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et hyl eni cal ly unsaturated conpounds by reaction with
carbon nonoxi de in the presence of a catal yst system
The carbonyl ati on of ethylenically unsaturated
compounds 10 using carbon nonoxide in the presence of
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phosphene |i gand, exanplecaMPouubbyl phosphi ne,

cycl oal kyl phosphi ne, aryl phosphine, pyridyl

phosphi ne or bidentate phosphi ne, has been 15

daser i bedvent narer ots) Fgsopean pat@st s aagbpayestion of
ey BT, EPIROSTS8as, EPLATYT 405, reactiin with

EEaéb669ﬁ3£5kld§1ﬂﬁ t@38§83§enéﬂ?o&'Q4éééézyst system.
EP- A- 0489472, EP-A-0282142, EP-A- 0227160,
EP- A- 0495547 and EP- A-0495548. I n particular, 20

ERhA- 02250691 a EPo - 849354 1aRd cEPt - Qﬂ9554§a1.déc$cb@r§§ounds
that bidentate phosphene |igands provide cataly

sysSteffs SRPER TEmeBfEchiigh FlRacPrerra esft énbealCOhOl or

aghievednd Thecd @iy R @Rls@Bn Wb+ 18 Ry @VigRBSbYVITI metal,
di scl osed catal yst 25 systens is_ that, although

r FAEPYBI y PRILGAII BBCt PO rat BEOSERH e 1AERANEyve®XaRae an
pahkadi UsAEAIamESt ey@;ﬁo@iﬁquuE%L% hidd CRdy§  phosphine,

|ndustr|aII¥ unattractive een di sclosed in
VOIS 24 34PRABPL N Dar PF cubPafen B gr kP Bihifisdentise  been

phesphi ey CORROUNGSGRN P A deaheMkally staf e patent
catalysts which require little or no" repl eni shnent;

t RRPLGsatBInSSuchX BNt EPcAcal 2 85ts FRaks04489472, EP-A-

r 8a0kk99, I abea-WhE s &r ersLgnh 31 LRI | yE@lzghﬁfggti@n WR_a-
2004/014834 PCT/ GB20037 003383 2 thdse previ ously

di’%SéP83éd; EEnAr Ot 144 oFPnb- P #pAAT4/i eBP-A-0282142, EP-A-
0227160, EP-A-0495547 and EP-A-0495548. In particular,

EP-A-0227160, EP-A-0495547 and EP-A-0495548 disclose that
bidentate phosphine ligands provide catalyst systems which

enable high reaction rates to be achieved.

The main problem with the previously disclosed catalyst
systems is that, although zrelatively high reaction rates
can be achieved, the palladium catalyst dies off quickly

which is industrially unattractive.

It has been disclosed in WO096/19434 that a particular
group of Dbidentate phosphine compounds can provide
remarkably stable catalysts which require 1little or no
replenishment; that use of such bidentate catalysts leads

to reaction rates which are significantly higher than



are produced at high conversions. In addition, WO
96/ 19434 di scl oses that the sanme catal yst 5 process

wob@roused with respect to propene has been f oRCTIGBR@3/003383
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be nore difficult. WO 01/ 68583 di scloses rates for the
same process used for higher alkenes of C3 or nore
carbon atonms when in the 10 presence of an externally
atidesk aprotioisdyl Emstclowed96Lhe434 1ftiLEi 9&s NeagtHusties

conditions in_the.exa f .30 x 105 N.n2 and 100C.
Siilrfﬁl%rrcfci/]u,ce\%a%lﬁ%%% d‘?eircﬁqgélesé 30 and 60 bar carbon
nmonoxi de and al so 100C. The nost preferred range for

t t [ / 34.i 0)
SIS | NG IIIMAL OD PG
S5pX0d@5s t 9h&0 wsel5viNh neBiewitl drd ygrdpen@Dhadl /G858 Found

the nost preferred.tenperature range is that of
8591}2%6?0"59{@{125%0%%rmst preferred partial pressure

is inthe range of 5 to 65 bar. 20 Surprisingly, it

has ng, that i nproved_sel ectivit nd. J Vi
IWReEE??%%{J C?Jﬁﬁ:glosﬁlso&ﬁg{escgﬁrbgﬁ ot u%%)ecgeémsoede%or
canghétongkefie OvEr dEnper abuee @mbonovesroncarboen in the
nonoxi de pressure than ught t he ior ant. Still
nBFES B uryr i {1 ngquy,ergﬁaiﬁr oﬁchgd30993é§€1? s Sr?&%]eng wo
r eguibedst gt i Brdd L Vvieeddt ivrascdralighbnby iMO Y 6358@1les of
According to_a first aspecyt, of. the present | ntio

t R8r& 1Ps YorovidEd 18 %F oced o yhel}’qg)aﬁgéﬁégggi %:hs% oses
3Q0ethyl et ald Yedireat Wdaioxd deonpeurdss o miCpr oCB®s most

conprises reacting said ethyl enical] rat ed
c&pdaRacS WA S &PBo R SHBREXTYE i 1 t'ire %ﬁgéﬁéel%ff%om 70-

saypee @ft% @@Q@é&%f&@éﬁﬁ/%ﬁ[@oa%slae Bahy di@aythent
groups and of a catalyst system the catalys stem
obiEai il 5 by 28rbi A rg: ¥ 10 Nn Sidhardy?t €1 wo

01/68583 the most preferred temperature range is that of
80-120°C, whereas the most preferred partial pressure is

in the range of 5 to 65 bar.

Surprisingly, it has been found that improved selectivity
and improved linearity of final product can be found under
conditions of lower temperature and lower carbon monoxide
pressure than taught by the prior art. Still more
surprisingly, an aprotic solvent 1s not required to

achieve this as taught by WO 01/68583.

According to a first aspect of the present invention there
is provided a process for the carbonylation of
ethylenically unsaturated compounds which process
comprises reacting said ethylenically unsaturated compound

with carbon monoxide 1in the presence of a source of



(a) a nmetal of Goup VIIl or a conpound thereof: and
5 (b) a bidentate phosphine of general fornmula (1) 12

waso4e483LC CR5 R10 QZ A (K D Ar(E, 2)-B-Q RAPCI/BBR®30Q03383
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\C R R7 RL wherein: Ar 3s a bridging group

conprising an optionally substituted aryl noiety to

whi ch the phosphorus atons are 10 |inked on avail able

allydcenyl carbopsataons ;oA andaBaégeh isydependestd ycatalyst
ower, .al kylene: . K, D, E and Z are

represent .

sg‘%g???u%}% %l%?bltehéylafﬁ’i“bh%%ré‘%y (Ar) and 15 each

i ndependently represent hydrogen, |ower alkyl, aryl,
t, halo, cyano, nitr 9, CC (O R20, C R21,

cich "oss Y o BrrE e sar et Ctese Sk e

SRRY, &£ &2he phosphifB {LCREhe(BL4¥oliRlby ) (OR16

(R17) (R "'8) where J represents |ower alkylene; or

two adj acent gr ogps selected fromK, Z, [kand 20 E

together with t he“carbon atons of the aryl°ring to

which they Brie@(tached forma further phe®sl ring,
which is optiongl substituted by onf/(; nor e

substituents selec ee-A-rondyEZpgdr-Qf ower al kyl |

hal o, cyano, nitT / OR19, OC (O R20, FFsO) R21, C

(0) OR22, N , C (O NR25R26, 2 25 G{f R5R26,
SR27 or C(O) SR 2F; WD 2004/ 014834 PCT/ GB2p03£003383 4
Rl to R18 each i'?vdependently represent | ower al kyl,

aryl, or Het; R19 to R27 each independently represent
hmggg%@; |l ower 5 alkyl, aryl or Het;

Ar 1s a Dbridging group <comprising an optionally
substituted aryl moiety to which the phosphorus atoms are

linked on available adjacent carbon atoms;
A and B each independently represent lower alkylene;

K, D, E and Z2 are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, OR'@, 0C(0)R%°, C(O)R?*, C(0)OR??,
NR*’R?*, C(O)NR®R?*®, C(S)R¥R?*, sSrR?, C(0)SR?, or -J-
QWCR“(RM)(RH))CRM(R”)(Rm) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E together with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
ORY, 0C(0)R*®, C(0)R**, <C(0)JOR??>, NR®R?, C(0)NR¥R?,
C(S)R*R?®, SrR? or c(0)sRY;
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QL, @@ and @B (when present) each independently
represent phosphorous, arsenic or antinony and in the
cases references to phosphi ne or PCT/GB2003/003383
phosphorous above are 10 atrended accordingly ;

wherein the carbonyl ation reaction is carried out at a
tenperature of between -30C to 49C and under a CO

part tial RPr esshir éndépémsanttlhanrGfrosch@®S5 N2 alkyl5 aryl,
Sg%hHgtprocess is referred to hereinafter as "the
process’ of the invention". 20 Preferably, when K, D

E or z represent -J- B (CR13 (R14) (R15)) CR16 (R17)

( ) he respective K. DL_E or Z is on the aryl

c rboﬁbaéﬁacSﬁthH@dfpﬁpdSEFﬁ%anBrﬁﬁ?%ﬁ RYAgPapn; g Lower
camhRetf eslryr ,or fieR@t so adj acent, is adjacent a
remaining K, D, E or Z group which itself represents

-J- 256 @B (CR13 (R14) (R15) ) CR16 (R17) (R18) .

Sot t ap? yand i preees preflsehbe eB¥BNEhABp&RYeE WSEsh AR ent
caéal%se t he carbonyl ation of an ethylenically

URSEPEP AT WP’ cONPTLId Ph CREPPREeAEE oft cHhodatter two
menexs decdBdeAcdy dRoX ibh cHhHEMRUPo € 0Bh 35 PANEEOMRBYRE are
i.e. the process of the invention nay catal yse the
cORTRTRT AFGFIARIE¥nYI enical Iy unsaturated compound

to the correspondi ng carboxylic acid or ester,

respectively, de endin%,on t he choice of WO
20027 D14 834° PEFFER2HHIF HOB3ESCEI Py di BxHarghEdp cut at a

ceshpé i ngrLCoBROURS wsad. -Gorverientbys the BRREEESS: co
of the invention may utilise highly stablg conpounds
uRBBFI3}y RREASUESr BEnYPEt i YRt S&cti 6R dbAdi ti ons such
that they require little or no replenishnment. 5
Conveniently, the process of the invention may have an

i ABFRa3eBrPERE ofs tiRfgdeoryl AeroRna &zt iah ‘Utheamprocess

of the invention”.

Preferably, when K, D, E or Z represent -J-
Q® (CRM (RM) (R™) ) CRY(R'") (R*®) , the respective K, D, E or %
is on the aryl carbon adjacent the aryl carbon to which A
or B is connected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents -J-

Q3(CR13(R14) (R15) )CRlG(Rl7) (R18) .

Suitably, the process of the invention may be used to
catalyse the carbonylation of an ethylenically unsaturated
compound in the presence of carbon monoxide and a hydroxyl
group containing compound i.e. the process of the
invention may catalyse the conversion of an ethylenically
unsaturated compound to the corresponding carboxylic acid

or ester, «respectively, depending on the choice of
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et hyl eni cal | y unsaturated conmpound conpared to known
processes. Conveniently, the process of the invention

ethylenically 10 unsaturated conpound, thereby

yielding the desired product in high yield wth

little or no inpurities. Consequently, the conmmerci al
vihabicbkyy ofowp camberiyliayi ommmcﬂessedsucbnvasléﬂnely, the

c atjon f an, et h Ien| caII sat ur at ed
ﬁ%gg%‘%ﬂ Jrjrgy o n%:r}vea%eﬁnby |¥p| o és?hehb?l&J&és Stele
t lrompgEndnvendé ont ydies I emam]d'o&lylamtoﬂ arghdtidrencos®ttions

h n, [ u es Six-to- ten- ered carbocyclic,
%ru%t i chggougs Y suchias hgﬁgl%gganarnaﬁﬂt h#?ﬁﬁﬂ’]’rwent'
glcoupenaerethpt i bnal |p}toSdbSt iotfuttek 20nwWedt.od Mma@ddhkiyen an

to nore _substjtfuents sel ected
frlgr%ra?i I%%ﬁ“ acfiyl NGhi B PRK ?JCl%?ouf)e"i‘fﬁE/l‘?r’( séf an
betbptemmd]l]w subsfdtiutbeddor cbapshmat efompsrdef i4ed known
belom% Het, al o, .cgo, itr OR19, OC (O R20,. 21
255355597 r’é’?“&% ?YR &&ic@r@QeﬁsNﬁﬁ the (ByVaRSFen may
Sﬁgoﬁéﬂ) SFhﬁ)gh 25c63(16éNRLo’&1 R %té/&erceﬁ nI K19 It@tﬁ?l?erlefglly
i nde re en ro aryl or | ower _al kyl
(RO o ER ey ther ey AAET4Be! Al St Eea Product
suhshught edeDd GEfH NMAEAE a5 def iingdribebow) cosfedhdrtly,
herei n, includes four-to-twelve-

term " Het"
EHB e BEe 15 1 b Sy G S0 GAERENBLR B | pipeess, such

Syst etilbe  WHHh1iaRESNCOBE Al 4h ORE 1Y ABES1 NGt EH &AM teg
sel ect ed from nitrogen, oxygen, sulfur and m xtures

t RETRIILraRf Sec ADAES 2803 / 01 £594 OPETE GBRO0BF 0TBTB DL Ghe
r iAgentyh contai n one or nore doubl e bonds or be non-
aromatic, partly aromatic or wholly aromatic in
character. The ring systens may be nonocycli c,

birsyCtd € OTAIf"USﬁ:d “arfaeh,fbetisr aepekdent i £ et herisi i o-
is optiagnall 5 substi tuted by one or nore

SEBgtm?WRﬁﬁ GG Eomromatic groups, such as phenyl
and naphthyl, which groups are optionally substituted

with, in addition to K, D, E or %, one or more
substituents selected from aryl, lower alkyl (which alkyl
group may itself be optionally substituted or terminated
as defined below), Het, halo, cyano, nitro, OR'®, 0OC(0)R?,
C(0)R**, C(0)OR?*, NR*R*, C(0)NR®R?®, SR¥, C(0)SR¥ or
C(S)NR*R*® wherein R to R? each independently represent
hydrogen, aryl or lower alkyl (which alkyl group may
itself be optionally substituted or terminated as defined

below) .

The term “Het”, when used herein, includes four-to-twelve-
membered, preferably four-to-ten-membered ring systems,
which rings contain one or more heterocatoms selected from

nitrogen, oxygen, sulfur and mixtures thereof, and which

PCT/GB2003/003383
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hal o, cyano, nitro, oxo, |ower alkyl (which alkyl
group nmay itself be optionally substituted or

wao eoononesed as defined below) OR', 00(0) R20,PCX/GBRDIN03383

, C(O OR22, NR23R24, C (0) NR25R26, SR27, C (O
SR27 or C(S)NR 25 R 21 wherein R19 to R27 10 each
i ndependently represent hydrogen, aryl or |ower alkyl

g:m&;é:hmé K¥or@:0up ddesebd aBYeb@ocoptizondrdds or be non-
substituted or terni nated as defi ned belomg The term
aHéW“t%u@%%Wuéé@maE%%u% hedit Yad toPEF oA ﬁlyCharaC er.

§HQSE:'1k5t ed, azelsl dhdy! ve RWEEELEDLAYI blb?'tﬂﬁémo)t' ,fused.

furanyl, oxazolyl, 15 isoxazol 1
Bﬁaﬁlaiﬁﬁyf t%ﬁ%&&ﬂdeeﬁ%&%ﬂ¥bzoh9FelntrﬂézolyPtlonal N

gﬁggﬁ_?}@ | oyt b2l T ,azohyie QMEEQ@Z&M&S selected from
nor phol 1 ny yrlnldlnyl yra2|n\6/1y qui nol i nyl,
hséQU|nMEnﬂylnlﬁrperpépnyﬂowﬁyr VI G opi ek rAcup

§g95t i dddhion, at Afctlo‘?i%?il?e Albsd i¢akBan &t omehithecbletas
ring or 2appropriage, at oqg or_nore,of theg

mmmm@ﬁwwwRm&%@%yﬁ%%%uﬁ@@#mﬂ&ﬁ4

ske. Th I Y6 19 27
PR, PR et el o «

y
etahyl ingeppylentiut yleprpesnly| hydirsepl, asdlhept yprwer 'alkyl
gyl Q@J' | sk vk sdbQUPS &Y,
mhengghefgyl§ﬁé ?F%L?gnﬁgggs er Slﬁ%gryoﬁ at on% bgm
Itlemmana’oasd brartfadedobedavur atierl trrmundigtlr shag, 1nplyies

Cl I%)g’ aCLy i c 28" B ‘Eio abl'yC/ agaﬁéﬁfnu@ééﬂ/ o%z@@ldlnyl

tut or férm nate y-one or nore substituents
$@keoled1mylunrwmxdamyaﬂo dindedylOR' fuoenyd) ReBazolyl,

g%@}(\%ﬁoﬁi’?l <9 %Q ﬁzﬁéf‘éﬁgl 3R24251’g§15}(%¥§§%|? 21, n,9R8{az01y1,

FE(EIb@Bz@DBI OO&wﬂrlakanI, or tieat rigmaleiln R1®yrddRRIMYL,
each | ndentl re ent h jaryl
ériokrypo gfb Jhl'{l A r %%9% Elhgi\ﬂyl

ted by SR 6F ot e G ygen or
sitslokjui nal Hngl, orpmernshh&mo opychzbkyll sidrcion pgpeypsmyl-
Substitution at Het may be at a carbon atom of the Het
ring or, where appropriate, at one or more of the

heteroatoms.
“Het” groups may also be in the form of an N oxide.

