; e3ej Fg4R6TFIV 01 23 July 2004 PROCESS FOR THE CARBONYLATI ON OF

ETHYLENI CALLY UNSATURATED COVPOUNDS This invention relates to a process for
t he carbonyl ati on of ethylenically unsaturated conpounds having 3 or nore
carbon atons, by reaction with car bon1 nonoxi de and a hydroxyl group
cont ai ning conpound in the 5 presence of a catalyst systemi Q@'JHQZ@?@‘
source of palladiumcations; a bidentate di phosphine and a sourcé of anions

to prepare carboxyl bgopgigds g/ [ in the
art and described in F@gjexanpléﬂéﬁﬁiégégﬁgig?agg-E&gigééﬁgﬁgﬁgﬂﬁﬂk

WO A- 984271 7. 10 Bependi ng on cabySESURATEAL tCQMPQWRAREt i ons and substrat es,
carbonyl ati on of ethylenically unsaturated conpounds having 3 or nore
carbon atons can proceed.with varying selectivities to the several possible
i soneric product s Thisarmyragt yorl delaCeseral lay paddeonecosopgsi ¢ 15 product
is preferred. The selectivity_towards one_qf several possible isoneric
products is cﬁﬁ%&fﬂ%ﬁﬁ?ﬁ%ﬁéﬁ%ierﬁygeﬁﬁFagﬁé'&%ﬁﬂﬁﬂﬁ%&?%nc%me%%QfenicaIIy
unsat urated conpdyylss hawimérs @érggheaQ@hggnH§(¥ghcﬁ ) O EHeCLL VbL Y
towards a linear product, i.e. towards 20 reaction at the primary carbon
atom is of tefC@&IYHbland Forh¥daapyé, Jraupheopdidriang orompowndpbmetibs of
det ergent conpesidd s, £f4a | nereas he selectivity
wi th respect n?o Isi near ocigr%)oél%/ %?’%E %?ggﬁﬁg‘%%&dﬁr}i%o‘%g O%Jf)%ed °£

sel ecti vi ti esPedi@ddsima da tmeans praduttiendn tiee dilptha ayddi iy 4 Provesses
described in - A- 0495547, EP- A- 0495548 and .\WD- A-9842717, there stil

exists a needggoﬁ E%ﬁhépiﬁﬁﬁ%&ﬁ%ﬁg?rg?xygécSéF § ARS PovRERES: | i near
progucti f_ - ? s:ﬁ&léubpdﬂ%fbIﬂgVEhéw$ﬁ£a4aﬁeaaQ&9@%ﬁs6éyﬁfﬂﬁﬁd_inth
car bonyl ati on_of e ne js de : e_process is carried out in the
presence of al@at &r";‘?‘g'\pifyﬁpe'rﬁ'é@%%#?ggngEgéﬁr’Q&igﬁ:’tﬁ%s 3G MG TRE 3 Blp

Vi1 1getal, and apkpdeatidie oH RAOSPNY 8€, Srebkctoomilana: RUR% 2ha R3 - R -
R4 _p < RSR6 (! mhgrein@%frepreséﬂ?g a'pﬁosghorus'agb#i R, ﬁa¥iR5 and R6
can i ndependefitPytrésesseairnshmklon aff feéhyArndmaldnalunsadutsttiadit ed
organi ¢ groupg£288t.auli RgA kP 3 [ c a hr ich, t he .group
is linked to tﬁeBphosphorus nﬁ)omeé{“dﬂ%%% gépgﬁgegg%nﬁ%y‘g é:\gr&eeseedntw'ledg
opLi?n?I{ydsuﬁgtwﬁpge@e&@ﬂﬁiwﬂﬂgéﬁnbogtﬁgpsgra@aR_pﬁﬁ&ﬂfﬂi?ﬁﬁf&ﬁﬂdonalIy
substitute gL Qu it_Ls.nenti.one at__preopene
was 15 foundé%gggéhgff?gc&%gﬂ%ﬁgi#¥§¢§$at EPSrFE&yé?ﬁ§%‘¥ﬁ%ﬁst ric
descilbbed caLgtydu%yitsemrceaFmeacgj em@lf aejaeoﬁibmt@'g taalm:ae:dtsowﬁr kemyl at e
propene. It now, surpri.si-ngl.y been. found.that a catal yst system as
descri bed in %@fﬁf@%l@&?ﬁlé&ﬁIﬁf?ﬁﬁ%%@s?ﬁ?dFﬁgﬁothgag&ﬁﬁbnylation of

ethyl eni cal | yregsaselated viajpowsls tieyi dgrBoaylaRESnC @t .camsn the
car bonyl ati on ﬁrocess is carried out in the_presence of an aprotic solvent.

