; e3eWSTNNOPRP8&S6\ STS<I » PROCESS FOR THE CARBONYLATI ON OF ACETYLEN CALLY
" WNSATURATED COMPOUNDS The invention relates to a process for the

pr epar af nyl at ed products by reacting acetylenically unsaturated
COWOUHMM\\M\\\@M\% ronoxi de i n the pr esence gfidG dHEAFL 3 G0N
pal | adi con aétni ng catal yst. A processiof-this l%ype is disclosed In

EP- 186228. A%CT di ng to this docunent acetylenically unsaturat gg Eogggunds

are carbonylated wi th carbon nonoxide in the presence of an d/ or
wat er and of a |iquid phase, using a catalyst systemformed by conbining a

conpound of di val | adiLu a I i ic acid,
ot her than hydr ohggésg#cgghi EEE %@?@g@@h@%@zﬁ@m ﬁ%ﬁqﬁ%%osphor us
conpound broadly covers all caUNGARUBATED SOYROUNDShosphi nes, the known
process is specifically illustrated by experinments, carried out in the
presence of a nonophosphine. In two experinents a catalyst system
conprising a m xEhe elayentaenoprbapAFNECaAdPECRRAST Io¥0UME of a di phosphine
cont ai ni ng 4 Péyh r S D9RSoEScHEBEny Dt elihBrolliditBed y @aGEdtdhg ates in these
exanples are low._l1t.is irrphaa zed in EP-186228 that high reaction rates
are In part 2GR Y IGRIGRRLY B)SALRRALECCSPEPGEAOS, ML CHRRATS MRpCx ide
phosphi ne ofin htehgepﬁéﬁénéér?ﬂl abFQ&fE&BthﬂtWahthQi:aCDZamﬁm@hd each
represent a up referably carrying an el ectron w t hdraw ng

substi tuent.g{%t?%%r\%r?? ??Q?gyg{:at ed that high reaction rates and

sel ectivities arke pircesedofihthisvtepehdn 8iaadosadpant EPul86228r.e t han 20
nol es of orm’&rm i r qaOBhe b B p . Iy,
reaction tenperat uresp%k% n%ggcdare ?BEI ?gg&ﬂbﬁ%ﬁ%gé’i ;1131%%'%5 ].:eateet%la-a 22 May
2002 - 2 UfeSHRRYRAT are  capRonphebednwithngarhan peneXise drcibsl yvst
system basegske$fénd& IR Usn t AEcHRNOE PARE N6 r CREBEENENdOB £SREQiilgud abi dent at e

di phosphi nes,, not only | ower €rr£un s_of ghogghi n§ éuffi &g but al so that at
si gni fi cant IRP3TierI Bihed ot o 2EYRE gRYPESD F 3PSt BY SRAPHIGAIsEl ectiviti es
are achi evecconpounrobraéi vahentsgparladity, wahhorganéct phosphiear and
non- | i near car du J endi; o] cid
Component | orf ERCTHe 20tdr\2bTef SPhall APRESARPOATE BEIAS MinEbeag
defined as ri@ieatdefinit oprotetise fRROSPROLUS hooppauhdnbabaddyt goerrsal |y
Unsathatedé%%”&%ﬁé&bf!éé‘6¥"$¥EhﬂEEW§h8§ph_|%E§ gﬁgsﬁﬂﬁﬁnobrécess

nucl eophi | i ¢, conpound, havl ng, one” or nor e nobi hydrogen at ons as

co-react ant , 1P E cat by yhtluskiaked RE e Rerirent Souragrdfdpoitadi um
cations: (b)im tidertadencé phosphaeostioshiei general thor enparkfhBAPsRaPR3R4
(1) wherein ea{{:ﬁhjégg Rl IE R3_and R4. i ndependfntly Eegr esents a glub tituted
or non- subst§% GITHRETT CHPPEY R F PRt FREGr 8hp2 BPPREDPSEELAE: with
R2, and/or R3d agetirerr vanduid ofpa ediphosplsimat contednongndnagybstit ut ed
bi val ent cycidughl 4 Widd, Al oAl opfllled! PUBCEISHCRY LELC ihMRHELRE

val enci es of” su a cyclic group are Tinked to a single phosphorus atom
and R repr essramPlehiars ekWor gani ¢ bridging group containing from1 to 4

at ons in the bridges %Kﬁiﬁe&%%ﬂied@Z‘S Praverkgy eegkdipati ng anions
derivable from strong acids having a pKa, noé reater than 4, _.or a source of
rlgkﬁ

