“1 ?[]05
preferably 0.5 to 10, in 35 particular 1 to 5 nol/nol, is suitable. In a
preferred enbodi nent, the catalyst systemis obtai nabl e in_the presence of
an ani on TSURBEOR \AOUTEE fHa GAR AFVEHLRERORHAY HPeAORRRUNAS WHABBURER whi ch

al ready chieai with [remepvpdnof saeif*adonal t& make avapbalds aphRohorarsucdl ease an
ani on byschésrial adiggcsubiur seicitials phospldnild achapdcatexyage, aeigd oyed

[sic]. 4%@%&3%&&1@@ @R-CAUCEeBoRY Ei K RRWA, PAEfeMIR BcefiOMER, A 495 547.

abl e r’era i? e avai ani on, suc as nitric
aci d, sul"’fq.}rdl a%?ﬂ‘ra}fﬁél?ﬁﬁﬁ ‘?’6}']6?15 et ar%’o‘%}ﬁc aGtfds, advantageously

Cl- C20- ca]rrli’oﬁyPFEZ%thtdflcﬁFéPt‘;Yh%ﬂ ;ﬂ"&@et cza:i:'rl?fnzﬁnﬁFbJﬁﬁ%ﬁh%‘YééFd

2, 4, 6-t r i axeitda\t|, Bedizer terac Rdet RoXy-di-clabbtbakermwiacbosyl i acid,

L NG optol Sl?z!ﬁf&’”252“EC€r£n¥ch%BSHQéffé‘tﬁ%qgou§' §-deaaTBgungs; i ch are

-9- ant hr ace/ecanbexytyrsenzoid, apidali-cyaabdlaledic? adilgner®iniiccaebaxyl i ¢ acid,

o

1,2, 3 §Q§ﬁﬁp 'ﬁ@EﬁEH@Q'lgonlc 1fld chloroik}fonlc acld fluorosulfonic

aci d 1 et hox hal enec

> 6 d netwsﬁbﬁﬁ}é%m&l%hag § Balengea Bahesitkthic acid, 10 such as
met hanes h3Rithe lapesp1Eomnis, asifis ovp ueRerlioniforsidy  YhiRartichyar

trifl uor opetdiaeseshitonic aciid, bemterdsvdEénid @cddid, napht hal enesul fonic
aci d, t ol zanesokiypnosarssud fonlic pﬁfid,clshalfon@tdd)llbﬂnescﬂhirig’ér@ aci d,

t - but yhsuhdQipes a8 €h4, su%hhxsgreéwsm%eaehéorgé‘rfnggméwé Rgbedyi fan

exchanger g, 45 EQLQD q:(‘rll(}iuo§ &1?:& %‘égﬁ r?&{ag 1%(& b??uoré%l%{’anet ed

carboxylic . ace acl nona sul fonic

acid, trilft r&é&g{’f%r%ﬁﬁe 1Cpﬁ8§‘3 OSPROPIE AP SR ifhzenephosphoni ¢
aci d. aci PeNZENEPROBPRONE iaFdd . f RRHAT M icBarYe d#?rlaﬁdLéW% thei ggackieth as
BF3, PF5, ofAdieyisShEds ,TafehorsNBFL, Pkt hAsFs20SBFneMeFedoradibds, sutth s HF
(for ezenpteerddtear asidj Guehaakdar HEfok extifbfe #iGok6siledicapkaay! herj,c acid

and deri Vﬁﬁ' e%siof‘?r ‘i—_‘c}ft:):aﬁﬁen*_FF rrlcmaé’:i&”&‘n"d aBrRRS: e Q:‘B@PQHf‘P'%z(V) whi ch
25 ion, to make avail abl e an anion, those

are abl e, W {
are preferreﬁﬁnlgﬁ%ve a pKa of at nost 3.5, in particular at nost 2. The

nolar ratio of compound (V) to netal (II1l) is not critical
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.



per se. Advantageously, the nolar ratio of conpound (V) to netal 30 (I11)
can lie in the range fromO0.5 to 100, preferably 1 to 20 nol/nol. The JUN 2005
catal yst 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
cat al yst stetaipgstprapaendcan ddvanphgeesslyytzobbtaindd id Neqguhgent i on
:an _Selhf, tﬂ?ﬁs'és.gTK@_Sljﬂiﬁﬁeﬁhég%’?éﬁrﬁ%%o'ﬁ_ﬁié)fcéép%% £6ARRP W Snef ofElde (111)
ich ar 0 ey can
o Rl bopidhorlS £EBH A’ in AR 00 ShBEl I o d Bl R o1

forman acti yst.. systemw th the,ofe on .