Mor eover, car® ﬁ@FHFFBﬁdiﬁopﬁgﬁﬂﬁﬁxﬁﬁﬁiﬁﬁ BhPE MoZpegpribencatampst system
and environmepbqi 88K EEriR 8 2% dibud e9i PSRLSEt bybhmctowar ds g JLinear
product . Accordlng[y this invention provides a pfocess for the

car b&fRyl at i ont@2CELAY Bhi Ehkl Primsatrearklr oapoundéshaftry Sesirable.
carbon atons r j ith ' d [ | _group

cont ai ni ng coﬁ%ﬁuﬁgg%ﬁ9?ﬁ2ﬁ§0t%%%?%%?e o% %8%a§§|§§?9§§§3§§1P2c|uding: (a)
a source of pitedientcatippnsitipn:s beiiEmtas ehairphbephi medef thornmul a |
R182 >P - R3 - -_R4 <_R GL): 3. 703 23 July. 2004 wherein F
represents a'b%%%%%g%ugggtgﬁgggfl%%fyFﬁ%%ﬁmf*@??ﬁ ep8ndeRERY represent the

sane or differerivooplabhahl predusidsd.ut ed organi c groups containing a

tertiary carbon t hrough ich the group is linked to the phosphorus 5

aton#gﬁs and R4 ﬁ%ﬁg%gﬂﬁ%ngPQQ?ESiﬁﬁﬁﬁ 4%nﬁﬁ?91§5b§ti%HFéH BER{HERe

groups, whi cheax ep€opest fdabyadinaC Yodisid & 0A8s0E: gEQUPLR and R _

represents an optlonallzqsubstltuted aromatic grou§é4é%£§a source of anions
[

derived from&2acP°hat? ngER-PrE 4EP A4S FndhdiP A ur tleze $8iClin an
aqueous sol utdPNgt £a% rh g0l i B LRe Jr ese Jolp-Ta) ggrghéc §P%¥§E¥i &n the
process according to the i1 nvention, suitable sources for paf a |un1oF
component (a)twar@seaitinsakt prosiusit .as for exanple the salts of palladi um
and halide 15 acids, nitric acid, sulphuric acid or sul phonic acids;

pal | adi um conpl exes, e.g. with carbon nonoxi de or acetyl acetonate, or

pal | adi um conbined with a solid material such as an i on exchanger
Preferably, a salt of palladiumand a carboxylic acid is used, suitably a
20 carboxylic acid with up to 12 carbon atons, such as salts of acetic
acid, propionic acid and butanoic acid, or salts of substituted carboxylic
aci ds stch as trichloroacetic acid and trifluoroacetic acid. A very
suitable source is palladiumIl) acetate. 25 In the di phosphine of formula
I, Rrepresents an optionally substituted aromatic group which is linked to

b1 oy N T




groups as well as groups containing hetero-atons such as halides, sulphur,
phosphorus, oxygen and nitrogen. 5 Exanples of substituents include

chl oride, brom de, iodide and hydroxy, al koxy, carboxy, am no, am do,
nitro, cyano, thiol or thioal koxy groups. Exanples of ethylenically

unsat urat ed conmpounds having 3 or nore carpan atoms include 559@92904
1- butene, 10 2-butene, isobutene, pentenes, hexenes, octenes an odeceaes,
1, 5- cycl ooct adi edey WychoB6dodales pebbﬁbspEQEGMﬁﬁftéi@oﬂﬁﬂéﬁﬂgnnE%”l'
The process %gﬁggdiqg fo the in%e tiog has been found to be especially
advant ageous Tor THE cF bSRFALPEA - of RS PERGES Scdrfp disi i ohtaie the
internal ly upsaiswraiedsf siChzas1i,0k 8¥3FBhE c2nbPul; r :

nmet hyl - 3- pent en ateégror t hese cgnpouﬁds sigéygggggggﬁép%%%%déggiﬁﬁ Bceur
and |inear p%&%&%’f Fhore UIifi Bakaly o206t ai bidanteteedpphosphint t he
presedt inveet ¢ Ri:0h regi osel ectivity towards 20 the Iinear product can
al so be obtained for internally unsaturated conpounds. Preferred hydroxyl
group cont ai ni ngRé®#pomnds »P e- wat erréndpakkafigbs. If the hydr9¥yl group
cont ai ni ng conpound is water, the product obtained will be a é5 car boxylic
aci d. Esterswapgedbt & nerpidsehes hydpbaybhgraspatent;airdi NrZompdungyi g6an

al kanol . More_pr rabl y, t hydr oxyl oup containi ng .conmpound is an

al kanol . Sui 3§| gkgile%%r% %J#%r%lﬁﬁ%r%‘ﬁﬁggl EgﬁoFgfﬂepPéf &idfigremose havi ng

from1l to 6 catbonaatigns\pest imlesal r éh@fcagr59§5390%§%rg}{ﬁ hanol ,
pol y--al

et halr}gl, pro anolé isopr%panol, but anol and phenol , anol s such
as T 2-et hantdf bf-*&¥d SRR dihR dF Foughevhtivhnthgegrofint Hes i Inwsdd oo ar e

especially c r et hyl enj I turated conpound having 3 or 35
nore, and no#@ép%}ré@%@lﬁl%% Y aﬁtod?’ %egncgﬁlgo’ﬁl ¢BRRICBGdY Feprpsemy July