The term “lower alkyl” when used herein, means C; to Cyo
alkyl and includes methyl, ethyl, propyl, butyl, pentyl,
hexyl and heptyl groups. Unless otherwise specified, alkyl
groups may, when there is a sufficient number of carbon
atoms, be linear or branched, be saturated or unsaturated,
be cyclic, acyclic or part cyclic/acyclic, and/or be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, OR', 0C(0)R?®, C(O)R*,
C(0)OR??, NRPR*, C(0)NR*R?®, SR?’, C(0)SR¥, C(S)NR*R*,



5 Lower al kyl groups which R, R2, R3, R4, R5, R6, R7,
R8, R9, R10 R11l R12 R13 R14 R15 R16 017 018 R19 R20
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R27, K, D, E and Z may represent and with which aryl
and Het may be substituted, may, when there is 10 a
sufficient nunber of carbon atons, be |inear or
baanthedr biesat umadweinor Rihsatar st%€d, ebeh cythdegendently

acyclic .or .part cycliclacyclic,,and/or_he interrupted
S e A o5 oy GeRT o Obul FOT Ay e lyr /B e

sihaeorurtedilay) kysi ot amregraypen atd/«of f@ atoms, or by
15 nore substituents sel ected

subfﬁt‘ituted b oqe,?r

f POM Rl S dcxiéﬁ‘é{ SHLEPR, ITES oC (O R0, C (O R21,
C (O OR22, NR23R24, C (O NR25R26, SR27, C(O) SR 27,

C (S) NR25R26, aryl or t, wher ej 9 tg R24 each
OO BT R e BB e Rt 0 | B al Bl R
20°°01 mittarky, Rhe trRef MR VRS, alrkY| exté; wHi, clR?A, Bland??,

J_.s(When present) represent jin conmpound of formula .
R unen Beod thor din Smdiudes el i BE1 BCBF IR ARG L ED

canibe Hoydeshd atett WayPRC8ILEALtHEe@) Oby ANghdrS there is
ot hervvi]?e defined in the_ sanme way as "l ower alkyl".

y
28 HAPO HTtINs iR Skhi CfF t RETEBBVea HIMti oY gridiges  of
MyameheSUNSE | $at e ber ihpatedatdg) usle &N, acyclic
chloro, bronmp, and iodo. 30 Were a_ conmpound of the
f OF MBPAT( 1Y ddRt aFRSLEfr aFR&RA PYr dBperEMRLE) Pyngne or

thans (&F | 6Q0BEh SMABYs @l G 0Gns, Ther PiSeMilano or
i nvention includes the individual stereoisoners of

t ke Horpoliderof SF R a2294CanBe iese Lapbedptvat ene or

therNOs 2094 BIAB34 ROULEBA0030R03383, 8 hndi vihduah, or?®,
tautoneyic forms,thereof, together wth™ mXxtures

t Hef@bR. » SepdPaRi on dof (WiORSt-er SBR SBher s OHOIARER™,  SRY,

C(0)SR*, C(S)NR?®®R?®, aryl or Het wherein R*® to R?’ each

independently represent hydrogen, aryl or lower alkyl.

Similarly, the term “lower alkylene” which A, B and J
(when present) represent in a compound of formula I, when
used herein, includes C; to Cjp groups which can be bonded
at two places on the group and is otherwise defined in the

same way as “lower alkyl”.

Halo groups with which the above-mentioned groups may be
substituted or terminated include fluoro, chloro, bromo

and iodo.

Where a compound of the formula (I) contains an alkenyl
group, cis (E) and trans (%) isomerism may also occur. The
present invention includes the individual stereoisomers of

the compounds of formula (I) and, where appropriate, the
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and trans isoners may be achi eved by conventi onal
techni ques, e.g. by fractional crystallisation, 5

of a conpound of the formMa (1) or a suitable salt
or derivative thereof. An individual enantioner of a
conpound of the formula (1) may al so be prepared from

ain€dvi@sfiondiAg: 6RsiGAl |Yoﬂh’é’e kRbeESEdi atBa@EnbY 1Qitn
resol ution, such_as by H P.L.C. of the correspond| ng

rBCENAL T ugpﬁﬁe%fsu??ﬁﬂ%tkqﬂ raf sippbpreetsaers or cis

faacti opahs CLyshétd | saly onpdf Lhe; djabt 65L0l SQMRIIG onal
salts formed by reaction of the correspordi ng

rECEM ®SAt h a®sHit abPe  opfFaeiionadct | v@rmﬁajllmsatlon,
basomatso ARMNGPIHIrater . 1 5c Al b SE €L 0} SONELS lg]nlxture of

i ncluded within the scope of the process o
i fiverPennd) 1o thebef apprleci &f bd oy @hmt@mm ethlim or

t der aFdt ithattne2@okhen s oimﬁ_%‘éi%aqf eBQﬁH}'&ﬁeJ cgf_b) rE%}{lpounol

functl on as ligands that coordinate wt
Wi 1 BtRet affosuiEdmpélind m@her@b$0(a)>etopﬁf@pﬁr$d1e from a

CoOMPUIdS fiQly US@pihc4Pe, |nvention. L\é?de) ass dt he by

Goup VIIIB netal or conpound there i nat es
t e iHe o or SHERe FhodhoR okisk - 25 @rfsehhc arcd:/r@r'spondlng

afyd I a,{s‘i% Qf sttlrﬂ%aBQgpgﬂgigFffs O{%’orqtly rep fractional

Pr ef er abl to R18 each epen esent
%Wé"‘rtaldll@wtléﬂ &y theMtia spestel abhyri Rlsa brR1Boemsh by

engenthy r t kyI 1 C6 a
S%ean{/%%v\hg?elttrﬁﬂét hcg&:)r%‘éﬁ%dg u%algg %lﬁ |ona a Sullé%le
sstdaldtvedcas ve de¢iched basel nys oapmmh&mﬂ]at(emher ein the
phenyl group is optionally substituted as defined
herein). Even nore WD 2004/ 014834 PCT/ GB2003/003383 9
prlef epBdr§0i RNy RIS eduhludmtbpende | yheepleegpentofClthe

t&o@;@ss of the invention.

It will be appreciated by those skilled in the art that
the compounds of formula I (b) may function as ligands
that coordinate with the Group VIIIB metal or compound
thereof (a) to form the compounds for use in the
invention. Typically, the Group VIIIB metal or compound
thereof (a) coordinates to the one or more phosphorous,

arsenic and/or antimony atoms of the compound of formula
I.

Preferably, R' to R each independently represent lower
alkyl or aryl. More preferably, R' to RY¥® each
independently represent C; to Cg alkyl, C;-Cs alkyl phenyl
(wherein the phenyl group is optionally substituted as
defined herein) or phenyl (wherein the phenyl group is

optionally substituted as defined herein). Even more

H P.L.C. of a stereoisomerikPCTGB0B3/003383



woew4eusst ituted ClL to C6 al kyl

10

15

20

25

30

al kyl, which is optionally substituted as defi ned
herein. Most preferably, Rl to R18 each represent
such as net hyPCT/6BRB/003383
n-propyl, iso-propyl, 5 n-butyl, iso-butyl,

tert-butyl, pentyl, hexyl and cyclohexyl

Alternatlvely or addltlonally each of the groups R1

t preR8ray t (RlRﬁ“xp RY taacm;nﬂéﬁehd)erﬁﬂﬁy ﬂ%ﬁb&etsenR‘ B, oto Cg

0 toget her ependen

SelieRur BELERCH S R R Bk e fo g PR S etn.
AMbeknatriefel-yblpnerorto nRe eakcht hepgeeups may-substituted
represe olid phase to iC the ligand is

LR dehad = FoEn AR, FErR a1 v e 8 CBRbod FRTRT YL
thebptgsent isam%anpnpn RertRbutRl, Rlfentl3 andeR}t6 and
each rggreﬁent the sanme |lower alkyl, aryl or Het
mSYELYEEYUef i ned herein, R2, R5, R8, Ri, RLl4 and

R17 each represent the sane | ower aIkyI aryl or Fbt

mpi.ety as, defined her R9, R12,

BRI BIELET Vgt oottt Tinseadde FOREr A1 Ky SR di £
Hef, npt ety RS déf ked®her¥i no Mdt e preter abl o RIg!® R4, r*®
R7, Rio, R13 and R16 each represent the sane Cl-C6
altP??FtheBa?P?%Rﬁ%“;Flﬁoﬁ‘aguE?Qﬂnt G Eﬂilﬁls’é%u%ft‘k‘&ﬂs Séi‘f&’h as

asg - ABEBYEnyl etdiy| 1 -Ro PEOMHA1en$a- pri@Pﬁ/érnaJh%tl one
i so- butyl, tert 25 butyl, pentyl, hexyl or cyc ohex
RICTR5 OfRENRIPFOURE A 5 d rW‘?séﬁéh g r?d’é& d&Rsey to Wthh

repeesephind hes samec6daCo6 al kyl as defined above; and
R3, R6, RO, R12, R15 and R18 each i ndependently

represent the sane Cl-C6 al kyl as defined above. For

exanph e par@lcuﬁ&rl pr&@rr&?’ e%%d%@n@a‘lhf 3@he present
represent methyl ﬁég ﬁ? Rl4 and R17 each

r épesEHPn 8thyB ahd, RT2 eaR5 zaRyeRegt the

eagher aREQSERN k1, bUbyh QF r}rettenﬁa/letymsZO&é«f HdBH e rein,
P / GB2003/ 0033 3’ ,10°1n an especially preferred

odRment rothrheRpré@éntR each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R?, RS,

R9, Rlz, RY¥ and RY™® each represent the same lower alkyl,
aryl or Het moiety as defined herein. More preferably R!,
RY, R, Rlo, R*¥® and R'® each represent the same C;-Cg4 alkyl,
particularly non-substituted C;~Cg alkyl, such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl or cyclohexyl; R%*, R®, R%®, RY, RY and
RY each independently represent the same C;~Cs alkyl as
defined above; and R3, RG, R9, Rlz, R¥® and RY™ each
independently represent the same C;-Cs alkyl as defined
above. For example: Rl, R%, R7, Rlo, R¥® and R!® each
represent methyl; R?, rR®>, R®, R, R and RY each represent
ethyl; and, R3, RG, R%, R12, R and R'® each represent n-

butyl or n-pentyl.
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i nvention each RL to R18 group represents the sane
lower alkyl, aryl, or Het npiety as defined herein.
each Rl to R18 represents the sam&r/GB2i03/003383
C6 al kyl group, 5 particuldfly non-substituted Cl-C6
al kyl, such as nethyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert- butyl, pentyl, hexyl and
C:yrcl chexykpebbsilpr efrefabkyd eadivdiRento $A8 the present
resents net hyl,. 10 18 the co f
Yeé} ny eeaé:gh @d 81:&8 nE !E!Qger%s QE%‘“EQmé lower

resent are
S@lneyl Masdypr efxerﬂalnl ynpleagzhaalde@necanpb@r( V\,rmferably,

present) reprgsents hor ous. erably [ h
%ﬁﬁbuﬁ% b7 Forﬁﬁpéeg i? %£3n5 i (&% p%gggngfoup'
eggh i Adepandeninl-gubepi esest Cﬁ%kOacﬁyaLkyheheaswhhéhyl
is optionally substituted ag defln d hereln_bforl tert—
exERpl e WPROPBher HKRPEFY Sup é’fer abPy. PHRE o

abkyy ENGLHGURS hvkiy Tharkd @(ﬂlltdlekyﬂ\t\hﬁbsprpzsefﬁ@ably, each
represeni are non-substituted. A particular preferred

| Bwere & ﬂe@ﬁessetm%‘r#& B and J may independentl|y

represent is -CH2- or - C2H4-. Mbst preferably, each

of A, B and J (when present t me bome

aFRyF]e?rec%@%Jélfjr REJEREFET, f %regaﬁgm g‘b@ % i o

Pr @ﬁ@ﬁagl:é!seﬂ’ﬂ the QQT@Q&LHM% OfMd‘sQ;r lpi{e&eh:awnﬁn Kac]ﬁ) QE Q*
does not represent -J-B (CR13 (R15)) CR16

(R@?)Q(RE@FH PReSENT) EFreRTeZepEPr BRRTR IR Frogen, | ower

al kyl , phenyl or | ower aIkyIphenyI Mor e preferably,

K, DL Eor Z represent hydro phen&l hen

aPkgEphapyy, ot theogorPRYRd Pz rnyr aré? Hy1 {7

p59e¥Ent§u%$Eh Q%@E&En@@ﬂthﬁxkbpr@béﬁt Qﬁeﬁerathalkylene

D, represents hydrogen. 2004/%148%3 .
PETLCR2G03/ 0PBEER 1Y Piktierating 3% CREIRBApSGHTGIBr foT

f%&gﬂbﬁ lﬁMEN1i%wé% Eand géotipget hekrertblyhe toar loswer
at ons o the aryl ring to which _they are attached do
n@{lkﬁ/éeneagpﬁmml}qqﬁ)g A,KB [gndEJan(d«rhzn present) represent

are non-substituted. A particular preferred lower alkylene
which A, B and J may independently represent is —CHpy- or -
C,Hs~. Most preferably, each of A, B and J (when present)
represent the same lower alkylene as defined herein,

particularly -CH:-.

Preferably, in the compound of formula I when K, D, E or Z
does not represent —J—Q3(CRB(R“)(RH))CRW(R”)(RM), K, D,
E or 7 represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, XK, D, E or 2 represent
hydrogen, phenyl, Ci1-Cs¢ alkylphenyl or Ci-Ce alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or Z represents hydrogen.
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each i ndependently represent hydrogen, |ower alkyl,
phenyl 5 or | ower al kyl phenyl. Mre preferably, K D
i ndependent|y represent hydr ogePCT/GB2003/003383
phenyl, Cl1-C6 al kyl phenyl 1or C1-C6 al kyl, such as

met hyl, ethyl, propyl, butyl, pentyl and hexyl. Even
nore preferably, K D, E and Z represent the sane

s ubstiietradnl , Mbsth@reﬁmpauHQ/oﬂIﬁw¢mu1@ rephésent D, E and

h rogen Pref n the,conmpo of farmul a .

R LT S e € BET R LT’ B abo whicn

( Ry (aRbS)atﬁa@Eacﬁ dRhd) (ERif) a apidertszl xD;ngE &ndpZ E and Z
r wwth,the carbon at f the rin

t oget he
o et R a6 ORY b7 4T AT W EHG, Dhenyl
eafm lcm:jer;(,alﬁylﬁlﬁxmﬂlz Mcmlw Qﬁ@ﬂerhbeysaﬁpl o OElp?_rléd Z each
sel ecte I ro ower ar or t as
def @&nﬁswgﬂﬁ yp%ﬁP?‘ eGP Iy %(%Jgeéh Vol o) kylC1~Cs
(mﬂ&@lp&@hyrubﬁrty{kua$hpslI§uﬁﬁﬂbéﬂmiﬂﬁyi|kﬁkhyl, propyl,
allg&ﬂéﬂ & Preferabl i n the conpound of
|a P 5"%“9“% ‘Brefsyerher tH't}Fleand
cavr bosp s R Otfhet h§ar&é§ ybubbfgrddht Wigdt t BRYF&F 1y, they

attached henyl ring, then the phenyl ringis
odi‘*lp&ﬁéFP{y %ﬁgﬂ)’%chp%t ed with one or nore 25

substituents selected fromaryl, |lower alkyl (which

al kyl up may itself be optlonally substltuted or
 GRRACRAY o e (FEGPEEPEy T FREmulfa o Whefako, D E or Z

niotore@, rfa%l%ep%ség}. R2003 2R122R12B 2452 ﬁ@a ?R@g (R Rﬁo)an% K,
NRR C (O NRSR SR C (O S
Wﬁérglﬁ R19 ??9?%?fﬂé&@ﬁhlﬁH@p@ﬁ%ﬁﬁﬁl%qu§ppésé ¢ agpl ring

hydr @@eBhOEhe PVRFe altulchWhlishn &t Ky rn00WR ABY HLI%&' feacn

be o tlonally substituted or term nated as defi ned

hé&feifir) O Nbr&npréf EPREPFSIE hENPhewys 9Foiep i selrited from

Suhstriotdh £d 1Bye@N¥a1kgubstdtent Sy i uge igls REAFSed herein;
hydr ogen_atoms oniy. WD 2004/ 014834 PCT/GBZOOB/003383

1?a|5FéFéF?JéJdY cHHPBaRtR OfF forfal &Ukyilncinrke t Raseicularly
WhRIs8bBEituted C1~Cs alkyl), especially hydrogen.

