; e3e- ~->6* D0B®MERANER 163 Conpound suitable as a catalyst or for the
preparation of a catalyst system5 The present invention relates to a
conmpound of formula (1) suitable as a catalyst or for the preparation of a
catal yst system Li - X - L2 10 in which (1) X is a |ower alkylene group,
an arylene group or an al karylene group; 15 Li is yl 20 R15 R16 R11 ~~p~~\
R13 R12 | R14 25 in which Y1 is oxygen, sulfur or N-R17, 30 R11, R12,
R13, R14, MPHPORRE Stalle7apng gt| 9r oforptheanbepPRTatiOINgEhg dr ogen,
al kyl or arcdtalgatl $@stem 35 y2 R25 R26 R21 ~~p~I\ R23 40 in which 45 Y2 is
oxygen, sulfur or N R27, 0050/ 52163 2 R21, R22, R23, R24, R25, R26 and

R27 | ndepgndnith-¥s0ht ONR ARQbACFe AT +tBY A QGRHundl K¥! s ¥mARYlz)i t being
possible T ot blp0d, L2 0 Re,Leent ical gL didisrenty, S ld Lunhee relates
to a processJTor The prepara¥|on of a conﬂ%uﬁ?’o Porfu% Flf,y?o t he use
of a conpodﬁﬁtﬁp‘fornula (I'), to systenms (VI) suitable as catal ysts and

obt ai nabl e by reaction with a conpound of forrmula (1), and to processes for
the 10 carbonyl ation of ol efinildakl ¥ «rfat urat ed conaounds in the presence
of a compgund of fornula (1) or a systemof fornmula (vl). Processes for the
catal ytic cgfRgaxhation of olefinically 15 unsaturated conpounds, i.e. for
their reaction wth carbon nonoxi de and a conpound contai ning a hydroxyl
group, in the presence of a catalyst, to give an acid or derivatives

t her eof , ar¥® iFeAetaVey adfanAne 29roMRys anf BFY SO IEQUPt P ahBbATY 8RN of

n- pent enoi cgxedipd or derivatives thereof of formula (XIl1) can give adipic
acid or derivatives thereof, which are extensively used in the manufacture
of industrim@l kg i nportant polynmers, especially polyam des. 25 Processes for

t he carbonyl ation of n-pentenoic acid or derivatives the mula (1)
is [sic] disclosed for exanple in GB-1497046, DE-A-25416%W”J m m M60,
EP- A- 373579, US 4933483, EP-A-45057¥% US 4257973, WD 200 ;

EP- A-577204, 30 WD 2000/ 56695, EP- A4 662467 or WO 2000/ 42717."000002¢
20 R15 R16

R1l1 P R13

L

25 *159150%
in which

Yl is oxygen, sulfur or N-R7,

30 R!1, RI2, R13, RI14, RI5, R16 and R!7 independently of one another
being hydrogen, alkyl or aryl; and

12 is
35 2
R25 R26
R21 P R23
40 R22 | R24

in which

45 Y? is oxygen, sulfur or N-R?7,



The car bonyyggo,mr1E3 ol efinically unsaturated conpounds (except ‘for
ethylene) normally gives |inear and branched products. 35 In the case of

t he carbonyl ati on of n-pentenoic acid, only the |linear products are used
extensively, while the branched produc.ﬁ;s are of no inportance or are only
of secondar}%/2 in&grta&ce 35 far a s, squar gy is concerned. 40 What is
desirabl e, Kher&For B 8y R°gh Bfi apdiR LRARAIGSRIELR Af HnGh 2PPENRE The
n/i ratio i@i@gdéy@xmn,aglhrhmmgrwﬂe ratio of the selectivity-in respect
of linear products to the selectivity in respect of branched products. The
term linearjd yelsgdpddh iiles 6LMNEGNHON2 ivd bRe;déat & Af orhgiffdrdignotes the
sel ectrvr y in 45 respect of linear products. The n/i ratio is calculated
fromthe |ne 'tM |ngtotheeua£|on 0050/ 52163 5.30 3 n/i ratio
= Vineari ty! %u aXeP] o IFPORSF) T9h e PERRRTALAENSEed GPHIPUEch gn
yieldis u PEy, @or]'y) i fOsERYY %@ésée@ompmu’él of nf sz d 16/ oFC US
4933483, arsystiemsatVDh) cfui2dbleéiaearath)y9t§jand ohthinakele for reagtidrd of only
70% WO 98/whZhl A, cOmpdiilce of, £6tmela0eS, dayd aldl ppbc848ed cFrwrvensi on 10 100%
sel ect i V16 ycafi%&l LEOVEY Yt oigﬁlﬂdalrlgt hRsé&xQPc'eﬁ SoRpod Rk oiQf +hé near

product U LHELNGPT, Beled8 A0 e BRA0G N BEOYUCHT od tod Sopl b ect of

t he present inventi on € a conpoun git & as a ca & or for

t he prepar &Y of a system 15 sui tabl e as a catalyst, which conpound

avoi ds said disadvantages in a technically sinple and econom ¢ manner. W
have found Rrveestbs sfabjtdet casabhethice vadbbyy ldts.ononpoolelf iofichddyul a (1)
defined p§ dr¥tQvhe&d .cdipodnds PCcess ek tlH@J.J:ZQeBE:QQQﬁ a4itN cakben conpound of
formil a (l)mont&f(lPQeaM?ea &fomgoﬁﬁmq Hfm § A Mo V\}'i Eﬁggy%egﬁe(v')

(1) “and b E‘;E?%%séiéi PRI L e e i e

conpounds 13F% BENBFREBAITOYP-a conmpound of fornmula (1) or a 25 system of
formula (VI). According to the invention, the conpound of formula (1) has

t he struzeo urmsl,1fer Xexanple( the carPeayilbtiomesinrgenténcicaneid dower

al kyl ene grquivaeeies alerebBaVonOEdrmTal (k01 P d geseesd Aliley abiganed to 4

car bon ator& % 05 té}fertem r@lgiﬁfeﬁel-éxé&gsn.lv%l PaLLd cf ahly preferably 35

met hyl ene, e ene an aryl ene group,
pr ef er ably % § e lnEuﬁg %ly)? eﬂlgoﬁtarit ?ogﬁéﬁy‘f’enees"e&"aén Y al kgr yl gne
group, pr ef%’rla‘(B‘W ?LSQ benzyl i dene 1, 3-benzyl i dene, 1, 4-benzyli dene,

1, 2-xyl y2%dene, 1, 3-xylylidene or 1,4-xy|y|idene. 40 In one preferred
enbodi nent ,Pddceissepofcat [Hhe tarbaeylmtionest aldpdneeaoie cagidloef er abl y havi ng

from1l to Q@c‘l@a@%@&'@lérﬁéo&r O forlfi14 ¢2Y b [aliefsabed MRRla tBe dWhple
radicals L1 and g 7086 1 inEuhash y1 el % ?% g 4y, h)é%eﬂewslj?% %Eyhmas
§ § g % erle group,

1, 3- propyl €ne or, Yia{}hﬁb%%yg?&g 2 4 §F6§ru§§‘r fﬁiﬁls 'such as al kyl

al kyl ene '3!5

gr oups, ?8r 7 ®rpFBpy900442dddpyl , n-butyl, i-butyl,
s-butyl or t- butyI aryl groups, for exanpl e phenyl or p-tolyl, hal ogens,
for exanpl erte fclambohﬁmtmlml of | ¢ibe firn il iy nen s sAtusaxgd adshmiunlde X yexdett | t

preferably £ it@§188e 5 HTinal UPNG SresO18nBA&r NEHE bFBHEREG F1¥&ckB. t he aryl ene
group, al kylene group or al karyl ene group can be replaced with heteroatons

het or oat Bh(E) P BBHR RLPE, cBrooia Trstnet AHEntRRSRE M ooy i

renai ni ng s]tlrr{?@truPémé‘fc'% axRdusReE SHHHeRGLVeLY he'hidet £ %rl%ﬁar\Fé‘FénE?d"c“Gscarry
subst i t uentares@éhnasimgafitegen, onldnd oglyups, sfapndexynphrontanihg| as efdyy| |

n- propyl, iaprankity-ivitdshcernddit yl, 15 s-butyl or t-butyl, ar yI groups,
for exanple phenyl or p tolyl, halogens, for exanple fluorine, chlorine or

bl“lzml ne, 46! iy ang §{ & tﬁ’é?é@cfég' Xs &3 n/?i EQf é’”éd 'iSdngéiP

alkylene groud% O LKA Sg SLOHP 13 A8k Leblpce meanlng er 3L %
the selectivity.in respect of linear products to the selectivity
in respect of branched products. The term linearity used in this
connection in the state of the art denotes the selectivity in

45 respect of linear products. The n/i ratio is calculated from the

linearity according to the equation



20 A possi besorseiéy of L1 is a structure of the fornula yl R15 R16 25 ~
R11 p~ R13 g12 | R14 30 In this formula, Y1 is oxygen, sulfur or N-R17,
pref erably oxygen. Possible groups R11, R12, R13, Rl14, R15, R16 and R17

i ndependently of one another are hydr ? aI kyl, preferably al kyl having
from one to;i and .especj al fromgp carbon atons, or aryl such as 35
phenyl or p*toFAtiolT Jo’rﬂ?ad%/lé'r?’eﬁb é&88a| rehtneatiEYgf Blbs R11, R12, R13,
R14, R15, R16 and R17 used can independently of one another be a radical

sel ected frohe e gabtip aoepiedswigh ray digheniektisyupsethyfactd@yniprogid |

i -propyl, nplBHedlsesi-butyl, s-butyl and t-butyl. The groups R11, R12, R13,
R14, R15, ?RI 6 and R17 can |ndependently of one anot her carry substl tuents

such as rQup r a l,, eth ro 0
n-butyl, i- I?J s)%l EE lé/)Jl %X gpbg {)93%3% aryll}/}l or@pg $%r24ex(z}ﬂfﬁfg¥b%nyl or
p-tolyl, hal®ers, aFB+e‘é%9ar1fﬁFeafY’cRJ]rq ﬁ’é opky q%rre or bromine, alkoxy and
aryl oxy, but they preferably carry no substi tuents. 0050/ 52163 5 In the
groups R11,wdrlad/4R137, RixampRe57, RifscdndeB &, yigiel of BD% e(cmvie@Bieh ONs can

i ndependggt ] oo0f semecamté}erm n%u@%@d vhé My etak98! DIFYCB, 85 Pddy ogen,
oxygen, sul far) ;Ql 3 bE&ffke | kn ef §'B fm%%%t P‘E ﬁ?ér?éh%%t %&Zc

i ndependentTy "of one" anot hér and e en e renal |ng S ructure
of X, and according to the parti cul ar vaI enc to carry substituents such
as hydrogentt disk @R gPiR{s Off she cRERFATE ﬂcﬁt’ﬂﬁlmrbttmprowqﬁ FpFempeuRs opy | |
n-butyl, i-$uitablesapua dat@lystbox yior ahel pyepanatiohoef ex aysitemphenyl or
p-tolyl, 16aswiparde &era exaigllyetf | witidheompbhnd idveides 3Qidrdisadeantadexxy and