2004 as for exaipheldgt endsr:togesanted SaTRPCeed Ybhpsarhen gronoxi de and
an al kanol havin ess, .nore particul ar or 1 car Eon atons. The ratio

3 or |
(v/iv) of et h??%ﬂ?%ﬁ?l‘g'ﬁ s SRFLANAE JGb R AT B ed ayemakylc @remp.cont ai ni ng
conpound can varynbpbween enigde 4 ii{ tis U I Les. .| he_ range of
1: 0&}# to 1: é}?,qﬂrﬁre suitably f rorJﬁ 2:l1 Wﬁ%ﬁ%ey%%#b%ﬁégg%ﬁor‘iJa}seacti on
accordi ng t o-PHE | R ehei 84 fifd cudrty ited canbarty Iadter bo et henpatattr ehaand
pressures. k&Suid agt tures are in, the range of 50-250 C,
preferably in the %Jr:lg}gégf %\6%?;0 C. %;'F%ee% S iTh HreYsdr 85 oksbaing at
| east at mospiere cto Suerhbhylptesyuopsnare in the range of 1 to 100 bar,

preferably in t r e 65 .banr. 15 Carbon oxj de parti al
pressures in thﬁ a}%% %$L1g8§8 ér‘Slgrg&Yp%’gfe@r %%nﬁq?%gz Bre8ead Ya&cor di ng
to the presentstiawensi dascrhbedadhoworpreelde a4 Iyéeﬁiuicee'bta%u@u“li form
or giol ut ed \@Jhteh AN iger rg_as su%‘r; a'g Ei trogen, carbon di oxide or nol?i e
gases such as argon: %? 198 Sro&hty %lﬁ%&rldgm%%ﬁpmggdb@ompemm I'n
general , théaawieserdeoofmopEechiBBnSatbMe, 0usR SNdesiLahl 8 t%pce this
can cause h)édro enatjon of the conjugated diene. The anount o? at'al yst
used in the ﬁro&%és“s T3 TRtTEfft PREl 1NChbE PEsglernsearaf ot akpedtiben t he
amount of 25 opaldrad] we £abvePs EarbBnl g +iRR98 nOfk 10 19-1_gram atom
per nmole of ethylenically unsaturgt ea&coﬁ%gg’ng.n rhe ébrra%ﬁo?/n?%iggaﬁg]ﬁﬁt IS
in the rang€P&FifG-5 gatalaot 2syateperndokaviFoamemtentd onl vé | nbe
i Ilpstratedpbynt he J4 L, 0 X . Exanples 1-2 and com arative exam
| es A-C The e?peri r%lg%ésﬂm\%‘?glggng gggégﬁsi ;gggﬁrnﬁ"’r@]%ﬁ cally stirred
eerator 0. om0 g Tl 2008 by dantate o phaon v ITgand
, 0. - - u [ i phosphi ig
as indi cat egalggg%lg%aé:ﬁ?n Oc.’% Wfﬁﬁﬁgﬁiyi Hafg4teatiad ramroyndso
2- but ene antlamisgedi fdrc moeinta thohydr oy ! bQr OHR ¢ RLALN &é’f% nd and
solvent as indicated in Tahle |I. After bei ng fl ushed Sﬁwﬁ car %ﬁ
monoxi de, tHERSHEGE A RSP EREYE | SRR EANEAL BoRTMeRIEAid dim aet i al
prexdure aspradiepakedsn TabiL dse Seghe . he .reactor was seal ed and
the contents were heated to 10 SC _%11% n%#n?%{:%%g&g?'that tenperature for 3
hours. The {&ltRaPForace ¢if 1@ ldadionyleatioonss i ndicated in Table |. The
initial ratespfacgkbepylatd | ined as_the nmean rate of carbon
nmonoxi de consurr%ti on over t?\gg'qf?? Jfge?o %ﬁb%??rﬁ?ggcgnver sion. After
cooling, a sanpRéréaspt aker® fr gt he! conteni3z®f the reactor And anal yzed
by Gas Liquid 15 Chromatography (G.C). The 2-bntene was for %ear'ly 100
converted to esters. The ester product mainly consisted of |inear
met hyl pertanoate and branched 2-nethyl nethyl butanoate. The sel ectivity
towards _the |inear nethyl pentanoate is indicated in Table |I. 20 The
exanpl ed show that the best results are obtained when usi ng
1, 2-bis[di(tert-butyl)phospi nonet hyl ] benzene as a |igand. Conparative
exanpl es A B, C show that the use of an alternative ligand, e.g.
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wherein P represents 2 phosphorus atom; Rl, R2, R® and R®
independently represent the same or different optionally
substituted organic groups containing a tertiary carbon

atom through which the group is linked to the phosphorus

5 atom; R3 and RY independently represent optionally
substituted alkylene groups, which are connected at
adjacent positions of group R and R represents an
optionally substituted arcomatic group;

(c) 2 source of anions derived from an acid having a pKa

10 less than 3, as measured at 18 °C in an agueous solution;
carried out in the presence of an aprotic solvent.