Preferably, in the compound of formula I when two of X, D,
E and 7 together with the carbon atoms of the aryl ring to
which they are attached form a phenyl ring, then the
phenyl ring is optionally substituted with one or more
substituents selected from aryl, lower alkyl (which alkyl
group may itself be optionally substituted or terminated
as defined below), Het, halo, cyano, nitro, ORY’, 0C(0)R??,
C(0)R*, C(0)OR*, NR?®R?**, C(0)NR®R?*®, SR?", C(0)SR?" or
C(S)NR*R*® wherein R to R¥ each independently represent
hydrogen or lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined herein).
More preferably, the phenyl ring is not substituted by any

substituents i.e. it bears hydrogen atoms only.



A and B each independently represent unsubstituted Cl
to 5 C6 alkylene; K, D, Z and E each independently

wo epressst hydrogen, Cl1-C6 al kyl, phenyl, Cl-EBI/GB2003/003383
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al kyl phenyl or -J- @B (CR132(R14) (R15)) CR16 (R17)

(R18) where J represents 10 unsubstituted Cl1 to C6

al kyl ene; or two of K, D, Z and E together with the
carbon atons of the aryl ring to which they are

attached form a phenyl| r|n i.S tronal

SEBREqRLEte GOBYOBHES o‘“rf HoYE %E‘rbétr?‘i}é'ﬁfep thers We%r? F'om

| oner al kyl, phenyl or |ower alkylphenyl. 15 Rl to R18

each |ndependently represent ClL to C6 al kyl g dyk to
ob erdtB ekl KyFBRERYPTERUr TR ST FY SE&FrE thds?

o{: fangubae) include those 20 wherein: A and B both

represent “CH2- or C2H4, particularly CH2; K D, Z and

E each independently represent hydrogen, Cl-C6 25

akky} phefyd LoreaQJﬂ 6 qebkybeRfly Jre];%s(e@Rlﬁy(iRﬂ)ééan, C1-Ce
(R15)) CRI16 %1(R18) where J %the sape as A or _ .
t abkpt, K, DP Ené d Z tdgether wtKYLRBERET bon a‘f ons of

tae M{M)r ;@prkulgr khey ar eﬂyp'glteachedeor Mdpresents
unsu stltut ed phen g:g Jf30 Rl to R18 each
N

mdepresrdlewme;d rCepr'tesé‘ma Pas A K W0 20091 014839 ©
3wqgga§§e éé%ﬁgﬂ|At3ﬁér%&e&h@r%&%ﬂrQQng to Wthh

n’%oun s of formula I include those wher ei n: 11
RLBear are het sagkednioBach Prpreserity ¢ é6 acfwona Y

rre&@/l Stidde fUnbbercpsefer sedected from
cgﬁ%%%in%geg{ %g Or| ncl uede t hose wherein:
lower alkyl, phenyl or lower alkylphenyl.

R' to R*® each independently represent Ci; to Ce alkyl,
phenyl or Ci; to Cs alkylphenyl.

Further preferred compounds of formula T include those

wherein:
A and B both represent —CHp,- or CpHs, particularly CHz;

K, D, 7z and E each independently represent hydrogen, Ci1-Cq
alkyl phenyl or C1—Cs alkyl or -J-
Cf(CRB(RM)(RH))CRN(RN)(R”) where J is the same as A; or
two of K, D, E and Z together with the carbon atoms of the
aryl ring to which they are attached form an unsubstituted

phenyl ring;

R} to R®® each independently represent Ci to Cgs alkyl;



10 K, D, Z and E are each independently selected from
the group consisting of hydrogen or Cl1L to C6 al kyl,

warticsBar |y where each of K, D, Z and E reprBGEGB2G0B003383
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same group, especially wheng each of K D, Z and E
represent hydrogen; or 15 K represents -CH2- @ (CR13
(R14) (R15) ) CR16 (R17) (R18) and D, Z and E are each

i sdependantdny rs eb wctteactellr omntpeengsoupt Comsidd i g piclude
h%groge or C1 to C6 alkyl, particularly where both D
arrd® rg%?%%%$1 the same group, especially 20 where

D, Z and E represent hydrogen. Especially preferred
speci fi ggcompounds of formula.l _include_thos

oRere i 58 Bt rafhe D T RS g S epp e Sert iy
melakyh culédcBndndtgiie the sanme and represent -CH2-; K

D, Z and E are the sane and represent hydrogen. The
present invention provides a process for the 30
carhony| Aathiter of pedreided ecdmgalungdsunsat woatheda c dnpoueidide
conpri si contacting an ethylenically unsaturated
c&ﬁﬁ&ﬁnﬂﬂ%f?hnbarbon monoxi de and a hydroxyl group WD
2004/ 014834 PCT/ GB2003/ 003383 14 contai ni ng conpound

in the presence of a catal yst conmpouynd as definned in

tHe prestnPPndentionS2<Eyi %(%‘%?]%/e,n?aﬁgﬁﬁydsr%ﬁﬂece&r o%p?m the

CQtoabni n@przarpadd igfc! utdeSogenwater o, anc®r gagi calkyl,

nol ecul e_havi ng. a hydroxyl functjonal %r%ﬁp. £ th

Pt 5B 9T LY n@PErgafPeimAtedul ePnati A% ThybrR%sien ©

f unpgll 0§abug) OWR paRY abey briaieledegtn | idreak, and z and E

conprises an _al kanol, particularly a Cl-C30 al kanol,

i FEPFGERGTaRYFroH arfdl s, which nay be optionally

substituted with one or 10 nore substituents sel ected

fromlower alkyl, aryl, t hal o, a ikt ro,

RS FeOE 10} TR0 G B (0 O 7 ) T una b,
and E are each independently selected from the group
consisting of hydrogen or C; to Cg alkyl, particularly
where both D and E represent the same group, especially

where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula I

include those wherein:

each R' to R is the same and represents methyl;
A and B are the same and represent —-CHz-;

K, D, Z and E are the same and represent hydrogen.

The present invention provides a process for the
carbonylation of an ethylenically unsaturated compound
comprising contacting an ethylenically unsaturated

compound with carbon monoxide and a hydroxyl group



2324 2526 2526 27 27 NRR, C (0) NRR, C(S) RR, SR or C
(0) SR as defined herein. Highly preferred al kanol s

wae@4014868 al kanol s such as met hanol, et hanol PCT/GB2003/003383

10

15

20

25

30

propanol , iso-propanol, isd4butanol, 15 t-butyl

al cohol , n-butanol, phenol and chl orocapryl al cohol.

Al t hough the nonoal kanol s are nost preferred,

p@bytahkanglsemmwwmfnabkye ﬁfeﬁﬁncﬂidﬂ%undakaQQEa ebpound

su as. dIOIS trials, % s and sugars may al so

| PeRge TVB?éﬁiﬁﬁn sfﬁﬁ?n o134l kanol s are
selected from20 1, 2- ethanedlol 1, 3- propanedi ol ,
I 1 4 ut anetri ol

33 %‘ﬁy% §(yn€’i§ﬁyf‘§’gﬁ°’é¥ rGpaRe diBitaipingg compound includes

tmahydroxyhexamganpenmémﬁqaﬂywﬂaﬁlnglalhydrbkyl functional
nannqQse, sorbase, gal actose

droxy t etha e,

RO her e dn T A B pet et he s hatiad o degronyl
frfu&t:e$6n£5 ghclug| mopses spetldl by preter| ednal kanwtises
are gﬁ&epe and et hanol. The anmount of_ al cohol is

r. PEEhEFIFYLY afrobitee atkanRbd iRCHIEEEs aryl

OElkBﬁoﬁﬁDUﬁlﬁl@fﬁ i PYbhendmalony 1130 sUBst Hhed€deith one or
congound to be carbonXIated Thus t he al coho

my
BPvE a4PShatrentsi 6R1eeFRnfraR WerPr @UWdugrvily Het,

deaabed c§eRaJ at gisad verirs® myb@lcs @2be L@(@JRZV\D C(0) OR*2,
2004/ 014834 PCT/GB2003/ 003383 15 1t wil
aPpr &ciat e ¥t Rt he CdRdRpRoductR of oFhé& ( Oﬁéﬁctl%ﬁl¢%?lned

deteemhneduaghl pasteddrRaAr bikynbhe seureecQf aliaéh%f&(yéuch
nmpound used. |f water is used

gr oup containin 0
t RE RyERIRGL- g%’%l?&%npépﬁ%@lco%ﬁﬁnmpeﬁeﬁrt heowaslol

Progucy1i s atbene@) r espgnding carboxydi ¢ achd, WSESADHry1
use of_ an al kano| pr.oduces t'he correspondlng ester.

SEiEaBPY: PHEDSLRYI et alPyouks i Ursat @Fe ¢ neregrred,

mﬁ@hydﬁlfﬁﬁ&iér“ﬂkéﬁ@%a%QQbogeﬁéeggf goubl & hand; 515 such
erein 10 the doubl e bonds are conj ugat ed or

néA- conPlPat ekl Prief etgbr§;okhe ahylseareal | yay also Dbe
upsai usad ed eppPOANd; hajich polyalkanols are selected from

i, 2—-ethanediol, 1,3-propanediocl, glycerol, 1,2,4
butanetriol, 2- (hydroxymethyl) -1, 3-propanediol, i,2,6
trihydroxyhexane, pentaerythritol, 1,1,1
tri(hydroxymethyl)ethane, nannose, sorbase, galactose and
other sugars. Preferred sugars include sucrose, fructose
and glucose. Especially preferred alkanols are methanol

and ethanol.

The amount of alcohol is not critical. Generally, amounts
are used in excess of the amount of ethylenically
unsaturated compound to be carbonylated. Thus the alcohol
may serve as the reaction solvent as well, although, if

desired, separate solvents may also be used.
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to 3 carbon-carbon doubl e bonds per nol ecul e,
particularly only 1 or 2 carbon-carbon doubl e bonds
15 generally only 1 carbon- car bptT/d8aimB003383
bond per nolecule. In thelprocess according to the
present invention, the carbon nonoxi de may be used in
pure form or dlluted wth an inert gas such as
nCtroger, oar bappde@:)atc&i othatnobhe 2Bdgaprededt af the

/gﬁﬁt%’%rlxnﬁjln% ﬁn%ﬁ%%se tyq.re%%%n in %%ect?lblézy thI e%%u@cg@nof

e présent.
( volivo®yV oci;iddsm_g) afntatihyhencoabbdyndinssddir atfedvateenpeunged

hydr cont ai nin 0 var 2
beenie e, S0 Sof fRY ! Hlen 22ne | ena
1pQodut® 1516he pé@fﬁs@iﬁnyilhgomabbbmbm 2ad.1d,0 mﬂheZelap use
to a Iarge excess, of h¥%rox rougﬁcont n ng

t

Cc

c BApBUNTERHEN PHORECPE B9 83t on

solvent. 30 The anount of the catalyst of the

invention used in th 0 ocess of th

oS PERTEal | §oanest D S BHRRE LT PR ma
Gaad1ngsUlbse Meyiahe oabt @kaben-wheon piefidraldond,t heherein

anmount. of Goup VIIl netal is jn the WO 2004/014834
ST (o0t COEIEs - GO PANIE e P4 BOR0CTA T HE B

nol e of ethylenically wunsaturated conpound nor e

pr ef er abl 10-6 to 10-2 noles, nost ferabl 0-5

P & =260 7aRY o5 ChRr SRBYbEToI™ Hohy PRy S RPE AT o3 1
CQ@p@U@grbgﬁeéﬁM Yioublle BoRd®Usd r Qrfol@dﬂl&@t ap€rticularly
conpound of formula | to unsaturated qgound isin

t k& 1lyYanye CM0- 7t ORI CARBPR é@ab??n 0P§* t%P%ﬁf%}e’

» JRet-aRL6f SREPI V. .cakBor-EQrdéh dM1eS bBAE POt Gndifecule.
ethylenlcally unsat urated conpound. 10 Suitably,

aIthough non-essential to the invention, the

aibonyd abi-08. 94 aecgﬁcﬁwﬂgents alehy ﬁ:atﬁ@lfeeﬂjmaunothe
as defined herein may be perfornmed in one or

apreaboe mesPyéAe smaBUPe aBfed sHP vBRER fRER ude @%&%ﬁ%% with
Slé\%h ﬁt%xfto gas such as nitrogen, carbon dioxide or a noble

gas such as argon. Small amounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratio (volume/volume) of ethylenically unsaturated
compound to hydroxyl group containing compound may vary
between wide limits and suitably lies in the range of
1:0.1 to 1:10, preferably from between 2:1 to 1:2 up to a
large excess of hydroxyl group containing compounds when

the latter is also the reaction solvent.

The amount of the catalyst of the invention used in the
carbonylation process of the ethylenically unsaturated
compound 1is not critical. Good results may be obtained

when, preferably, the amount of Group VIII metal is in the



exanpl e net hyl butyl ket one; ethers, such as for exanple
15 ani sol e (nethyl phenyl ether), 2,5, 8-trioxanonane

w@ ciogloyssed , di et hyl et her, di met hyl ether, PCT/GB2003/003383
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tetrahydrofuran, diphenyl @éher, diisopropylether and

t he di met hyl ether of di-ethylene-glycol; esters, such

as for exanEIe net hyl acet ate, di net hyl adi pat e net hyl

bereruz e, 1A metby| 120 phthesd atgeandudilg yrod act®R@enically

am ch as _for exanple _dipethyl acetam de, _

R o LB S T e T T rario, L0 1077 moles,

suhdoxi dpsedadalsut phoo®s, sachlas f ofhoBXAMPbEr mole of
sul fol ane

di net hyl sul ide, di-i opy! sul phone,
R AT pHEnEE S S OB ot hyeetErBbRRe, the

255(Ljrdj2m‘t‘d1ydfh8klbtldf‘rmaﬁel tcéltnfbaflﬁdf ethirophRens %, %bdiu‘ﬁ)giagﬁrated
and 2- nethyl -4-ethyl sul fol ane; arojmatic conmpounds, B
i NS IRARYE Wal8 §a% i Eee P sdch 1Qonpaiprgs pegferably, 107°
benzene? t olmssme pre¢thybl PLNZETE t8- X)0HeNgo1d8 XY £NBole of
p- xyl ene,, cghorobenzene, o- di chl or obenzene,

m i ehiOY 6Beny ehes 2 EHedses COPReT Y ng 30 hal o vari ants

of .such conpounds eg, hexane, heptane,

2,2,.3-trinmethyl pentane, nethylene chloride and carbon

t e%”l']gﬂ?hlé’ri dae%,/tfﬁ%%ﬂ | R RF 5B rA2dni §F i FBeankhvention, the
acel iyl blk@on V\Or 20044 O 4834 RETACBAA34,093383codound as
Ve[é,suitable,are aprotic solvents having a dle?ectrlc

c tHdteins Rl oRP aP9af et 50, omsr @Xpriades apbyotic
| isoltvRetkangei®bpBet QoBvedts 208 hyK ]@&Qan]es)f W as tfo:lf

NM 2. In the present context, the dielectric constan

f S3FPGPy e B eAke s eG thRT P s S¥snaRs mefan ngxafiple
" epfiesaBl i nanbhgy1r at pReof1 theGaNaci ty Ofs 3-¢a0ENsGl. e
W th that substance as dielectric to the capacity o

t W6 gdaBed ondeRsBY L oither ra dimedipyrh fedhedi eltesrhgdrofuran,

Valigeentoeth8e, diel 868rd G 1censt-anty e Cgfm%ﬂ&%%irc of

i quids can be found in deneral 10 reference 0kKs,

s eAS YL RBS FEheRdok ofesCRemi stryuahd @hysi fer 76¢temple

edictthonacedit &d QYmg%WQI%J%pQHéH%é%hjﬁ'béﬁgtate, dimethyl
phthalate and butyrolactone; amides, such as for example
dimethylacetamide, N-methylpyrrolidone and dimethyl
formamide; sulfoxides and sulphones, such as for example
dimethylsulphoxide, di-isopropylsulphone, sulfolane
(tetrahydrothiophene-2,2-dioxide), 2-methylsulfolane,
diethyl sulphone, tetrahydrothiophene 1,l-dioxide and 2-
methyl-4-ethylsulfolane; aromatic compounds, including
halo wvariants of such compounds eg. benzene, toluene,
ethyl benzene o-xylene, m-xylene, p-xylene, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene: alkanes, including
halo wvariants of such compounds eg, hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon

tetrachloride; nitriles eg. benzonitrile and acetonitrile.
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publ i shed by CRC press in 1995, and are usually quoted
for a tenperature of about 20C or 25C, i.e. about