aryl oxy. Prefef ale¥ni €27 1RPRimB16 hendleRdpembd Inanr@}2 . RI3 , R14 , RI5 , R16
and RI7 is not repl aced Wi th heteroatons. A possible nmeaning of L2 is a

structure of the f a.lh R25 R26 20 1~~P~~ R22 1 R24 In this
formul a, Y2'§ a¥gy 8?1" qu%¥%6§ %W‘F 15r 8F ea‘lﬂ‘%/béfxgé‘:éﬁm?@u% ®bssibl e
groups Ro1,fqomlapi3) qefinedbst % aM@eRe7bY rRidFesasnt £9¢ dheone anot her
are hydr 2Qepremdraghion po£fae camppund ko floarminhg (¥)ambgnehé cuse anfdaespeci al |y
from one t ocdmgoun@obf afsxuala0l IR} by SyehRens PNMONBuiGhbDe t4d WatallPsede
preferred eghpQUuiRAhabid &P rRHREiHY With2]: cifpburdd bt Bgﬁnuﬁzﬁl Nd, i Hyused

ggprp'rpgleggn,g Sdekea" £ 008 ANALDBERDE A gr Al C eéal%mg &ﬁsoggﬁrg%eaf?ggtyl

S buty! andYISRGE LAChG Prareite P p a@é ing 9t ROFMikS5 DRSS And RoY can
i ndependeht $yBtsm @ﬁefgﬁmlr?er(Véarry substituents such as al kyl groups, for
exanple nethyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl or

t-butyl, aryécc&"cﬁhﬁstofﬂ{e amaalcwpheﬂﬁél ceﬁpcﬁhﬁd)'o)f' fobﬁ\hmeﬂﬁ), hdo €
exanpl e flugLinguehl orine or brom ne, alkoxy and aryl oxy, but they
preferably carry no substituents. In the groups R21, R22, R23, R24, R25,
R26 and R27 one or nore carbon_atons can i ndependent |y of one another be
repl aced3®i th 45 heteroat ons sukh -a€ fi ¥fogen, oxyget)*sul fur or silicon,
it being possible for the heteroaton(s), independently of one another and
i ndependent PgsaifblieheearimgsiofgXsareid oweof akkylaame gcoop dprefeirably
0050/ 521 63 Katitry Fabini CUidle \habessyeclad 1§AEFm SURS! it UePbSn Htehsas
hydr ogen, aﬂ)MeéN Questwé qrad%aﬂplﬁl ra%hhii p%&taxkulgrw %%élferAbﬂf]Opyl’
vl Shaibiend of Kedlyaen o 06l JEOURS y O, EXAIR] € Rneny! - or
P- y ene group, preferably 1, -phenylene, 1, 3-phenylene or

1,4-phenylene, or an alkarylene group, preferably

1,2-benzylidene, 1,3-benzylidene, 1,4-benzylidene,

1,2-xylylidene, 1,3-xylylidene or 1,4-xylylidene.

40

In one preferred embodiment, it is possible to use a lower

alkylene group preferably having from 1 to 6 and especially from

1 to 4 carbon atoms between the two radicals IL! and L2,

particularly preferably methylene, 1,2-ethylene, 1,3-propylene or

45 1,4-butylene.



5 brom ne, co%®/ 520638 aryl oxy. Preferably, carbon in the groups R21, R22,
R23, R24, R25 R26 and R27 is not replaced with heteroatons. The radicals Li
and L2 can be identical or different, but are preferably identical. 10 A
compound of formula (1) can advant ageﬁgsly be prepared by reacting a
conpound of _forrmula (I h a co ound of formula
(1V): ( RLITBHRRTELSP nk 3%‘% 13‘Yi(e e(ir;?“ b) o ]ﬁaﬁ' BOLERTEY (V)
20 and a comhﬁjmusﬂw o‘frlrﬁh as(9ikvi F@PuRzz f}yr e%a@pﬂzzsr}\eﬂ(séayz)thyl(c R24) -
(C R25 R26)n4pfopRRll, iRipRI3n~-Rivyl RiSbuReb, RkbutyR28r RafityR24arRR5, R26,
Yi, Y2 and goupsheirsg @tanfllel BREngb®te p-LEYAN} a3@4SnR | OESS ex@apdet i ons
b epar at 1 e B ahooahar ] SETDRAAR TeTbel AP SRR N &her and nancy
E. 30 Day n%’ fﬁrag(hﬁ gg&O"rSlerli ng %é?%g%?) f§24 1827. Compounds of fornul a
(), elther as individual substances or as a m xture, can be used as
cat al ysts oPnexPrc@asei caidans agpmgyin ahe suyiens egr@ypea{ib#xﬂsitr@ ggsum®PIThus a
cat al yst coalkdnylegeagroupaandbef réplravedawith heterbatosedsuah asprocess for
the car bQOyﬁﬂﬂdyéiof oﬁ?@éﬂ Nisgdlehy oMeAtUEah S € YEAYNESsd D1 DY oretrd i Ng a
U104t Bm

d of
2 hyaroxyl aceEfe Rﬁfﬁﬁgﬁhgeﬁ?‘t& SaP %"éﬁr& é&gﬁ*ﬁfg%'s?'yng
be obt ai nab Hf?“\aéﬁt%{? o a) 4 Eoﬁ# S %aft o onﬁrt‘% R
subgroup VI Y3le5iC¥r hEC 4SR50 iSYRPELYURNtS SPchnhas E‘}Yé‘ﬂ"@ﬁ?g' B59YBS, 7 with

b) a conpoufer Exampleumetiyl), athvbscr-Hyepyibolropylesstiiey lnetiabstyM |)
are thosesoé-mitygr ouptMbudylof akhe Gsoupadi €of adntampleuphedyl idrop~toDPR) t
ni ckel, rutmd&a@s r Bofli diimpal kglbriRe , 0S8R EFInd rdrdbuamm Rl1&bkPUMG
pref er abl y 2 “ﬂe?é?iﬂl?”}ah%rﬂ lhmt%Bdaf 1&He! r&a{; eﬁle

pal | adi um res t ree an i‘on lfp whi ch
can advant a%%oatllggl 8n%s%rc?uz§’r éssﬁ??sr ah 1’%}121 eke 8? ounds | n whi ch
such a metal has a weak coordi nate bond, vvlth an ani on derived from m neral
aci ds su@p Asposstibile meimiings @Iiff Ut iis acsdrectypteosofhshecfemiuda 15 car boxylic
aci ds, advantageously Cl-Cl2 carboxylic acid and preferably acetic acid,
propionic acid or butyric acid, sulfonic acids such as nethanesul fonic
acid, chlorosulfonic acid, f1 uor osuft oni c acid, trifluoronethanesul fonic
aci d, benzenesul fonic aci d ?th ha enesqﬁlgonl c acid, toluenesulfonic 20
acid, especially p- t ol uenesul , butylsulfonic acid or

2- hydrox}ﬁropanesulfonlc acid, sulfonated ion exchanger, hal ogenated per
aci ds such as perchloric aci de1 en fPUOrY R&t ed carboxylic acids such as
trifluoroacetic acid, nonafl uorobytangsul fonic acid or trichloroacetic
aci d, phosphoric 25 acids such as benzenephosphonic acid, or acids derived
fromthe interaction of Lews acids with Br oensted aci ds ani ons such as
tetraphenyl borate and derivgtives thereof 1 m xt ug.ps sai d ani ons. 30
It is al 88 PROSEHS &RV dyedbisPH IS usd E‘b‘frp‘?ﬁxﬁ’d§ F\XﬁFﬁﬁag IP*{9fBt al
isin the zerovalent formw th readily cleavable |igands, for exanple

tri s(di benzpossidrieagevop=)Rial | Ridi, urRi3,t 8tt.aRi3( tRF mren R phowlebendemalyt adi um
and bi s(triofe tatlothphospdineiriegkhadalkl,3preeesdbilye atRFP Ot goErbarsd a
(1) are advégt@%ﬁuékﬁeéf@ﬁ ‘Q’Qbﬁhox?é(mob'l;t carbhel Aldndg 861480 BAER 4si cl
the reaction wth a rregjr]§ or netal ion (VIl). The nolar ratio of
corrpound I? ?c}' et aP f’ Y can be chosen

In one preferred embodiment, the groups R!!, R12, R13, R14, R15, R16
and R!7 used can independently of one another be a radical
selected from the group comprising hydrogen, methyl, ethyl,

40 n-propyl, i-propyl, n-butyl, i-butyl, s-butyl and t-butyl.

The groups Ril, R12, R13, R4, RI5, R16 and R!7 can independently of
one another carry substituents such as alkyl groups, for example
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl or

45 t-butyl, aryl groups, for example phenyl or p-tolyl, halogens,
for example fluorine, chlorine or bromine, alkoxy and aryloxy,
but they preferably carry no substituents.



40 within WwWaR0/52163%. A possible rati o advantageously ranges fromO0.5 to
50, preferably fromO0.5 to 20, particularly preferably fromO0.5 to 10 and
especially from1 to 5 nol/nol. In one preferred enbodinent, the catalyst
systemis obtainable in 45 t he presencg of an anion source (I X) .

0050/ 52163 i on_sour ch n d are c unds al read
cont ai ni ng ][8rh W nPORYPE V\giz ;;32’ Rgf ;{@% r?dgngglgbl 81%1°% 8%Esi ng a

ani on by a %ﬂncéf:oi“%a‘iﬁq dﬁ‘d§86!\d%&t]’r¥ef’érBP?/t‘?’leé’Gﬁdbch%%Jlaé’ﬁd Wity tabl e
ani on sour ckategoatding csuie@sf pitesgen oxygeEP-sN1fI% 617sildom dbubelsy (| X)

whi ch can asbsriibagedus| yhe) hetieeda s OQMAdapend:aRAR| 6f Odndaimetakt Ngndin
ani on by ¢l adpRnueALDYy S dHE LORaiSil) sRSubtlfd Q:fas‘cl danétaéwrugn cidl,

phosphoric I ds ic acid
End pref er g;;é srEER0LY %aﬁe%kﬁ 5 jcoar%g RebECSnCY, Fekh 8 zg%géc. d,
2.'6- di chl or SHH, GFQUBRS FOT SHAPRLS CRHIVAr BKI T aBFAPY bi VIBEOPHL T d.