In the process according to the invention, suitable
sources for palladium of component (a) include its salts,
such as for example the salts of palladium and halide

15 acids, nitric acid, sulphuric acid or sulphonic acids;
palladium complexes, e.g. with carbon monoxide or
acetylacetonate, or palladium combined with a solid
material such as an ion exchanger. Preferably, a salt of
palladium andla carboxylic acid is used, suitably a

20 carboxylic acid with up to 12 carbon astoms, such as salts
of acetic acid, propionic écid and butanoic acid, or
salts of substituted tarboxylic acids such as
trichloroacetic acid and trifluorcacetic acid. A very
suitable source is palladium(II) acetate.

25 In the diphosphine of formula I, R represents an
optionally substituted aromatic group which is linked to
the phosphorus atoms via the alkylene groups. The
aromatic group can be a monocyclic group, such as for
example a phenyl group or a polycyclic group, such as for

30 example naphtyl, anthryl or indyl group. Preferably, the
aromatic group R contains only carbon atoms, but R can
also represent an aromatic group wherein a carbon chain

is interrupted by one or more hetero atoms, such as
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mmmw a~a amwww gX [ W7vmgWfu Z~ Uro U.a OG@& a~ NNNCd .R1x
+~ N., >71 NmmEN 3 1' - 23 July 2004 Exanple 6 and conparative
exanpl es G K The experinents were carried out in a 250 m nagnetically
stirred autoclave. The autoclave was char%eq_mjth 0.25 mol of

pall adium(11) acetate, 0.6 mmol of 5 bidentate d:iphosphine b%?ag@ogg
indicated in Table 111, 1 )| tgrt-but¥I %ul haoni ¢ acid 13

net hyl - 3pent Eh éPQEQnd%¥%éH§;f?t QpveEnt: 8 Cﬁ@dﬁb AT oF 36BPEEnfai ni ng
conpound andp$0k ¥eRk ,a% i 1Gal ety an Tabhe oblhlen A tfa PeL B! uphed,o tde
aut ocl ave was™ 10 pressurized with car bon nonoxide to a partial pressure as
i ndi cat ed i ngTabbe Mokt Sutsfeguemy ytheharpaadtior gesikell cepandethis a
contents were _heated to 100 C and nmintained at that tenperature for 3
hours. The iRPEF¥F PEPEPof carbonylation is indicated in Table I11. The 15
initkal rate of ggrhepyhali emd Lefdned gsothe imauyat£r@fcgarbon
monoxi de consunption over the first 300 substrate conversion. After
cool i ng, a s3wptabhas subledn tfuahis hencbpdengsovP st eneabt rgahdtgrnalysed
by G, C. The nethyl-3-pentenqgate was_ for, nearly 100$ converted to_2

di esters. Thaetﬂrﬂﬁs?BthFBdEl@tcilccgﬁﬁ'ai%Léﬁp%ifm li’}/‘&sr?g\ safdi%’é%“geﬁnan - et hy!
di met hyl gl ut,gy atg8g8Rd axsipllle AUy el dretpyl idiceidy|sucsinake. The
selectivity tomar%s the linear dinmethyladipate is indicated in Table 111

25 The exanpbestifiew &haidehansegrawssl @fi sheboganged Wetrusi ag-0-H,

1,2-bis[di(tert-?utyléphgspinonetQé%Jbenzene as_a Iig%pd and ani sole as a
sol ¥@8nt . Conpar#ti vaCexdfipl e§OGK Show I hat TRaXlise "0 ati 81t eT AT ve

|l i gand, e.g. 1,3-bis[d'(bert-butyl)phospino]propane or 1,3-P,P 30

di (2- phospha=NFE%2 5,-7NR€K ametfgl - 6@ 10-1¢PoNHpr i cEOrdHE 3. CP£8XF¥Pdecyl )
propane |l eads to only noderate product linearity. Remarkably the use of an
aprotic sol wend +@Iaddibi shitd &ife aofd the, altdepanidestliygants tesestt o
decreased product linearity, whereas the use of 3 - 15. - 23 July 2004 an
aprotic sol valtyl ncrowbbnhevénawiftziem He ot hercarbepnations |igemdnelassd -t o

i ncreased produ linearity. - .16 -_ 23 Jul 0OO4 HHHNH.Oro ENJ
NOCO 1~ @%ﬁ,mgvr Vi’Nlﬁ%BIBPé%T ﬁ‘}% ‘T‘-ig‘%‘}lyéo 17 HroUU-.ia ._
'a,C5, 00~00 ~ ~~Co~tH&0aBoRat To- Bbderoas-ibs th tabedi tu7Ws e fldHb Iy