298. 15 K, and at nospheric pressurBCT/GB2003/003383
about 1 x 105NnR2, 15 or can7readily be converted to

that tenperature and pressure using the conversion
factors quoted. If no literature data for a
p&téﬁfi_/CLdLﬁJtabmﬁpCalﬂéd é}Srcm/J&i | ableentd hpadigd eat rdtelectric

const be, readi measured using establishe ,
OB B R oo et Bot it ot o Ty e farably in
dicekeetniye seﬂst ast 8of a@ni2sel.esi & %na (Latx 1Z)|9§ml‘:" KiIn the
of diethyl ether is 3 293, 2 sul_folane is
§rﬁsf%‘fys‘t%n toxgy ’Eﬁe rré#l‘f&leﬁgﬁtlﬁno%ﬂrbﬁa@% 6or (a8 9iven
2931%2eiQ) , 1@fu§Bcp|’1’LQﬂyﬁ_t%t RRrmas Bednfad 8§3rgpi@serﬁfln%5 the

di net hyl adi pate is 6.8 (at 293.2 K), of
téPFéﬂySFoFE?aﬁaP§Cl§ySO%a? 59adenggr wpth that substance

nmekhyt 8080t ol $hd. Qapati AP DR thke saMePEEhEEAEL with a
sol vent |s anlsole I f the hydroxyl group containin

cSREBERAE?S HFl&CkaRGH , Vaktr it Gproei 618 POBREC IS

gemner abedoby &fb%rﬁ%actyl@_[ulag the estersedbonmd atddral
product of the ethylenically unsaturated conpoun

cAFBBRSHoNoRPAES :andUEhe 281 Kdifol Hegdb %ﬂ<aﬁfoﬁh€m13try and
sehyents, W2004{ Hild834 BEHCBROGRH N33 1,il® The a1, and

process may advant ageously be carried out in an excess
oPUEpt BEE RIGRENPLEFS eln a3699a5 v &% arg/ yyuatlaprwmibed for

sal vembe O L@ boGE 02P° € WY 3P0 CRTPIYHL: 9 Rli5k or
| east 1:1. Preferably, this rati o ranges from1l:1 Lo,

1898 - BhdK. ridice apFerBhably BrasAUrel foe5: abowpst x 10°Nm

pref exabl Y bbhgeipathd Hvektbanoes fiam 1tém€: L9l and
Despite the afore20|ng it is preferred tha ﬁ

r BaEEFOFE 1OiNg caPPi eBOBRTS Pt hdagbstncededtethy If no

el&@éﬂ?&ul@r@éﬁé: £8P \éerﬂaftqcu@gra@'oﬁbbﬁnaml\éenévaﬂQLtable,
enerate
gthe dlelec)érlc constant may be readily measured using

established physico-chemical methods.

For example, the dielectric constant of anisole is 4.3 (at
294.2 K), of diethyl ether is 4.3 (at 293.2 K), of
sulfolane is 43.4 (at 303.2 K), of methylpentanoate is 5.0
(at 293.2 K), of diphenylether is 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 methylnonanoate is 3.9 (at 293.2 K).

A preferred solvent is anisole.

If the hydroxyl group containing compound is an alkanol,
an aprotic solvent will be generated by the reaction as
the ester carbonylation product of the ethylenically
unsaturated compound, carbon monoxide and the alkanol is

an aprotic solvent.



wa@20ohomsgeneous” cat al yst.

10

15

20

25

30

reaction itself. The catal yst conpounds of the present
invention may act as 15 a "heterogeneous" catalyst or
By the term "honogePE€DG82003/003383
catal yst we nean a catalysti§ i.e. a conpound of the

i nvention, which is not supported but is sinply

adm xed or forned in-situ wth the reactants 20 of the
carbonyl ation reaction (e.g. the ethylenically

upnsaturated co he h I i 0l ng:
aﬂ € progess rzﬂg}gg)(l geytg gox%s}/l a%l)éy cagggéguﬁg%ﬁ%m%%@ss
sofFveiroasc dﬁSDthEd he¢e|at 25 Bpttihe twiwh of aprotic

"he ero ene cat al st we at al t £
H‘ﬁ) ¥1der?’i¥\}e itk J?%gccélr rg%find df B i
smpportrgﬁ“@mbm,cotldmgramca tamgdwer fasgpettl thelo 1 and

present inventio OVId a,precess h -
CQP58n9¥%é]§ﬁP%%I£§P enlcaﬁf%' unsgtﬁ égéb%ﬁéﬁﬁﬁuﬁ?tlo
agvdef i nadydweriaion wheEE|notmEL process is carried out
with the catal yst conprising a support, preferably an
i nsol ubl e support. WD 2004/014834 PCT/ GB2003/ 003383
1%e5’bi§f@lrﬂl]|?éYafbh@g<simpOIﬁ L‘@rrpre}aﬁasreai pﬂi@;trretrhesumfacaslon
a_ polyol efi styrene or_ po tyrene Gco ner
stéh G¥rged dl‘?/‘ftﬁ %er%@nea Soeﬁbqpeynéf %‘P ot%xgcreq‘ﬁsnﬁ’ﬁta rotie
PRLYHBRE Qfe.5 @@pobyﬁEtfcknﬁMNehe HhﬂsegﬁﬂekbEédlnbthﬂm
art; a siljcon derivative such as a functionalised
sFPPEElO% E%95ifone or a silicone rubber: or other

porous particulate material such as for exanple
I norgani c_ oxi des and i norg

chl
PoForab 3V e he- SURPORE AhL EPF =1 P HorBUE Er PP Eh °°
has vhatsubd et eaadtalybe sange mobeasbds” t ca 7l st .
n2/g, a total pore volune in the range of fromO0.1 to
4.0 cc/g and

By the term “homogeneous” catalyst we mean a catalyst,
i.e. a compound of the invention, which is not supported
but is simply admixed or formed in-situ with the reactants
of the carbonylation reaction (e.g. the ethylenically
unsaturated compound, the hydroxyl containing compound and
carbon monoxide), preferably in a suitable solvent as

described herein.

By the term “heterogeneous” catalyst we mean a catalyst,
i.e. the compound of the invention, which is carried on a

support.

Thus according to a further aspect, the present invention
provides a process for the carbonylation of ethylenically
unsaturated compounds as defined herein wherein the
process 1is carried out with the catalyst comprising a

support, preferably an insoluble support.
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an average particle size in the range of from10 to
500pm 15 More preferably, the surface area is in the
t he pore vol uneCT/€BR0V3/003383
the range of from 0.5 to 295 cc/g and the average
particle size is in the range of from20 to 200 pm

Most desirably the surface area is in the range of

from 100 to 400 nQ/g, the pore 20 volume is in the

rapge. of fron1 8t 0 _cc/g and the avera

pa%] TS8R ze Qré |ﬁuPﬁ%rT’ aﬁﬁg‘pﬁ?‘sﬁ off 3@0%36“%003”5% as a

Tmaiamsedge pprystgfemécﬁy@magbtpﬂém@&xgﬂﬂg@k& such as a
er aI% is in the range of ?g110 to 1000 A
ey FREERS U Y Bertnl oPEbfotr it Shawkers or

avm;a:g.@m%':isp&rr@wﬁl aettosef fHiamed0 itr0 HR0 At And 8RS$icon
irably from 75 to 350 A, It. may be particularly

de T rab éVFos&&ﬁyaﬁa?efuPﬁEl%W?%%ﬁ?daﬁlélFénpéréﬂ&ﬁ%o%ﬁ or

froms100¢orte0 Ber anywhertetr @Bk3ub 0 pd4theul ste 3Raterial
SU|tg$Iy, the support may, be flexible or a rigid

&% nSGPOBI-E sammna% Gdded am@for inorganic
|mﬂﬂ&gﬁabed with the conpounds of the process of the
invention by techniques well known to those skilled
in the art. W) 2004/ 014834 PCT/ GB2003/ 003383 20

Al pefRabby @l Yhet Higp oiRdsinf 1hepPraness 18kat R8ich has
|nvent|on are fixed to the surface of an insol uble

subpBrELaspt RERAI 1) e Fd6fal@nt TBIRd10ane tHY n’/g, a

ariangepprt OpliRnald Hdnchudesoa Biddincti quals §p’e1€%1 and
5 nolecule to sgace t he compound fromthe i nsol ub

sSUPbGIEra9FhR2Ebhpuridd Sofi it kee | Fyedr i Un Thep BE FPxé@Own

t Quddee p&@rfta@gsl¥ of thdesiNslibl e.SUBPORT Ry e&&g@t 5P rom
reaction_ of unctional group present in the

cotthotthd® Ut ool o PASr VIguBgarksl ena Ehebstandremt Kirom
D04 and Eofcdhe ﬁ{d/l D1 86 dragaM 3418 G RENtArY, 1o

reactive group present on or previously inserted into
tiﬁ?@gﬁpﬁﬂgtfrq%ezeoﬁﬁlﬁé@ldﬁﬂofMOSt desirably the surface

area is in the range of from 100 to 400 m?/g, the pore
volume is in the range of from 0.8 to 3.0 cc/g and the
average particle size is in the range of from 30 to 100
pm. The average pore size of typical porous support
materials is in the range of from 10 to 1000 A.
Preferably, a support material is used that has an average
pore diameter of from 50 to 500 A, and most desirably from
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C to 800°C

anywhere from 3 to 24 hours.

Suitably, the support may be flexible or a rigid support,
the insoluble support is coated and/or impregnated with
the compounds of the process of the invention by

techniques well known to those skilled in the art.
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the reactive group of the support with a conplinmentary
substituent of the conpound of the invention provides
cat al yst where the conmpouneCDGBRIVE/003383
invention and the support2tre |inked via a |inkage
such as an ether, ester, am de, am ne, urea, keto
group. The choice of reaction conditions to link a

canpeungt Dfe 120 the PrRERSENOE tHE PERSENtrddRENt i@ the
to the S%Eport dgfend upon the nature of the
soBEETELONt S dfi*eHe EBnptid Stiffacehecdr otps brEsalvele

supppbte, Fobpexanpl e, reagenis suehiast caphadii mhdesche
1,1 -carbony Fd||n1dazole and processes such as the

uééré?lg%‘l‘%% S dredéy, FRURASY e BanPidlirehions! mpacer
beoceash oy et M%egc&gp@rwrftﬂaﬁr tA8PeRo LI support .

present invention provides the use of process of
i nvention wherein the catalyst is attached to a

sggegg&%&%@w Ctll‘llea&h¥eﬂffcfr?rrrfagj eS f%}@a weu% Qsaﬂlf%ce
u
gﬁé Rabe wHers cdebaei aseRPoii t Ryt h@mmq@gmcfrﬁa@team bcmf a

atfgﬁbépéqu%m% tp%eggﬁypisn ViR 2 Q04 %%é%f formula I, for
PCT/ GB2003/ 0033 whi ch are at | east as sterically

hﬁﬁé@?i%gaa§ubsbaiv¢nt 5t ePi cZhRdr &ned ithet FHzyl moiety,
CORLEXt ai S RfpdiREHSSAH afeaocac%e 14;,1%5 Se%r%f ent on or

"Honogenous Transition Metal Cataly
APEEV1QYS Iy Mgt erisd puﬁm StHed Wﬁ@ré:pwdﬁ*hearmbwnat@n of

1%@9—: r-gbsl%%gvét Qj'foc& p§hém¥,uP?of’¥ c lw';L(Eh ar Eorﬁ%fin{e%tary

or acyclic. c or cyclic, e group nu
béubﬂbst¢¢mﬁe@f @heuﬁ@mbsum@upédtbe bengmtupatedoandes a

upsaL psal &l T t%9¥%¥cllaf1&ré)rtk%arclo g%ﬁ!ndc 9r91lﬂ$sirf%\ﬁtion
contaln; 1Inc tertiary ca bon a rom
candsthe nm@cmtefa@lea@hyk@@ G20,2 liogegpr ehehads yan ether,

Cégﬁg_l'? M&&n a?a&?x'g!;:‘ Lgez!l,h%e(a()dgjr%up.

The choice of reaction conditions to link a compound of
the process of the present invention to the support depend
upon the nature of the substituents(s) of the compound and
the groups of the support. For example, reagents such as
carbodiimides, 1,1 -carbonyldiimidazole, and processes
such as the use of mixed anhydrides, reductive animation

may be employed.

According to a further aspect, the present invention
provides the use of process of the invention wherein the

catalyst is attached to a support.

Particularly preferred is when the organic groups R!, R?,
R*>, R* R’ R% R’, R%} R%° R'Y, R™ and R2 when associated

with their respective carbon atom form composite groups



structure. The cyclic structure may be substituted by
one or nore substituents selected from hal o, cyano,
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NR14R15, C (0) NR16R17, SR28, C (O SR18, C (S

NR16R17, aryl or Het, wherein RO to R18 each

i ndependently represent hydrogen, aryl or |ower alkyl,
amtlioh Bee ndter ﬂaak’ed aby sareicrlipr eniexe@eAgorass utfhuyl .

anp o |aIk IS|Icon oyups. 20 Th
DEE iR Ta e o RS B page
graupt VﬂHcphoﬂHyH&@oqmidu@naﬂﬂaylsSﬂib&hl tetcad, q@rt@\lgygegl - A

t th hosph t ked to adj acent
cAPBBRC AFbe, Bgr HPoPRES A2 TReiHY GPRARORF e all

pheayl group. 25 Furthernore, the aryl noiety may be a
fused polycyclic group eg. naphthal ene, biphenyl ene
or indene. Exanples of suitable bidentate |igands are

brrﬁe(sdl stebit ydro@w&ﬁbl Bo) e e Xid el’ﬁﬁx(taJc%QlKBOM\B @&Ycllc
5 %gl-t- 30 buty ghosphlnonethyl) benzene) 2
e?d.cé{ HENPYI Bﬁsépﬁy Ohet hy1S BERSRMBRY 109 Bal%stltuted

(dlradﬁ‘l’ﬁiﬂ:tst)ﬂtlﬂﬂﬁ@&pmmolg@t hykiraapht hal efsadudati®  The
§C§ pentyl phosphi no)-o-xylene (also known as 1,2

HF - CTWBSG0 LA UPIASI A IOEPF GBS0 PRI pycluding the

peawha@ﬁoaahbmn&twj ) BONZEPE),, aREh-di Brefdrably Ce-Cao,
(di-t-butyl phosphi nonet hyl) napht hal ene.
ABGFFlOﬁéF??Ia?%% bF@eﬁﬁatéarﬁﬁaspﬁﬁﬂgswaylbe186hdéWCllC

t grausthiabl erwldﬂﬁﬁﬁbcsﬁbwﬂdﬁ SnayV b %hb%@%&t&{‘%f‘cone
the bridging group , the linking'5 %roup A or the

| PRk Sgr 6%5@1%@““3@ sSgifictedpufyem halo, cyano, nitro,
pba¥phigto)o & Xy | ens) grey @?O)QﬁﬂdﬁdNW"@” hec xy) g€z gr odpze

oI%styrene 10.0ive an i mmobile heterogeneous

cgﬁgﬁ§%t' CrReNRMBUNt 6T lbicteritaite Whegmid (sedteaR™ each
V%Me#\éﬁ@ér{kw deedPebddH t ﬁydE&?&?r ahly, %{gl the Bigdent aéqufyl

igand is present in an anount such fhat thé ratio o
t BRAAPFDEE dMmbesrestef PhHe one or more oxygen or sulphur

atoms, or by silano or dialkylsilcon groups.

The bridging group Ar is an aryl moiety, eg. a phenyl
group, which may be optionally substituted, provided that
the two phosphorus atoms are linked to adjacent carbon
atoms, eg. at the 1 and 2 positions on the phenyl group.
Furthermore, the aryl moiety may be a fused polycyclic

group eg. naphthalene, biphenylene or indene.