ani ons deri VAHS® %Mt 3 Fyl Fatne xyFiRIagi gatatysts
?onsidered Fyeﬁgmtduﬁpﬁi§im@a&tpnwspW£médéﬂgtm@ ??ﬁgkﬂwembkgnlhnyolves t he
ormation o er at.e ex_ betyeen a palladiumcation- in
coordinatiO$QEQ%§%WB¥§ﬂg§BB£ﬁ1E%H ﬂg @?B?%%hb %@ﬁ?g?gghﬁphosphine and an
acet yl eni calghenprisznaumt eor ebenpaioliyl. carryB8ng Subsléecbrensiwéthdraginyhy 2002
o Do LewRthddituddt | Mor EOR x4 PaLL AdbabLASchBL haLhy rbbBkednl 0t he
unsaturated nolety of the acetylehicalTy unsafurated cofpound and t hat
subsequent | Fa&@DARFoIRIC el YEbieS arehobhriredpiesn mpsesshpBe Sopnd
pal I adi um catr gnsrt ScEha e otsdry 20 Prbl adli M sabhniduphabbaisal perare,
for exanple, salts der:ve?,fron1n|tr|c aci d SUthUFIC aci,d or a sul phonic
acid, such I8 DHBrREe RFeSenkt ndsatt BhoRPRCELPR or
trifluoronettenpesd thiwes coficils Rredesadpyliedpal | adiumsalt of a
carboxylic acid is used, in particular of a carboxylic acid having not nore
than 12 carbon atons. Exanpl es of suitable carboxylic acids are acetic
acid, chloroacetic acid, trifluoroacetic acid, propionic acid and hexanoic
aci d. PaIIadiuﬂMﬁ sy @ particular preferred source of palladi um
cations. If de mmgmmﬂ ic palladiummay be used as well, or a palladium
conpl ex, such as pgl)adium acetyl acetonate, tetrakis (triphenyl phosphine)
pal I adi um or bis (triphenyl phosphi ne) palladi um sul phate. A heterogeneous
source of palladiumcations my al so be used, for exanple palladi um bound
to a sul phonated i onexchange resin. In the bidentate di phosphines of the
above formula (1), R ,R2,R3 and R4 may i ndependently represent any

I T



Any substituents present in one or nore of the groups represented by
' ,R2, R3, R4 and R, are preferably selected fromthe group consisting of
hal ogen atons, cyano, al koxy, acyl, alkylam no and di al kyl am no groups. The
al kyl group(s) in any al koxy, acyl, alkylam no o$ Qétﬂhfé)/ér%EtU%MéRZOOZ
preferably contains) from1l to 4 carbon-apous. He source of anions on
whi ch the catalyst systemis based (conponent c%), can be any conpound
which is capabIeQQeﬁﬁﬁﬁ§€ﬁ¥¥n;%ﬁﬂQﬁ% %@%Hb%%na ?H%daﬁﬁaﬁepalu§&Pﬂs? for
%Iarrpl e sal t?:aQ:fal\y%]taCB_ ex&,hlrmw) b@s CK@%arﬁ@D@Bé ghoﬁphb@hs f
vant ageous a pal ] adium sal f_may. use ctin oth as_a, source o
o ons-and actrbeiide a5t IRRe L b tips At PhaSoBohAsonaBEy Bl Fhar t he
formati on of lloweaarameamtsn g ftib sploihet suf 8icensbder abky ehhanaed, if the
catal yst syst 1S n- . \\ea i i.ng_ani ons,
T U o Con A BN N Rt fohes hJEESIERTRE BFp0,RE
coval ent i nt drigdt ised edititvittiee patead cim etrd onFunhe rmer eeakhg- sededinat i ng
ani ons ar e Prakarahhyt diPleupbdd of Stiiey i UtolaVifga PERDBAL1GEER! of

than 4 (neasured i'n aqueous ‘sol ution at C) .. or salts of such™ aci
Preferably aBr@eusts sanehednrrsarpd plaPerding i cfhehafig. Typi cal