CU, H-000000QU ~~~N~nt oW_ C . -1 0000000 Cr_ ~Q HvWIN. - | HC

"OHr - I rd. - i SubgtitueeoobR SRECOBOREESS ar B-~~fkkyl orjcycloalkyl

1. ~UU-BE~~EEX | Q%J“ £ ' 1 to,10 carbon atoms.
vNNNJ~COCNﬁ§§3 5i?ggf?fﬁﬁ&fisaﬁéﬂﬂﬁiﬁqg-1-.?1-rl??FoggjgwﬁﬂﬁoroCNnr7na
WWECE . ~r . ~wWawivvairt & ENGRE pBFx e Hawowme thiy ICL A MBY 23 dubpy2004 k- Pr ocess
for 'the carbonyl ati on of _ethyl enical ly unsaturated conpouynds having 3 or

nor e parbonHﬂQﬁﬁQinP?%%%t?Bﬁ W PR B&ﬁﬂané%ﬁﬂgﬁdﬁn nggﬁﬁﬁgﬁﬁg | group
confei ni ng conpey I&éb@:%ﬁgenﬁ%wgme%,caé@é yStomy 8L & érbﬂg ydi nn{a) a
source of palladiumcations; ( 5 a bidentate di phosphine of formula I, 81R2
>P - R3 - RsulRtitpmt@E®RSREd (bhlwhédsked trrepifes ent ky Aephospleonss wtioth R,
Rz, RS and 10 i ndependent resent .the sane or different . optional

subst i t ut ed G gHifi r ot égcéﬁgapﬁpﬁgﬁfﬁﬁﬁtq2ﬁ®§ba#%ﬁyaggg%Fﬂﬁ%ﬁﬁﬂP%%ich
the group igdd nkathd@déheaphaspherutaiEi Romnd Rori adeppndentlsy 1
represent optionally substituted al kyl ene groups, which are connected at 15
adj acent posiid iZonr> it ypoap RE ARG RIOEFtaserdBO@WR- optional |y substituted

aromatic group; (c)_a source of anions derived fr$n1an agid haying a pK

| e than 3, as Fsdarall atths & kKlsrcagieotRs ol \B1e BarAF&dL6UEL n the
presence of i en Bn al i Wra

wherein R réggéggﬁgi %ﬁiﬁég'gé%u%eng ngggggugzg€+§$%§gsiEH§F§F§I1Cgr 2,
wherei n R3 andylepresprnispsechybeneiggodpsm 4. Ry otesariasnchabmed iTheaany
one of clains 1-3, wherei 25 Rl, R-, ES and R6 represent tgrt-bg yl groups.
5. Process &4 ‘N &M o aRhyCoNe st SEPSiHE Ut vhel ef*tRP LY le of
anions is denriygd salk pheRL 9+ 6o Pr OB el ak Aed s ne
of ol'aim 108 s T Soror ot vant e o ol aertl o denat et hat s
30 3tel ow a valowe=ofarsd atn298p3Bikuand. 1 Meare IN& N TSEIDISEEE AVENDED SHEET
3 - 18 - 23 July 2004 7. Process 35 clgi din claim A wherein the ,
aprotic sol \gé’ﬁf"H% i SYPEIPBEL ProgEs TeLE Y, eeﬁerre%ri%tl%g oned6FEfai ns 1-5,
wher ei n the_gg&ogﬁéggyégq§ hStRP1eskel eaonyl ation 5 product of a

et hyl eni cal Iy unsat urat ed conpound, carbon nonoxi de and an al kanol . 9.
Process as clainmed in any one of clains 1-8, wherein the hydroxyl group
contai ning conpound is an al kanol. 10. Process as clainmed in any one of
claims $-9, wherein 10 the et hylenically unsaturated conpound is internally
unsaturated. 3 /NN Ng

IN/N)JI/N-, I NNSINGTNENENPIRY NP/ NI, / NPNG N N), Tx{- 2E1 U

. T o - = e e e e



| 910948 ()-w |.]810% & ()-Y ~*wWUBr<! | &10%&' () - Z7!

| &10% j & ()- 27! #| &L0%&' () - Z7!, V| 810%X& () - 27!t | 810% \ & () - Z7! B| &10%: () - Z7
#\ 11 98&10%& () - r #8&100& ()- 10 10