Examples of suitable bidentate ligands are bis (di-t-butyl

phosphino)-o-xylene (also known as 1,2 bis (di-t-
butylphosphinomethyl) benzene) ; 1,2 bis
(diadamantylphosphinomethyl) benzene; 1,2 bis

(diadamantylphosphinomethyl) naphthalene; 1,2 bis (di-t-
pentyl phosphino)-o-xylene (also known as 1,2 bis (di-t-



bi dentate |igand present to the nunber of noles of the
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More 15 preferably, the nol22nol range of conpounds of
formula | to Goup VIIIB netal is in the range of 1:1
to 3:1, nost preferably in the range of 1:1 to

1 p25ty1-Chnvemimmedtyyl)t benpessi bi phdybods appl yiagt-Putyl
thess I ] Al 98 nbSen8dV A A0ENUS1 135 Lhe 2¥PhLStat
t:i&gl%ugéﬂé’?ﬁg% %30213?%2#%%% 20 con‘pogirlll%l&?'flgpﬁul a l aee
ampdosphdeenmnay nbs esondr consunptitepleofpolymseigsaupsrate
expensi,ve. conpounds. -Suital| v, t. I S t :

i rﬁgnta}tonl%?’gppf’%%a%d%}ﬁ ngéiéj %Egt eq%gl%p)ﬁtm e%eedi ggnklng
t hgioupuse i ox sithe | hithiengardoowpl aBi osg r eddisi ofdiof-lawtyl
ethyl eni.cally unsaturated c d, .25 nyeni ent
tl?é%ﬁpoéggg%fW%enel AVeEnt |eo%%§8bgléa}crglgeﬁ$f%ﬁ$ (%)%oup ko
dirgs@lsviyrgnt heo Gyiowp a¥ll EmBobhelal harerogrpeond cabeleof.

as defined herein in a suitable solvent such as one

of the hydroxyl group containing conpounds or aprotic
3m=olarenin: prieviickakytdedcgabéddusad paati catarvythin wide
preferred _solvent. would be .the ester or,acid_product
ot SepeBEPF B et oyt BErBH P Eaci Bbgs Pr8b8Rtchn an
Mefntyynio ranbatt@af-orhectrento WO 2084/ 814884 of moles of the
PCT/ GB2003/ 003383 23 carbqnyl ation) and subsequent]y
ORGP0 aarl e o 1 Br i ar P oS Sefragy o the
herejup Vile earhonpresext des nByoel useds50 neg hel to 10 and
presence _of other 5 gases which are inert_in th

r S P EX KNI EE of gﬁc%’ r&%ﬁegefncﬁ dehy# %agh More
nigd<rgenplear bpa mhoxicle randet be comibendyases founhlasi to
argon. Suitable Goup VILIIB netals or onpqund, .

t e Which ™98 vay® belc net 4 tﬂgaiégpn%(?uﬁ%' of most
f ggradegabliynahudee Gabgkt ofnilckelko palklsadi umconbediently,
and pl ati num

the possibility of applying these low molar ratios is
advantageous, as it avoids the use of an excess of the
compound of formula I and hence minimises the consumption
of these wusually expensive compounds. Suitably, the
catalysts of the invention are prepared in a separate step
preceding their use in-situ in the carbonylation reaction

of an ethylenically unsaturated compound.

Conveniently, the process of the invention may be carried
out by dissolving the Group VIIIB metal or compound
thereof as defined herein in a suitable solvent such as
one of the hydroxyl group containing compounds or aprotic
solvents previously described (a particularly preferred
solvent would be the ester or acid product of the specific

carbonylation reaction eg. Methylnonancate for octene



Preferably, the Goup VIIIB netal is palladiumor a
conpound thereof. Suitable conpounds of such G oup
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conmpounds 15 conpri sing weakly coordi nated ani ons
derived from nitric acid; sulphuric acid; |ower

al kanoic (up to Cl2) acids such as acetic acid and
peapbony tataicing; =i phardeguaoicds asméhiag wethape compound

Lphoni id, chl | ' id, fl | phoni
U GESRPEYT doPBnat ARIES ST BNGHT ¢ aci 4, 20 bensene

sul phoni ¢ aci d, napht hal ene sul phonic acid, toluene

sul phoni¢c acid, e.g. p-taluene sul ni ¢ id,  t-

bR B uPa oot i PO P MM S AGtee) of, other
ag'aﬁ'es sHl phonat ethé on Exchiangecaasions; Pxempllies adi guch
such as. rchloric acid; .. hal ogenated carbox
a@?&@ssaeﬁga eZgy????ﬁﬂTwQﬁﬁﬁﬁqgggaéﬁﬁ%gﬁd%lOXl&g énd the
t hbbl yog@eeetduznaasdargeit hophosphori c aci d;

phosphoni ¢ acids such as benzenephosphoni c acid; and
acids derived from interactions between Lewi s acids
ardiBepessteduacivdsis @eRels Sour cescaticthdneyhepreodi dévich

sui tabl e ani ons include 30 the optional hal ogenat.e
C Be aeng PBORST o WGEr vat COBEoSRE o HEMALOEN AR uae
pehbhuer ot et @pheny! phorateun Additicerakl y, azér ovial &ntnum.

pal | adi um conpl exes parti_cul arl hose, with.lLahil e
| iPggRgsabeyg. e pﬁég9P;ﬂﬂ£ﬁﬁ% née%?fafﬁ%négléﬁgﬁu%s %o ¢
2Q04-01A834 HREIL EB2003 898383 ompdutidesz y sudaneatapona 11
or styrene OR _tri d|benzylideneacetong)d'palladium

e the suserlutRe Siitsn FraySBER dBRFGed FGhT or compounds

or
| M RdUC ey afe PRB) OodmiatedOndBnacteradd Ngrém pkaitric
measured in aqueous solution at_ 18 C of |ess than 4, .
v dpr eTEFRIBIYC 3Tt haA S, a1kapeic (PR & cattzon 2cids
t hatendoes petcidtesfer gnad phopenTeagdidn, subpkpnitetadids
salts or largely organic salts such as a

kyl . .
arfivshi uAP drRFEDST e BRI IGUER1Es a?ftl]é%‘%oé?{l,lppﬂﬁtlcca%‘:ld’

fluorosulphonic acid, trifluoromethane sulphonic acid,
benzene sulphonic acid, naphthalene sulphonic acid,
toluene sulphonic acid, e.g. p—-toluene sulphqnic acid, t-
butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated ion exchange resins; perhalic acid such as

perchloric acid; ; halogenated carboxylic acids such as

trichloroacetic acid and trifluoroacetic acid;
orthophosphoric acid; phosphonic acids such as
benzenephosphonic acid; and acids derived from

interactions between Lewis acids and Broensted acids.
Other sources which may provide suitable anions include
the optionally halogenated tetraphenyl borate derivatives,
e.g. perfluorotetraphenyl borate. Additionally, zerovalent
palladium complexes particularly  those with labile

ligands, e.g. triphenylphosphine or alkenes such as



10 break down under reaction conditions to generate
the anion in situ. Suitable acids and salts include

w0 bedmcisss and salts, other than unsubstit ut ePCT/GB2003/003383
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carboxyl ates, listed supr&4 15 The quantity of anion
present is not critical to the catalytic behaviour of
the catal yst system The nolar ratio of anion to
paiilbadizmhidm;eécmatfom@m 1:1 to &00: 1 pr efcefrrabty from OR

2: 1 .t a |cu Wer e
t k& é%ﬁ%‘ﬁn% pC%]e&veP &IOBG é/lrr%l nati may aC| 20 and

salt, the relative proportion of the aC|d and salt is

crltlcal As nt.ioe t he cat.al yst syste f
ornSe AP PR it 55 Try B8 SERh Formpamonery 2y one of More
heiferazgateszﬂaymn‘ar ef epadl xy(eawnaecbaitzal g{@lecsyesteq)ﬂuiaon at

enepusly, 25 The c t syste t
o EsGnt ROERE BER T & PR rARr Lok bhs: T L of i Thet o2t
| wajuhd aph:aﬁ&owhlt(hhtnﬁly)ebe nbar redebye omewi o m»e ereiﬁction,
the reactants qr by the use of a suitabl sol
THe oIt allatsiagt(?f Yhe aa]?ﬁfaﬁ( B8y 15 é‘rﬁéa Uf s dfh
UQ&&&Mﬁahﬁdan@OWpopmécUSﬁdr)nsth beaC&mOBstérth&hat can
un of hy dr I WO 2004/ 014834 PCT/ GBZOOB/ g
fiaT“ﬁg o‘lﬁ?d:tﬁlgnnfif’n FHTR8alte ﬁ&nﬁéﬁ 56 anion

be.vlri/\/%?ll'tu Mg Hablet $icifg. ddomdlB30kinkitalel el acids and
nol /nmol . The product of the reaction may be_ separat
(e CBoornort CompORBIE Ty ety SOEPARrASFaane. Listed
Haweier., it is an advantage of the present process

that significantly fewer by-products are forned

t hereby reducing the need for further purification

afirey Lhendiyti 8k sepamat pess&it the fytoduet tasamyobethe

evi denced by the generally significantly
catalytic "behavidour of ™the “catalyst 3system. The molar
ratio of anion to palladium may be from 1:1 to 500:1,
preferably from 2:1 to 100:1 and particularly from 3:1 to
30:1. Where the anion is provided by a combination of acid
and salt, the relative proportion of the acid and salt is
not critical. As mentioned, the catalyst system of the
present invention may be used homogeneously or

heterogeneously. Preferably, the catalyst system is used

homogeneously.

The catalyst system of the present invention is preferably
constituted in the liquid phase which may be formed by one
or more of the reactants oxr by the use of a suitable

solvent.

The molar ratio of the amount of ethylenically unsaturated

compound used in the reaction to the amount of hydroxyl
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10 hi gher selectivity and linearity. A further
advantage is that the other conponents which contain
system whi ch may be recycl ed anPlDGB2003/003383
reused in further reactioR§ with mninal
suppl enentation of fresh catalyst. 15 Preferably, the
carbonyl ation is carried out at a tenperature of
betnaredind 0 coppasT] dor exofr eﬂéﬁé@ﬁy @@dt gray0Grymketween
pr.af.er C p I ref
s Aoy s G e Qe PR e Yt FETBEE-
Advant ageously the carbonyl ation can be carried out

te te r : rt
S SRS Pt RS D on, mds” BR SeBAERY, rom che
I adiinetre ppepat emnes b}Praefyersalbltylplfe hee ey boidvatviegn s is an

carrie t at [ r 1
TR ot Do Rkt Pt ot Rag R chuE Ty Fyes
2 byEppediatby qreef élorrmdd |’sheaiermspheducnpgesl§w enepd for
0. urthe% Z%rxﬁflogthorrln 2ftgpetlgea£}1 a?raC@ [dd €% the
out on an)}? £ yFenl caIF1 Unsat ura%
i nododdichgaet hyl epe a&htdwm:@ki bhetleeu;enétfhlriky IS|ugeatf'rLt§!ntly
advant age a uch with ethylen r .
rceLa °6n °°s Fﬁe‘r’:e?-\éraen%ui r}/alrl(%]é*'or %Se%f%l}%gnﬁgun gage 1s
otk tpr eher abtyer Caoib8nenmost vmrleiher abhyai3- L2 catalyst

co unds. he inv ion_s d articularl)

BT geti oP=io BT eRadis PeT Bn06SrbRas TaEther
| ongeriahkenesh suohings GhpE2nematel iy efferfabby €4e L8t .
nost preferably, C4-Cl2 conpounds. The process nay be

carried out on ethylenically 5 unsaturated conmpounds
haptidig r2b0ty, MOtReCcakcheboay Dali SlICh s ascd2rie) adwirs af a

oG oRBAROh HEOIRCT n ok doipoiies T e kg o

ass(Ct8 Bes €S rafe @bl yi B°¢ NG SBSCNY A dedpefially preferred
preference The al ternativye | ower, range of &oarbo D 5000

at'GPeIatPReany of PR afGPE88I d FSfVgES of 2
etﬁwaﬁlﬁb@abhyly, the carbonylation can be carried out at

moderate temperatures, it is particularly advantageous to

be able to carry out the reaction at room temperature.

Preferably, the carbonylation is carried out at a CO
partial pressure of less than 15 x 10° N.m?, more
preferably less than 5 x 10° N.m™2. Especially preferred

is atmospheric pressure or 0.80 — 1.20 x 10° N.m?

The reaction may be carried out on any ethylenically
unsaturated compound including ethylene although there is
no linearity advantage as such with ethylene. Preferably,
the reaction is therefore suitable for C3-Cyo compounds,
more preferably, C3-Cig, most preferably C3-Ciz compounds.

The invention should be particularly advantageous for



unsaturated conpounds may be C4r C5 or C6 in
increasing order of preference. The ethylenically
wop®avusat ed conpound is, preferably, an al kePer/Ga2008403383
1, 2 or 3 or nore carbon-@arbon doubl e bonds per
nol ecul e. 15 Any such al kene can be substituted or
-non-substituted. Suitable substituents include Cl1_8
al kgRIhPiderEs fudh agr GupSzo, Unbesspot hieratilge Ca~Cig; most

spggéfé%ll; h(@@@ﬂy[:glg#?@gég unsat urat ed conpound
su

may, when there are I cl ent nunber 20 of carbon
atons, be linear or branched, be substltuted be

' d/
cyehic, F@SM@LEC Qrfaazp ngCYSghC{@cFyC a7 0Ly eéucally

optionally substit ferm nat ed y She oft
5 suBstdturatesl suimporedst hemihower oal kplre amybpn atoms such

a|0)g¥|R2fyb%‘3( o?g{féﬁszalo?yl g%zcéﬁez%mﬁs( oS’rg NF25 R% o) % oN, The

(SR*Q Tteiratdivie RPPetro rRAFeeat hcarhsmiepaﬁtrrdﬁwtalbrytsnf:patr esfipounds
stitu

hquwgﬁé‘ oL Lower ?g Jﬁyl 1o (O S'C16f lgaﬁ‘i%ﬂfﬁ?gf'%‘a order of

i ncl'ude styrene an ers
capboieranceaci dehe salttreras tiwehaowykatrange Suift @alrpont Beoms

et Ie aII unsat ur d_conmpound na exhibit ¢
10(Ei?lyan raﬁﬁ?(zé?lsoﬁégf%%?qua P%%gof EU|t%ﬁﬂ¥§enlcally
et Wydaeniredlely amgatndat echyc dmpoundscs ney be in 1ncrea51ng

Iy s cted fro t heng e
20%%%%248 4 é%f&fﬁ/ oosggg 2%%\6%‘:‘% r!L‘ziiﬁbutuélﬁé‘tumted
| soburtcemel, lls,pemteeffa:alﬁ-yperﬁrenﬁlkéire plaﬁl&ﬁ{be and2 or 3 or
br h ners the e hexene and its i somers,
Iﬁﬂgtgﬁékgﬁd |f§0?soﬁ%35 £fngit%%%]%ﬁﬁqu%§' i soners,
151 nonene and its isonmers, 1-decene and its 5 |soners
npown | soner

penﬁgﬁen ?Fﬁgégﬂggﬁgrdgéth%éﬁéB%E%j fr3rﬁﬁféﬁpéﬁétUted
1 Britpéitadbenst i tychthexadeends 1,3 cyokphexadi e0g,, aryl
g%oup%pt aGnEess og?etrhmylsel’ %pggjt_?gelac?,ne the ethylenically
unsaturated compound may, when there are sufficient number
20 of carbon atoms, be linear or branched, be substituted, be
cyclic, acyclic or part cyclic/acyclic, and/or be
optionally substituted or terminated by one or more
substituents selected from lower alkyl, aryl, alkylaryl,
Het, alkylHet, halo, ORY, 0C(0)R*®, C(0)R*}, C(0)OR%,
25 NRPR™, C(O)NR®R®®, NO;, CN, SR¥ wherein R to R¥ each
independently represent hydrogen or lower alkyl. Olefins
thus substituted include styrene and alkyl esters of
unsaturated carboxylic acids, such as methacrylate.
Suitably, the ethylenically wunsaturated compound may

30 exhibit cis (E) and trans (Z) isomerism.

Examples of suitable ethylenically unsaturated compounds

may be independently selected from ethene, propene, 1-
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system Wen the catalyst 28ystemis utilized in a
l'iquid reaction nedium such stabilizing compounds may
assi st recovery of the 15 group VI or ViiiB netal.
Prbethérlabl y2-bheerd or dsobheetat al ysrerdypicem RMBETBRAS i n 3-

eh%ghg Qi%ftbggngﬁ UE%@m&@JYEEékgoé'Seehéégﬁe and its

dlssolved rqurd carrier, said ymeric
diispeesant Rthdsiang capablﬂetSof l§pabrs» sﬂrrg:ca:ecm@l | ehdalits

Sig on f [ th VI, _ar I
Ao F e Earo bRt SIS The nEe ARP, o SocthE) ey, it
t e dmieqai, d thearGiieCzo 28kFhes| iegdi d:heeactkrmwnrremqmmay 3-

m?enteg'egg pL,for thgh f_%a%tehegngga@yogommgd%% ory 3-

react an reaction pfr
t hemgeliese, Thé Beadtexati$caad réaatl oyclphedadiesns,n 2,4~

I | % ui d form &dyrjq q_m bijgg%é{l% or dissolved in a
e

ent i rqu| uént ‘pol ynmeri c di spersant
|s squbIe in the liquid reactlon medi um but shoul d

R L s

PC?ﬁégEB%Q&E:’ O%S&@nezschel détr |1mpmbahngo meeagtirgn of metal

ki net gs or heat transf e b|||t f t

di §p& sa%fELS P e ]I | (rq%w ¢ e JHluem %‘%é % Y S?Ceact q'qglr?n the

coradthupms ey stenpesatut bizedl pressutquishesbdthot medium
ta deter si |cantlyth95adsor§t|ono

f
* hE U o b B TWORBE o Te. RRTATT BRFOTETbe o the

Therpapyverée diisipersant.i s capabl e of stabilising a
col | oi dal suspension of particles of said group VI or

Preferably, therefore, the catalyst system includes in
a liguid reaction medium a polymeric dispersant
dissolved in a liquid carrier, said polymeric dispersant
being capable of stabilising a colloidal suspension of
particles of the group VI or VIIIB metal or metal
compound of the catalyst system within the liquid

carrier.