1, 2, 3- benz errdWtivdar bow;ylo &cbutyl or 33-I§’éﬁ!bne¥'ryi1c8mb§!§'l i foTa example

di esters, Zpledrydxyprlpnapiitlhahebegendhoxplri examplky flho2ife digttiordxgbenzoi c
acid or iecyﬁdmml ealkoafidhd subieny C deedesarsly,asaiBbhane el gRbgpaCi d,

chl or osul f ogiic ﬁf:zl dRﬂI #ak OSiulst ORieC 13G1 gh7 Gkl {lg,yqréyﬁggg fonic acid,

benzenesulfoq_t naphfhalenesulfonlc aci d, toluenesulfonic acid,
especially p= quenesquonlc acid, t- butylsulfonlc acid or 20

2- hydr oxypr opanesul foni c acid, sul fonat ed i on exchangers, hal ogenated per
aci ds such APqsEibApcReaning @f bbrid @ostructure Afbokg| fermudiads such as
trifluord8cetic acid, nonafl uorobutanesul fonic acid or trichloroacetic
aci d, phosphonic aci ds such as benzenephosphonlc acid, acids derived from
the 25 reaction of a Lewis acid suck’as BF3, PFS, AsFS, SbFS, TaFg or NbF5
with a Broensted acid such asgid~ (fgr exagpple fluosilicic acid, HBF4, HPF6,
HSbF6, tetraphenyl boric acid an r tives thereof), or m xtures of sai d
conmpounds. 30 Preferred conpounds|(| capabl e of generating an ani on by
elimnat®®n of an H+ ion are R%i6se¢ W {h B*bKa of at nost 3.5 and especially
of at nost 2. The nolar ratio of gep pnd (I X) to nmetal (VII) is not
critical 35 per se. The nolar ratio of conpound (1 X) to netal (VII) can
advant ageousl y range fron10 5 to 100 and preferably from1 to 20 nol / nol .
According t t e igvent ol 0 A rocess r_the cggpon g of 40

ol ef i ni cal | PRF&E ¢ Srpdtin %%éFi a’cS%ﬁ PSR a
(X) with Earbon nonoxi de and a conpound (XI) contalnlng a hydr oxyl

group, -in tPesgiibdeegreups RE'caR%l yBY sR3tem?®i tR¥Fsapds¥T birndapendsaty

cat al yst whoflomeoahather aarzy siydrogeft,) alkylprpiefably aDiyl Haviag stemh a
system 45 on@Q:%O/GSZAQSe&péaa@liynﬂm @nel Bb€l & ibn2Rbohs) BNakLY such
oleflnlcall qﬂ%ﬁg négiﬁg' ounds can be used, without Iinitation, as
conpound co un r§E1X) can have one or nore, such as tmo or three,
units of Ieflnlc unsaturation, preferably one unit of olefinic

unsat ur ati oF® 9N¢ BREIBFEAL AMDQUEReRI Rbe ITORRS d1°41 i Bi’eaRty Bﬁ"s'atptﬁatpeza
conpound caand®fant sk el yndependenydyi ofitewwe @anogheu b iat wadiical kene or
cycloalkenesémauuy@ it eh etled gy ofip Ot iz 136, hedering| hgtAPl f reamy2, t o 20 and
particul arl y_grafyarn ablyrdgyam 2-bech, Gabhepl ptaiBudyl hhe fdRsul.e. The

al kene oggcyc oalkene can be substltuted for exanple by one or nDre hal ogen

Chi oal koxy’ Vo BERRREG B ofes, AR av”g %ol biledn EndtRniasttly 5
are et hene, Op# cﬁﬁmerl‘r‘mkﬁé‘bsﬁlb‘éﬁ% su o%%taelﬁi?l FREUPS OO Gxﬁ'é!h%%nes

hexenes, octettesl s ethyas i~propghe, 129vbpylt r nrkettyll,- 1-pehybnes-dutdyl or

2,4, 4-tri met iyl ty2d-, papyeEngrowms] dofeecdigdle phéngl dropetatyENehalogens,

cycl ododggepsy Ilbcfﬁ%ﬂnelmahmrﬁfer WrabgomBidlY la186%Y! &€ aryioxy,

acryl oni trli)g f]e}l F% b cggrlj\l %@u%'sléﬂ:&lgﬁdé am de, " acryl al dehyde,
yla

met hyl net hact € 1SOneric” pentenoic aci t he i soneric nethyl

pent enoates, the |soner|c pentene nltrlles vi nyl chl oride, ethyl vinyl
ketone, al | P e GrPaes Rt hBi2.aRfn REfhRantFosepdeRid, OBE |OF Aeseher
preferred ecddshmeatbmsacposigidependemplquiod (¢ arteropei veplldcpdswbshi t ut ed,
ol ef i ni cabl NetEtritonat Secif AP aEBLoyé N oXygbRAS{u e ber #1nRlong! eti Péindond,
especi al |y ggsOp) 0@6&' Mhé LH%?Je&BHI:&Q ! p*lﬁd@b@rfndéhtlﬁ’;r Sieéﬁé’flm%%le?”éﬁ& y

substituted | ef | ¥l sat ur

formula 30 {‘x ?qe) ﬁ%g g%% 3° 74 ?lﬂql JEII\1/\51 Cc%n% RS hy roggéngo?ga
hydr ocar byl group and Y4 is hydrogen 35 or an el ectron-w t hdrawi ng or

el ectron-donati ng substituent such as carboxyl, nitrile, fornyl, am no or
hal ogen, or a substituent of the forrmula Y5-R41, in which Y5 is a single
bond or the functional group -CO, -C00-, -OOC-, -NH, -CONH, -NHCO, -O
or -S— and R41 |s an opt| onal I Y substl tut ed aI kyI aI kenyl, 40 cycl oal kyl,

— o



0050/ 52163 ads0/4BR¥8B/ant ageously be a phenyl or naphthyl group. The

let erocyclic group should preferably have from3 to 12 atons, including 1,
2 or 3 heteroatonms such as oxygen, sulfur or nitrogen. 5 In another
preferred enbodi ment, the conpounds ()3 used can be nucl eophiles with a
nmobi | e hydrqgen, including.al kenaic acid derivatives such as_al kenoic

aci ds, alk PRRRhGHIAddE L eaf kend Eaﬁﬁ?'ds'gl?ﬁtdéé‘?nﬁf KEHTt @SaBYEEIE i | es or
al kenoi ¢ acdilkydsgEPYpRs THOr16XarPtP Fledhyleagitiel /| ScRERY bi rie®rPPYhdj acent to
t he ol ef i nirc-bayhl eiorig,l,f erbexahpire ti-butyph, Beryd grakpendior esample
derivati ve.phBag1abkeptlo1glQURaDdgdr EbkeaLirplacirduéfind)e chubginé Wed or,
o 1 hoxem o iana? A and ELrnapl BEsLoraibyibetbon bt ouds BED: 1Y/
Possi bl e exyﬂéﬁp?%%’arae ‘acr yl |t1{(::i aétlzllldzl,R\é;ns%l e{lcortyF%E%%?%}ﬁf%bﬁggéo?%oé“gi'd,
2-pentenoic acid, acrylonitrile, nmethacrylonitrile, 2-butene nitrile,

2- pent ene rfiher rpdicals yilaphdel? eaphberidentiigel or Hiffiezsntie, but Hawt enani de,
an N subst ignstfedabty yidgemtdealan N substituted nethacryl am de, an 20
N-substijgit ed 2-butenam de, an N-substituted 2-pentenam de or an ester of
sai d al kengj ' Sf+4 t hge r]fp.é% e

O substi tu%%gﬁg’?gtﬁ%eﬂggft%mﬁg? {Ji)t 3%% Edgé 1%%‘%5%@39 ’?:§ 0 a?gﬁa%?c or
aromatic arﬁfal‘fﬁs}ﬂgs?i‘fﬁpgémspgu%sﬁ"luﬁﬁt ga nd can preferably have from1
to 10 carbon atons. Exanples of these 25 are nethyl acrylate, ethyl

acryl ate, phenyl acrylate, n-prigpyl &cr\Bite, i-propyl act¥late, n-butyl
acryl atexrsi-butyl acrylate, t-butyl acrylate, s-butyl acrylate, the

corr espondiidn1at Bampoie @3, £érmii£Nakgs, 2- pent enates,
N, N- di met hyl acryl am de and the correspondi ng net hacryl am des, 2-butenamn des

and 30 2-pent,ena des. other prefe enbodi as the npound
(X), it is Qﬁgsﬁﬁ g?tb {:Qll%ghyT(a({'é’Rin’uLé‘ﬁgétTt‘t?%elgE@]ttha-oI ef i(rc{%i)n t he
presence of a nucl eophile with a nobile hydrogen to give an ester 35 or
ot her ca2®@End aconppeurdl dfnfarmmuleer(Vref erred enbodi ment, a conpound (X)
whi ch can be used is n-pentenoic acid or derivatives thereof of formula

(XI1): - R3IRa0X4d)c AQ tli g28) sqcheing. ypdaest @odci pest fEeys of t hgyypresent
invention as meani ng m xtures of such conpounds. A possible radical R31 is

-CN or COOR32, 11, being ssi,bl e for 2 t g.be .hydragen,. al kyl or aryl,
advant ageOL%%y _ﬁ{/zdr Btlf:]gn .9?' aﬁlgyl?‘lspr 55; gg?'y R%S"/drpcfgenl,‘gr'reﬁﬁﬁyl ,Ylfet’ﬁzsla,n%

n- pr opyl 25X hedpgl as Aefimed abovyws0/ 52163 11 i-butyl, s-butyl or t-butyl,
especi ally hydrogen, nethyl or ethyl and particularly preferably hydrogen
or nethyl. Advan®dgesusiipridepk e6nditiongr @hfch idancbe aeed YEcxURAEI t uents such

5 as functignala rdEQURSa Y tAkNBro@dde lcoRliBidls HoRURRe PepgidathioRl ol Y!
group R2 pref %%thr%?e(r{dn%%. QQC(?ﬁ&)&ted %aeg& hadd’ Pgrk@(ﬁfl?ére’an% 98§e§} bs‘h.e

n- pentengéc crd-or derivat ive The 01?68 _ é)wai i s any of” the

i soners, QA ad -t il Fhem, ?6'”%{)5‘- 620 L84 -182dns-3" or 4 isoner, or

m xtures thereof. Such m xtures can contain the same radical R31 or

di fferent rGoipoandsR34.{fd2mafler (&), reithereas airalitvidsel coutistianiceg ¢heassane
radi cal R3Imidture$ ashyad agedusstcatilgstsSor-as icoapsituentd $£3systdmps- 3-
or 15 4-penden@piet bl ! &yt ures thereof. Preferred mixtures are those
cont ai ni at | east 80% by "wei ght of 3-pentene nitrile, i.e. cis-3-pentene
nitrile and traps-3-pentene nitrile together, |In _another advantageous
Chbo ment TS ACRBELYEH Goppabetig o SoFbosed (4 sorguls (D 5aR Bimee o
4- pent enoi citad@ ProFess xEan édet parkyiylapiencpt lafilriorbly ansatnpaked

cont ai ni ng aimdomads B8XPoHy reecgimg f c®mpenténoi coarmudla (X)e widhse&8lmmt enoi ¢
acid and t rigfox3deeahe widompoutdt Opet Rohta2bind) aahgtbheky Rdi@apageous

enbodi negy, it is possible to use nethyl cis-2-, traps-2-, cis-3-, traps-3-
or 4-pentengate.or mxture ereof . Preferred m [ re.those

cont ai ni ngnlgtsyl%gls“t &%ibsﬁlylsc\?/%? hE® ¢t Ref %W{ -apner?t)é%%rég%%%ﬁs.l&. g%net hyl

ci s- 3- pent SRR I@aRAE BEtIRACEPIps- 3- pent enoat e toget her. 30 Pentenoic acid
and derivatives thereof of formula (XI1) can be obtained by processes known
per se, forapxaa@omrbyg bdhearadaint béna aieteEdr VDI promd sudbgranp I XKoo thel