10<@10%& () - wp>109%&' ()-! | &L0%&' () - Z7#} FO4k: HI *  y&10%&' ()-3"! " y&10%& ()- 3" -
10% () - =#8100 ()| #5109 () - | #&10%& () - x2{] } 20dY: 11)} 10% B 503f 10
10S>s109%& () - ! # w1,0943 & ) -3 RO can mdependently represent organic
“y&10%& ()- 3" y&10%& () - 3" 57EFGH uj 109%& ()-= 10 R 10 R 10 R?pl0%
R& () - S>310%3R&U(93|0011’U% iging. &\xﬁvf’ﬁef%rﬂf&qa)dq% atom through which

al(; VB! £10% % %@ﬁ@é@@&g@ 38 g%%é@lo(l%%g\ﬁ%ﬁéﬂxomg (Bl £10%60

10XS>s 109X& ()-I d&10%<& () - MB! 4x&10%DD& () - MB! f &10%W TvT&' () - MB$SU&T' ' () wuU3
dY: | y3z&10%DD& () - 5! 3281098S&’ () - 5! H32&10%gg& () - 5! 32810%0&’ () - 5! 32810%& (

)-5!;132&109%& ()-5))*+,,,,,}"SH!y 10g 10g
10gS>s10%g& () - 3z&10%gM& () - 5! 3z&10%& () - 5! N3z&10% [ & () - 5H3z&10%q& () -5, ,
D, ,-..z[ 9SH=!! SOA0%& () - 2HUA 0% ()-2! %40% ) & () - 2! 4%0% <( <& () - 2HLO%<&' () -

D! <i, P10%9<0<& ()-Z.// R0O012WMJU3SH=! %4 0%<<&' () - 2! g 0%=<&' () - 2! @/&0%& O-2']%

10%<& ()-2! 39409 ()-2! %0%=<<& () - 22222223T33b@I

y&10%<<& ()-292!' 10%X& ()-"'"109%X& () - LP10YX&' () - 10< 10<

10<S>s10%<&' () - 3S44GE567WUSb@\ y&10%&' () - 2! x y&LOWXX&' () -2!]

Yy&I0YXX&' ()-2! y&I0%&' ()-2!t y&10%b&' ()-2! % y&I0YBX5X&' ()-2778V09: : : wX9. @

10XS>s109X& () - y&L0%& ()-2!'V y&10%&' ()-2! T y&109%&' ()-2!j y&l0%p& ()-2!]

y&109%66& ()-2::::::K;;eC@ 10X ]R \&10% X X& ()-1!'5[ R \ &LO0YEXEX&' () -
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tertiary carbon atom is substituted with alkyl groups,

i.e. preferably the organic group is a tertiary alkyl:
group. Of these, tert-butyl groups are most preferred.

15 Preferably the groups R1, RZ2, RS and R6 represent the
same tertiary alkyl groups, most preferably groups RI,
RZ, R% and R® are tert-butyl groups.

An especially preferred bidentate diphosphine is
1,2—bis[(di(tert~butyl)phospinomethyl]benzene (also known

20 as bis{di(tert-butyl)phospino]-o~xylene).

The ratio of moles of bidentate diphosphine, _
i.e. catalyst component (b}, per mole atom of palladium
cations, i.e. catalyst component (a}, ranges from 0.5 to
10, preferably from 1 to 3.

25 The source of anions derived from acid having a pKa
below 3.0 (measured in aqueous solution at 18 °c)
preferably is a non-coordinating anion. Hereby is meant
that little or no covalent interaction takes place
between the palladium and the anion.

30 Examples of suitable anions include anions of
phosphoric acid, sulphuric acid, sulphonic acids and
halogenated carboxylic acids such as trifluorocacetic

acid.
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The process is carried out in the presence of an
aprotic solvent. Suitable solvents include ketones, such

15 as for example methylbutylketone; ethers, such as for
example aniséle (methyl phenyl ethex), 2,5,8-trioxanonane
(diglyme), diethylether, tetrahydrofuran, diphenylether,
diisopropylether and the dimethylether of di-ethylene-—
glycol; esters, such as for example methylacetaat,

20 dimethyladipate and butyrolactone; amides, such as For
example dimethylacetamide and N-methylpyrrolidone; and
sulfoxides and sulphones, such as for example
dimethylsulphoxide, di-isopropylsulphone, sulfolane
(tetrahydrothiophene-2, 2-dioxide) 2-methylsulfolane and

25 2-methyl-4-ethylsulfolane.