The liguid reaction medium may be a solvent for the
reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants and reaction
products in liquid form may be miscible with or dissolved

in a solvent or liquid diluent.

The polymeric dispersant 1s soluble in the liquid
reaction medium, but should not significantly increase

the viscosity of the reaction medium in a way which would
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10 VI11B netal or netal conmpound within the |iquid
reacti on nmedi um such that the netal particles forned
of catal yst degradati on are hel dP€TIGB2003/003383
suspension in the [liquid 28action nmedium and are

di scharged fromthe reactor along with the liquid for
reclamati on and 15 optionally for re-use in nmaking

f usd hist juanttialli @8 oéaciciadrallyistetiTheomehabt phransiess The

are rmally, of colloidal i nrensi,ons, . €.. i ny.the

r a%%gﬂ?ilrﬁ%(f’ ﬁnjf}é?/ecglas SpAr g i g‘Fl eséhsel ilelcgfjt%&%ﬁ% under
| atiger paidiicires conyitosms i mSorenpasesure Poand onsragfsure
the pol yneric di spersant, are adsorbped onto 2Q.the
SUTESI OROEherotal SPAFE PRSI SEo TRES
of ad&er sl 5per santthep| ecddeas anemahdl atullesassnipar thal Imetal
sol vated by the liquid reaction nediumand in this way

t HRaHFspiSed group VI or VI1IB netal particles are
stabilised against settling on the walls of the

reactor 25 or in reactor dead spaces.and against.. .
f of ¥ n@o%ﬁlr&ﬁer%%%?r&an?retjaﬁ ﬁﬁpﬁﬁ&fiesoﬁm%ﬁ‘%ﬁﬁsmg a
ar eyl byid£ol kspofs ihn paft pakescass evendaial | yroup VI or

coagul ate. Sone agglonerati f ticl Ay .
cVERTTR T bres gl Grgounf ZHFBTH Eher SRt Lbufeaceion

whesaihie dhepersant thy peetdld B €fIeRNt fainiedn dss a result
opti mi sed then such aggl oneration should be at

r ePAt i9p&1Ry YEbw d59F8r RRP t RESadifi et At éélsﬁﬁ?m?%r A the

onhyqghp@selyasa dahaketiney n@yd bexdy okgchprged thgom the
particles redi spersed by agitation. WO 2004/ 21483,4
PCTEERPO03/ BbFEB3 WIId THESpolyiifc dPEpersghimakirr and

i n%EHQ@nQﬂ?DQBYW&u@% Gopabyies s furehedi ngipaliyaess of
such as graft copolynmers and star p

PrepERABEY; t RS pbeiateriar tdicdfer $&ht %lﬁ%ggiii’fgéi gftigidal
achehen 9l o@si £ J.unet kapakhtye t® suttet ait isdlehk¥ge particle
st 2E|z|el?51?_though larger particles may form in some cases.
Portions of the polymeric dispersant are adsorbed onto
the surface of the metal particles whilst the remainder
of the dispersant molecules remain at least partially
solvated by the liquid reaction medium and in this way
the dispersed group VI or VIIIB metal particles are
stabilised against settling on the walls of the reactor
or in reactor dead spaces and against forming
agglomerates of metal particles which may grow by
collision of particles and eventually coagulate. Some
agglomeration of particles may occur even in the presence
of a suitable dispersant but when the dispersant type and
concentration is optimised then such agglomeration should
be at a relatively low level and the agglomerates may
form only loosely so that they may be broken up and the

particles redispersed by agitation.
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t he col |l oi dal suspension of said group VI or VIIIB

metal or netal conpound. 10 By substantially

preci pitation ofP€T16B2003/003383

group VI or VIIIB netal fréMmthe solution phase is

substantially avoided. 15 Particularly preferred

di spersants for this purpose include acidic or basic

pol ymers including carboxylic acids, sulphonic acids,

nes a d_am.des such p ac S

thf er oc%/c ynferlart?l%:s ﬁaashtni ?1% ge%%éﬁjofeer ‘fo{cg:ilng%)o?_ymers or

Subsp ol wrieats pd)hg/l/udnyig ppd)yymsr@ saebh ass 20rgfdl yoppglymers

ygﬁgllgone r cogolyners of the aforesaid. Exanpl es
SUch PolRAEFTE  di spersants may be selected from

ponV|nyIpyrroI|done pol yacryl am de,

a nitri ethyle |n1ne ol yc

Por YEET YT acitBE phT ST G I BoEt il ey Jopeicfently
hydéodybubyrbﬁaf¢diun¢xﬂqndlikeu¢bn$pbstant1ally stabilise
pol y- L- hj onj ne ol, rqline 0 r
po%%nggii%%$ ,Sdﬁﬂﬁﬁﬁ %€|ﬁ$| enge Egﬁ %%n?% ggf& metal
andrpeéyal wangouadl phoni ¢ acid). 30 Preferably, t he
pol ynmeric di spersant incorporates acidic or basic
noi eties either pendant or within the polyner
baskboneubPreferally, tdravatidec nbsetiesaidtave BhaMD the

2004/ 014834 PCT/ 2003/ 003383 0 _di t
CORSERNEL (BT of | 688 PRafoe. B Wor J1pfoftSPahl yirom tne

| ess1tbasn 5pIQasem3_St s’@bgf_@ﬂi’abiMyi es®itban 4. 5.
Preferably, the basic noieties have a base

di ssoci ation constant (pKb) being of |ess than 6.0,

nmoperpf eheiab) y Prd Regebhariisplranfdtsostopr etriabl yurpose
| ess than 4.5, pKa an RKb be| neasured in dllu£ .
aq&@ﬁégd%olmﬁd&ﬁ QL 2B@sic pol including carboxylic

acids, sulphonic acids, amines and amides such as
polyacrylates or heterocycle, particularly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.

Examples of such polymeric dispersants may be selected
from polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine,
polyacrylic acid, polymethacrylic acid, poly(3-
hydroxybutyricacid), poly-L-leucine, poly-L-methionine,
poly-L-proline, poly-L-serine, poly-L-tyrosine,
poly(vinylbenzenesulphonic acid) and poly(vinylsulphonic

acid) .

Preferably, the polymeric dispersant incorporates acidic
or basic moieties either pendant or within the polymer

backbone. Preferably, the acidic moieties have a
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Sui tabl e polyneric dispersants, in addition to being
soluble in the reaction nmedium at reaction conditions,
| east one acidic or basic npi etRCT/6BLGV31003383
wi thin the pol yner backbonébor as a pendant group. W
have found that polynmers incorporating acid and am de

noi eti es such as pol yvinyl pyrol |lidone (PVP) and
poﬁyaswgd&nxam suohsasnpolmagnylbﬁ ateds(PAMnare.d,5 more

parti U|ta h cul ar. wejght.o
PSR e i TS S Eh B o0r GRoted et RBSY it | Bren 4-5-
deBeeElﬂSrakﬂqn tm Neddire mbidiies aasid on PRk ugl anck 1416 on
sol ubilit f ne herein. W have found that
P HRT T o o e o b dFaP VRGN s MRS | REFE DLy
10ﬂ)e§)f])0th£—hi ef ar ably ,mdde ;&\e@reagalgmn@gglf ana%fh o)1 %%0 and
in__the.ran e 1,0 00, nore prefera

%0 25669 %?mb‘?cgflé‘r @%gemqws SAG.U666 e X’@
preferably |n t he range 10,000 - 80,000, nore

gferggky OOO - 60, 000 when PVP is used and of
Uht OPO ¥8eY1Q 0 LSPEFSEDBST n tthe 3654&16R P, being

Thgoﬁmmt ivetaencealdtabnomedfi uhhe i spekisiagt ¥bhdM thons,
the reaction pedium shoul d be determ ned for each
r 52T o) cafal A5 sy SPEm IRt EIF | &%t PHE UsB@ie8y: TiRdther

di spetsedeigs oppl (e OroMUdBdTRE Al a9BY BEnHSEOVELEEp.  We
fromthe liquid streamrenoved fromthe reactor e.gqg.

by 25 | CPHRF orf PAd PREAISHS hiRCeffRYGSedd0faokd and” amide
prasessies f osud® 2004/ 0114@%1F€£9Wp9€8§2@§é919§3:33(p\3§a and

re-use as a catalyst or other_applications
cONtTYRIUE 3bPEcestiGhe 35 quPalEeredrhday2®Ed ci (BARAt e@re

t hp origihe e reyt esnatadieat - exehanggs and &N %HQﬁhEaS@J‘? the
it may be convenient to locate filters for t

paP?%ﬁﬂqﬁn wBighr 11t sSiitiPLResECEi r4sd athonthppairitangion

depends upon the nature of the reaction medium and the
solubility of the polymer therein. We have found that
normally the average molecular weight is 1less than
100,000. Preferably, the average molecular weight is in
the range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 - 40,000 e.g. Mw is
preferably in the range 10,000 - 80,000, more preferably
20,000 - 60,000 when PVP is used and of the order of
1,000 - 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reaction medium should be determined for each

reaction/catalyst system which is to be used.

The dispersed group VI or VIIIB metal may be recovered
from the liquid stream removed from the reactor e.g. by

filtration and then either disposed of or processed for
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Preferably, the polyner:netal mass ratio in g/gis
between 1:1 and 1000: 1, nore preferably, between 1:1
between 1:1 and RPODGB2003003383
Preferably, the polyner:neBal nmass ratio in g/g is up
to 1000, nore preferably, up to 400, nost preferably,
up to 200. The follow ng exanples further illustrate

t hepreeseats 45 dansdntsitonor| notihee erappliestiemsi ousIn 2@
i near, esters were prepared f.r I bo xi g

t FHpPropri &% cglsr?entgpeusﬁl ulr?gt %ﬁ%\lp Ig%y?ﬁg s%ﬁcrcgggted
of t kiydigbx y bngeatpsna Phed i-excpengeent snaeie vy iceges it

out in a vacuumargon Schl enk ine usi dr.i.ed :
detp% sk §é’ﬁ|"8ﬁ&e]§€a§§vva$°ec.aq_f- o%:ltlgcneé: vaaggrdr .rtég o@ag‘:iadlum
nop £edil Ak sSh AV ese e - idegassednbypp2mthuhbl i ng wi t h
argon. 1-dodecene (Aldrich) was purified by
distillation. Methanol and deuteriated nethanol

( Abgsfeaa)1yyer endr i poll gver: mealhdécuhass si eveise  Tiol ueng  is
was distil

led f [ di ph I tyl .. Ani le.
(Abeiriean vids st T0sbRda. Fobt PPEC ket a g 9+ ana
bubbd iing amges thsesmHraine,30 sytwarge. 1:2-bisnd 200:1.

(di -tertbutyl phosphi no) xyl en Lucite .l nt.ernatianal
ma%r%?edﬁa@&yan&hﬁamll@ﬂe#fmﬁ?g Eﬂa&f‘e 158% Cd & (-]’ta/«t iltssu)p ko

ai 1 oSENShddev & A8 1y T U ( dbbenay| heeneppettand)y, up to
digal | adi um (Pd2(dba)3) (Al drich) was used as netal WO
20697 014834 PCT/ GB2003/ 003383 32 precursor and it can
be weighed in air because it is stable. Gas

Chr omat ogr aphi ¢ anal yses were carrjed out on 5

HEWeet fQ%fﬁi'iéé"rgd 5530P$R7 | e'célrg}ﬁ@rchjrjo]ﬁhs(torgartﬁphggﬁui%]beesde nt
wist-Reatrfb@nme ionisation detector for quantitive

anal yses and a Hew ett-Packard 5890 series nass

sel ective detector

In the examples, various linear esters were prepared from
carbon monoxide and the appropriate alkene using methanol

as the source of hydroxyl groups.

All experiments were carried out in a vacuum-argon Schlenk

line using dried and degassed Schlenk glassware.

l1-octene was dried over molecular sieves and degassed by
bubbling with argon. 1-dodecene (Aldrich) was purified by
distillation. Methanol and deuteriated methanol (Aldrich)
were dried over molecular sieves. Toluene was distilled
from sodium diphenyl ketyl. Anisole (Aldrich) was not
dried, but it was degassed by bubbling argon through the
syringe. 1,2-bis (di-tertbutylphosphino)xylene (Lucite
International) was stored and handled in the glove box due
to its air sensitive nature. Tris(dibenzylidene acetone)

dipalladium (Pd; (dba)3) (Aldrich) was used as metal



for qualitative anal yses. 10 Wen the substrate was
but adi ene the solution preparation was different. As

whoioatisspe is a volatile liquid it is nore diPET/GBRGE03/003383
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to mani pulate. It was condédsed into a graduated

Schl enk tube cooled in liquid nitrogen and then
transferred to an autoclave cooled in an acetone-dry

i qrecuEspat landThét cateal ybé cwebdued ons calt abricagse it is
to%clé%ﬁg were prepared in a dried and degassed Schl enk
tube and then transferred to the autoclave. 20 The

catal ytic solutions were nade up as follows Pd2 (dba)3

a 1, 2-hi I - -b sphi.nQ)
it Ehohal et ¢ D UgPPUE) KUEERE, UBLE on 2
(tHepileaktyatRacdB)588d@s theieadded wehhomaisggriamge angdipped
the solution was warned wth heat. gun _to,di.ssol ve
alvfltt%‘neaL fng THst© scaerga]‘toﬁle eﬁggt\?\gs f@%olqélﬁ'l,nttlﬁéve artalyses
Subst rattewWlett-carhany| 58 9 D2 eanBjasand atelichane detector
su d%honiaii?%jchéé'\és% wer e added. The experinents were
ander

yses. :
carri ou vall ous partlal pressures of

carbon nonoxi de and at various tenperatures in a
dried and degassed flask, Then t car bon .nonoxi de .
SRy B R B BEr 28 NP B O e TR0 (A T B o ration
need eli Afkefet.as AN bosddicases,s thevd 2004/ DilhB34 it is
PCT/ GBZCQJ.(L)%.OOQI 83 33 rea titon WarsLl carried ocyt vvidt hout
t SUENS I onI y° WRtHAHA  as t hE LGSy eridgiped nto a
phasphianed! isgandnvasussldeshiaaf tier tik@icathdkybyén and then
sol utign because it is insoluble in .the solvent. :
OIS STERE pRoSPhEHe oL BARCRAHEbe N5 oRi SSHEGBAFRY oo
maddtanol when the solution is warnmed. The autocl aves
used were made of stainless steel or hastelloy. They
wer e cl eaned successively with acid,

The catalytic solutions containing toluene were prepared

in a dried and degassed Schlenk tube and then transferred

to the autoclave.
The catalytic solutions were made up as follows

Pd, (dba)s and 1,2-bis (di-tert-butyl phosphino) xylene
were added to a Schlenk tube in a glove box. Methanol
(typically 10 cm®) was then added with a syringe and the
solution was warmed with a heat gun to dissolve all the
solids. Once the tube was cooled, the substrate for
carbonylation (2 cm®) and methane sulphonic acid (MSA)
were added. The experiments were carried out under
various partial pressures of carbon monoxide and at
various temperatures in a dried and degassed flask. Then
the carbon monoxide was typically bubbled through the

solution with a needle. Where, as in most cases, the



wat er and acetone and dried in an oven. Inside them a
10 glass liner was introduced with a magnetic stirrer.

wab@4/owsed e system was flushed three tinmes w tPCGBR®R/003383
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nonoxi de and then taken t@3the appropriate pressure.

The system was then held at the reaction tenperature

for between 3 and 10 hours and then cooled in air.