system eﬁ‘fﬁsofgaa?'ﬁe ‘hé‘lb‘?gg%%s e ddy gf’ﬁﬁl}?%e t'fr?eprgﬁ"i}’é‘?‘ntfibc?n léﬁﬁlge enpl oyed

i N hono¥)eMe66s PHr neaite 0fg@RebIRE 92 UL BF ePEIHBICY RERERFEHEOUSIIBREGe. 1 JUN
2005 8 Thigyuddt disentsyst em can advant ageously be obtained in liquid phase.
The liquid phase can in this case be fornmed by one or nore of the

Comone”tﬁzift%%ﬁb"‘ﬂcg.lﬁﬁ R 1Gehal :Yétad%%éﬁ%ﬁgééﬁslgbfaﬁkﬁg{’é & Quighas obtai ned.

Li kew se, 1.t | 0S et re e R e b a f an

nor gan cdl&ruegiggnf%c,h 5P POpBETY f stenpld dicemyl (B0Fery JIRRERGE 2N
di | ueniOjethedy afiBgeBis BFREHr 8f | LMY §RPAIL YT e fLBELERE H Si€ leBRR®S OF or
exanpl e diittiylleae hekycadi,meehyshydrafuren, pbinsthelrs et functifoneiihgédne gl ycol ,
di met yhl peiyeltherbpramisoldi, ek y) ®ner igkgaohand elaiabyprapylr @thepol yet hers,
functi onadigiRty1Pet¥&t heueh 891 8Rbkati2s?: Snd IUBNINAABOSanadidasopr opyl et her,
eXarDl b b%%é?ﬁﬁgcg?éfoéieﬁhﬁﬁét#%%zeeﬂeﬁfk**?%%%'“%?g?@ ol SRR (ES ene,
o di hEBr BTeHESRe, SHIRHAHAEEBBe O EHEn LoFoRTRARE o Befi EHPT BEBRERE" al kanos,

" i ncl udi ngetiiichdengberzend k SHER, a3 ALkapgRp| EnHIGiRE, hategenased

2, 2, 3-tri abBtangspefibanexampiet hgkame, diephthoe d2,2,Betrindtyloeatbaae, such as
nitriles, méeHylesadptldrd@eqntétidchlorefbORand, [sichSa€ s iQeker sor f OF
gﬁ?;nr)l)e ngam?ﬂl@/ beﬁ%ﬂp%tifi_fe,ffﬁgwé%ﬁﬁée%@t, esudh irgizt %)ﬂ:ePﬂt 'F%r§%§ar§?%% opr opyl
sul { ondd PO, SR deRFes NertdIT°sc il BiRe ity Ehaads

e 3 .. 2- et hyl sul f ol ane,
3- et hyl sBYFGIRELone, |a_s4_553c,g<§,r}e§u| £OF afRAmRLGc ALgEN el S93EPABs, for

exanpl e 28itRqRroRyl swlfane.dsetsakydreshipphene l.dcHhiexide hal ogenat ed ami des,
(“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

o 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°C,
preferably 40 to 200°C, particularly preferably 70 to 170°C, in
particular 80 to 140°cC.

40
The process according to the invention can advantageously be
carried out at a total pressure of 1X 105 to 200%x105 Pa,
preferably 5X105 to 70X 105 Pa, in particular 6X105 to
20X 10° Pa.

45



for exanpl e di nmethyl formam de, dinethyl acetam de, N-nethyl pyrrolidone, such
as ketones, for exanple acetone, nethyl ethyl ketone, nethyl isobutyljyy 2005
ketone, and their m xtures. 30 Particularly preferred liquid diluents are
those whose boiling point is highergthan the boiling point of the

respective product obtained b he 'process according to the invention. By
this nearBe’ PRECTRSAPIPIAING HP FREAARYSTTIAN CRE PErEATHISE PBhction mixture,
for exanslioBtppuensty,| PRLrFBYise AT FEMEGRRFIRUPUSAY- 35 The process according to
the invention can advantageously be carried out at a tenperature in the

range fr ame2@rboeSHzoduptetsn Hd YepBrited Fom pAEtdEHEAIdoypEhEiEey &yl y 70 to

170C, ig) piRbkbes! Bod0pk? d40Guch0alhextiRGass 8£CeINdak9ohhe i nvention
can advant ageously be Carried out at a total pressure of 1X105 to 200X105