cont ai ni Bg a hyskPeEi corpTe o thBeebslsiddson of hydrogen cyani de, onto

but adi ene in the presence 35 of a catalyst. The nolar ratio of netal (VII)
to compound (X) is not critical per se. A nolar ratio of nmetal (V1) to
conmpound (X) ranging from10-i:1 to 10-1:1, preferably from10-6:1 to

| 0-2:1 has proved



40 advant agr0B806/5290833rding to the invention, the compound of fornmula (X) is
reacted wi th carbon nonoxi de. The carbon nonoxi de can be used as the pure
conmpound or in the presence of gases which substantially 45 do not
adversely affect the process accordingsto the invention, especially gases
wi th an |nert behavi or. Exanpl es of possible 0050/ 52163 12 _ inert gases
are nitrogéeh; hhydrogen carbon di oxi de, nethane and the nobl e gases such as
ar gon. Advantageously, the nolar ratio of conpound (X) to carbon 5 nonoxi de
can be at I|Wasta Trompopnéfaf fiokpude (Basts 8escriypbabakky at | east 5:1,
preferably in the range from5:1 to 50:1 and particularly preferably in the

range frofnﬂosjsleellﬁeéalé fvihe H@%%ea%%sd rpov be davgat bQPlécE] s

d
Than 51, fties ReF o JFofe. 93?%%”‘0"‘1596 enluﬁnZ” Pty

Mess than 1:1,
this can r&aHdIAm, QSTHUR f‘rﬁé 4 Andopl ?T’n’e“ 'OEEFFFE@%T Pahdadiymy yst
system Acdvhadiiagmi orhaiumaedt {oifiurhend opgranialdy palladian Xpnds 15
react ed w trnixaxuzespthewkqfXl ) contai ning a hydroxyl group. Conpounds (Xl)
are undefgtood in terns of the present invention as neani ng individual

conpounds (g4 )r-as &@'i %nwty&a? aOfmeQE\ﬁ.f c%m&‘v ougﬁysbé ype. 20

The t f t t I t of
I o R e ST e RS B s

cor respondﬂi‘f’gs dc Mgk copdnaty, b%ﬂ%r &4&hj an aﬁtf“&lncéﬁé?—"%% ogsmipeakanol is
used, the cagidsspoallias rddrae acidbtsailfodic Rosisl birephdspiivalic acikdprimary,
secondar y5 ararbewxyi ¢ yadidsghalisanagegpuafiier aploy » prdxbaxy 1 it cadial andand

advant ageoysiekeehn iy oacdtiadnat §d Mpdpieatic Oad i P blitfAId YaciahSbh i #iilcs such
2 kanol Sra%%s*&%%‘gﬂe%%a'?%h%% : ‘%"%é RS eat QP porst bl e
n- but anol , EPSHQ)?&] tﬁfﬁgho {5' Lﬁfl"g‘ﬁ ﬁaneﬁj’# E‘éﬁaﬁ%’r -oct anol ,

i -octanol , %WPH%W acdde| M@Hﬁépneﬁml%ﬁ%ﬁolwmﬁ?Péch

al cohol ,%t&gﬁldenesgeqmly pr2oprergeavddoolic dcBl,prepubetiwlfonicopeid \dr

gl ycol , tri2stydybaypremaesudfopbhtadayt Bulfoaatdgad ébar ekdhangetrhanol ,

et hanol , n- rmm_,@aakedl ¥ QR3RBS! sudh it gBOLR1brRUGLRRAE . pérmro%@ﬁat@@ or

t - but anol , T‘E&r &ﬂgré%/ c&r% Sflaé?é yt g%c&[l ta gaol and especial l'y

net hanol . r;a %J

nﬁp é ot CI‘I tical
per se and THFVAPYC 831 |"‘?ﬁ aﬁ@b“rﬁ QBGEH aé‘{fd’:'n

0.001:1 2% qq}@‘lslSHBF/?ﬁ)IbeHFﬁéeEh@%Hchs9@%@mQ¥aﬁCB€Sp¢%rp1é'ie€d 5@#‘0‘?‘@ bei ng
used i n theipgreoeessoncehldwig aoidheriithyBnoenstest adids ngariilvmsastckalaspr ocess
accordi ng tgedda@henyEidtie a4l dePDR/ivdk60hdfedt)eogahikdiflesSyEt €Md S p:
accordi ng tg,idag.i nvention, netal conmpounds (I11) which to the extent that
they can 5 the other conponents. 13 repared during the actual process it

et ve a0 ol Sb 89D it THSTRA RS AHepLE LK, AT SR RTOPIAT 1% NBLEE ALy

according td “teﬁféll Afetr ithe earovrlentedorn ‘t’h‘éh R by ePrRAYRDIL, 1ﬁ9§f®rrabl y,
honogeneousf@phasempl® fihies (chdbahyylidenehentone) rmedladiiageous|l y be obtained in
the |iquid pdaekis(beiphapylphppstnepalhbadiat el of one or nore of the

conponent s gfgrgrwabcbo1%%@5@5_3@;;@}@@@%| s obt ai nabl e or has been
obt ai ned,g Anot her possi |ty is to prepare the | i qui d phase 15 using an

i norgani ¢ or er abl nic |i |d diluent. Possible liquid djluents
(norgani & e ols G eding® PR FarIH I 0D oL VAT CRBRRILLY PSR ST

di et hyl et r\%*hl%tnétﬁwlaéﬂﬁ’@r ackiony |kofd Pieblthe ﬁéﬁﬁ?w’ét%#l ad#‘%‘ﬁiyl ene
gl ycol di met¥nd) 2@ mebal idnet(Wahydrof uran, polyethers, functionalized

pol yet her s, i inelae, ratfo &t conpganenang, tdlm@mr qwtc)e&&'terbeal&dode:phenyl
ether, ag@npidrh$ wigs! Pﬂﬂﬂﬂ hal Bsml%draﬁﬁ?mct\ﬁa%tat;%u Hah§eBEPZSNE,
e or orie SR Sar SIS AIRE, Mok TEe €8 260 it Lpg;%'fgr gpgpzene,

m di chl or obehzene ahd %genat ed

al kanes, fofT¥dmp I*éohg‘?(zfr?@ eﬁBﬁ?%ﬁ?elY fr?mS t‘?‘? r?ef“ﬂ}fl’ﬁ‘é tane, methyl ene

di chl ori de and carbon tetrachloride, nitriles, for exanple benzonitrile and
acetonitrilm o=t prefefied exhopivemet e beﬂazlgﬁte,syseelhyis abthdheblaliimet hyl
pht hal at g5 afgk PHekeat@WB O afilbh OdWfrcel QEX).




30 exanpl e 0005216311 f one, diisopropyl sulfone, tetrahydrothi ophene
1, 1-di oxi de ("sul folane"), 2-nethylsulfolan, 3-nethylsulfolan and
2-met hyl - 4- butyl sul fol an, sul foxi des, for exanple dinmethyl sulfoxide,
am des, including hal ogenated am des, §or exanpl e di net hyl f or mam de,

di net hyl t d d lid 35 ket f | t
met byl et AT SRECERR IS BN e, 2 st ol ol xanpl e aget one.
Parti cul ar | {h$re@iepy eBFh @Fi §24FF uhit §°§‘P@u{‘%s‘@%§’6§e°%o‘7q]1%§156| M is

hi gher thamanivat byf at ¢henpaaili reberiqy cdgdbt asbhetiareodybjc 4ot ecpestess
according to the invention. This can facilitate the separation of the

product fgofn{h@1eeqRioM Nburedst AN diiskiBE8d F4¥F SHAPRL €idrdiashbh | & on.
45 0050/ 52163 14 The process according to the |nvent|on can

advant ageously be carried qut at a tenperature r ng| ng m 20 to 250C,
preferably lf"?’)c/ﬂﬂ £6UE5e200¢) HALER TAthA aBF%‘?"é?“b?aIYy Fr‘é?ﬁ' RO CPFRRUDLR

especial ly ¢arphle0 of genrEtisgTAR Hricwe Y atboinAtignt of tare Hnikht isyshcan
advant ageouss yhikericaacidd smlifunnceacial,t phabppomress weedpf cdrddyltio 2003105

Pa, pref epaddvarfagebddby tq -¢0; £abbbey Filtd aesResndldre rekrabiy Oedta c2Q818p Pa.
10 The procgﬁo;'pl%qergefw %4, ¢ %{W@J}g)&ganga 190" 2 6 o2 BBLASRNS| Y,

bat chwi se o m con%hpéjceuscyi b ’ﬁ t o t progess can be separated
fromthe ot %’r onen oél Aoln’ & per 8&%such as extraction or
distillati ohzz'lé‘)rb\?f‘??%t%‘fcatrﬁexm’g‘h gG4d sy ét?o:*Tk?‘Fntzﬁé‘ebe‘E?e%@xé(&&Gr%ﬁ‘er

the inventibm dilestenpseinetioxpul riarhthadaneearbaxyd ibeagidkedl y 20 reduced
as fewer 1BnnAHdEthebiopylmshuiie acid aixt di-egdnovaldier aadld ardiAfenat adud

process accaich g hethifed1FRREEOfcid, tcmbréMfcﬁim AEDE, COMRRBEAL Bonic

contai ni ng fhey C%&%k!ﬁéroﬁh&%ﬁ%&@f‘fﬁﬁé §E¥8 zfétn%sh Eol{PGRSa, according

to the |nvent|C£glsal P?q] §O§S| iﬁ cat yst toa%i added if

desired Ex BPre ‘éjr §n ot OURae ot ST AT errpl el 14.6
g (0.106 noPytueneguiforinpeid, strRyfyddrés °1&1‘brf’é31€‘ Bﬁorone ) and 5.0 g

(0 053 ndP) 2 gfydroxybrepareptlifaoidc hagial wendigsated ight exohandeas,i n a Schl enk

tube and sthdleggnheed2fencitidsasud? s pékehlogid agdldl, opesfiliatihategd was

washed Wit he£rpoxd@iBl a@faPucangs and fikeroded et Wedar, reduced pressure to

Jpect ?OE”SLL%%CF %h’bJ q‘*‘*ﬁw@é %@NE?R@‘B%%‘% 5*?:? hggﬁespond. g

to 93% of t eEl‘is mple 1
was foll @ fé%é’é@ﬁt °fhﬁtL§"ﬁé ECQdW%CﬁhﬁpﬁFhoéfhan s¥ias SPEp M@l %thFls 7 g
(0. 053 nol )wifh B Br@ehssgrh@spdi auph g €. (¥orlekanpde7 fiyosidricdspaniiing to
92% of t heonprExapp} e HEbFY, tetraphenylboric acid and derivatives thereof),

or mixtures of said compounds.

30 Preferred compounds (IX) capable of generating an anion by
elimination of an H* ion are those with a pK; of at most 3.5 and
especially of at most 2.

The molar ratio of compound (IX) to metal (VII) is not critical

35 per se. The molar ratio of compound (IX) to metal (VII) can
advantageously range from 0.5 to 100 and preferably from 1 to 20
mol/mol.