Theagslibow ga$ ut¢anriets obtaiwikthos &rdlupsed Bying only
- e _ex ' f on t :Sho i 4T
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t kg sapbuatl D metirstalatbesonverialditiynt he weaped on

whereas the selectivity is a neasure of the

selectivity to linear carbonylated product. |:b is a

r eesentatiavesf uske K6rd i meale: bpancéedinlssiso efeel or

such carbonyl ated product The. t I : is.the _ .
Y, aﬁ%gi‘gfaylvbm%i‘e?hew%ro u?’nlee% eeds%%gtcfaég!éy%?u%l §J§tstﬁ acid,
otwrerw sedsteateadne Hnel palikddiomagsouree. | sIRgRq dem, a

. anpl.es 1 and 2 used 4x10-5npl es_Pd a 3.1

r §t§i}é€ Soft {egandSpd n%ﬁag‘éci%: ﬂl%t fgom%?n%%}%: Sb%jf%ged:l ‘um e
| Whogxamylsesm3wdsafitluShdd. thrgpeoft iRefsdba)thwas risedmonoxide
Exarrp:%ge?{’h g%%grl}ssgg\e %2%%?:!{(') aiga(l'jlcie pallelasaqg{r%r.n r a‘{'ﬂleo system
| ingand:pal | eelidinat athe. rExanjdre VENROA O8I between 3
PCT/ 003/ 00338 4 6 used, 4x10-.5nol Pd ..a 3;1 .
ra?tnidt?%g)f C’luﬁﬁnﬁ?lgdtgﬁa GO0k 1 3dg g Yellow solution
agmtapakbadbsmnixpdgl ey Ged@swere carried out with
73.7ng of Pd(dba) with Iigand: palladiumof 3:1 and

aci d: pal l adium of 10:1. Exanples 11-26 were carried 5
outhew & ko hbimaTy sof cdrdutizay, aae5:dhdvrgand: gablasi amand 2.

ratli o and a 10:1 aci ﬂ g%lal adi um rati.o. nl?e Is{argst € .q

i ST hShoVIROU SSite s PRALEBHIN WS une 198  frade

bysiUR@ rate are expressed in mmoles. The solvent is given
in ml. RT stands for room temperature ie. 20°C. The
percentage conversion is an expression of the amount of
substrate converted by the reaction whereas the
selectivity is a measure of the selectivity to linear
carbonylated product. 1:b is a representation of the

linear:branched ratio of such carbonylated products.

The total volume is the volume of MeOH + the volume of
substrate (unless otherwise stated). The palladium source
is Pdj(dba). Examples 1 and 2 used 4%x10°moles Pd , a 3:1
ratio of ligand:Pd and a 10:1 ratio of acid:palladium. In
examples 3,4 and 5 45.7mg of Pd(dba) was used. Example 3
utilised a 10:1 ligand:palladium ratio. Examples 4 and 5

were carried out at a 5:1 ligand:palladium ratio. Example



nmet hanol solvent. The substrate and tenperatures are
varied. 10 WD 2004/ 014834 PCT/ GB2003/003383 35 a) a)
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Nofit) wEtN NN TMgN I NedNdidal vtk Madnd :aTha i wo NOIKI ﬁ 1
a%m)i \é\t%\ivdcpclga%m oCJ;_ CEL(QQ a)E)‘?Qm;?eré\' f]) 2?6 %)ellg a{)arl:éled
out with 45.7mg of Pd(dba), a 5:1 ligand:palladium ratio
and a 10:1 acid:palladium ratio. The substrate is shown
in mmoles The balance of volume is made up by the
methanol solvent. The substrate and temperatures are

varied.
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However ,

aprotic solvent.

Selectivity is generally at noderate
inproved selectivity and

an
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octene, although the rate of reaction is slower which
accounts for the | ow percentage conversion after 3

whownm148ed 29.2. A similar situation applies waThGB2003/003383
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respect to 15 exanple 9 whid¢h relates to 1-dodecene.
Exanple 10 constitutes a repeat of exanple 7 except
that the pressure is raised to 30 bar. It should be
noted that this has the effect of |owering the

r i - at e % cprnve f howr 8, ARG, £
aﬁ?g“goé‘?g%??% c%%‘??%‘?gomgﬁ/n%ﬁévﬁgthgoéﬁen%ar: ra‘_:rllcheolm‘JI s
r athico.rebatiien2ashewseflaktiiety eragpl esmidrpBirebxantpl s bar
11-1 el at o.t.he . sa ' t_.carri ut .| :
FkteshE o S GtRsaTe GPREEEDla Mty i
0,cotPaantiv80Exa@blér dmwhkes erexpéri mentisytidadusgd as the
readi L.y be seen.that . | ingth I at

bt Gl B hre AP BYEEL [ "Sab DR hfinfle 7, an
acicgrdivegl yeld ovierit vt kedpéioeat ageanadenl ersioniaf betaBued
houyrs. wever,. sel.ectivity.an | i near: bran rati
Ot S FEEEH ST A brobangir &t "R Feenetuletit 1
t enpenatessese Wishant athes ardee o ofare xpekidmaptrstiwassolvent.

carried out in _exanples 14-16 with respect t.0. .

d?djerctg‘ﬁémojéﬁﬁ el agg?l‘énté)yte Het J;%rgé of rsolénrﬁ]larly high
t eqlercatiuiey 40d ahthed)C rrespdeti vakyo Agabhtatxed| derit 2-
sel gttct i Vi t%/ t:yg)s E‘ou d WO 2004/ 14834JC PCT/ GBZOOlSI 00338}:1%i h
3PACTEN I THIEE I enpst afiFes Uhef 835t 1He APghest"er Whic
| ineainhsafohedheatlion igericenndgat cOfre ddtcors anetaet 3 ofiours

exper| ts carried out with respect_to 1-hexene in
oXHE o 47 19 SRUDGLTTI FTEBRGETS] GROWF T 5 ohGRPogE o
weldarplas $009h 5@l ecidlvitky and greadsdcdnean 10@ximple 10

i near: branched ratio. Unsurprisingly, the increase
i AT B8R gR P SRS q#eﬁéﬁapis oﬁ?g%%% thedyths PRegsure
| owerraigaat toN30 abe- and ¢ FaYupass: bhyrdee thae taikhRas the

steric hindrance provided by  the phosphene_|igand but,
t i Fre<Chot 0§ ¥ Fhe gﬁ%pgégg} 22PN 5&)45 conversion

after 3 hours and also significantly lowering the

linear:branched ratio.

Table 2 shows further examples 11-26. Examples 11-13
relate to the same experiment carried out in relation to
l-octene but at variable temperatures of 0, 10 and -30°C.
From these experiments, 1t can readily be seen that
lowering the temperature of ©reaction decreases the
reaction rate and, accordingly, 1lowers the percentage
conversion after 3 hours. However, selectivity and
linear:branched ratio continues to show an improvement at
such temperatures. A similar series of experiments was
carried out in examples 14~16 with respect to 1 dodecene
and relating to temperatures of room temperature, 10 and

0°C respectively. Again, excellent selectivity was found



10 of the process. Exanple 20 shows that even
1-oct adecene has 100% selectivity and greater than a

wa®4paesso of |inear:branched product at roonPCT/GB2003/003383
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tenperature. Exanples 21 18726 show |i near

(carbonyl ation of the 1-alkene) results for branched

al kenes and with the exception of exanple 24 show

gamd sellecti vhtye Excempera24ires a vherass on ore exdnjghest
. _in_that the carhbon nmonoxide |j sed er e

sgilllf}f:‘%hbr?‘%cf%eéjr tHarw b’b%b?céu th‘l’r‘%ugﬁcs'sol S%Oﬁ.aklgn set of

t hixpestomard 0,cadiield appearsitihatrdspecst akbi ng-hexene in

substrate sufficient tine to _isaoneris rio
CAPBORYT ot Tor0 “Hruturranty SRRt rhe Fanes FRrs ff veil
exgosgne E@lf]caijbﬁltyﬁﬁﬁhdxigdeaté'hetmﬁes}ﬂﬂ:& dfinethebranched
process is shown, as total pressure in.,tables 1.& b
t Fe&Ps efBPVEPERT G Yhe O PF-EEEET e.lnzgl1 %:%o%ecﬁl(%zltgrf ;%rom
t hexeasukbs duiewehbatregantsany 0 lJpnviear wrdctitomachiteg,and
it 1s not necessary to carry out carbonylation_ _hy.
i e BASRg Lt Enpér Ul?ret%r{%%rﬁibﬁmrﬁ)n}&‘? fhar tha Vided by
press phesphind acigardd@uexanpk esodd Inist ratfecthahepebficacy
30 selectivity and poor linear: branching ratios are
f AndP5t PrPrt2ased tenperatures and pressures and
that surprisingly better selectivity and
i near: branched ratios are found ig_othe t enperat ure

n:

a3 pPessurd r s of “Hafe i ARt | oo MOSEOR 01834 100%
PGE1GB2003{ P033831 38 Butdmearnaar boayl atbon i satlant of
carbonyl ation at the 1- al kene gjving the carbon

|
griddsaar pRanted HF dutarboR°°Et ot ot 'ne@égg‘g}?f VAN

t he; absangensir branahed 1preddchs tife iherkenhe staultfigfor
material is itself branched, The reader's atten '

lop is
dieerchgdt 8L hprepapEt sidhd PhBotHREt LA RHaPE F] FacEhow
CQUUIY seNEEY i Wi ], OrE:RRMic0us 19 atdHiSiSeel bincakhaple 21

in connection with this application and _
in that the carbon monoxide is passed over the solution
rather than bubbled through solution. In this scenario,
it appears that the starting substrate has sufficient time
to isomerise prior to carbonylation, presumably due to the
lower rate of exposure to carbon monoxide. The pressure of
the process is shown as total pressure in tables 1 & 2 but

this is equivalent to the CO pressure.

Accordingly, the results show that contrary to prior art
teaching, it is not necessary to carry out carbonylation
by increasing temperature or carbon monoxide partial
pressure. In fact, the examples illustrate that poor
selectivity and poor linear:branching ratios are found at
increased temperatures and pressures and that surprisingly
better selectivity and linear:branched ratios are found in

the temperature and pressure ranges of the invention.



10 which are open to public inspection with this
specification, and the contents of all such papers and

walowuietsss are i ncorporated herein by referenckCT/SBR000/003383
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the features disclosed in BRis specification 15

(i ncl udi ng any acconpanyi ng cl ai ns, abstract and
drawi ngs), and/or all of the steps of any nethod or
process so disclosed, nay be conbined in any
caonbination, except conbi nations where

t.least.s

ofYsttRePBafareRRY EHu B 1 &8 4 S5 ﬁﬁ§18§c Es?gg.l—
%Qlﬁfﬁﬂlﬁeaiugetdéscbeseﬂyingt&ﬂg speicad f tcathenCl carbon

i ncluding any acco nyi clainms, apstract. and
PR nGT oAby B TR G %bg AP VS nat: ERF da gpduct,
ser¥iagtidiestsang Rguevhd erifs drseildi basnghedose,

unl ess expressly stated 25 ot herwi se. Thus, unl ess
expressly stated otherw se, each feature disclosed is
O_lTﬁgaIeXlaéHfHee:'%nl Mt@%_lilqﬁ_cg'enﬁéi cliserdtesl ©b edui vakpets omnd
simlar features. e.lnvention is not restricted to
{ RECHBEATT SbCh S 30 1F0r Uo7 HG SHtda st 05) P THgTS to
| RYeBt Epdc X @bl AnakYnnoOYVERIn Wikh @hianyppdbie€dtion and
conmbi nation, of the features_ .disc]osed. i.n this, .
sPeerti catton CEPREl udfng G ccofBRRATE cl al'hER  this
a%%%&@@lc@@ﬂngra$h@9$he QfonttendBy oMD 20046038 8PApers and
PCT/ GB2003/ 003383 39 novel_ one, or anﬁanovel

c SRBHRAR T ® B ingeereraped cte Ly CHef RGBT P CPr ocess so
di scl osed. WD 2004/ 014834 PCT/ GB2003/003383 40 a) a

a . a~w> >000=C=00O0ONLOLOLOL_Lt.
Q736 apfastha afeafupes-cdiechysed Ni® NERIR ospecification

(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series

of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any



2 S
E 5 O . ©
oS © =z No
L e) O,.m_V O~_ °

& . O — Ua
W8 <ex®s "l

= < %l. NOr 2>
Clg-<Sodns -

W Z | © ~
EEP~AO = _

LA o ror\./ca
ow A N@O ° a\/
ECXN@O@OLN.ONOaO
OCCLAO@O Wwo C@O
acanOOMrNONCO.

CXNO_m..@ _ 2 ~°
= N~ Z © =
tTLN = - oZ2 O ©
oo MU/..ﬂuOQ > °
== & —p- G Z T~
TCT”._rQ.@erN CWA)
N_AO3O)®Om NOWOCn\./V
aw-amjbﬂwmnNCC)
anCNw.WOaerNﬂwCa
°E - | 8 -

e TSyl
\./mu_o MOS_M
3 T03% “z0 .0z
c ~E __ % on_ o

: CBeR Z-20°>5>

29 © OR >
R O(\O 5 MrV N\)y
@VMOOA%OwrMD.NﬂW,M__
aO%wo;o oderwco. i
© ol CloorM ..O
-£g80 zZzZ
COM@ G@IWme\/M. aOC.n
. @a.wO.m@mO_MrWC e
ComclA(

=



9

ga ga ")y

d S2s2222

0 0 0 0 PCDGB2@@3/003383
qcRO0O 00000

r

r

a)
N N
00

2

Ooo0oo0oOoOLLUT7T
4 a ga g EEE

WQ20481836 2 S 2

NEooO
r NNN

r

r Yvi EO

r
rr
TII

r
r

r

) CE-

r

0000000 Er r
a) HQX ~'

~ WWO 2004/ 014834 PCT/ GB2003/ 003383 41

CLAIM5 1. A process for the carbonylation of
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121 6 RlI1 CR /?R5 1o Z A(KDA(E 2)-B-QlL a %
\ 13 R6 ( - R R/ RL wherein: Ar is a bridging group

w@ovpoi4ssng an optionally 15 substituted arylPE@DGBR003/003383
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to which the phosphorus atdhs are |inked on avail abl e
adj acent carbon atons; A and B each independently
represent |ower al kylene; 20 K, D, E and Z are

s¢B3I¥MY uents of the aryl noiety (Ar) and each

i ndependent |y represent hydrogen, |ower alkyl, aryl,

Het, hal o, cyano, nitro, OR19, OC (Q) R20, Cé%%Rth

CLO) OR22PTORFEBRERL CEERNRC3T PR lptiey spfrogRbplenically
SR2Lat G SR ZbmpPtindd- 8B dHCRbo L&) doﬁ%5ﬁ)se§m£eacting
(R17) (R 8) where J represents | ower 25 al kyl ene; or

t S 18d] semlegieupty seFRER B F7%m ICOEOPCand’itE  carbon
t Q@elheneWith dhe Hakerealed s ofoth &y | nydFkitlo groups
which they are attached forma further phenyl ring,
wiingh dfs WNFPG0XEE1 4934 SPCTFEB2G65POB3883YSkem obtainable
oRd eRabl¥isybstituted by one or nore substituents
sel’ected from hydrogen, |ower alkyl, halo, cyano,

nitro, ORl9, OC (0) R20, C (0) R21, C (0) OR',

NR23R24, b 9) o NRZIRZOv T 1E(S) R 2R AB8d SRe4eF: G SR

27, 5 Rl to R18 each independently represent |ower

al i)l , aabyHentare mhrospRinet 9f R Rdh fonmepenéeht | y
represent hydrogen, |lower 10 al kyl, aryl or Het; Q1,
@ and @B (when Bpresent) each independentRy represent
phosphorous,F@L§gnic or antinmony and in téeﬁgatter t wo

11 | |
R\\\ ///R
10 Q 4

s—A—(K,D)Ar(E,Z)—B—Q,
R R
v N
Rg——? ?_—Rz
R7 R1
wherein:
Ar is a bridging group comprising an optionally
substituted aryl moiety to which the phosphorus atoms are

linked on available adjacent carbon atoms;
A and B each independently represent lower alkylene;

K, D, E and % are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, ORY®, OC (0)R?*®, C(0)R?%, C(0) OR??,
NR*R?*, C(O)NR®R?*®, C(S)R**R*®, SR?’’, C(0)SR?’’, or -J-
0% (CR™¥ (R*) (R¥))CRY™®(R'") (R'®) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E together with the carbon atoms of the aryl ring to which

they are attached form a further phenyl ring, which is
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cases references to phosphi ne or phosphorous above are
15 anended accordingly ; wherein the carbonyl ati on
tenperature of PEL/GB20V3/003383
-30C to 49C and under a CO42partial pressure of |ess
than 30 x 105 NNm 2. 20 2. A process according to
claiml1l, wherein RL to R18 each i ndependently
remte’seattlﬁ: sobbimited , I - Cohal kyt  phenyl s@nbieraiants

henyl Qu i 0 @Hgtr te fefi

he%%%n% % 9 Re BVd%mﬁgée 29¥% eﬁ&#'graﬁé IS Iﬂ%%z'
otR dnal og/ Lﬁiéxrtut(euRzés def( omea” he™&tH°!, 3. CAO) NR*°R*®,
pr 95.2€C ¢85 1 or 2, wherein RL to R18
egﬁ%ﬁi 5%degfe y reE%gsént non-substituted C, to C6
al kyl such as nethyl et hyl , n-propyl, |so propyl, 30

u 14 utyl, tert tyl pent I ex
cf%l%ﬁe%yleag A 8?8%%%%ngf or%ﬁ %& any 6¥ece&g' aryl,
clead metwherein each of the groups Rl to R3, R4 to RG,
R7 to RO, R10 to WD 2004/ 014834 PCT/ GB2003/003383 43
R12, R13 to R15 or R16 to R18 together independently
meRt®  feor mzéy@Iaich strdigtemdestiuc hrepseadatantydrogen, lower

orn norbornadrenyl 5. A process
a&g%W§ ¥¥% Q}precedrng claim wherein 5 each Rl

to R18 group represents the same |ower alkyl, aryl,
or_,Het ,noi et defined h re
P R NN .