exanpl es of eekpoPlenteds WHIRY diHAlddth BFE ONs whrkk eBs abgsastri ¢ acid,

sul phuric acid, %glphonlc acids, s chﬁfs.chkgrOSﬁégponjc aci d, Substitute
sheet - 22 May 2088 1 enﬂlﬁé‘rmg’r‘?o efingd asmflating to a process
trifl uoronet fate $hieplbambornydiat i dny drfH Gaodny lat it ¥ wes alsusacdd as
benzenesul phanj i, h I | G 861 - sulLphonic acid
and phosphonlgghggi%g‘gg ﬁ%&‘e%ﬁ%&f%‘%ﬁ&l@éf %}rﬁ%%%%\eﬂ%ﬁ%écﬁér%i nati ng
anions i s nepkigAeophpide compodndriatisrmne SPUmERe glokkl entydeegerd from
sterically hpRdgkedsCRobeedldtantS dhd®E RE dehydt PpdtdmwWbated fok he

formation of non-linear carbonyl ated produycts is “envisaged. Such carboxylic
aci ds conpri $8) oReSBRIREr 8IhRRY 2GHSIHEATIONTE vicinity of the carboxyl
group. Exanpl(es af bsdenhghte giphosphlinehiofdaned gendiexly!fcrmgidls are
phenyl phosphori c Qﬁbga Qgﬂgﬁqephosphonic acig )2,5-dihydroxybenzoic aci d,
2,6-dihydroxyben§o C agi ) naphthylcarboxyll£ acid and

9- ant hr acenyl car Wheykin aabh.ofhalsB@nR@abh¢ Riénderdependent ly

9- ant hr acenyl car i I d ISR 4 iscul I ! o)

nol es of bidenta?gﬁﬁ%%%ggghgngébg?lggﬁkglgr? Oap%?ﬁ%ﬁ%igﬁgﬁéﬂﬁ'|tﬁﬁ%my
vary and i s usuaPFycyaleréiphagdcofroup,t @r5R-| ttogedhede wiftdurRf + hat

suppl yi ng hi gher 3agpypt 830t ogeRRAEP R RGS RA0SLPIRIsMAS W tsuibdk t5i i dd cant |y
hi gher reaction rates or sel éctivities and i s noreover unattractive for
econoni ¢ r easonsNORT8ERBEALEYE PthgﬁgﬁﬁF GH AL oh GEONPn & 4L & d&aRF ih the
range of 0.5 to Bingl esomk dhpelhebghithe peo frlee ofleddiad Wi sLmtveni ently,

the catalyst is Led_ i n ] ch_that, . I f etylenjcally
unsat ur at ed conpggggigoggng Eggggﬁéﬁégo?°p§|F&ﬁﬁ&ﬁ?&§§§ﬁ&§§%ﬁ %ﬁgﬂ%wably
10-6 to 10-1 nol endf Rpaepadsentenat hévedentbagiganithdracdgivierdmalp y

unsat ur at ed CO”pEHﬂﬁﬁin§Hgt§?Bﬁ hoeRequged %nihh%h%r$?¥§§éﬁ i nvention
i ncl ude acetylenically unSaturated conpoungs containing from?2 to 20 carbon
atons, optiongll§ EORPERsPAgNERE 6F Werklyneperdinagipg ianiahssheet - 22
May 2002 SUbStlFaéﬂiﬁabféeﬁgbﬁbE!r@ﬁ@uEé&ﬁ%uhﬁ@iﬂbdigﬁahb%@%(§¥Béﬁéﬁn9_a
single acetylenically, unsaturated bond are used, whi bond may be term nal
or internal. VeryPahitabPE &r 8°BERF0A d?nHSP?ngeFFH € ¥ ar bon at ons.
Typi cal exanpl esstérteabhyehdadestdr chbborgldci akcidar.e et hyne, propyne,

1- butyne, 2 butyng,.l- henyl et h a para-tal yeneet . The

car bonyl at ed proggc%% §§€§¥§§5e§ﬁ?E¥8?&y%gstpggﬁyﬁg%gkgoﬁh%ﬁ 4%@¥h%ahave
est abl i shed tadtber inventéonantivodvesr dhegifprmaitdopr ofesdr of the invention
s of particyhgbrhaliehfa! cbib1bhCHERRERRSkOBAAN AICRE colididd-ng material s.
As co-reactant any nucleophiTic conmpound having one or noré nobile hydrogen
atons nay beC9§§€¥nSGFPabWétHUEWQOggpﬁpéoéﬁﬁp R8s ofc Itk RiidesHA ke

phenol s, thi@figho¥Bheheandnantieaceliebaizily ansatifada icdpamect ed
fromthe group consisting of alcohols, phenols and thiols. Exanples of