According to the invention, in a process for the carbonylation of
40 olefinically unsaturated compounds (X) by reacting a compound of
formula (X) with carbon monoxide and a compound (XI) containing a
hydroxyl group, -in the presence of a catalyst system, it is
possible to use a catalyst which contains a system (VI) or,
preferably, consists of such a system,
45



The procedwes®/sEkedpl e 1 was fol |l owed except that the

1, 2- bi sphosphi noet hane was replaced with 6.5 g (0.053 nol) of

1, 3- bi sphosphi nopropane. 15 Yield: 19.9 g, corresponding to 94% of theory
Exanpl e 4 The procedure of Exanple 1 wgs followed except that the 20

1, 2- bi sphosphi nqet hane was re ced th 7

T 5 bi sphosPhiRHBERDLRe Thheanal iy and Germons bl ataBLEC U APBRE PRI 25
Exanpl e 5 THEOOUHEEdERR RS UEﬁaanet@LwaémbW%wu agRceprPqigls 2Xy. (The21
nol ) of 1, Zedsipgpminds pX) razet have amel i) mpred. HAAY awltyvoobr three, units of

di benzyl i d&EME_QTiQn@nMLﬁ:altiﬁd, P férebdy dde Qurfit 6@r6ESPTNIE Ng to 92% of
theory Exgnpl&8-3pidhe procedure of Exanple 5 was followed except that the
1, 2- bi sphosphi noet hane was repl aced vvith 2.3 g (0.021 nol) of

1, 3-bi sphonPhl nopr gane Yi el d: gc corresponding to 90% of theory 40
Pr epar at i ontThfongy BYBRET Hd F&Pﬂﬂ%’&er(“\/r)hExaﬁ%f ipaldyguBsatyr§te93 nol ) of
1, 2- bi s( 4- pterpsivodi Aemcydvansageots Bk dep Resubskitatgds ov| washbstisoted of
acet one andalltmlesolruty@‘maMnel ba¥inqoaededalnlifyent 0 €o 3 ,UkespacDilly

pal | adi upp diagetats e Y PareiculHO30,23E63015 framed ons. 1oTlaaru&hl ow sol id
whi ch i m%gdégp%ﬁ&'r&lte@ugg O'ﬂrle eﬁ‘épé‘f &Ecq.o%fl%egé( Of afrit,
washed with to ueean r|e essure. Yleld
13.2 g, corf ? grEB‘Q% q}i‘l@g?ﬂea ?"gscé’(fu%a%?’ Exanpl e
7 was fol | o%#fTex E8FPO¥Hat HBOL, @”5103( ElEﬁb%?yh@rhkﬁéﬁe)@fﬂaﬁé was repl aced
with 8.8 g ¥{loiaikoxp gmﬂgpsofExampkﬂsxpﬁ-ph9§FMKnahhyneppatgnﬁugdoﬁoﬁhguqﬂse 2.
Yield: 1355(X) arer eehewsdipigpene 96 6hitenbe o2 ybubend| esSodtenthetpeocedur e of
Exanpl e 7 WasonedlibopegneiePhekbRds | R tinds Diwdit a@h@sa&%éﬁone) et hane was

repl aced w h4 4 mé %-E;Bk%e:?é a?nc? biyS§ A PHRSRGST a
E?agFLgng éq%egr:%o y%’loogjéac? ne, c;glog can? ﬁcggyr %é Eonyl ation

methyl acrylate, ethyl acrylate, acrylonitrile, acrylamide, an

20 N,N-dialkylacrylamide, acrylaldehyde, methyl methacrylate, the
isomeric pentenoic acids, the isomeric methyl pentenoates, the
isomeric pentene nitriles, vinyl chloride, ethyl vinyl ketone,
allyl chloride, methyl allyl ether and styrene.

25 In another preferred embodiment, a possible compound (X) is an
optionally substituted, olefinically unsaturated compound with at
least one terminal olefinic bond, especially an optionally
substituted alpha-olefin. Preferred optionally substituted,
olefinically unsaturated compounds can be represented by formula

30 (XIII):

H,C = (C Y3 Y4) (XIII)

in which ¥3 is hydrogen or a hydrocarbyl group and Y% is hydrogen

35 or an electron-withdrawing or electron-donating substituent such
as carboxyl, nitrile, formyl, amino or halogen, or a substituent
of the formula Y5-R4l, in which Y5 is a single bond or the
functional group -CO-, -COO-, -00C-, ~-NH-, -CONH-, -NHCO-, -O- or
-S~, and R4! is an optionally substituted alkyl, alkenyl,

40 cycloalkyl, cycloalkenyl, aryl or heterocyclic group. A possible
alkyl group is advantageously a C;- to Cjg-alkyl group, especially
a C;- to Cg-alkyl group such as methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, s-butyl, t-butyl or n-<hexyl. A cycloalkyl group
which can advantageously be used is a C3- to Cg-cycloalkyl group

45 such as cyclopentyl or cyclohexyl. The alkenyl and cycloalkenyl
groups can advantageously have the same number of carbon atoms
and a carbon-carbon double bond in any position. The aryl group



25 28 ng ((@osD/82163 of pal |l adium di acetate, 81 ng (0.22 mol ) of

1, 2- bi s(4- phosphori none) et hane of Exanple 1, 94 ng (0.5 mol ) of

p-tol uenesul fonic acid and 150 m of n-butanol were placed in a 400 m
glass autoclave with a gas dispersionygtirrer. After 30 sealing, a carbon
nonoxi de pressur.e of 4 bar (4*105.Pa) .was |,i The a ocI ave was heated
to 90C and SHe fi )fagp ousq’slﬁ’ bevx%spheélj&&s? afpgmtpy a|gr R Pa) for a nol ar
ratio of cAYFEROMBALYG EONB BhPih P&Ffﬁriblwhcaé’re Sﬁ%‘“h%lfr" tReaBMBcl ave was
cool ed, thensluding el wds oreB ebetrroatomsheudh (i oxpuerhaygdumasr 35 exani ned
by gas chranmtregeaphy. No deposition of paI | adi um was observed. The results
are collated in Table 1. 40 Exanple 1l mg (0.12 mmol ) of pall adi um

di acetat e, aqgtg &zg ko fudy d%mgh§<4ug@0cso%§%b&9nﬁé euenccal tfexarm'e

1, 60 ng ( oni ¢ acrd an wer e
pl aced in a‘uféﬁ% s a‘ﬂ‘?tb’c]iea\?é( PR a WSS UE R R SR IE #FT After
sealing, a Q%rlﬁéﬁlmtﬁﬁcd'easre]s]SQRQalCoPCAd%aral( 284S w&y%@eapp@lwowm
aut ocl ave vasidhemides{ @l%eGoandadite nidraleprasadkenohs adjdusseers. The
0050/ 521 £8 akAdt grdupadan belQdcidd fdireat IP! &1jacehtotof tieaidieninbdoxi de to
?;nggegf amtbléf b6&hd, O%ihgﬂgm{si% Autas! By e éﬁ%m@ﬁbg@,am‘e ngﬁféaéva% was
deposi tion Qﬁ?‘%*&’gflﬁdﬁ%/? 68 Ll V@%ngégq& %‘t ge SIS:bs’tllt 3 9 J'|pn TabI e
1. Exanpl e PE® ESa F‘)‘ ‘?f’f' SHFRaR? u‘fﬁ'ﬁ’lacet'ﬁ’f%?ené'f rrﬂ] ?‘P)teZ‘Zlmml)
of 10 1, 2- bi-@(earphbbmmrh-ﬁeﬁeyﬂhm AN BQvRItageocudly) haye( £3ommdito dR

wat er antls I=Gboin atoms bPoasdblevssxanmpllasecare mary1G0 atid) amthaotpriave with
a gas di spe{SidQn2shhtdic AEL8] B9RntBHoi@ £Ald)ORcHPIGHdtda 1B essure of 4

bar (4*105 nPeEI')h agfuflq@ Ih@u@éﬁeoqﬂl@méwa%f gatefle 043G, and the total

pressure was, a 15 (7%1 ar_ratio of carbon
nonoxi de t g et ene o‘f acﬂi‘mlde(rfe hgﬂ}:e 3 §dt gc?% VR 9R a0 d, t he

pressure vvaf‘s'srl@ls*éas‘é'&edar‘?&rﬁ( IIIE'“}‘il"t’xulad‘ Hr§E‘H%ﬁ’d’é‘t\ﬁ&sm%'5<%ﬁﬁ’We1&mwegaa§‘
chr onat 030 abtepbskibteegsb F-busanamidsal dadN st tulssdr yepentEnemide (91 #rar e
col | at ed i reskelrl ef 1sadD aikenpie dd3ids8 mhe (W-shibstinhentsd gfalthadamide

di acet ate, g‘BrJau ah8. P MMRbs€f tderdshbg ( fhd xRROGLBEP VA1 BANE1 DbndwsdP! €

E]-_ bﬁfgng}y %ﬁa@f %5‘ Qré&ﬂé *@%%Beﬁﬁé Wt\'\/lcéeacb Al 120 (rgsnidon
stirrer. pgggﬁ%biy a’ac‘,’gr g{)?f“ n]britgx &%8“‘81‘ adrg’? 49€ ‘%’ was

appl i ed. 2%@%@@6&%\@%@%%@@@% GCEXéEt%ncPrteﬁ‘éflt a%xlé}ﬁ%ssuwéo

adj ust ed t ;acrylate( 7¥4@®pPad) a¢vylaterohabutyl iasryflatar borPwBy lneeoxiate t o

et hene of It-butiit ecrylme)osrblityl aitrgthay e tRs conpkeponding pressure was
rel eased ar}ﬁiaﬂlﬁ%r Latddd, Ct'—%ﬁhéﬁ&&é/\/ai éﬁ%ﬁ@!&é)ywﬁsdﬁmt@{ﬂbeﬁ Biige NO
deposi tion ‘ééﬁ%lﬂ? nidEs rgsggi fde oly b ted in Table
1. Exarrp §Sﬁg‘§ system of ng (0.3

nmmol ) of ®nic acid and 150 m of n-but anol ver e placed in a
400 M gl ass aut ocl ave wWith a gas dispersion stirrer. After sealing, a

car bon nonoki da@ophes sprefegred émpodisengs #3)theasoapphp@dX)Thétad® ocl ave was
heated to Sessimdet be darit@nypaessart ensabsailfutidedlpbafolefin( 1h10ke Pa) for a

mol ar rati qfsenaebon atrmwib.dshub_ aliteng fsbOfe hylrodén &o Figehahredtes
aut ocl av§5 o%?l%!rega 1PLES redwas rel eased and the liquid discharge

observed. %%@%Eﬁi@rﬁ%fﬁgr?@s%%naf RSmesia () e §EheBS used

is n-pentenoic acid or derlvatlves thereof of formula (XII)

C4H7 - R31 (XII)
40
this also being understood in terms of the present invention as
meaning mixtures of such compounds.