Pa, preferably 5X105 to 70X105 Pa, in particular 6X105 to 20 X 105 Pa. 45
1 JUN 2005 29T¢pelpfcdde Bt‘:‘é’brrb(ilngai%%% Ghey BROFRTS EGTBELIRArYT ddeout
cont i nuousiventhan ¢ hvties subsegeentt guriifiioation eRpenpiberss sispmedkedlyxan be
separ at edrdduesd} heimdd dewed npedesiiredbpy-praureesaes dsraimeger se, such as
extraciygon or distillation. As a result of the high n/i ratio of the process

according, to, the, é&l}’a%’lta'gg”oft&ee %i@gge%éc rigf'gé‘tt'hoe” i%’é?ﬁ@%& ure 1s

mar kedl y re&uced, Sl.nce - rewer undesire - pro dcts are Obtarned. 10 A
further aRPEICEGelditihdagFotRs cGFﬁ?‘ﬂ'@%/]t FRANERLH MHHIGR CeRRISts in the
fact thattheheatadysagystemenrms ffdi PACk ot het hroceasalapserding dw can be
fed back thd dnvheet porncegs thecoank ngmee if hidedirednt hew.caitalyhe canmbeti ne, if
desiregs fwmwagzat al yst can be 15 added. Exanples Exanple 1 20 70 ng (0.31
~muol ) of palladiumacetate, 244 ng (0.62 nmmol) of

bis(di-t- }t{thI%Il gosphi no)-o-xylene ("ligand 1"), 590 ng (3.1 mml) of

p-tol uenesutrronic acid, 80 nol (830 mml) of 3-pentenenitrile
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 4X105 Pa and the
autoclave was heated to 90°C. In the course of this, the total
pressure was adjusted to 7X105 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-pentenocate (“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.



("3-PN') and 34 ml of nmethanol were filled into a 400 m glass 25 autocl ave
havi ng an aerating stirrer, after sealing carbon nonoxide was injectedinis
to a pressure of 4 x105 Pa and the autoclave was heated to 90C. In the
course of this, the total pressure VRS adjusted to 7X105 Pa. After the
reaction time as in table 1, the autocl ave was cool ed d the reaction
mi xture WBST IRCIRAFDIRRF IR §4stheir dPQph?/I.C]TﬁEeFéEﬁ?ff??d‘ﬁl Be seen from
table 1. TXEmisXe 2-853 Ttfe 4oraeddiuet Riddadiup rpestadgl ¥ag aselvied dnfference
that insSead of 3dcptorermani thel sol(Ziom w840 Imenled ohrowghydelilepent enoat e
("3- PSE") (¥&€IEimRdPkoYEsh gBhg .I assthdpariioneos eEV T igout abhmoll). ind8oBExaNpl e 3
The prOSGQHfééé%ﬁieaéaéfhéﬁ&ﬁ“%het ifutiBat £ Qe RAkLaFL Uis %g%&?é& and

ligand 1 192 0. 31 nmm f | adi 45 acet.ate-ligand .1 X were
enpl oyed. 2 5{%' %ﬁﬁgeral rltle)rf%trhg pc,r’uerp'alr@.fei Bﬁs@ﬁ%epﬁgigl%%lfrvﬁ rs(T;iet‘Tf

acet at e- | Y@@t iteregnpforand; dgigd(yn #amer) The Haldadrant atetdat(@4fas
dissolved in 50 ml of acetone and the solution was filtered through Celite
(cal ci nedThe | texsmlgebin He Bempeiso@ntadlel 1¢3 g (4.4 mmol ) in 50 mM 5 of
acetongowas added to the solution and the m xture was stirred at room

t enper at ujé:ﬁa){qg.{e 3 hour. The resulting pale yellow solid was filtered off
and dried i nvacuo. The yield was 2.57 g (94% . The result can be seen from
table 1. 10 Exanple 4 The procedure was as in exanple 3, but instead of

3- pent eneBherpyacerigzenyag g0 ipnsrimpie et Byt ng@aderSate were 15 enpl oyed.
The resul B-peaternemiseidibe f Y@@mntlalyB 0 Immo1)0 oExmédaclt i3epefoenvaats eer&OF

Car bonylsabmproydd. time [ [h-1] selectivity ratio [h] 3-PN3-PSE [%4 1 1
290 2 400 > 99 65.7 25 2 1 92 2 500 > 99 61.5

The result, can be seen from table 1.

>

20
Ex | Reaction Conversion TOF Carbonylation n/i
time [%] [h-1] selectivity ratio
(h} 3-PN/3-PSE [%1]
1 1 90 2 400 > 99 65.7
95 |2 1 92 2 500 > 99 61.5
3 1 > 99 2 650 > 99 70.4
4 1 > 99 2 700 > 99 65.7
Table 1
30 roF: (Starting material conversion (3-PN/3-PSE) in moles per
hour) / (catalyst amount in moles)
35
40