sui tabl e co-reactants are nonohydric al cohols such as nethanol, ethanol,

i sopropanol, 1lbutanol, 2-butanol, tert-butanol, n-hexanol, n-octanol and

n- decanol, pol yhydric al cohols such as ethyl enegl ycol, 1, 3-propanediol, 1,4
but anedi ol and pentaerythritol, phenols such as phenol, naphthol, catechol
and hydroqui none and thiols such as lnercaptopropane and 1-nercaptobutane.
Al cohol s having from1l to 6 carbon atons are preferred nucl eophilic
co-reactants, in particular nmethanol and 1-butanol. |f desired, the process
may be carried out in the additional presence of an inert diluent. Wen a
diluent is enployed preferably aprotic solvents are used such as ethers,
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- 9 - Substitute sheet - 22 May 2002 co-reactant and, if present, the
solvent, as well as the pressure and tenperature values, are conpiled in
Table 1. After the reaction, the m xture was cool ed and the pressure

rel eased. The products, mainly linear and nonli uH%%ﬁEHfaE?qWS§§66§’
y

wer e anal ysed by neans of Gas Liquid Chsopatograp he resu

regards reaction ra selectivity,. wth,res to | . .and non-1|i near
product are showd b r?‘sTi’rﬂd'lele_Lve H'abbievHAL S o gma &% Pﬁé?éﬁﬁ%&\?e t he
fol | ow ng neamitgalARBNEhKed®-t0 stide pihosatarbtegchobenyl pEt are HDTPP=
1,3-bis(d|-tert h|no [ e HPBNP=

1. 3-bi s(0- ph ?ﬂﬁﬁ%&ﬂ %%ﬁéﬁgﬁhﬁ%ﬁgﬁgpund and that subsequently

1, 3-bi s(di - senuﬂunyMpmMﬂﬂdeuﬂqﬁanﬁﬂwﬁﬁh tiee haomsléphoni ¢ aci dTMB
-trifluoronethan ' Oa5eL i £52

Ex. D phosphineAcﬁ?%éet?P%neco %?kéél g%% Ratesg Qa 2 ﬁn%?ogﬁngl)unsatur
at edr eact ant paddagdaimc)s@dd 4 Sq#ﬁﬁh#ﬁnﬁ%%h%d%ﬁ%(nf?{b%#?ﬁﬁi€+)FﬁﬁéérPd hr) (

0 SR pent y ey £ 406§gfr%t9mém$ LT o 0 62005 uERBH c
- pent ynenet hano
0 3VBL- pent y AEHEY h oG SRR B e SHAREFHRRODC

50net hanol di gmmemgmcmmaaﬂmém SHEREVBREPRI 0. 3TAet hyne ~

somra ARG S ARG, & G BRI oo

strong acid @segni dm p@mtae:ul@suqus a rcarrtmwlemmmmwmm noh mérei near

unsat urat ed epber g2 Hﬁm&%ﬂ s .t S dind &ﬁtﬁleél?ﬁepeswbﬁyu{:l c acid
was formed, in Exanp I'T] the rmethyl ester ro acrylic acid
and in Exainélﬁﬁ éﬁG poertd raahd (EQLQIQﬁC%ﬁ#%H4Q9§m| EfuﬂFPFC%ElC

appreci at ed aaaa nptrbph@ﬁrnd g d %n&li He iR adied. GPH\EB#dﬂ@mdad:étalﬁéd as
2 S ar R BETGHEl s PRTAT TRk SO G S RSN SaffaPene
di fference that af desmmeﬂoumetaab&aabammadlum'mayﬂhglusédya$uwemipd acid
was used. The_cat t r an] C condi tions and

Bcd! Py haifiE gy IR ool

results are co reV| ions used therein,
have the fol agwtwganeanmge HbERPakisE, 3tb‘1$>(!mrwtlmhqﬂnmmmncr)§)¥th@mPPA -

phe”y|phOSphBB'51§CN@rﬁﬁﬁeny@pﬁ%%@hﬁ%%@yb%@ﬂ@@&ﬂﬂ(%dﬁﬁﬂkﬁﬂjpﬁP =
1,3-bis(dip henﬁeghos hi no) propane

Ex. Di phosphi REBEFage ?9P§n§@8r§@leéWQﬁ&lﬁéﬁégbpﬁiﬂoRﬁnﬂﬂﬁ(qﬁﬁﬂ)%ﬁsaturated
react ant vent pged; (@bﬂrnélx/aﬂi@hlel paA N ae ueo Bl W )as Witdshonated ion-
hr)($)I|near% @%VIBDE

3PPApr opy nEREPARASI BR§IPre60903403970. 5301040VI | BDSPP
. 3PPApr opynenet hanbhdi hlidentatessapbocrh3ses04FVIitheBERrYe formula