A possible radical R3! is -CN or COOR32, it being possible for R32
45 to be hydrogen, alkyl or aryl, advantageously hydrogen or alkyl,
preferably hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl,



10 Exanpl e0080¢62168 of n-butanol [% TOF [h-1]Sel ectivity in respect of
propi onic acid ester
L@ﬂ108010950>99119512900>9912506840>9913456150>99149826700>99 Table 1 TOF:
Tur nover frequency (nDI pr oduct / nol al yst/ hour) 15 Car bonyl ati on of

3- t |5 2 0.31 I | adj di t
236 ' (0. AoPHheEEy HPRYE ¢ & %H&s FReIahy et YaroBy Bathel o 2¢6HE 1y
(3.1 rrm)l ) aBF Ibalf"dict‘féﬁﬁ;is&l?’éﬁﬁeéa &Ythq}tP‘Jﬂn PBSBQ‘FHH ) of 3 pentene nitri I e

and 34 m of nmethanol were placed in a 400 mM gl ass autoclave with a gas
di spersi on1gtR¥Z @6. aRfdBylseal afgl droup,bot s @erde phlessivuen?d obckt bar

(47105 Pg) a‘§/a§u1?@ﬁdn%d &?;yalgro%\:ﬁé@ élﬁé‘ylh%%t §E|yi Qrfipsangh thgyhobal

pressure ot our the autoclave was
cool ed, t\é\g Er e‘i i rer7fe eg)s %—%ﬁléﬁ *he I|qU| d]'tg&?cgar ge was exam ned by
gas chromat ography No deposi tion of palladi umwas observed. 30 The results
are col | at 88 PRiGple, 22 Pogfible pepemterpiggacdd Jar degiyabivedihezerfim

di acet at e, o246ormn1(a0.(B2I imid )anyf of, Bhdi {ohephosphah iasombepebpehe of Exanpl e
2, 590 M® ¢Bahs2PldisaB, prisdignegul f DsvnergCod, mBrutes( 888r&d®) sueh
3-pentene ﬁa&mé‘s cm ééngélrpfth@egga@%waq ﬁiﬁ%%ddwf@ré&o rahlaéfsss

aut ocl ave gs egg§r % S, té e Af:tn?r S8 g £ gl xi de
40 pressure of & 'f *'%rg IBa vvas app FI &a" aI'lh §u Ia% \ﬁg RRated-to
90C and the total pressure was adjusted to 7 bar (7*105 Pa). After one hour

t he aut ocl d¢eifcadweasRgaous He Weessife2 wadragbedsed i®nd-v heranspdi-dor
di schar g& waperptena madrihje gas mikxtonas ogrexeiof. Roeflpest mistuxds @alel adi um

was observedosé&ﬂt%meﬁylw RaetCabs asﬁd:dlahIabfes-%enteQQSQit&alfé?y Exanpl e
17 30 45 19 423, ﬁ&eﬁt@ﬁ@'ﬂlﬁfn\S,Y%Tfr@:(a\ﬂs)-m%?Wn‘it§11§8\9> h(axz. 0
fonic acid

mmol ) of p- toluenesu 3 pentene nitrile 5
and 34 nl of nethanol were (g%ﬂaced in_a 400 gl ass gutoclave with a gas

di sper si on 18t PROENET AAVARtRYLAYS,§MPQd g Hon lﬁoﬁ%xﬁ"?fe“ﬁllés*éﬁr‘és%fc"& Bar
(4*105 P9 twaBsappl icdd-3Thetzansodhaoe 4wpenteacdd AWiDOC BAKLYLRS t ot al
pressure waheadpflstrre feordd heixthzedObrdajhosAf tentaireinyoat léestaodcbpve was

cool ed, th%eﬂéﬁ@&ﬂ! g peatdfbiclaeaasdi and dilke sl pamtchalicsabad dgngvas exam ned
by gas chrggg a%tMeng@cdg&%sltghgghgg pal | adi um was observed. The results
ed In Table 2.

are coll at ver si on of
3- PNTOFCar bonyl ationSel ectivity[%[h-1]selectivity [%in respect ofn

[201570%5918@%&2‘3@9‘5@%? odinent, it lsngSF § togise meshEl, 25
3-pN. 3- penpgné-n|QqqnpeZ-, cis-3-, trans-3- or 4-pentenoate or mixtures

thereof. Preferred mixtures are those containing at least 80% by
weight of methyl 3-pentenocate, i.e. methyl cis-3-pentenoate and
methyl trans-3-pentenoate together.
30
Pentenoic acid and derivatives thereof of formula (XII) can be
obtained by processes known per se, for example by the addition
of carbon monoxide and a compound containing a hydroxyl group, or
the addition of hydrogen cyanide, onto butadiene in the presence
35 of a catalyst.

The molar ratio of metal (VII) to compound (X) is not critical
per se. A molar ratio of metal (VII) to compound (X) ranging from
10-7:1 to 10-1:1, preferably from 10-6:1 to 10-2:1 has proved

40 advantageous.

According to the invention, the compound of formula (X) is
reacted with carbon monoxide. The carbon monoxide can be used as
the pure compound or in the presence of gases which substantially
45 do not adversely affect the process according to the invention,
especially gases with an inert behavior. Examples of possible



TOF: Tur now050/52n831cy (not product/nol catal yst/ hour) Carbonyl ation of
net hyl 3-pentenoate Exanple 18 70 ng (0.31 mmol) of palladi um di acetat e,
230 mg (0.62 mmol ) of 1, 2-bis(4- phosphori none) et hane of Exanple 1, 590 ngy
(3.1 nmol) of 35 p toI uenesulfonlc achg, 102.nl (840 mml) of net hyl
3-pentenoate and 3 aced sS aut ocl ave

with a gas 'l §5e9§f%§1 asrﬁ PEFOQ%T é}my%ggg%mhgcargogaab%ﬁl%naé ne @ ure of
4 bar (4*10%ePaPPIRsIAFRT S8ER FhATEMoc] ave was heated to 90C and the total
pressure was adjusted to 7 bar (7105 Pa). 40 After one hour the autoclave
was cool ed,advaetREessslys \bas m@i&a&edlandft&mﬂduqul @prllas:h\ﬁfrgenwas exam ned

by gas chg %H%Eo% 9h8PbYn 'I'M)aqeﬂ?é’ﬂ,é'lml 0 W@é 53‘a ve pg&%]])l gsults
are coll ate ?b e]Z refd %B) 21Jn6 gg@%e r%m

pal | adi um di acetaa 4(5) o or| non pr opane
of Exanpl e BATt36BLARLY Prethpsbly 5”bfthﬁ FBP%rfé:é’ﬂ‘i FOF’II@Oﬁ 62thd (840
mol ) of neRuFess- peerrdidat soakke Iaventaen nig Ieagsiiedeput mla@emomra 400 m
gl ass aut octenieswpf hcanmpanddi 3 petsicarbshi noerxidaf bér lessnlthag, 5alcar bon
nonoxi deyPr&spedigldy ¢ hass( 4hdP 3 Aahndesaspiuiegdiy The mids0¢hanel yps heat ed
to 90C and #yg EQB ed1IRSSY' § 'd'J‘t gaifﬂeﬁ@ of RAE éP?gﬁth g@ 58)¢ é“\fter

one hour the 2 t ocl av mas cool ed, pressure was eased and t e liquid
di schar ge Veidte, g‘ §n gas chromat ography. No deposition of palladium
was observed. The results are collated in Table 3. 15 Exanple 20 123 ny
(0.2 muol ) Asfcorgdingntd \Whe dhvexbigr.c tde gomponpd 2f0fermula diK) is

p- t ol uenes utdagttied aftld,a HoRpotind 84X ymeoh}aiimetahtyd2ekyd- pepupnoat e and 34
31 of net hangpowREs g){kﬂc%@e' ﬁ:iaeﬂél%d& 1Q|@§J§ns5"&foﬁgévﬁ'é’!etﬂ% anGéﬁzmSl

i spersion | r e ar
(4*105 Pa) ?@é{eagég?edﬁﬁh%g g%gp&gﬁ\%agfﬁeate . 3%(@ gggﬁe t ot al
pressure wa ?pouf’ Ba? ( Af ter one hour the autocl ave was
cool ed, the pressure 25 was rel eased and the |iquid di scharge was exam ned
by gas c®9 dthet aypapdl.cawpoyagotXt) at deaphlpantiieghlvadetdrdnesdtharnd esul ts
are col | at ggkddnctabtetiie pi@sent Garooessi.oDf Giater is used as the compound
MrOFCar bony, )étt I oeﬁsl E6trel ‘Aaiﬁ’ [2did14] 8Bt &dddy ] weLe@s rlfr eapex?é&{oln

[% 3518711704380 84 %200 q>9§9 &1.20ns 030 nd Jae giﬁ’ our)

nmet hyl 3-pentenogate re
a5 0050] EPEELE3E %ce}%smari Byimay q”aﬁag%ﬂa%PﬁuFar ) rvsaﬁfa 2 a
cat al yst 2¥rPEaferaRey PHMasar alcohe 5 anea@%\rgxsqageygﬁbmcl-%o alkanols

which can optionally carry substituents such as one or more
halogen, nitrile, carbonyl, alkoxy or aryl groups. Possible
alkanols are advantageously methanol, ethanol, n-propanol,
i-propanol, n-butanol, i-butanol, s-butanol, t-butanol,

30 n-hexanol, n-octanol, i-octanol, 2-ethylhexanol, cyclohexanol,
benzyl alcohol, phenylethyl alcohol, ethylene glycol,
1,2-propanediol, 1,3-propanediol, neopentyl glycol,
trimethylolpropane or pentaerythritol, preferably methanol,
ethanol, n-propanol, i-propanol, n-butanol, i-butanol, s-butanol

35 or t-butanol, particularly preferably methanol or ethanol and
especially methanol.

The molar ratio of compound (X) to compound (XI) is not critical
per se and can vary within wide limits, advantageously ranging
40 from 0.001:1 to 100:1 mol/mol.

The catalyst system can be prepared before being used in the
process according to the invention or during the actual process
according to the invention.

45



L1 - X - L2d430/8m6dich 10 x is a | ower al kyl ene group, an aryl ene group
or an al karylene group; L1 is 15 Y1l R15 R16 R11 |I~p~I\ R13 20 in which 25
Y1 is oxygen, sulfur or NNR17, R11 ~ R12 ~ R13 ~ R14 ~ R15 ~ R16 and R17

i ndependent|y of one anot her being hyqr:;ogen, al kyl or aryl; and 30 L2 is Y2
R25 R26 35 R21 ~~P~~~ R23 R22 | R24 in~which 40 Y2 is oxygen, sulfur or
N-R27, Rel,liREpe Rasalysty sygssm Jf@eorgjmrﬁéﬂ?ﬁd@éﬁaeﬁﬂ\?ﬁglofpraﬁesanot her

bei ng hydr dgaerdingyto orhegdpveniion + ifeihag pPeavgd@dvaptageougndgoL®seo be

i dentical anetdlf cempodnds (XARQ/ BRIAB aZ22 2olvblonmpothd péadtoromimdaxtdye as
claimed in g aind éxténvhindt khepnéhnl FomCah dgiiveakbatdDysk systempeiiyl of

formula (§)¢188 Ghak"e ﬁdhe‘hlt@i.m 1 or 2inwhichb5 Xis a lower alkylene
group. 4. A conpound of fornula (1) as clained in any of claims 1 to 3 in

which X is selected fromthe group conprising methylene, 1,2-ethylene,

1, 3- propyl efRe &agalyat piHsHeanEMPLoYed ddnBaneF UTesEorREPEAXNY tostBEai ned in
any of cl aiimvehtiion4cam hehiushdYin atiee Yi2teregeneaysnore. prefenapdynd of
formul a (1 )h@fogelneba®dphaseany of clains 1 to 5 15 In WAlCh Rii, Rl12 R13 R14
R15 R16 Pd7 R21 R22 R23 R29 R25, R26 and R27 independently of one another

are sel ect e'ﬂbé rc%]@aﬁpg 9{ mCQERré@aH& G&ggé’ 'be g‘gﬁtg%%ﬂ e he E'@&f’ofy"
i -propyl, n- utey %{Jﬁﬁ& 8 ut CRE ug’&. . roces?‘f r the
prepar at i onPRft%e1 &Bfip G Phpee ’h%ﬁ formedofi oR§ PR I&‘h‘% & EPSims 1 to
6, wherei n ERRAPSHEAITEAM MBiFH Bhe 19atalpsp syscem pEpobtainap]e orrbagt ed
with a conpoeerd obttafinedulsmothey: p¢flibiRi2yYCls -t @rRpdye e yliguid(ORIsE
(CR15 R165 didg I8 ancrgartieimpelnpréofedaplm)| erdafhic (RFLidR2Z#i1Qent.(C R23)
-(GCy2)  (CR4) - (CR25 R26) (V)