Righdsgpoesesf s aBbhyt. of. AHIHOAS hndlC COE drtng tmmay two
P GSE ) TS GIREEEAL o0 pRBSBRGSS® “PhohBHous” b8E" are

amended accordingly ;

wherein the carbonylation reaction i1is carried out at a
temperature of between -30°C to 49°C and under a CO

partial pressure of less than 30 x 10° N.m™2.

2. A process according to claim 1, wherein R' to R'® each
independently represent C; to Cg alkyl, C;-Cs alkyl
phenyl (wherein the phenyl group is optionally
substituted as defined herein) or phenyl (wherein the
phenyl group 1s optionally substituted as defined
herein) .

3. A process according to claims 1 or 2, wherein R' to
R® each independently represent non-substituted C; to
Ce alkyl such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl.

4, A process according to any preceding claim, wherein

each of the groups R! to R®), R* to RS R’ to R® R to
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8. A process according to any preceding claim wherein
in the conpound of formula I, A B and J (when

w@e@goensp4 each i ndependently represent Cl to QBCWEB2003/003383

al kyl ene which is optional Uy substituted as defined

herein. 9. A process according to any preceding claim
wherein the | ower alkylene which A/ B and J may

i ndepgrdentiby, Jr gy 160 S - GH4- :
process ‘accor ?n§ tgﬁggi p?%c%ﬁ?EE%%Fgln \ﬂ%ﬁégﬁégﬁ%r§ nay
D, E borz cmdépendénticyurepr eseht sshydiangertylll.l1 Aorbornyl
process accor ing t.0 ani preceding claim wherein two

of K °b, “E"&8hd°Z FgégPM r with the carbon atons of

the aAybﬁUdéké(h&@6§$ﬁﬁ@?foa@%jﬂﬁfggﬁ@iﬁ?r@H@i%§ wherein
phenyl ring, the phenyl ring being optionally

subst feghed wtehRonegepupmrersedent s uehes sealeedicegr alkyl,
from , a I I.C . [ may itself

be op?%%%élF%mgégs%§¥8F&gggrB?g#§¥§a S%ggg'defined

Bel owd, pHeteshalamconying o tawy RAQedORg( @1LaR20, wilkrein,
C(OR21, C {0) OR22, NR23R24, C%O) NR25R26, SR27, C

(O SRR R I NREBRESEAeTBFAYRLO to R27 each
hndepgndenidess repESSemM h¥gr99§ﬁ HedOpiqabkyln, yherein
(whi ch al kyl _group, WO 26%4/9148 4 PCT/GBZd%S/OOSSSS

44 maga¢hseld  be Wptiandl | R substisnut edresent) m natpetksents
as defi herein). 12. A process according to any
preceﬁ%%%S%PgPﬁf'mherein t he hydroxyl group

0Nt ah Nipg eGP b tdchdgides wakerpr&cedi@d eNngani C wherein
nol ecul e havi ng a hydroxyl functional %{ou . 13. A
proces’ adcdtdr FFPIB X! &fm formpher efn, AheBorgafdi 7 (when

ol ecpt&sBav) nd & dy Irasido et anal (ORaUBLHRY RS o cq

branched or [inear, an onpri ses "an ano
alkylene which is optionally substituted as defined
herein.

9. A process according to any preceding claim, wherein

the lower alkylene which A, B and J may independently
represent is —CHy- or —-CyHs-.

10. A process according to any preceding claim, wherein
K, D, E or Z independently represents hydrogen.

11. A process according to any preceding claim, wherein
two of K, D, E and Z together with the carbon atoms
of the aryl ring to which they are attached form a
phenyl ring, the phenyl «ring being optionally
substituted with one or more substituents selected
from aryl, lower alkyl (which alkyl group may itself
be optionally substituted or terminated as defined
below), Het, halo, cyano, nitro, OR!®, 0C(0)R?,
C(0)R*, C(0)OR*?, NR®R*, C(0)NR**R?*®, SrR?’, C(0)SR?’ or
C(S)NR*R?*®* wherein RY to R* each independently
represent hydrogen or lower alkyl (which alkyl group
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10 particularly a Cl1-C30 al kanol, including aryl
al kanol's, which nay be optionally substituted with

Wor@4014880r e substituents selected from | ower BEREB2003/003383

aryl, Het, hal o, cyano, nit##to, ORL9, OC (0) R20,
C(O R21, 22, 232n 2526, 2526, 27 C(OOR NRR, C (0) NRR
C(SR R SR or 15 C(O SR27 as defined herein. Hi ghly

pr ef efné?d italelaEn@les e dralls %'u'f)%&‘l't%t%&? @S erminated as
met hano et hanol , propanol, iso-propanol

i so- bdedksred hegedy) - al cohol , n-butanol, phenol and

| orgc c pr. SS, 268 rdin ;Lg an .
p?éceg 2ﬂ&%%§$%]88 éF%%n §8 qgﬁdg %o%@fa?i T egf a%mereln
et hyl ehicalykiy owydatguoaire dontatpdurd caspdefideth dIRIRIN water
may be performed in one or_ nore aprotic solvents. 15.

A pro@ésé”hc%ﬁgﬂ?hﬁ P@lﬁﬁylﬁfhﬂ%%W% - pydr@epydejfinctional
the rgaghipon is carried out in the absence of any 25
external aprotic solvent ie. an aprotic solvent not

deéner &t @@tOWSﬁh@qoev@cdm@n tiot sélefim 1@, Ahmmedess the organic

di | ai I, he
o oatPraude BaTHT ne cudight EBRGFiEray @0 ey be

suppobkandfedi7. d prdERSSrACCaRdi ng:&ﬁpﬁﬁé@@' aefM 1%lkanol,
wherein the _support material is porous silica which
has apéﬁFFSEéaréﬁea #n t%%(%angéi agebhm 10pluydng aryl

T, AR PO 10 SR Ragn, 1 sHeam fofio vic

aver ageepat imdee sspbsicnttbhet sangd eaftfd ofrd® flower alkyl,

aher el Y nEBy QRIS oPaane” i tRe; KB RAC KO R, C D) R,

R7, R8(0RBR*,5 RNR¥RRLL anqoRGR>wiien assegipdied, witdr?? or

thEI rcr esgeg ive carbon atom form conposi te groups

whi chCaPe | e@8t defined herein. Highly preferred
alkanols are Ci;-Cg alkanols such as methanol,
ethanol, propanol, iso-propanol, iso-butanol, t-butyl
alcohol, n-butanol, phenol and chlorocapryl alcohol.

14. A process according to any preceding claim, wherein
the carbonylation of an ethylenically unsaturated
compound as defined herein may be performed in one or
more aprotic solvents.

15. A process according to any of claims 1-12, wherein
the reaction is carried out in the absence of any
external aprotic solvent ie. an aprotic solvent not
generated by the reaction itself.

l6. A process according to any preceding claim, wherein
the process is carried out with the catalyst
comprising a support.

17. A process according to any claim 15, wherein the
support material is porous silica which has a surface
area in the range of from 10 to 700 m?/g, a total

pore volume in the range of from 0.1 to 4.0 cc/g and
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as sterically hindering as t-butyl. 19. A process
according to claiml, wherein the bidentate |I|igands

wae@4pedsect ed frombis (di-t-butyl phosphi no)-PADGB2003/003383

o-xyl ene (also known as 1,35bis (di-t
but yl phosphi nonet hyl ) benzene); 1,2 bis _
(di adamant yl phosphi nonet hyl ) benzene; 1,2 bis

di ad ]Q%ﬁ§ ' t apht hal ene; 2_bi
gd:?t?gg%ﬁ% oggilno;fgyé%%gngﬁ(gﬁgbqgﬁg%% %ﬁ §F3m1%0 to
bi s (800tmpentyl - phosphi nonet hyl ) benzene); and bis

2 i -t-butyl phosphino) naphthal ene. 20. A_process ,
Lo i RFGF Sy RO S ROt A T Bt BEaEedtamePaphn, « wherein

sui tabhe GryiM IdBumy ak’s a2 a eonpoungs therepf gs g9
whi ch_may he conbiﬂﬁd wi th a conpound of 20 fornula | .
i ncl uBe rcdbal endnRckeWhepappaacamt echodithmthardid respective

| ati 1. r S cording o claim19, wherei
Bt aprrBorsorh st R R oe® PiLrS: phS) Bhercast
sal t saef stsudbat@yahs ndethngoascerpaupds conpri sing

akly 25 coordi nated anions derived from nitric
\é\lgr d A BUPHRES @CLOFGINEower CaPRENGI c "hEF e thw) bidentate

aci ds1sgehdsas raceliiccaehd Fapd BLRAPIQAI-¢ -8¢d phosphino) -
sul phonic acids such as nethane sul phonic a |d: .
chl or es¥iphoai ¢ acikso fl kopwsul phomi ¢ dgi2d, bis (di-t-

trifl . sul nic 30 acid, benzene sul phonic :
acid,Hﬁgggﬁhgggﬁéﬁgﬁggﬁg%fc aci ,ﬁ%%?%éhe sul g%ic bis
aci d, (¢igdapahellehespRihphethgiaci d, bénbehy} 1,2 bis
sul phoni c acid, and 2- hydrox%propane sul phoni ¢ aci d;

sul phéfthfdamRBRY W 26Dk, 09BE3AY PUT/ CBRICIUO3EE3 U6  bis

o RIS SRR PRI -8 PECBD Gt o 1,2

t ri chbosoacdt o ety langhasdfinemeddget )i cbaakzdne) ; and bis
1,2 (di-t-butyl phosphino) naphthalene.

20. A process accordihg to any preceding claims 1-18,
wherein suitable Group VIIIB metals or a compound
thereof which may be combined with a compound of
formula I include cobalt, nickel, palladium, rhodium
and platinum.

21. A process according to claim 19, wherein suitable
compounds of such Group VIII metals include: salts of
such metals with, or compounds comprising weakly
coordinated anions derived from, nitric acid;
sulphuric acid; lower alkanoic (up to Cjz) acids such
as acetic acid and propionic acid; sulphonic'acids
such as methane sulphonic acid, chlorosulphonic acid,
fluorosulphonic acid, trifluoromethane  sulphonic
acid, benzene sulphonic acid, naphthaléne sulphonic
acid, toluene sulphonic acid, e.g. p-toluene
sulphonic acid, t-butyl sulphonic acid, and 2-

hydroxypropane sulphonic acid; sulphonated ion
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ort hophosphori c aci d; phosphonic acids such as 5
benzenephosphoni ¢ acid; and acids derived from

WO paoadioaes884 ons bet ween Lewi s aci ds and Br oenst ePCHGBA®;3/003383

the optionally hal ogenat ed4setraphenyl borate
derivatives; zeroval ent palladi um conpl exes
particularly those with [abile |igands; or 10

tri(di i d tonsd g pad b adicdimm  23chA PEOGESSchloric
acco%éél%ﬁl%%%g(')el c?gs%ﬁgb, rk\;;\%er ein the ani on may bg§a§
der i wed of;r ommalégenathted edriopeybiCnor 8CHfS an G  as

havi ng .a_pKa neasured in.aqueQus SO EON of ,-i4:
| ess tt%?%rof‘;? C A pfofess®dccor ?%Ef%%%%g;/&{%g acid;
pr ecedinb sl Adhorivher g60d; t heneaphemilat ianids such as
carried out at a tenperature of betweep -10 to .45% £
24, Agpzremhesderdiong #eiany preced?rydl admrive rom

wher ej the ¢ ' s caldied oMl todn8d acids;
parti‘at-® plrog’gg%%!vg%érf)&és@ ané 1B x 105 N.n2. 25. A

pr ocesse accapidisplloy anyhprepetitred cl afefraghkeryh therate
reaction is carried out on E%g | eni caldl

; t
C3- CIREofRiotiiRy. 26. ZATBV D accc?radlilxagd#d?nsa ;r%ﬁglexes

0 an

pr ecefgglntgi&&ﬂmy whergb8e 25ythe et hyieniecal [ yigands; or
unsat'urated conpound is an al kene having 1, 2, 3 or

nor e ‘Tat bdtkear Pordenmit e Gondsi eyl adiiecul e. 27. A

ocess_accardin precedi c) @i mynuheregi nchd hgnion
%hyfénpgglcleﬁsunag:a Oarrogl%d E%np%gﬁﬁ may, when 30 there )
are syf{i peenterntatiertafn car bbnt addusedbes| iomearoprmore of

branched, be substituted, be cyclig,, acyclic_or pa

cycl i &P agGefi BaVaRd/ 8r P5E 6“;?(‘3}%%%‘:“1“5 %%??lf‘%t (Seaglcl)ic&on at
ter m'C£ tgd by|1008 ©fa0f € substituents WO 2004/014834

PCT/ GB20037 003383 47

23. A process according to any preceding claims, wherein
the carbonylation is carried out at a temperature of
between —-10 to 45°C.

24. A process according to any preceding claim, wherein
the carbonylation is carried out at a CO partial
pressure of less than 15 x 10° N.m™.

25. A process according to any preceding claim, wherein
the reaction is carried out on ethylenically
unsaturated C3-Cyy compounds.

26. A process according to any preceding claim, wherein
the ethylenically unsaturated compound is an alkene
having 1, 2, 3 or more carbon-carbon double bonds per
molecule.

27. A process according to any preceding claim, wherein
the ethylenically unsaturated compound may, when
there are sufficient number of carbon atoms, be
linear or Dbranched, be substituted, be cyclic,
acyclic or part cyclic/acyclic, and/or be optionally

substituted or terminated by one or more substituents
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selected fromlower al kyl, aryl, alkylaryl, Het,
al kyl Het, halo, OR19, OC (O R20, C(OR21, 0(0) OR22,

WORR3B24434 C (0) NR25R26, NO2, ON, SR27 wher ei nPEI/GBR@3/003383

R27 each i ndependently repfesent hydrogen or | ower
al kyl. 5 28. A process according to any preceding
claim wherein the ethylenically unsaturated

conpo in ent-ly, sel d fr thgqe,
prope%ggéi\?@%utb&&%ﬂf gL utengl%%ldbut%gﬁ@,’ 1-aggprﬁien ! Het,
2- pendbhelH8t, pehtdne an@'br anched) R¥emeCs Q) REF gof ¢ (0) OR??,
1- hexens and | 1829 s@Ners, 1-heptene; and its 19 217
i sone ‘g Rl-’oc?:gﬂzﬁgncﬁi 1 t&l%!%o s, g% nofBRESARd Fts to R

| sonesgch 11 HeepsedaNEL y i £ 8pt898RE ShyliP8g&d 1oEL200wer alkyl.
al kenes and their known isoners, 3-pentenenitrile, .
et hyh- preegeenassiarding toueadi diecedifipenpt aditenarherein
1,3 h di ) ycl ' 2, 4- i e

2 et O 1 od il grdas e BEh R8s P r R ey e
car bohydapendentl ¢t hgkébpctaldl y frumsateitiadres, coppopnds, 1-
as herej nbefore described and wth reference _to the
exanp}P%E.en20 Ok?u*Aﬁn%ciHSBPu_E%%r prBEnEERSpy 2T RENtene, 3-
car bopyhethen Hfd aBrafbR¥beni Lald s URBRLHR2L €l —hexene and
conpound in accordance with the present invention.

31. Antacigoperest érhgptieoeeiansefidre desweipedlandtene and

Wi th iEngg%%%%seofJH%ﬂgggqéga'i%% isomers, 1-decene and
its isomers, the C31-Csy alkenes and their known

isomers, 3-pentenenitrile, methyl-3-pentenecate, 1,3

butadiene, 1,3-pentadiene, 1,3 hexadiene, 1,3
cyclohexadiene, 2,4-leptadiene, 2-methyl 1,3
butadiene.

29. A process for the carbonylation of ethylenically
unsaturated compounds as hereinbefore described and
with reference to the examples.

30. An acid or ester produced by the carbonylation of an
ethylenically unsaturated compound in accordance with
the present invention.

31. An acid or ester as hereinbefore described and with

reference to the examples.