ACADheny| St hynemernate) B0 1040000 LATASIMRRGas T present any
. 3TAphenyl esbBbaEAtuRadoPdi Hopmsebstitutedy 214 pitARDIRP

.2pheny|eth&ggmggmgFggﬁggogggg 71050BBDPPP
15TApropynenethano MN NN O .- 13 -

d 115703972301Q40
Substitute sheet Suigab ?vgy%ggega’ﬁﬁs B26PB s B U P 1NV RO DAV aci
or a stericakkgmhindered aarthonr awknrss iim tpheticdes rfrdm fortmté on of a
non-1| i near unsa urat d est

S _VI-VLLI .th in duct. was
nethylnethac??F ﬂmEXaﬁﬁﬁgspfﬁ Sﬁ&e eRé ﬁ&h%ﬁ iiégh (#%ﬁ{alnlng
1- phenylacryfromaélﬂo BxaapbenAatbus . c Gingakilkyl, grotupsrswylibe kinede

nventi on) A3 eKPERLARAL WASHCAL) KEd R0l Lngyulis kNIl loL A1l ng o

Exanple I X, wt fference fhat the catalyst nposition did not
contain (an aubafisytedi sAkydgrenp, TRBYr svght subst itvhadiad kvl azair 2,

showi ng t hat ?EEQeEQBQW}ébﬁQﬂa@.ﬁsp'h%@:e&@@@ that HHEh JuElithadix than in tﬂe
exper i ment RS 168 o P R 8Pl Lk T OB S A1t e SRl 10 Lo the

i nventi on)
ethyl, propyl, butyl and pentyl groups. Examples of

OO0OO0OO0O0OO0O0o



An experinment was carried out, substantially according to Exanple VI, with
" the differences that the bidentate di phosphi ne was
bi s- (di phenyl phosphi no) propane instead of bis-(diethyl phosphino)propane and

t-hat the anion source was trifluoroacetic acid Sd?)%rtlﬁﬁéisﬂéetphﬂ)f\h&h?é@fom c

acid. The results are included in Table_2,4 show en at & reaction
tenperature of 115 C the reaction rate vvas only 70 nmol /mol Pd. hr. - 14 -
Substitute sHeegferpednalkybororpssareSERORIOPA L), mesopdaxsprlwésls anst the

car bonyl ati ont@ftﬁ&@&yﬁﬁewagwuﬁgsahgr %he@sﬁ‘é'%ﬁ%ll'l‘iﬁ pdfieGaHon nonoxi de

in the presence of a nucleo | 1’c conmpound havi ng one_or npre nobile

hydr ogen atorf%l%n%%t?eﬁéPBﬁ?Phhﬁﬂ Sheacé’ﬁipélwgt 235t OhSHaHT SHFQRIe Y
source of palhagly Lgm@gphpﬂg) ﬁ,b&,panal fapt aeemdnphiosed.ne of the general

formul a RLR2P- R- R4 i de endent |y
represents a subf&ﬁ}gjg o‘FY‘ﬁ%‘ﬁagth?Ff‘ﬁt QEOHPFpI’IEFraLB%& C&ycti&al i phati ¢
group, or Rl dtogetheresi whtkR2upabhd/ b2 R3nyogedbhs; wirklfeRablapresent a

substituted )(35}{#&?\%@? %£bg5\/§€ Qh\_{gl gn{L_ oC¥C &ﬁgggggﬁsvvl tslﬁc%t deast 5 ring

at ons whereb encres of such a“cylic éroup are linked to a
singl e phospHiakohekd - ared Reyeppegbllgraubpval ent organic bridging group

containing from 1rﬂé> ﬂl\?épéﬁt'é‘yéi‘fcb +888s @HQt(ﬁ}ayabEO&*éﬁQe%fen"&@H' b9
weakl y coorle}at n| ons derlé/abl e fromgtron pKa . not

greater than rEtR RN 3pd/ BEeraEPSgFﬁSFh B’t‘-@ Bal'l fo‘ﬁpﬁ&éreed
car boxylic acatﬂslea?st e pfnwsa@ﬁsplﬁrefdranlyl froimle wbenei miagcat al yst
systemis useq: whi ch, as [e g i s.b seg on_a di hosp%ﬁne of ,formul a
(1), wherein L oflrhlpaf-'& %u o?n&e 8n eﬁH’? PEEF‘ESe S ar§1&85t| tuted
or nonsubst i thitexd cadmg/xrme)mlmava:mgbémoatdmlsoas cangoatamspsbul. cixcpiccess
as clained i t h Lpe r eyl I e or
nore of Ri, R%x%ﬁaér?m repre eénI?es %Psg‘g ?P%}g 08{:%{8% gﬁbg'?lgt %J:lgg