Possible liquid diluents are advantageously aprotic liquid

diluents such as ethers, for example diethyl ether, dimethyl

ether, ethylene glycol dimethyl ether, diethylene glycol dimethyl

20 ether, tetrahydrofuran, polyethers, functionalized polyethers,
anisole, 2,5,8-trioxanonane, diisopropyl ether and diphenyl
ether, aromatics, including halogenated aromatics, for example
benzene, toluene, o-xylene, m-xylene, p-xylene, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene and p-dichlorobenzene,

25 alkanes, including halogenated alkanes, for example hexane,
heptane, 2,2,3-trimethylpentane, methylene dichloride and carbon
tetrachloride, nitriles, for example benzonitrile and
acetonitrile, esters, for example methyl benzoate, methyl
acetate, dimethyl phthalate and butyrolactone, sulfones, for

30 example diethyl sulfone, diisopropyl sulfone, tetrahydrothiophene
1l,1-dioxide (“sulfolane”), 2-methylsulfolan, 3-methylsulfolan and
2-methyl-4-butylsulfolan, sulfoxides, for example dimethyl
sulfoxide, amides, including halogenated amides, for example
dimethylformamide, dimethylacetamide and N-methylpyrrolidone,

35 ketones, for example acetone, methyl ethyl ketone and methyl
isobutyl ketone, and mixtures thereof.

Particularly preferred liquid diluents are those whose boiling
point is higher than that of the particular product obtained by

40 the process according to the invention. This can facilitate the
separation of the product from the remaining reaction mixture,
for example by distillation.

45



40 R11 R12 ¢US0RZ1645 R16 R21 R22 R23 R24 R25 R26 yl~ y2 35 and X being as
defined in any of clains 1 to 6. 8. The use of a conpound of fornula (1) as
claimed in any of clainms 1 to 6 as a catalyst or as a constituent of a
system suitable as a catalyst. 9. A system (VI) suitable as a catal yst,

obt ai nabl e by reacting %? a .source of ‘an ion of a netal (VI1) of subgroup
Vi1 of theT™HMTOrEs TRHIF WPt Fe Bt iEEEtHRR (F s 2dVaRERg Y58 b a
conmpound ofcdxxieg qut|at = temperetute) ranging £fel @9 tot 85%.C,10rebenuablyA
system (VI ) fxsm @loaitbeziod 1T ,cpartiéuliar lwhpeaféteblyetfabm( ¥ Yo 3 708C saidect ed

fromthe grospGaInyi sid® dltbadisora, pl ati num rhodiumand iridium 11. A
system (VL) as clainmed in claim9 or 10 in which the metal (VI1) used is

pal l adium 12. A system (Vl). as, clainmed in any of cl.ai 9 to.1l1 obtainable
PR he pr osBif &igPRR TaRtio e end arvesion din AgkpitageciB 1l B re | n
claim 13 i reafiied PHE Whi%n 215088l rreeeseuxe afek i0s 5o ctid¥idPeapabl e of
gener ati ng prefrrabdybyf 116°naei DIt 1P Ba ahd iespecidll qff 6483 Hfani20tpes

carbonyl atipg, of ol efinically unsaturated conpounds (X) by reacting a
conmpoundygf formula (X) with 20 carbon nonoxi de and a conmpound (XI)

un " 20 car bon : | D
caralyst contunreehts e dlibungleh Brd B el o, PR A Rt U8 i e 1

to 6. 25 15CORIFIGPESK, {RATINESE aPHSIRMSLREANYI U SHi¥er i ni cal | y unsat ur at ed

conmpounds (X) by reacting a conpound of fornmula (X) with carbon nonoxide
and a conponmsl gréductoof athe pgoaeby draaxpe gepamptddn firhe pheahee of a

cat al yst _ISYéé@Bne\Mﬂel’B'Yﬁpéﬁlﬁd@akﬁbtyﬁtpe&oﬁbai gscha awy skepaofidmworul a (V1) as
claimed in gpwe3Q@fioflains 8 to 14. 16. A process as clainmed in claim 15
or 16 in which the conpound of fornula (X) used is n-pentenoic acid or

derivatives_thereof of fornmul Xl1): C4g~ R31 (XII) in which R31 is -CN
or COOR32, %e‘f’é:tR?2°Fsthﬁ/JP@3‘e§l/la%W° gP BRI Profgss7aceerind.£0 HRe

clai med in én¥8NhipR,i Bhersultpequent spwrifdcasion renftt IFangPe URRIKESBYi si ng

hydr ogen20ne¢dyded ashféwvem-ymwapyed by4progpbtsnatmitoptainedutyl, s-butyl and
t-butyl. 45 0050/ 521 63 24 18. A process as clainmed in any of clainms 15 to

18 in whi chagbendiashBRRALY oelB! pPledst® 260BPAITY +8f cha! Mehtidh! dsused s

3-pentene nLﬁéé éﬁe remaining components containing the catalyst system can

be recycled into the process according to the invention, it being
25 possible for fresh catalyst to be added if desired.

Examples

Preparation of compounds of formula (I)
30
Example 1

14.6 g (0.106 mol) of 2,6-dimethyl-2,5-heptadien-4-one
(“phorone”) and 5.0 g (0.053 mol) of 1,2-bisphosphinoethane were
35 brought together in a Schlenk tube and stirred for 20 hours at
120°C. The light yellow solid formed was washed with 2 x 20 ml of
pentane and then dried under reduced pressure to give a white
powder. The product was characterized by means of 31P NMR
spectroscopy, elemental analysis and GC/MS.
40
Yield: 18.2 g, corresponding to 93% of theory

45



5 19. A proa@se/321€3ained in any of clains 15 to 18 in which at |east 80%
by wei ght of the conpound of forrmula (XII) used is nethyl 3-pentenoate. 10
15 20 25 30 35 40 45

.A'F.ASI . A Y. ASF. As3. A" F?. A'F. AFR A, F4A@F. ASAF. Af FR. AsY, . A@, . Af 3. ASY. AfF. A
sF Af 3R. Af % A AfeF’> A@x?. Af { 3eWr: =CFI Q mvwx{ vpkf " [ UU] ca] cal] ca] ca] cal] ca] c:
aljc:a]calca caa']pca] ca] cal ca] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] cal]
ca] cal] ca #& 2NOT_abdx{~ n
zuoj d_VYT] calfje Fregefers d-‘eﬁJ]Ee(a]nEaQJ] k Hasafpé dpeed cxdeps] thafl ddieca] ca) ca] ca] ca
] ca] ca] cal] tadfpdapbad sl eeilhaat cedd aajplaced with 5.7 g (0.053 mol) of
8dN_s' * 6| sw mlXisghddpealspadbaat cal ca] ca] ca] cal] ca] cal] ca] ca] cal ca] ca] cal
ca] ca] ca] ca] caU] cal] cal] cal] ca] cal] ca] caU] ca] caU] ca] ca69/ 2CNPIJLY%{ fi  c89| wm

?g;){j]SLg?tﬂa(ﬁ]céazgi}gcz]ég]ﬁco %Eg]q c%g U] ta}] ca:],caU] ca] cal] ca] cal ca] ca

& ./ R] _ac| wnhc”~Y] calU] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] cal] ca
Ul ca] caU] cal]xm!]Pd&] da] ca] ca] cal] ca] ca] ca] ca] ca] ca +beps
FHITIrI" gt o) e [ Vc] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caUl c

aU ca] cal cajya lélaaa}&aéﬂ (i.@:]aﬁ gai Q?JSC%L@%&@A except th
Tl A RO T o o
g S5 Ca ca E‘ (q(s ca al] cal ca

| &N &EE&EE&EEE: ((())* h*k*n*~xr|ga[ Upke_Zj e’ [VU] caU] cau
] ca] cal] cay] caU] caU] cal] caU] ca] cal] ca] cal] ca] cal] ca] ca] caU] ca] ca] caU] ca] ca] c
a] ca] ca] ta]tldcall@a) garcdreespdndiny aoc 9t nef .Htheokr®01122nBp3! 4c4f 4444\ 5752
uoj d*YSpke_Zj eU] ca] cal] cal] ca] cal] ca] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca]
caU] cal caU],g,ggnmL]] ga] ca] cal] cal] ca] caU] cal] cal] ca”55e6h6778899: : g;

; O<r <u<:::::>>>n’>q’>@@\A| vvrI ga\ Vpke_Zj eU] U] ca] cal] ca] cal] ca] ca] caU] ca] cal] c
alU]ca]caU]ca]c ca a] calU] cal.cal] ca ca ca] cal] ca] cal] ca] ca] caAB
BgCDD{ D gE"T‘:'l?EIfTL*ﬂG@ﬁé %AL;]]W ] U] < BR]etlZ‘TU‘Jelﬁ]h}eca]J]caU} ca} cay

ca] caU] cap ch@-m?&?@é?)f@la]m‘g]héafcw c!@tp]léa]iéa‘u@aﬂcéupca(] < gall¢aef ca] ca] ca
] cal] ca] cal cajkdapbbsptineien2e ReXQQQORRSRRRUSSSUTTTUUVWWANYt ni ¢~ XS] e] cal] ca
] cal] ca] caU] ca] cal] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] cal]
ca] ca] cal] caldical 68l 6 ‘@orresponding to 86% {

WKXXNYaYYYYQZZZ] [ S\ \ \ i 711~ __aaZaaaabbb| wrl g% Wc"X§j e] ca] calU] ca] ca] cal] ca]
ca] cal] ca c%%%]g&al]?calﬂ ca] cal] ca] caU] ca] ca] caU] ca] caU] ca] ca] cal] cal] ca] caU] ca
] ca] cay ¢ ] / €2ccl dLdJeMeeBf Ef zg}ghhii Kjjjikl kokzk} kXl ZI mmj wgkf " [ Ui c*X
Sj e] U] ca] caU] ca] caU] caU] ca] cal] ca] caU] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca]
cal] ca] caU| Tid gapeathra]chExaaptad casmtohhowed @xeepe kP @ogaqqaee Zr srrrr=
s@-~ysni d" i BUzah calbLaleabaansadidnl aabl ealgald.eabsatd cplzal cal cal caj c
a) cal] caj ca&%nc‘zaﬂgg]lggdect% Q%fjé]"fjﬁd] cajcajca @nsxsss t8t;tEttt