45



3’1 >99 2650 >99 70.4 41 >099 2 700 > 99 65.7 Table 1 30 TOF:
(Starting material. conversion (3-PN 3-PSE) in noles per hour) / (catfly$ton
anount in noles) 35 40 45 1 JUN 2005 11 W claim 1. A process for the
car bonyl ati on of n-pentenoic acid or,hts 5 derivatives of the formula (1)
C4H7 - R1 (1) where R1L is -CN or where R2 is hydrogen, al kyl or aryl
10 by reaction of a conpound of the formula (1) with carbon nonoxide and a
conpound (Wel Flesmt ai ning a hydroxyl group in the presence of a catalyst
system wherein the catalyst systemis obtainable by reaction of 15 a) a
source fori.a nepabcésd) Rfr angetatbdilyllakioh éhenPehtefithgrauid ok tbe Periodic
Tabl e ofgthe 0850 8,0M W tR: Potddidentdte phosphine ligand of the fornula
(1V) 20 (RBRAR5C) (R6R/RBC)P - L1 - X - L2 - P(CROR10OR11) (CR12R13R14) (1V)
where R3, R4, R5, RG6, R7, R38, RO, R10, R11l, R12, R13, R14 independently of
one anot her i €48n vRgani ¢ radical which in éhth case 25 contains a carbon
atom via which the respective radical is linked to the relevant tertiary
carbon at om nmeikierenrY iish -clo6AUE@OR? Wherd R2 L2 hydiep@ndealkyl adr @iglanot her
are a | pyer alkylene group; 30 X is an arylene group. 2. A process as
claimed in clai e i t o] .,consistjng of

hydr ogen, metﬁ) Imr%% %\@?‘K eorﬁ%r ngﬁs&&?-opf(rjgggl £rarr{&"{blglt 3&?‘*?1%1&%}'::%5}51 butyl,

C butyl . 35 3MOROLOR e A ComBPRAG (TDcPRPHHNGE 2 hipkPk HEoEBrHbuNd of
the formul a (Ibheeppeegrer iof PocatalssEYSOoRbyWhasieght the catalyst

system is obtainable by reaction of

15 a) a source for a metal ion of a metal (III) of the 8th
subgroup of the Periodic Table of the Elements
with

b) a bidentate phosphine ligand of the formula (IV)

20 (R3R4R5C) (RER7TR8C)P - Ll - X - L2 - P(CRYRIORI1) (CRIZRI3R14) (IV)

where
R3, R4, R5, R6, R7, R, RY, R10, RIl, R12, R13, R14 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);
11, 1?2 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.

35

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-pentenoate.

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.



3-pentenenitrile. 40 4. A process as clainmed in claim1 or 2, where the
conmpound of the formula (1) enployed is to at | east 80% by wei ght +®tJi§i005
3-pentenocate. 5. A process as clained in clains 1 to 4, netal (I1l) being
45 selected fromthe group consisting of palladium platinum rhodi um and
iridium 1 JUN 2005 12 6. A procesgpas clained in clains 1 to 4, the netal

(1r1) enpl oye i al i . 7. A as | i ains 1 to 6,
wher e RS,%F')FM?& 9@%&9% R ggﬁﬁ%dﬁ@g%&ﬁ; 4R155L%¥aql?f§1ﬂ1dependent ly of
one anot her SPRIGYRS Bed2d BRLIALWEL alkyl radicals. 8. A process as clai nmed
inclains 1 to 7, where the radicals R3, R4, R5, R6, R7, R38, RO, R10, R11,

R12, R137.Rl14& progeshers wilkhmed Oirt ledatimst 1 argy 6cawhere % nREp Réhi &R, t hey are
di rectlsy |inkged, r#,0rM) arIYr, ORPL WRLZH R1B, eRlchifdéSserdtRatdy dEasie QAOtRELr i C

space requi GaMERLn SN A28 Towk Wiky? rdufdpeess as clained in claims 1 to
8, where L1 and L2 is 15 [sic] in each case a nethylene group. 10. A

process as clained in clains 1 to 9, where the catal yst systemis

obt ai nabl® i & PRECPTS AN CdadFed it GlaAms olirt 7rvyherdothe ragdigadi s as.

clai med in clR4i nR°,0 RSt R aRPeorRBoR e RY) Ritpl Bod Rbbi ripgetbenpoikid which is

abl e, 10 th ramevaereoiamn caldboh Oizont @omakeclhvdidyalare a@iredlgnlinked 30 35 40

45 form a group which in each case has at least one steric space
requirement, such as t-butyl.

9. A process as claimed in claims 1 to 8, where Ll and 12 is
15 [sic] in each case a methylene group.

10. A process as claimed in claims 1 to 9, where the catalyst
system: is obtainable in the presence of an anion source (V).

20 11. A process as claimed in claim 10, the anion source (V)
employed being a compound which is able, with removal of an
H* ion, to make available an anion.

25
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