cycl oal i phat |ﬁ9rgrﬁii?6‘l§/ﬁ€t R Q’bYQﬁﬂl%‘@@ﬂon%remoh preeéydeds clained in
claim L IWn(elren e (dhe hfreelaiahle%@ﬁé Lk ecilees 112Rebby02003;dlypbosph ne
of formula et her wi er. W represent a
cycl oal kyl eng)}@%’é’ iHPRr JIAY% YD ?‘F n@d%?ﬁ t §ar9\°’ar5&8§saggm§ral ned
in any one oforclat rmvol-dbrwrerﬂﬁ‘g R t@aps eslendls aneefhythae apaat.
trimethylene ;groun.o & of“sf{{ﬁcgosf a;fl&éf‘%ﬁgd%'y&f@yg%uﬁls%% 1;3. wherein

t he catal yst "system  as regar
1, 3bi s(di - se@m&i&qcmwmhd&p?nmm opeeleme, 1,4 cyclooctylene,

1, 2- bi s(9phogp 1o pé&Iehasghabycycl ononyl ) propane
or on a 1, 3-hbi EJ: hosp |cyc onony %crop%en’gy é7 A process as clained in
Y

any of clai m& &Nt a catal yst systemis used which, as regards (c),
i's 3asgd Zn an amdiefmat\aﬂwcﬁ ﬁl@itnéﬁf&&fefofmm4(lprc@n§@ih1ﬁé gweh an
aci pr.ocess a Al of ¢ a_cat

systemis usé e\ﬁ?ﬁ %‘ 3%“?%%% Cg/ CiFrORLLLH %ré\?%'ffﬁgf Iva?ﬁlﬂ&e?‘gd

car boxyl i c asiigworofa ma dihegmedardeich prixgsasrabscelar npdefaraag of cl ai ns
1-8, wherein r e I i saj upat ed nd
havi ng from Eq'%e%cttaér boﬁsggnsﬁiessarhszg% %./ njAfaér%%/eélg gé %fié ma§8flﬂgggl aim

9, wherein etHyrde? M%W@W@Wmﬁlm’é@anqa 12pbé8éBs as
clained in a ngprpghﬁldp‘tljorg&,ylwc%&@samci eg).pgigl(g_co reactant a

conpound is appl ied, selectedfromthe group consisti of al cghol s
phenol s and m%p@abﬂzcyq&m@s@%@w%%@vﬁtww rﬁ:lﬁre%ﬁergi’ﬁ Ehe

nucl eophi | i Cp&@ﬁa&@ﬁ:@iﬂ ez Y tﬂ{@@c&oxﬁwmrﬁwsfawahéomk@arhﬂewﬂtonrs such as
nmet hanol or Jt tanol is used. 3 Use of a gat al%ﬁg $y€ andefI ned in
Claim?, in FREEIGRES AR BaildREE Grdonraornedcdhersosed  hg
Substitute slietl,127; 9@B. 2002 14. Use of a catal yst system as defined in
claim8, in the e a t 19/ T1871FF
a2 A E AT R Rata gl AGIRGAEYOF) SEERPLELLS) Seng

CAFFEHL{ T n@ﬁ'l}iﬂs-m&tl Rotalesd:s| d‘a]hﬁa]mﬁ%ﬂ@ia-]!a?%h@@‘é?@a?‘é@lpcﬁljlé‘é] thechyea] ca)
ca] ca] ca] ca] pakephethRlAakeal sl anl @2l £ o] § Rel SRba FEBNeasily




+, tu+
" }xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] cRa] ca] ca] ca] ca] ca] ca] ca]ca] cal + , #$ , -NRS

.1 & 67}xsnid_Z] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]c ittfd SRe&al gg]w@)] 2@jxal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cald Qyzpq. ABﬂxsnl d_Z] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] cal coordinate with the palladlum cation. Preferably

1 gg?ggi g;} i;ﬁpgeébﬁekgg] %ghggh?gj] gaol gcgilr&edm]rc&] g al C@d» ca] Eatsap cal ca
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have no, or only to a minor extent covalent interaction

with the palladium cation.