) e

uuuuuuvvgi‘vvvwwvw X Xpxxxxytord ca] ca] ca] cal] ca] ca] caU] ca] ca] cal] cay
ca] cal]caJcal ca ca cal] cal] ca U] ca] ca cal] ca] ca] cal] ca] ca] ca] ca
A I e

~~~] “ytoi d_ZTj eUU] ca] ca] ca] cal] ca] ca] cal] cal] ca] caU] ca] ca] ca] ca]call ca] ca]c
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1,2-bis(4-phosphorinone)ethane was replaced with 8.8 g (0.023

10 mol) of 1,2-bis(4-phosphorinone)propane of Example 2.
Yield: 13.5 g, corresponding to 96% of theory

Example 9

15
The procedure of Example 7 was followed except that the
1,2-bis(4-phosphorinonejethane was replaced with 9.2 g (0.023
mol) of 1,2-bis(4-phosphorinone)butane of Example 3.

20 Yield: 13.8 g, corresponding to 96% of theory
Carbonylation of ethene

Example 10

25
28 mg (0.12 mmol) of palladium diacetate, 81 mg (0.22 mmol) of
1,2-bis(4-phosphorinone)ethane of Example 1, 94 mg (0.5 mmol) of
p-toluenesulfonic acid and 150 ml of n-butanol were placed in a
400 ml glass autoclave with a gas dispersion stirrer. After

30 sealing, a carbon monoxide pressure of 4 bar (4*105 Pa) was
applied. The autoclave was heated to 90°C and the total pressure
was adjusted to 7 bar (7*105 Pa) for a molar ratio of carbon
monoxide to ethene of 1:1. After one hour the autoclave was
cooled, the pressure was released and the liquid discharge was

35 examined by gas chromatography. No deposition of palladium was
observed.

The results are collated in Table 1.

40 Example 11

28 mg (0.12 mmol) of palladium diacetate, 81 mg (0.22 mmol) of
1,2-bis(4-phosphorinone)ethane of Example 1, 60 mg (0.6 mmol) of
methanesulfonic acid and 150 ml of n-butanol were placed in a 400
45 ml glass autoclave with a gas dispersion stirrer. After sealing,
a carbon monoxide pressure of 4 bar (4*105 Pa) was applied. The
autoclave was heated to 90°C and the total pressure was adjusted
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Example 13

28 mg (0.12 mmol) of palladium diacetate, 81 mg (0.22 mmol) of
1,2-bis(4-phosphorinone)ethane of Example 1, 245 mg (0.1 mmol) of

25 9-anthracenecarboxylic acid and 150 ml of n-butanol were placed
in a 400 ml glass autoclave with a gas dispersion stirrer. After
sealing, a carbon monoxide pressure of 4 bar (4*105 Pa) was
applied. The autoclave was heated to 140°C and the total pressure
was adjusted to 7 bar (7*105 Pa) for a molar ratio of carbon

30 monoxide to ethene of 1:1. After one hour the autoclave was
cooled, the pressure was released and the liquid discharge was
examined by gas chromatography. No deposition of palladium was
observed.

35 The results are collated in Table 1.
Example 14

36 mg (0.06 mmol) of the system of Example 7, 30 mg (0.3 mmol) of
40 methanesulfonic acid and 150 ml of n-butanol were placed in a 400
ml glass autoclave with a gas dispersion stirrer. After sealing,
a carbon monoxide pressure of 4 bar (4*105 Pa) was applied. The
autoclave was heated to 90°C and the total pressure was adjusted
to 7 bar (7*105 Pa) for a molar ratio of carbon monoxide to ethene
45 of 1:1. After one hour the autoclave was cooled, the pressure was
released and the liquid discharge was examined by gas
chromatography. No deposition of palladium was observed.
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Example 15

20 70 mg (0.31 mmol) of palladium diacetate, 230 mg (0.62 mmol) of
1,2-bis(4-phosphorinone)ethane of Example 1, 590 mg (3.1 mmol) of
p-toluenesulfonic acid, 80 ml (830 mmol) of 3-pentene nitrile and
34 ml of methanol were placed in a 400 ml glass autoclave with a
gas dispersion stirrer. After sealing, a carbon monoxide pressure

25 of 4 bar (4*105 Pa) was applied. The autoclave was heated to 90°C
and the total pressure was adjusted to 7 bar (7*105 Pa). After one
hour the autoclave was cooled, the pressure was released and the
liquid discharge was examined by gas chromatography. No
deposition of palladium was observed.

30
The results are collated in Table 2.

Example 16

35 70 mg (0.31 mmol) of palladium diacetate, 240 mg (0.62 mmol) of
1,3-bis(4-phosphorinone)propane of Example 2, 590 mg (3.1 mmol)
of p-toluenesulfonic acid, 80 ml (830 mmol) of 3-pentene nitrile
and 34 ml of methanol were placed in a 400 ml glass autoclave
with a gas dispersion stirrer. After sealing, a carbon monoxide

40 pressure of 4 bar (4*10% Pa) was applied. The autoclave was heated
to 90°C and the total pressure was adjusted to 7 bar (7*1035 Pa).
After one hour the autoclave was cooled, the pressure was
released and the liquid discharge was examined by gas
chromatography. No deposition of palladium was observed.

45
The results are collated in Table 2.
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10 released and the liquid discharge was examined by gas

chromatography. No deposition of palladium was observed.

The results are collated in Table 2.

15
EXx. Conversion of 3-PN |TOF Carbonylation Selectivity
[%] [h-1} selectivity [%] |{in respect of
n [%]
20 15 70 1705 91 80.5
16 94 2500 >99 97.2
17 95 3900 >99 98.3
Table 2
25

3-PN: 3-pentene nitrile
TOF: Turnover frequency (mol product/mol catalyst/hour)

Carbonylation of methyl 3-pentenoate
30

Example 18

70 mg (0.31 mmol) of palladium diacetate, 230 mg (0.62 mmol) of
1,2-bis(4-phosphorinone)ethane of Example 1, 590 mg (3.1 mmol) of
p-toluenesulfonic acid, 102 ml (840 mmol) of methyl 3-pentenocate
and 34 ml of methanol were placed in a 400 ml glass autoclave
with a gas dispersion stirrer. After sealing, a carbon monoxide
pressure of 4 bar (4*105 Pa) was applied. The autoclave was heated
to 90°C and the total pressure was adjusted to 7 bar (7*105 Pa).
After one hour the autoclave was cooled, the pressure was
released and the liquid discharge was examined by gas
chromatography. ‘No deposition of palladium was observed.

35

40

The results are collated in Table 3.
45
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autoc ave with a gas dispersion stirrer. After sealing, a carbon
monoxide pressure of 4 bar (4*105 Pa) was applied. The autoclave
was heated to 90°C and the total pressure was adjusted to 7 bar
10 (7*105 Pa). After one hour the autoclave was cooled, the pressure
was released and the liquid discharge was examined by gas
chromatography. No deposition of palladium was observed.

The results are collated in Table 3.
15
Example 20

123 mg (0.2 mmol) of system (VI) of Example 8, 380 mg (2.0 mmol)
of p-toluenesulfonic acid, 102 ml (840 mmol) of methyl

20 3-pentenocate and 34 ml of methanol were placed in a 400 ml glass
autoclave with a gas dispersion stirrer. After sealing, a carbon
monoxide pressure of 4 bar (4*105 Pa) was applied. The autoclave
was heated to 90°C and the total pressure was adjusted to 7 bar
(7%105 Pa). After one hour the autoclave was cooled, the pressure

25 was released and the liquid discharge was examined by gas
chromatography. No deposition of palladium was observed.

The results are collated in Table 3.

30
ExX. Conversion of M TOF Carbonylation Selectivity
3-P [%] (h-1) selectivity [%] |in respect
of n [%]
35 18 71 1770 92 80.6
19 95 2550 >99 87.5
20 96 3990 >99 98.4
Table 3
40

M 3-P: methyl 3-pentenoate

TOF: Turnover frequency (mol product/mol catalyst/hour)

45
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We claim:-

1. A compound of formula (I) suitable as a catalyst or for the
5 preparation of a catalyst system:

Ll - X - L2 (I)

in which
10
X is a lower alkylene group, an arylene group or an
alkarylene group;

Ll is
15 1
R15 R16
R11 P R13
20 R12 | Ri4
in which
25 Y! is oxygen, sulfur or N-R17,
R1l, R12, R13, R14, R15, R16 and R!7 independently of one
another being hydrogen, alkyl or aryl; and
30 12 is
y2
R25 R26
35 Rr21 P R23
R22 R24
in which
40
¥? is oxygen, sulfur or N-RZ27,
R2l1, R22, R23, R24, R25, R26 and R?7 independently of one
another being hydrogen, alkyl or aryl,
45

it being possible for L! and L? to be identical or different.
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4. A compound of formula (I) as claimed in any of claims 1 to 3
in which X is selected from the group comprising methylene,
1l,2-ethylene, 1,3-propylene and 1,4-butylene.
10
5. A compound of formula (I) as claimed in any of claims 1 to 4
in which ¥! and Y2 are oxygen.

6. A compound of formula (I) as claimed in any of claims 1 to 5
15 in which Rll, R12, R13, R14, R15, R16’ R17, R21, R22, R23, R24,
R25, R26 and R?7 independently of one another are selected
from the group comprising hydrogen, methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl and t-butyl.

20 7. A process for the preparation of a compound of formula (I) as
claimed in any of claims 1 to 6, wherein a compound of
formula (II):

HoP - X - PH, (II)

25

is reacted with a compound of formula (IV):

(Rl R12 c) = (C R13) —(C=Y!) - (CR14) = (CR15 R16) (1IV)
30 and a compound of formula (V):

(R21 R22 C) = (C R23) -(C=Y2) - (C R24) = (C R25 R26) (V)

Rll' R12’ R13, R14, R15, Rl6' R21, R22, R23, R24, R25, R26, Yl, Y2
35 and X being as defined in any of claims 1 to 6.

8. The use of a compound of formula (I) as claimed in any of
claims 1 to 6 as a catalyst or as a constituent of a system
suitable as a catalyst.

40
9. A system (VI) suitable as a catalyst, obtainable by reacting

a) a source of an ion of a metal (VII) of subgroup VIII of
the Periodic Table of the Elements with
45
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. A process’ for the carbonylation of olefinically unsaturated
compounds (X) by reacting a compound of formula (X) with
carbon monoxide and a compound (XI) containing a hydroxyl
group, in the presence of a catalyst system, wherein the
catalyst contains a system of formula (VI) as claimed in any

30 of claims 8 to 14.

16. A process as claimed in claim 15 or 16 in which the compound
of formula (X) used is n-pentenoic acid or derivatives
thereof of formula (XII):

35
C4H7 - R31 (XII)

in which R3! is ~CN or COOR32, where R32 is hydrogen, alkyl or
aryl.
40
17. A process as claimed in claim 17 in which R32 is selected
from the group comprising hydrogen, methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, s-butyl and t-butyl.

45
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5 19. A process as claimed in any of claims 15 to 18 in which at
least 80% by weight of the compound of formula (XII) used is
methyl 3-pentenocate.

10

15

20

25

30

35

40

45