Very suitable are aprotic solvents having a
dielectric constant that is below a value of 50, more
preferably in the range of 3 to 8, at 298.15 K and 1 bar.
In the present context, the dielectric constant for a

30 given solvent is used in its normal meaning of
representing the ratio of the capacity of z condenser
with that substance as dielectric to the capacity of the
same condenser with a vacuum for dielectric. Values for

the dielectric constants of common organic liguids can be

35 found in general reference books, such as the Handbook of
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10% o0& ()-2(y For example, the dielectric constant of anisole

is 4.3 (at 28%4.2 K}, of diethyl ether is 4.3 {at
293.2 K), of sulfolane is 43.4 (at 303.2 K}, of
methylpentancate is 5.0 (at 293.2 K}, of diphenylether is
15 3.7 {at 283.2 K), of dimethyladipate is 6.8 (at 293.2 K),
of tetrahydrofuran is 7.5 (at 295.2 K), of o
methylnonancate is 3.9 (at 2393.2 X). A preferred solvent
is anisole. '
If the hydroxyl group containing compound is an
20 - alkanol, a further preferred aprotic solvent is the ester
'carbonylatidn product of the ethylenically unsaturated
compound, carbon monoxide and the alkanol.
The process is advéntageously carried out in an
excess of aprotic solvent, i.e. at a ratio (v/v) of
25 aprotic solvent teo hydroxyl group containing compound of
at least 1:1. Preferably this ratio ranges from 1:1 to
10:1 and more preferably from 1:1 to 5:1. Most preferably
the ratio (v/v) ranges from 1.5 :1 to 3:1.
The ethylenically unsaturated compound has at least
30 3 carbon atoms in an unsaturated carbon chain. Preferably
the ethylenically unsaturated compound has from 4 to 20
and more preferably from 4 to 14 carbon atoms. The
ethylenically unsaturated compound is preferably an

alkene having 1 to 3 carbon-carbon double bonds per
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pentencate and pentene nitxril.
The process according to the invention has been found
to be especially advantageous for the carbonylation of
15 those compounds which are internally unsaturated, such as
for example 2-butene or methyl-3-pentenoate. For these
compounds side-reactions more easily occur and linear
products are more difficult to obtain. With the process
of the present invention high regioselectivity towards
20 the linear product can also be obtained for internally
unsaturated compounds.
Preferred hydroxyl group containing compounds are
water and alkanols. If the hydroxyl group containing
compound is water, the product obtained will be a
25 carboxylic acid. Esters are obtained if the hydroxyl
group containing compound is an alkancl. More preferably
the hydroxyl group containing compound is an alkanol.
Suitable alkanols include monoalcohols, preferably those
having from 1 to 6 carbon atoms per molecule such as for
30 example methanol, ethanol, propanol, isopropanol, butanol
and phenol, and poly-alkanols such as 1,2-ethanediol and
1, 3-propanediol.
The advantages of the invention are especially clear
when an ethylenically unsaturated compound having 3 or
35 more, and more particularly 4 or more, carbon atoms, such
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DEIRERETAN os?amﬁosﬁIMéﬂt(as 1ndiﬁ&&é& @ﬁ Table I. After belng flushed

5

10

15

20

25

with carbon monoxide, the autoclave was pressurized with
carbon monoxide to a partial pressure as indicated in
Tabie I. Suvbseguently, the reactor was sealed and the

contents were heated to 100 °C and maintained at that

temperature for 3 hours. The initial rate of
carbonylation is indicated in Table I. The initial rate
of carbonylation is defined as the mean rate of carbon
monoxide consumption over the first 30% substrate
conversion. After cooling, a sample was taken from the
contents of the reactor and analyzed by Gas Liguid
Chromatography (GLC). The 2Z2-butene was for nearly 100%
converted to esters. The ester product mainly consisted
of linear methylpentanocate and branched 2-methyl
methylbutanoate. The selectivity towards the linear
methyvlpentanocate is indicated in Table 1.

The examples show that the best results are obtained
when using 1,2-bis{di(tert-butyl)phospinomethyl]benzene
as & ligand. Comparative examples A,B,C show that the use
of an alternative ligand, e.g. 1,3-bis[di(tert-butyl)-
phospinolpropane or 1,3-P,P’~di (2-phospha-1,3,5,7-tetra-
methyl-6,9,10-trioxatricyclo [3.3.1.1{3.7}]decyl} propane

leads to only moderate product linearity.
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= 1,2~bis[di(tert—butyl)phosﬁinomethyl]benzene
decyl)propane