Non- or weakly-coordinating anions are preferably
derived from strong acids having a pKa not greater than 4
(measured in aqueous solution at 18 °C), or salts of such
acids. Preferably acids are selected having a pKa not
greater than 2. Typical examples of non- or weakly
coordinating anion sources are nitric acid, sulphuric
acid, sulphonic acids, such as chlorosulphonic acid,
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containing a single acetylenically unsaturated bond are
used, which bond may be terminal or internal.

Very suitable are compounds having from 2 to 9 carbon
atoms. Typical examples of recommended starting materials
are ethyne, propyne, l-butyne, 2 butyne, l-pentyne,
phenylethyne and para-tolueneethyne.

The carbonylated products obtained with ethyne,
propyne and phenylethyne have established industrial uses
and, accordingly, the process of the invention is of
particular interest for the conversion of these starting
materials.

As co-reactant any nucleophilic compound having one
or more mobile hydrogen atoms may be used. Suitable
nucleophilic compounds include alcohols, phenols, thiols,
water and amines. Preferably, a co reactant is selected
from the group consisting of alcohols, phenols and
thiols.

Examples of suitable co-reactants are monohydric
alcohols such as methanol, ethanol, isopropanol, 1-
butanol, 2-butanol, tert-butanol, n-hexanol, n-octanol
and n-decanol, polyhydric alcohols such as
ethyleneglycol, 1,3-propanediol, 1,4 butanediol and
pentaerythritol, phenols such as phenol, naphthol,
catechol and hydroquinone and thiols such as 1-
mercaptopropane and l-mercaptobutane.

Alcohols having from 1 to 6 carbon atoms are
preferred nucleophilic co-reactants, in particular
methanol and l-butanol.

If desired, the process may be carried out in the
additional presence of an inert diluent. When a diluent
is employed preferably aprotic solvents are used such as
ethers, for example diethylether, 2,5,8-trioxanonane
(diglyme) and tetrahydrofuran, hydrocarbons such as n-
hexane and toluene and ketones such as acetone and
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Ethers, in particular 2,5, 8~trioxanonane, are
preferred solvents.

The process of the invention is carried out at
moderate reaction conditions. It has been observed that
at relatively low reaction temperatures, e.g. at
temperatures below 100 °C and often even below 90 °C,
high conversion rates and high selectivities with respect
to the desired reaction product are achieved.

In general, the reaction temperature will be in the
range of 50 to 140 °C, preferably in the range of 60 to
100 °C.

Preferably, the total reaction pressure is in the
range of 2 to 80 bar, pressures outside this range not
being precluded.

The process may be carried out batchwise, or in
continuous operation.

The invention is illustrated by the following
examples.

Examples I-V

The experiments were carried out by each time
charging a 250 mL magnetically stirred Hastelloy C (Trade
Mark) autoclave with the acetylenically unsaturated
compound, the co-reactant (methanol) and, whenever
employed, the solvent.

The autoclave was pressurized with carbon monoxide at
40 bar and the catalyst solution was injected under
carbon monoxide pressure. The catalyst solution comprised
0.1 mmol of palladium (II) acetate, the bidentate
diphosphine and acid, dissolved in methanol.

Subsequently, the carbon monoxide pressure was
brought at the desired value and the contents of the
autoclave were heated to the set reaction temperature.

The catalyst components (other than palladium
acetate), the acetylenically unsaturated compound, the
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pressure and temperature values, are compiled in Table 1.

After the reaction, the mixture was cooled and the
pressure released. The products, mainly linear and non-
linear unsaturated esters, were analysed by means of Gas
Liquid Chromatography.

The results, as regards reaction rate and selectivity
with respect to linear and non-linear product are shown
in Table 1.

The abbreviations used therein, have the following
meaning;

BPBNE 1,2-bis (9~-phospha-bicyclononyl)ethane

BDTPP 1,3-bis(di-tert-butylphosphino)propane
BPBNP = 1, 3-bis(9-phospha-bicyclononyl)propane
BDSPP = 1, 3-bis{di-sec-butylphosphino)propane

MS = methanesulphonic acid

T™MS = trifluoromethanesulphonic acid

TA = trifluoroacetic acid.
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anion source results in the predominant formation of
linear unsaturated esters.
In example I the methyl ester of 2-phenylacrylic acid
was formed, in Example II and III the methyl ester of 2-
propylacrylic acid and in Example IV and V the methyl
ester of acrylic acid. It will be appreciated that
methylacrylate is also formed when a weak acid is used as
anion source (Example V).
Examples VI-X

The experiments were carried out in a similar manner
as described with respect to Examples I-V, with the
difference that as anion source a weak acid, or a
sterically hindered acid was used.