= 1,3-bis[di (tert-butyl)phospino]propane

DPA3 = 1,3~P,P'-di(2*phospha-1,3,5,7—tetramethylm6,9,10~trioxatricyclo [3.3

£-BuS = tert-butyl sulphonic acid
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10%¥!% 0)- bidentate diphosphine ligand as indicated in Table II, a
specific amount of acid as indicated in Table II, 20 ml
l-octene and a specific amount of hydroxyl group
containing compound and solvent as indicated in Table II.
After being flushed, the autoclave was pPressurized with
10 carbon monoxide to a partial pressure of 30 bar.
Subseguently, the reactor was sealed and the contents
were heated to the temperature as indicated in Table II
and maintained at that temperature for 3 hours.-The
initial rate of carbonylation is indicated in Table IT.
15 The initial rate of carbonylation is defined as the mean
rate of carbon monoxide consumption over the first 30%
substrate conversion. After cooling, a sample was taken
from the contents of the reactor and analysed by GLC. The
octene was for nearly 100% converted to esters. The ester
20 product mainly consisted of methylnonanoate, 2~-methyl
methyloctanocate and 2-ethyl methylheptanoéte. The
selectivity towards the linear methylnonanocate is
indicated in Table II.
_ The examples show.that the best results are obtained
25 when using 1,2~bis[di{tert~butyl)phosphinomethyl]benzene
as a ligand and an ether having a dielectric constant of
4.3 (at 294.2 K), i.e anisole, as a solvent. The use of
sulfolane as a solvent also results in a high product
selectivity, however, less than for anisole. Comparative
30 examples D, E and F show that the use of an alternative
ligand, e.g. 1,3-bis[di(tert-butyl]phospino]propane or
1,3—P,P’—di{2—phospha—l,3,5,7—tetramethyl—6,9,10—trioxa—
tricyclo [3.3.1.1{3.7}]decyl) propane, leads to only

moderate product linearity for the esters obtained.
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0, 0, O(y &I
DU o 10 Slin 40220t O P AR (SO €OC maop ey
10% 1 &()- . didentate) &1 phampddae Ege A0 %S 84 A cat: oD% &{D1e- P11,
10%! & () - % mmol tert-butyl sulphonic acid, 10 ml methyl-3-

pentencate and a specific amount of hydroxyl group

containing compound and solvent as indicated in
Table III. After being flushed, the autoclave was

10 pressurized with carbon monoxide to a partial pressure as
indicated in Table III. Subsequently, the reactor was
sealed and the contents were heated to 100 °C and
maintained at that temperature for 3 hours. The initial
rate of carbonylation is indicated in Table III. The

i5 initial rate of carbonylation is defined as the mean rate
of carbon monoxide consumption over the first 30%
substrate conversion. After cooling, a sample was taken
from the contents of the reactor and analysed by GLC. The
methyl-3-pentenocate was for nearly 100% converted to

20 diesters. The diester product contained mainly
dimethyladipate and 2-methyl dimethylglutarate and a
small amount of 2-ethyl dimethylsuccinate. The
selectivity towards the linear dimethyladipate is
indicated in Table III.

25 The examples show that the best result is obtained
when using 1,2-bis[di(tert—butyl)phospinomethyl]benzene
as a ligand and anisole as a solvent. Comparative
examples G-~K show that the use of an alternative ligand,
e.g. 1,3-bis[di(tert-butyl)phospino]lpropane or 1,3-p,pP"~

30 di(2—phospha—1,3,5,7-tetramethyl—6,9,10—trioxatricyclo
[3.3.1.1{3.7}]decyl) propane leads to only moderaﬁe
product linearity. Remarkably the use of an aprotic

solvent in addition to one of the alternative ligands

leads to decreased product linearity, whereas the use of
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109%! & () - . t 10%!' & ()- .0 10%! & ()- .zb{b~bbbbbN2<50 10%! & () -
.)5W (0 10%! & .() Proeeif%b& (he coOrBOLMI&L (In oD dOUA R {dal1pbbbbbbt X<50
10%!' & ()- .)5W 10%! & ()- .o lO%X!&fé;- ._0 10%X!&5é%£ .0 10! & ()- .o
109! & ()- .o roSwitErered. GEBBBEBRAY: RB¥1BI 1998 £17JS CHFAMRAA BN -PY - o
LO9K! & () - . -0 Q%L En(}s tn- 0o H0YK! Fohdzi a5 Wn dDDDDRBE QA% & () - . 0
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10%! & () - _5mpa%§a}g%gg&peypound in the presence of a catalyst syste
5 including:
(a) a source cof palladium cations;
(b) a bidentate diphosphine of formula I,
RIRZ >p - R3 - R - R4 -P < RIRS® (1)
wherein P represents a phosphorus atom; Rl, R2, RS and
10 independently represent the same or different optionall

substituted organic groups containing a tertiary carbor

atom through which the group is linked to the phosphoru

atom; R3 and R% independently represent optionally
substituted alkylens groups, which are connected at
i5 adjacent postitions of group R; and R represents an
opticnally substituted aromatic group;
{c) a source of anions derived from an acid having a pK
less than 3, as measured at 18 °C in an agueous solutic
carried ocut in the presence of an aprotic sclvent.
20 2. Process as claimed in claim 1, wherein R represents
phenyl group. |
3. Process as claimed in claim 1 or 2, wherein R3 and
represents methylene groups.
4. Process as claimed in any one of claims 1-3, wherei
25 21, R?, RS and RS represent tert-butyl groups.
5. DProcess as claimed in any one of claims 1-4, wherei
+ha source cf anions is derived from a sulphonic acid.
6. Process as claimed in any one of claims 1-5, wherei
the aprotic solvent has a dielectric constant that is
30 below a value of 50 at 298.15 K and 1 bar.
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