The catalyst components, reactants, reaction
conditions and results are compiled in Table 2.

The further abbreviations used therein, have the
following meaning:

BDEPP = 1,3-bis(diethylphosphino)}propane

PPA = phenylphosphonic acid
ACA = 9-anthracenylcarboxylic acid
BDPPP = 1,3~-bis(diphenylphosphino)propane
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The table shows that the use of a weak acid, or a

sterically hindered acid, results in the predominant
formation of a non-linear unsaturated ester.

In Examples VI-VIII the main product was
methylmethacrylate, in Examples IX and X the methyl ester
of l-phenylacrylic acid.

Example A (for comparison, not according to the
invention)

An experiment was carried out, substantially
according to Example IX, with the difference that the
catalyst composition did not contain (an acid) as anion
source. The results are included in table 2, showing that
the carbonylation proceeded at a much lower rate than in
the experiment of Example IX.

Example B (for comparison, not according to the
invention)

An experiment was carried out, substantially
according to Example VI, with the differences that the
bidentate diphosphine was bis-(diphenylphosphino)propane
instead of bis-(diethylphosphino)propane and that the
anion source was trifluorocacetic acid instead of
phenylphosphonic acid. The results are included in Table
2, showing that even at a reaction temperature of 115 °C
the reaction rate was only 70 mol/mol Pd.hr.
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CLAIMS

1. A process for the carbonylation of acetylenically
unsaturated compounds with carbon monoxide in the
presence of a nucleophilic compound having one or more
mobile hydrogen atoms as co-reactant, and of a catalyst
system based on

(a) a source of palladium cations;
(b) a bidentate diphosphine of the general formula
R1RZp-R-PR3R4 (I)

wherein each of Rl,RZ,R3 and R? independently
represents a substituted or non-substituted aliphatic
or cycloaliphatic group, or Rl together with RZ,
and/or R3 together with R4 represent a substituted or
non-substituted bivalent cyclic group with at least 5
ring atoms whereby the two free valencies of such a
cylic group are linked to a single phosphorus atom,
and R represents a bivalent organic bridging group
containing from 1 to 4 atoms in the bridge, and
(c) a source of non- or weakly coordinating anions
derivable from strong acids having a pKa not greater
than 4, or a source of anions derivable from
sterically hindered carboxylic acids.
2. A process as claimed in claim 1, wherein a catalyst
system is used which, as regards (b) is based on a
diphosphine of formula (I), wherein each of Rl,RZ2,R3 and
R4 independently represents a substituted or non-
substituted alkylgroup having from 1 to 6 carbon atoms.
3. A process as claimed in claim 1, wherein in the
diphosphine of formula (I) one or more of Rl,RZ,R3 and R4
represents a substituted or non-substituted
cycloaliphatic group with 5 to 8 ringatoms.
4. A process as claimed in claim 1, wherein in the
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R3 together with R4 represent a cycloalkylene group
having from 6 to 10 ring atoms.

5. A process as claimed in any one of claims 1-4,
wherein R represents an ethylene or a trimethylene group.
6. A process as claimed in any of claims 1-5, wherein
the catalyst system, as regards (b) is based on 1, 3-
bis (di-secondary-butylphosphino)propane, a 1,2-bis(9-
phosphabicyclononyl)ethane, a 1,2-bis(9-
phosphabicyclononyl)propane or on a 1,3-bis(9-
phosphabicyclononyl)propane.

7. A process as claimed in any of claims 1-6, wherein a
catalyst system is used which, as regards (c), is based
on an acid having a pKa not greater than 4, or a salt of
such an acid.

8. A process as claimed in any of claims 1-6, wherein a
catalyst system is used which, as regards (c), is based
on a sterically hindered carboxylic acid or a salt
thereof.

9. A process as claimed in any of claims 1-8, wherein as
starting material an acetylenically unsaturated compound
having from 2 to 9 carbon atoms is used.

10. A process as claimed in claim 9, wherein ethyne,
propyne or phenylethyne is used.

11. A process as claimed in any of claims 1-10, wherein
as nucleophilic co-reactant a compound is applied,
selected from the group consisting of alcohols, phenols
and thiols.

12. A process as claimed in claim 11, wherein as
nucleophilic co-reactant an alcohol having from 1 to 6
carbon atoms such as methanol or l-butanol is used.

13. Use of a catalyst system, as defined in claim 7, in
the preparation of linear carbonylation products.
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